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Abstract
This study examined change in self-efficacy as a mediator of the effects of a mailed print
intervention on the dietary and exercise practices of newly diagnosed breast and prostate cancer
survivors (N = 519). Results indicated that changes in self-efficacy for fat restriction and eating
more fruits and vegetables were significant mediators of the intervention’s effects on dietary
outcomes at 1-year follow-up. The intervention did not significantly affect self-efficacy for
exercise; however, a significant, positive relationship was found between self-efficacy for exercise
and exercise duration at follow-up. Findings are largely consistent with Social Cognitive Theory
and support the use of strategies to increase self-efficacy in health promotion interventions for
cancer survivors.
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As advances in early detection and treatment have been incorporated into clinical practice,
the number of cancer survivors has steadily increased [1]. Current estimates indicate that
there are over 10 million cancer survivors in the United States alone, representing between
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3% and 4% of the United States population [2]. The proportion of cancer survivors is
expected to grow as a result of trends toward aging and continued progress in cancer
screening and care [2–6].

Although the rapid increase in cancer survivors is encouraging, the long-term health effects
of cancer and its treatment are becoming a public health concern. Data indicate that
compared to persons without a history of cancer, cancer survivors are at greater risk for
developing secondary cancers and other diseases or conditions, such as heart disease,
diabetes, osteoporosis, and functional decline [2–8]. Reasons for increased risk across
conditions may include cancer treatment-related sequelae, genetic predisposition, or lifestyle
factors [9].

Unhealthy lifestyle practices, including physical inactivity, suboptimal fruit and vegetable
(F&V) consumption, and high intakes of fat, have been associated with increased risk of
several types of cancer, cardiovascular disease, and other chronic diseases [9–12].
Conversely, recent data suggest that exercise may reduce the risk of cancer recurrence and
mortality among individuals with a history of colorectal cancer or breast cancer [13–15]. In
addition, research indicates that a low-fat diet may reduce cancer recurrence in
postmenopausal breast cancer survivors [16]. Unfortunately, survey results suggest that a
large proportion of cancer survivors do not adhere to national guidelines regarding exercise
and diet [1, 17]. Indeed, recent data derived from national samples reveal few lifestyle
differences between individuals diagnosed with cancer and healthy populations or noncancer
control participants [1, 17].

In an effort to improve the lifestyle practices of cancer survivors, more than 40 diet and
exercise interventions have been conducted with this population [18, 19]. Most of the studies
have yielded promising results, with exercise interventions showing enhanced
cardiorespiratory fitness and quality of life and decreased fatigue, and dietary interventions
showing lower body weight and increases in dietary biomarkers [18, 20–24]. Recently,
Demark-Wahnefried and colleagues [25] examined the effects of a diet and exercise
intervention among breast and prostate cancer survivors throughout North America. This
randomized trial, entitled FRESH START, is the first diet and exercise intervention for
cancer survivors delivered exclusively via mailed printed materials. Both an attention
control group who received standardized materials regarding diet and exercise and an
intervention group who received materials that were tailored to their demographic and
psychological characteristics and progress toward goal attainment showed gains in specific
lifestyle behavior (i.e., increased exercise and F&V intake and reduced fat intake), as well as
improvement in diet quality (a global construct that reflects the overall nature of the dietary
pattern and compares it to defined food patterns associated with lower risk of morbidity and
mortality that are characterized by higher intakes of F&V, whole grains, low-fat dairy
products, and lean meat sources) [26–28]. The intervention group achieved significantly
greater improvement across all outcome variables, with the exception of general quality of
life.

The FRESH START intervention was based on Social Cognitive Theory in which the core
determinants of health behavior include knowledge of the risks and benefits of the behavior,
perceived self-efficacy (i.e., self-confidence that one can engage in health behaviors under
various circumstances), outcome expectations, health goals, and strategies for achieving
these goals [29, 30]. From a social cognitive perspective, self-efficacy plays a central role in
behavior change by directly affecting health behavior and by influencing all other
determinants [29, 30]. Bandura [30] theorized that people with high levels of self-efficacy
set high goals for themselves, expect to attain favorable outcomes, and persevere in the face
of adversity. The FRESH START intervention was designed to influence self-efficacy and
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associated variables by emphasizing the benefits of practicing the goal behavior, detailing
incremental tasks toward the goal with a focus on overcoming self-reported barriers, and
providing encouragement to achieve the goal [25].

