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Abstract

Objective—People with depressive symptoms typically report lower levels of exercise self-
efficacy and are more likely to discontinue regular exercise than others, but it is unclear how
depressive symptoms affect people’s exercise self-efficacy. Among potential sources of self-
efficacy, engaging in the relevant behavior is the strongest (Bandura, 1997). Thus, we sought to
clarify how depressive symptoms affect the same-day relation between engaging in exercise and
self-efficacy during the initiation of regular exercise.

Methods—~Participants (N=116) were physically inactive adults (35% reported clinically
significant depressive symptoms at baseline) who initiated regular exercise and completed daily
assessments of exercise minutes and self-efficacy for four weeks. We tested whether (a) self-
efficacy differed on days when exercise did and did not occur, and (b) the difference was
moderated by depressive symptoms. Mixed linear models were used to examine these relations.

Results—An interaction between exercise occurrence and depressive symptoms (0<.001)
indicated that self-efficacy was lower on days when no exercise occurred, but this difference was
significantly larger for people with high depressive symptoms. People with high depressive
symptoms had lower self-efficacy than those with low depressive symptoms on days when no
exercise occurred (p=.03), but self-efficacy did not differ on days when exercise occurred (p=.34).

Conclusions—During the critical period of initiating regular exercise, daily self-efficacy for
people with high depressive symptoms is more sensitive to whether they exercised than for people
with low depressive symptoms. This may partially explain why people with depression tend to
have difficulty maintaining regular exercise.
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People have much to gain from regular exercise, such as improved sleep, increased cognitive
function, and reduced risk for cardiovascular disease, and these benefits may be particularly
important for people experiencing deficits in these areas due to depressive symptoms
(Kubesch et al., 2003; Lett et al., 2004; Rethorst et al., 2013). Moreover, regular exercise can
be an effective treatment for depression (Babyak et al., 2000; Dunn et al., 2005; Mather et
al., 2002; Mota-Pereira et al., 2011; Rethorst, Wipfli, & Landers, 2009). Despite the myriad
benefits of regular exercise, adults with depressive symptoms have lower exercise levels than
other adults (Patten, Williams, Lavorato, & Eliasziw, 2009; Roshaneai-Moghaddam, Katon,
& Russo, 2009) and those with depressive symptoms who initiate a regular exercise regimen
are more likely than others to discontinue it (DiMatteo, Lepper, & Croghan, 2000; Teixeira
et al., 2004). Therefore, it is important to understand the reasons why people with depressive
symptoms have difficulty initiating and maintaining regular exercise.

Models of health behavior change, such as the Health Action Process Approach, Theory of
Planned Behavior, and Social Cognitive Theory, emphasize the role of self-efficacy in
successful behavior change (Ajzen, 1991; Bandura, 1997; Schwarzer, 1992). Self-efficacy is
a person’s belief in his or her own ability to execute a specific behavior (Bandura, 1997),
and it is central to behavior change because it guides what behaviors people choose to
engage in and how people respond to obstacles and challenges in changing their behaviors
(Bandura, 1997). Self-efficacy is known to be a predictor of successful initiation and
maintenance of regular exercise (Rodgers, Hall, Blanchard, McAuley, & Munroe, 2002;
Williams et al., 2008). Low self-efficacy may be one reason why people with depressive
symptoms have difficulties initiating and maintaining regular exercise. People with
depressive symptoms report lower self-efficacy than people without depressive symptoms
across various behaviors (Bandura, 1998; Robinson-Smith, Johnston & Allen, 2000; Sacco
et al., 2005). However, to date, it is unclear how depressive symptoms affect people’s self-
efficacy while they attempt to initiate regular exercise.