While several dietary trials have utilized Social Cognitive Theory and have reported data on
self-efficacy [31–33], few studies have formally evaluated change in self-efficacy as a
potential mediator, despite calls for exploration of mediating factors in health promotion
interventions [34]. Evidence suggests that self-efficacy is an important mediator in
interventions designed to increase adults’ F&V intake [31–33]. Although many studies have
found a positive correlation between self-efficacy and physical activity [35], exercise
intervention studies with self-efficacy as a potential mediator have yielded mixed results
[36–39]. For example, one study found that self-efficacy mediated an intervention’s effects
on physical activity among mothers [38], whereas another study conducted in a primary care
setting did not find support for self-efficacy as a mediator [39].

Researchers have begun to explore the role of self-efficacy in exercise interventions for
cancer survivors, most of which have been conducted among breast cancer survivors [40,
41]. The present study extended prior work by examining change in self-efficacy as a
potential mediator of the effects of a diet and exercise intervention among both breast and
prostate cancer survivors. Based on Social Cognitive Theory [29, 30] and previous research
[31–33], we hypothesized that change in self-efficacy for dietary fat restriction and eating
more F&V would partially mediate the intervention’s effects on diet quality. We also
hypothesized that change in self-efficacy for eating more F&V would partially mediate the
intervention’s effects on daily servings of F&V, and change in self-efficacy for fat
restriction would partially mediate the intervention’s effects on the percentage of kcal from
fat. Finally, we predicted that change in self-efficacy for exercise would partially mediate
the intervention’s effects on total minutes of exercise per week.

Method
Participants

A total of 306 breast cancer patients and 237 prostate cancer patients who had been
diagnosed with early stage (in situ, localized, or regional) cancer within the previous 9
months participated in the randomized trial. Patients were excluded from the study if they
had conditions precluding unsupervised exercise (uncontrolled congestive heart failure or
angina, recent myocardial infarction, or breathing difficulties requiring oxygen use or
hospitalization; walker or wheelchair use; or plans to have hip or knee replacement) or if
they had conditions precluding a high F&V diet (kidney failure or chronic warfarin use).
Individuals with progressive cancer or additional primary tumors or those unable to read and
write in English also were excluded.

The present research examines data from participants (n = 519) who completed the one-year
follow-up assessment. Participants were primarily Caucasian (83%) or African American
(13%) and well-educated (88% with at least some college). The average age of participants
was 57.0 years (SD 10.8) and the average time since diagnosis was 3.83 months (SD 2.74) at
the point of study recruitment. Most participants (85%) had undergone surgery and received
cancer therapies, including radiation (45%), chemotherapy (27%), and hormonal therapy
(39%).

Procedure
Participants were recruited via cancer registries of participating medical centers, self-
referral, or large oncology practices in 39 states and 2 provinces in North America. This
study was approved by the Duke University Medical Center Institutional Review Board.
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Complete descriptions of the sample and intervention conditions and statistical analyses of
the accrual procedures have been previously reported [25, 42–44]. To briefly summarize, we
found significant differences (p-values < .001) between participants versus nonparticipants
on age (58 vs. 62 years, respectively), race (19% vs. 38% minority, respectively), and
gender (54% vs. 46% female, respectively). Study arms (FRESH START intervention vs.
attention control) did not differ with respect to age, race, gender, education, type and clinical
stage of cancer, and cancer-related treatment.

Potential participants (n = 678) who were at least 6 months post-diagnosis completed the
baseline screening following receipt of primary therapy. Individuals were subsequently
excluded from randomization to one of the two study arms if they practiced two or more
goal behaviors (exercised 150+ min/wk or adhered to a low-fat or high-F&V diet).
Participants in both study arms (n = 543) received a 10-month intervention that aimed to
improve diet and exercise behaviors. The intervention involved an initial workbook
followed by a series of seven tailored newsletters at 6-week intervals. Specifically, mailings
were tailored to the experimental participants’ demographic characteristics [25], cancer
coping style [45], stage of readiness, barriers to lifestyle changes, and progress toward goal
attainment of exercising 150+ min/wk, eating five or more servings of F&V per day, or
limiting total and saturated fat intakes to less than 30% and 10% of kcal, respectively [42].
Newsletters included a testimonial tailored on age (i.e., < 60 vs. ≥ 60 years old), race (i.e.,
African American or other), and cancer coping style (e.g., “fighting spirit,” “fatalist”)
derived from a modified version of the Mini-Mental Adjustment to Cancer subscale
administered at baseline [45]. These testimonials were provided as a “role model” to
enhance observational learning. Messages also were tailored to the participants’ reported
barriers to the goal behavior (e.g., lack of time, expense) as a means of offering useful
strategies to engage in healthful behaviors and improve confidence. Each newsletter also
included a graph indicating the participant’s progress in relation to the goal and tailored
messages of encouragement and/or praise regarding goal attainment. Finally, newsletters
were tailored on stage of readiness [i.e., precontemplation (not thinking about change),
contemplation (thinking about change), and preparation/action (beginning to take or taking
active steps toward change)] strictly as a means of enhancing engagement [46]. In addition,
non-tailored sections of the newsletter addressed benefits of lifestyle change to increase
expectancy of a positive conditional outcome. Each experimental participant received two 5-
month mailings on F&V consumption, dietary fat restriction, or exercise, and only received
materials in areas where they did not meet the goal behavior. Participants who did not
practice any goal behaviors at baseline were randomly assigned to two of the three 5-month
mailings.

Control participants received a workbook that included the “Facing Forward” booklet
(National Cancer Institute) and six subsequent mailings of publically available materials on
healthy dietary practices (i.e., F&V consumption and dietary fat restriction) and exercise on
a similar schedule to those in the FRESH START intervention arm [42]. For example,
control participants received the “Just Move” brochure (American Heart Association) and
the “Action Guide for Healthy Eating” brochure (National Institute of Health); a complete
listing of brochures is provided in a previously published methods paper [42]. Current
smokers in both arms received the American Lung Association “Quitting for Life” brochure
(2003PS96328).

Between mailings, participants in both study arms received brief surveys and were offered
$5 for each returned survey. The surveys for control participants assessed the perceived
helpfulness of the brochures, whereas the surveys for experimental participants assessed
current health practices and readiness to pursue lifestyle changes. This information was used
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to individually tailor the workbook and newsletters, such that experimental participants
received continually updated feedback.

Computer-assisted telephone interviews of 45 to 55 minutes each were conducted with
participants at baseline and at a one-year follow-up. Of the 543 patients enrolled in the
intervention trial, 4 patients (0.7%) had died or become ill and 20 patients (3.7%) had
dropped out of the study, resulting in a follow-up sample of 519 participants. Attrition did
not differ by race, sex, or educational status; however, the experimental arm had a
significantly higher attrition rate than the control arm (6.6% vs. 2.2%, respectively, p = .01).

Measures
Dietary outcomes—Participants completed the Diet History Questionnaire (DHQ) [47,
48], which was modified to include regionally consumed foods (e.g., hominy, okra).
Research has supported the reliability and validity of this questionnaire, which assesses fat
intake, as well as consumption of many other foods and nutrients, over the past 12 months
[47, 48]. Outcome variables for the present research included the number of servings of
F&V per day, the percentage of kcal from fat, and the Diet Quality Index-Revised score
[49], with higher numbers indicating better diet quality.

Exercise—Exercise was assessed using the 7-day Physical Activity Recall (PAR) [50–52].
This measure has been validated and used in several large-scale studies [50, 51]. Total
minutes per week of moderate to vigorous physical activity was an outcome variable for the
present research.

Self-Efficacy—For each of the goal behaviors, participants rated their self-efficacy in
response to the question, “How sure are you that you could (exercise at least 30 minutes a
day at least 5 days a week; eat at least 5 servings of F&V per day; or eat a low-fat diet)?”
The questions and rating scales were developed jointly by the 5-a-Day community research
projects and the NCI [53, 54] and have been tested with ethnically diverse samples,
including African Americans in the Black Churches United for Better Health project [55].
Participants responded to each question on a 5-point scale from 1 (very unsure) to 5 (very
sure). Descriptions of exercise, F&V servings, and a low-fat diet were provided prior to each
question (e.g., exercise: “Examples of exercise are brisk walking, cycling, swimming,
weight lifting, or other activities that get your heart pounding or have you break out in a
sweat and are NOT part of your normal activity on the job”).