Self-efficacy beliefs are based on perceptions of ability to execute the relevant behavior, as
well as perceptions of specific task demands and situational circumstances. Self-efficacy is
theorized to stem from four sources: personal experience, vicarious experience, social
persuasion (e.g., verbal encouragement), and physiological factors (e.g., arousal such as
increased heart rate can lead to perceived inefficacy). Among these different sources,
personal experience in executing the relevant behavior is the strongest source of self-efficacy
perceptions (Bandura, 1997). Consistent with the proposition that personal experience is the
strongest source of self-efficacy, exercise self-efficacy has been shown to significantly
increase following participation in exercise. This has been observed after individual bouts of
exercise (McAuley, 1995; McAuley et al., 2011) and long-term interventions for regular
exercise (Marcus, Selby, Niaura, & Rossi, 1992; McAuley, 1995). This pattern of self-
efficacy increases following the execution of exercise is consistent across the literature
among healthy adults (Keller, Fleury, Gregor-Holt, & Thompson, 1999). In contrast, self-
efficacy has been shown to decrease when individuals do not adhere to regular exercise,
especially during the initiation of regular exercise as a new behavior (Parschau, Richert,
Koring, Lippke, & Schwarzer, 2012). These findings all demonstrate that perceptions of self-
efficacy are sensitive to whether people are successfully engaging in exercise or not.
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However, Bandura (1997) emphasized that it is not simply objective task execution that
influences self-efficacy, but also the subjective perceptions and interpretations associated
with the behavior. Subjective perceptions can be influenced by personal factors, such as
differences in affective and cognitive processing. Depressive symptoms may be a personal
factor that moderates the path between personal experience with exercise and self-efficacy.
Depression is characterized by negative interpretations of experiences that are influenced by
rumination, negative cognitions, and negative recall bias (Beck, 1991). The result of these
negative interpretations is a tendency to minimize successes and exaggerate failures
(Bandura, 1997).

There is evidence to suggest that depressive symptoms influence self-efficacy to exercise
regularly, but the evidence does not specifically address how this occurs. For example, older
adults with depressive symptoms who enrolled in a 10-week progressive resistance-training
program did not report increases in self-efficacy despite regular participation in exercise and
objective gains in physical capability (Singh et al., 1997). This finding suggests the
possibility that people with depressive symptoms have difficulties deriving self-efficacy
from successfully performing exercise. This would be consistent with evidence that
depressive symptoms are associated with a tendency to minimize successes (Bandura, 1997;
Beck, 1991). Alternatively, Conroy and colleagues (2007) analyzed cross-sectional data one
year after an exercise intervention in order to understand lapses (i.e., two weeks of failed
adherence) during the initiation of a regular exercise regimen. They found that participants
with high depressive symptoms were more likely than other participants to never return to
regular exercise after a lapse to inactivity. This suggests that not exercising for two weeks
was more detrimental to regular exercise behavior for participants with high depressive
symptoms than those with low symptoms. One possible explanation is that participants with
depressive symptoms may have experienced greater decreases in self-efficacy when they did
not exercise regularly. This would be consistent with evidence that depressive symptoms can
also be associated with a tendency to exaggerate failures (Bandura, 1997; Beck, 1991).
However, this possibility was not directly examined.

If depressive symptoms moderate the relation between exercise and self-efficacy, the
moderation effect could be manifest in two different ways. First, depressive symptoms may
dampen an increase in self-efficacy when people exercise (e.g., self-efficacy is lower for
people with high depressive symptoms than those with low symptoms on days they
exercise). Second, depressive symptoms may amplify a decrease in self-efficacy when
people do not exercise (e.g., self-efficacy is lower for people with high depressive symptoms
than those with low symptoms on days they do not exercise). Current evidence is unclear as
to whether either or both effects occur for people with depressive symptoms (Singh et al.,
1997; Conroy et al., 2007). Elucidating how these effects unfold on a daily basis would help
specify why people with depressive symptoms have difficulties initiating regular exercise.

Self-efficacy and exercise both have unique features that would benefit from daily
examination over time. First, self-efficacy is not a static construct; it varies according to a
person’s experiences (Shiffman et al., 2000). Second, the first days and weeks of initiating
regular exercise are a sensitive period in both the formation of self-efficacy (Bandura, 1997)
and establishing regular exercise (Dishman, Ickes, & Morgan, 1980), thus it is likely that
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exercise self-efficacy will be particularly sensitive to daily influences during this critical
phase. Third, regular exercise is a health behavior that does not necessitate daily adherence,
unlike other health behaviors such as smoking cessation or medication adherence. Indeed,
public health guidelines for physical activity recommend activity on most but not all days of
the week (USDHHS, 2008). Consequently, for people initiating regular exercise, there will
routinely be days on which they exercise and days on which they do not. Distinguishing
between experiences that occur on days of exercise and days of no exercise is relevant to
understanding the daily psychological processes that occur during the initiation phase of
regular exercise.