Data Analysis
We used multiple regression analyses to test for mediation, using the procedures set forth by
Baron and Kenny [56]. Four conditions must be met to establish mediation. First, the
independent variable (i.e., intervention condition) must be significantly associated with the
dependent variable. Second, the intervention must significantly affect the putative mediator
(i.e., self-efficacy). To examine the third step in mediation, we tested whether change in
self-efficacy was related to change in the dependent variable in a model controlling for the
effects of the intervention condition. If the effect of self-efficacy is significant and the effect
of intervention condition is reduced or eliminated, we have evidence for statistical
mediation. The final step is to test the statistical significance of the mediated effect.

As suggested by Shrout and Bolger [57], a bootstrap procedure was used to evaluate the
significance of the indirect effect of intervention condition on outcome variables via self-
efficacy. In general, bootstrap methods offer an empirical approach to examining the
significance of statistical estimates [58] and has improved statistical power relative to other
methods for testing the magnitude and significance of mediation effects [59]. We used a
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macro developed by Preacher and Hayes [60] that creates 5,000 samples from the data set by
sampling with replacement in order to compute the indirect effect in each sample. The
bootstrap estimate of the indirect effect is the mean indirect effect over the 5,000 samples.
Shrout and Bolger [57] recommended that researchers report the 95% confidence interval
(CI) for the significance of mean indirect effects from the bootstrap results. If the CI does
not include zero, then the indirect effect is considered statistically significant at the .05 level.
We report bias-corrected and accelerated confidence intervals, which have shown better
performance under a variety of assumptions than percentile confidence intervals [61, 62].

In the analysis regarding diet quality, all experimental participants (n = 253) were included
because each participant received at least one dietary intervention component (i.e., material
to encourage F&V intake, reduce fat intake, or both). When examining specific health
behaviors, only experimental participants who had received materials that targeted the
percentage of kcal from fat (n = 204), servings of F&V (n = 116), and exercise (n = 186)
were included in each analysis. Control participants were included in all analyses because
they received materials that targeted all three health behaviors (i.e., fat reduction, F&V
consumption, and exercise). Baseline values of the mediator and dependent variables were
included as covariates in all analyses; thus, the effects observed represent change over the
course of the intervention. Demographic and medical variables were not included as
covariates because no significant differences emerged on these variables as a function of
intervention condition at baseline.

Several potential mediators and moderators of the intervention’s effects were examined and
excluded from the final analyses. Gender, a variable confounded with cancer type, and age
did not significantly interact with self-efficacy to predict outcomes (data not shown). In
addition, changes in the number of barriers to F&V consumption, fat reduction, and exercise
from baseline to follow-up were analyzed as potential mediators of the intervention’s effects
on outcome variables. However, intervention condition did not predict changes in the
number of barriers (data not shown).

Results
Effects of Intervention Condition, Gender, and Age on Outcome Variables

Table 1 presents the means, standard deviations, and comparisons of mean scores at follow-
up for study variables. Similar data were reported by Demark-Wahnefried and colleagues
[25]; however, the data presented for the current study exclude the 24 people for whom
follow-up data were missing. As in the full sample, the main effect of experimental
condition was significant for exercise and dietary outcomes at one year. Consistent with
hypotheses, patients who received the FRESH START intervention differed significantly
from the attention control group in that they reported greater exercise and F&V intake, fewer
calories from fat, and better diet quality at the 1-year follow-up assessment. Self-efficacy for
fat restriction and F&V intake also was higher for intervention participants relative to
control participants at follow-up. However, self-efficacy for exercise did not differ as a
function of group assignment.

Gender was unrelated to the dependent variables, except that men reported greater exercise
at baseline relative to women, t(517) = −5.51, p < .001. Men also reported greater self-
efficacy for exercise than women at baseline, t(517) = −3.21, p < .01, and follow-up, t(517)
= −2.16, p < .05. However, women reported greater self-efficacy for fat reduction, t(517) =
2.57, p < .05, and F&V consumption, t(517) = 2.09, p < .05, relative to men at follow-up.
Age was not associated with self-efficacy variables, exercise, or the percentage of kcal from
fat, but was positively associated with diet quality and F&V consumption at baseline (r = .
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19, p < .001; r = .15, p < .001) and follow-up (r = .19, p < .001; r = .13, p < .01),
respectively.