Current Study

This study advances current research by examining how depressive symptoms moderate the
relation between exercise and self-efficacy at the daily level. This is important for
understanding disparities in regular exercise and self-efficacy levels for people with
depressive symptoms, and it is also important for informing interventions designed to
increase the maintenance of regular exercise (Dunton & Atienza, 2009). Using daily diary
reports collected over 28 days from a sample of physically inactive adults initiating regular
exercise, we tested whether exercise self-efficacy differed between days of exercise and days
of no exercise and whether depressive symptoms moderated the same-day relation between
exercise occurrence and self-efficacy. We did not have an a priori hypothesis about whether
the moderation effect would be manifest in smaller increases in self-efficacy on days when
exercise occurred or larger decreases in self-efficacy on days when no exercise occurred. In
addition to examining the primary research question, we explored two secondary questions.
First, we examined whether these relations differed by gender or body mass index (BMI)
because both depressive symptoms and physical activity have been show to differ between
men and women (Kessler et al., 2003; Troianao et al., 2008) and among different levels of
BMI (Frank et al., 2004; Stunkard et al., 2003). Second, we examined whether depressive
symptoms also moderated the effect of self-efficacy on the occurrence of exercise the next
day.

Method

Participants

Participants (N = 119) from the Dallas-Fort Worth area consented to be part of a research
study of the initiation of regular exercise. Three participants did not complete any measures
beyond baseline and were therefore excluded from the present analyses. Among the sample
included in analyses (N = 116), the mean age was 34.5 years, with a range of 18 to 61 years.
The majority of participants were female (75.9%), the sample was racially and ethnically
diverse (32.8% Hispanic, 42.2 % non-Hispanic White, 15.5% non-Hispanic Black, 5.2%
Asian, and 2.6% Other), and had a mean body mass index (BMI) of 27.8 (SD = 5.7), with
similar numbers of normal weight (BMI < 25.0; 36.2%), overweight (BMI = 25.0 — 29.9;
29.3%), and obese (BMI = 30.0; 34.5%) individuals. Participants’ baseline metabolic
equivalent (MET) levels of cardiorespiratory fitness (M= 8.39 METs, SD= 2.19, range 3.81-
13.84) were consistent with the average levels found in other general adult populations
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(Stamatakis et al., 2013), but were below the expected average for regularly active adults
(i.e., 10 METs; Jurca et al., 2005).

Inclusion Criteria—To be eligible, potential participants had to (a) be physically inactive
(i.e., report less than 60 minutes of moderate-to-vigorous intensity activity per week over the
last month [CDC, 2009]); (b) have internet access at home; (c) have access to exercise
equipment or a location to exercise; (d) have a BMI < 40; (e) not have cardiovascular,
pulmonary, or metabolic disease, or any health problems that would create a high risk for
injury due to increased exercise (ACSM, 2009); and (f) express interest in initiating regular
exercise.

All study materials and procedures were reviewed and approved by the Institutional Review
Board at Southern Methodist University. The present data were collected during the first
four weeks after initiating a self-directed exercise plan, in which participants completed
daily and weekly diaries reporting their exercise levels and experiences with regular
exercise. The present analyses focus on the daily diary data because we were interested in
examining how depressive symptoms moderate the relation between the daily occurrence of
exercise and exercise self-efficacy.

Pre-screen—~Participants were recruited through advertisements in the Dallas-Fort Worth
area (e.g., craigslist, flyers in local community centers). People who responded to study
advertisements were screened for eligibility and for willingness and ability to complete daily
questionnaires and increase their levels of regular exercise. Eligible participants were
scheduled for an in-person baseline session.

Baseline Session—A trained research assistant (RA) began each baseline session with
the informed consent process. Then cardiorespiratory fitness was estimated with a non-
exercise model (Jurca et al., 2005). The RA then provided participants with information
about the study and safely initiating regular exercise on their own. All exercise
recommendations were based on current public health guidelines and were presented using
the structure and content of Be Active Your Way: A Guide for Adults (see USDHHS, 2008),
which included information about different types of exercise, suggestions for physical
activities, and weekly calendars that were used to make exercise plans for 150 minutes per
week of cardiovascular activity. Finally, participants completed a battery of questionnaires
including the baseline self-efficacy scale and depression inventory.

Daily Diaries—Beginning the day after the baseline session, we sent daily email
questionnaires to participants for 28 consecutive days in which they reported the amount of
exercise they engaged in and their experiences during that day, including self-efficacy.
Online survey software (Qualtrics, Inc.) was used to administer and manage the
questionnaires. In the baseline session, participants reported what time they typically went to
bed and questionnaires were sent one hour prior to that time. Participants were instructed to
complete daily questionnaires each night, but the questionnaires were considered valid if
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they were completed by 12:00 P.M. the following day (Gable & Poore, 2008). Timely
completion was verified by electronic timestamps.

There were 3,248 possible daily diaries to be collected during the study, and participants
completed 72.2% of the diaries (2,345 diaries completed). This completion rate is similar to
other studies using daily exercise assessments (e.g., Dunton, Atienza, Castro, & King, 2009 -
76% completion). The mean number of daily diaries completed was 20.22 (SD = 8.30,
range=1-28).

Weekly Contact—Research staff contacted participants by telephone weekly to discuss
exercise plans for the upcoming week. Brief telephone contact between study staff and
participants has been shown to improve adherence to exercise plans (Castro & King, 2002).
This weekly contact also allowed the staff to address any questions or concerns from the
participant. Participants were compensated up to $120 for completing the study.

Outcome Variable

Exer cise self-efficacy: Exercise self-efficacy was assessed daily using a single-item that was
specific to participants’ regular exercise plan. Participants responded on a Likert-scale
ranging from 0 (ot at all) to 8 (extremely) to the question: “How confident are you today
that you will be able to continue following your exercise plan?”” The phrasing of the single
item is consistent with Conner and Norman’s (2005) recommendation for a single-item
measure of self-efficacy in daily diary studies, and the use of a single-item measure of self-
efficacy is supported by previous research (Shiffman et al., 2000). To validate this single-
item measure within the current dataset, we examined correlations between this item and a
five-item self-efficacy measure (detailed below; Linde, Rothman, Baldwin, & Jeffery, 2006)
that was collected at the end of each week. In the current sample, this five-item measure had
alphas ranging from .85 to .89 across the four weeks. We correlated the five-item measure
from the end of each week (i.e., Week 1, 2, 3, and 4) with the single-item daily measure that
was collected on the same day (i.e., Day 7, 14, 21, and 28, respectively). The two measures
were significantly correlated at each time point with s ranging from .52 to .80, supporting
the validity of the single item measure.

Predictor and Moderator Variables

Daily exercise: Participants reported each day whether they had engaged in any walking,
moderate intensity, or vigorous intensity activity and the specific amount of time spent doing
each type. These items were modified from the Behavioral Risk Factor Surveillance System
(CDC, 2009) to reflect daily rather than weekly reporting and were collected each day for
the 28-day period. Participants responded to the walking item (i.e., “Today did you walk for
at least 10 minutes at a time at your normal walking pace, while at work, for recreation, to
get to and from places, or for any other reason?”) before answering the moderate- and
vigorous-intensity items to ensure that this type of incidental physical activity was not
included in their reports of moderate- or vigorous-intensity activity.
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To create a daily exercise variable, we dichotomized total daily minutes of moderate- or
vigorous-intensity activity to capture the occurrence or absence of exercise each day.
Specifically, each day was coded as either a “day of exercise,” defined as a day in which 10
or more minutes of activity was reported, or a “day of no exercise,” defined as a day in
which less than 10 minutes of activity was reported. We used 10 minutes as the threshold
because current public health guidelines indicate that activity should be for at least 10
minutes per bout (USDHHS, 2008), and participants were informed of this guideline prior to
planning their exercise. Also, there is evidence that bout length does not have additive
psychological benefits beyond 10 minutes (Reed & Ones, 2006).

Depressive symptoms: Depressive symptoms were assessed at baseline, using the 20-item
Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977). The measure
assesses depressive symptoms within the last week, with participants responding to each
symptom’s frequency on a scale ranging from 0 (rarely) to 3 (most of the time). A score of
16 or more (out of a possible 60) is reflective of at least moderate depression. The measure
has high internal consistency across a variety of populations (as = 0.85 in community
samples and 0.90 in psychiatric samples; Roberts & Vernon, 1983) and the internal
consistency within our sample was good (a = 0.76).