Self-efficacy as a Mediator of Intervention Condition on Outcome Variables
The first analysis evaluated the hypothesis that changes in self-efficacy for fat restriction and
self-efficacy for eating more F&V would mediate the association between the intervention
and diet quality (see Figure 1). The entire model accounted for 37.7% of the variance in diet
quality, F(6, 512) = 51.68, p < .001, and the effect of the intervention was attenuated by the
mediators (β = .19, p < .001, without mediators vs. β = .17, p < .001, with mediators).
Partial mediation was suggested when examining changes in self-efficacy for fat restriction
(mean indirect effect = .02, SE = .01, 95% CI = .0052 to .0399) and self-efficacy for eating
more F&V (mean indirect effect = .01, SE = .01, 95% CI = .0003 to .0231). Experimental
participants endorsed greater changes in self-efficacy for fat restriction and eating more
F&V than did control participants, which, in turn, were associated with better diet quality.

Next, we tested the hypothesis that change in self-efficacy for fat restriction would mediate
the association between intervention condition and the percentage of kcal from fat (see
Figure 2a). This model accounted for 30.1% of the variance in the percentage of kcal from
fat, F(4, 465) = 49.95, p < .001. The effect of the intervention was attenuated by the
mediator (β = −.23, p < .001, without mediator vs. β = −.21, p < .001, with mediator), and
partial mediation was suggested (mean indirect effect = −.02, SE = .01, 95% CI = −.0363 to
−.0064). Experimental participants endorsed greater change in self-efficacy for fat
restriction than did control participants, which, in turn, was associated with a lower
percentage of kcal from fat. We then tested the prediction that change in self-efficacy for
eating more F&V would mediate the association between intervention condition and daily
servings of F&V (see Figure 2b). This model accounted for 44.6% of the variance in daily
servings of F&V, F(4, 377) = 75.83, p < .001. The effect of the intervention was attenuated
by the mediator (β = .11, p < .01, without mediator vs. β = .08, p < .05, with mediator), and
partial mediation was suggested (mean indirect effect = .03, SE = .01, 95% CI = .0113 to .
0588). Experimental participants reported greater change in self-efficacy for eating more
F&V than did control participants, which, in turn, was associated with more daily servings
of F&V. Finally, results did not support the hypothesis that change in self-efficacy for
exercise would mediate the association between intervention condition and total minutes of
exercise per week (see Figure 2c). Intervention condition was not significantly associated
with self-efficacy for exercise; however, a significant, positive relationship was found
between self-efficacy for exercise and total minutes of exercise per week at follow-up.

Discussion
This study examines change in self-efficacy as a potential mediator of the positive health
behavior changes produced by FRESH START, a diet and exercise intervention for cancer
survivors [25]. Results support the hypothesis that changes in self-efficacy for fat restriction
and eating more F&V partially mediate the effects of the intervention on diet quality.
Furthermore, change in self-efficacy for fat restriction partially mediated the intervention’s
effects on the percentage of kcal from fat, and change in self-efficacy for F&V consumption
partially mediated the intervention’s effects on daily servings of F&V. These findings
extend those of other intervention studies that found support for a mediated effect of
behavior-specific self-efficacy on adults’ F&V consumption [31, 33]. In addition, results are
consistent with Social Cognitive Theory which posits that an individual’s confidence in his
or her ability to engage in behavior predicts health behavior change [29, 30]. The methods of
the FRESH START intervention trial (e.g., encouraging participants to set incremental
goals, reinforcing efforts toward goal attainment) were designed to promote self-efficacy,
and, indeed, participants reported improved self-efficacy for dietary practices at follow-up.
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Thus, our results in combination with prior research [31–33] suggest that continued
emphasis on self-efficacy in dietary intervention studies is warranted. Indeed, the magnitude
of the change and differences observed between arms in this study surpass that seen in other
trials in the general population [55], which may be a reflection of increased motivation to
pursue lifestyle change among newly diagnosed cancer survivors [18]. While it could be
argued that changes in fat or F&V consumption may not necessarily have a clinically
meaningful impact on cancer-specific outcomes, especially in light of recent findings from
the Women’s Healthy Eating and Living (WHEL) study [63], it must be remembered that
survivors are at increased risk of cardiovascular disease for which these modifications have
proven benefit [64–66].

Contrary to our hypothesis, change in self-efficacy for exercise did not mediate the
intervention’s effects on total minutes of exercise per week. Although intervention condition
was not significantly associated with self-efficacy for exercise, a positive correlation
between self-efficacy for exercise and total minutes of exercise per week was obtained. The
latter finding is consistent with other studies that have found positive associations between
self-efficacy and physical activity [35, 67]. The extent to which exercise interventions were
associated with increased self-efficacy has varied across time points [39] and gender [68],
and formal tests of self-efficacy as a potential mediator have yielded mixed findings [36–
39]. In this study, levels of self-efficacy were fairly high at baseline, which left little room
for positive change during the intervention period. The consistency of the association
between self-efficacy and exercise adherence [35] and the success of the current exercise
intervention and others that were based on Social Cognitive Theory [36, 37, 69–71] suggest
that self-efficacy for exercise deserves further empirical attention.

The present study is noteworthy, given the limited number of studies examining the
importance of psychosocial mediators in diet and exercise intervention trials. One strength is
that formal tests of mediation [56] were conducted with past behavior and beliefs as
covariates. The attention control group served as a rigorous comparison group, and the
exceptionally low attrition rate (4.4%) enhances confidence in the findings. The present
analysis extends prior work since multiple health behaviors were targeted via a mailed print
intervention. In contrast, most trials have examined hospital-based programs that focus on
one health behavior. Finally, this intervention study is unique in that we accrued a large
sample of breast and prostate cancer survivors throughout North America, whereas most
trials have targeted only breast cancer survivors at one institution.

This planned exploratory secondary analysis is limited in that we did not include other
social-cognitive constructs that may influence physical activity behavior change (e.g., social
support, self-regulatory strategies, facilitators, and outcome expectations). Subsequent
experimental investigations should examine the contribution of these constructs and self-
efficacy to behavior change by prospectively evaluating intervention components [72].
Another potential limitation is that we relied on 1-item measures of behavioral self-efficacy
(self-efficacy for exercise, fat restriction, and eating more F&V). Although this method is
common in practice to reduce participant burden, it may not be optimal. The use of a multi-
item scale of self-efficacy in future trials would further validate these findings and may
provide a better estimate of the magnitude of the mediated effect. This study also relied on
self-report measures of diet and exercise. Although self-reported dietary data were strongly
supported by objective data (e.g., plasma alpha-carotene) from a 23% subsample [25],
imprecision and the possibility of response biases are inherent limitations of self-reported
measurement techniques. Finally, the lower proportion of ethnic minorities, older adults, and
individuals of lower educational attainment in this study relative to the general population
should be noted. While this study relied on a more diverse sample than many other lifestyle
intervention trials conducted among cancer survivors [19], further research is needed to
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examine potential mechanisms underlying effects of similar interventions in samples that are
entirely representative of the population at large.

Despite limitations, results suggest that dietary interventions for cancer survivors should
focus on increasing self-efficacy for engaging in healthy eating habits. Self-efficacy may be
enhanced as participants are encouraged to set realistic goals and are reinforced for efforts
toward goal attainment. Identifying important psychosocial mediators in intervention trials
would allow for the development of low-cost, highly effective interventions that promote
adherence to lifestyle guidelines among the growing population of cancer survivors.
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Figure 1.
Model depicting the effects of intervention condition (coded 0 = attention control, 1 =
FRESH START intervention) on diet quality and mediators, adjusting for baseline mediator
and dependent variables. Unstandardized regression coefficients are shown outside of the
parentheses, and standardized coefficients are reported in the parentheses. F&V = fruits and
vegetables.
*p < .05. **p < .01. ***p < .001.
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Figure 2.
Figures 2a–c. Model depicting the effects of intervention condition (coded 0 = attention
control, 1 = FRESH START intervention) on exercise and dietary outcomes and mediators,
adjusting for baseline mediator and dependent variables. Unstandardized regression
coefficients are shown outside of the parentheses, and standardized coefficients are reported
in the parentheses. F&V = fruits and vegetables.
**p < .01. ***p < .001.
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