Covariates

Baseline exer cise self-efficacy: Baseline self-efficacy for regular exercise was assessed
using a five-item exercise-specific self-efficacy measure (Linde et al., 2006). The same scale
was used in the weekly questionnaires referenced previously. The measure assesses
confidence in ability to adhere to exercise goals when difficulties arise. An example item is:
“How confident are you that you would be able to follow your exercise plan when you are
sore or tired?” Participants responded on a Likert scale ranging from 0 (not at all confident)
to 8 (extremely confident). The internal consistency within our sample was good (a = 0.88).

BMI and cardiorespiratory fitness: Height and weight were measured in the baseline
session in order to calculate BMI. Cardiorespiratory fitness was calculated using a non-
exercise model which estimates a metabolic equivalent level based on the individual’s
physical activity level, gender, age, BMI, and resting heart rate (see Jurca et al., 2005 for the
formula). The RA measured resting heart rate (beats per minute) three times for each
participant using a digital heart rate monitor and the average of the three measurements was
used in the calculation of CRF. Height was measured using a wall-mounted height rod, and
weight was measured using a digital weight scale. Participants’ physical activity level was
self-reported by selecting the appropriate activity level category used in the model (e.g.,
“Inactive or little activity other than usual daily activities”™).

Race: Participants self-reported the race and ethnicity with which they identify.

Data Analysis

We used multi-level modeling (MLM) to analyze the data because MLM allows for the
inclusion of all subjects in the analysis, regardless of missing data, and is the recommended
analysis method for longitudinal data (Hamer & Simpson, 2009). We began data analysis by
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selecting the most appropriate covariance matrix by comparing models on -2 log likelihood
fit statistics. A Toeplitz covariance model was the best fit for our data and is theoretically
reasonable because our MLM analysis involved evenly spaced, repeated measures and
because we had no reason to suppose that the error structure was changing over time. We
also used maximum likelihood estimation instead of restricted maximum likelihood
estimation because our sample was sufficiently large.

The model included daily self-efficacy scores as the dependent variable with daily exercise,
baseline depressive symptoms, and their interaction as predictors. We also included baseline
cardiorespiratory fitness, race, and baseline exercise self-efficacy as covariates. We included
cardiorespiratory fitness and race to adjust for any effect the variables may have on the
amount of exercise participants would complete or the confidence they would feel in their
abilities. We included baseline self-efficacy to adjust for the effect that initial differences in
self-efficacy might have on daily self-efficacy levels.

To assess whether depressive symptoms moderated the relation between exercise and daily
self-efficacy, we used the following models. The level 1 component of the MLM model
(which estimated self-efficacy as a function of daily exercise within individuals) was:

SELF- EFFICACYij :,Boj -l—ﬁlj*EXERCISEij +-€j

where 7represents each individual subject and jrepresents the 28 daily assessments. Daily
exercise was a dichotomous variable of the presence or absence of at least 10 minutes of
moderate- to vigorous-activity reported each day. Note that because exercise and self-
efficacy were both assessed at the end of the day, daily self-efficacy levels were reported
after any exercise did or did not occur that day.

The level 2 portion of the model allowed for differences among individuals in the intercept
and slope (from the level 1 model), as determined by individual characteristics (i.e., baseline
depressive symptoms). The level 2 equations were:

Boi="00+701 * DEPRESSION;+uy;
B15="10+711 * DEPRESSION;+us;

where, again, /represents each individual subject and j represents the 28 daily assessments.
Depressive symptoms are best analyzed continuously (see Haslam, 2003, for a review) and
were therefore entered into this model as a z-scored, continuous predictor. Accordingly, we
tested the following multilevel composite model:

SELF — EFFICACY;;=700+701 * DEPRESSION;
+710 * EXERCISE;;
+v11 * EXERCISE;; * DEPRESSION;
~+€ij+Ugi+U1;

Health Psychol. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kangas et al. Page 9

Results

Descriptive Analyses

Descriptive statistics and correlations among the study variables are reported in Table 1.
Participants reported an average of nearly 11 days of exercise over the four weeks, and the
majority of reported exercise days included at least 30 minutes of exercise (68.2%; 581 of
852 reported days). In addition, baseline self-efficacy scores (see Table 1) suggest that
participants reported moderate levels of confidence about their ability to adhere to regular
exercise before initiating their regular exercise plan. The mean level of weekly activity for
the sample (112.29 minutes/week) was under the public health guideline (i.e., = 150
minutes/week), but participants” exercise levels exceeded their baseline levels (< 60 minutes/
week). These data suggest that many participants were actively engaged in changing their
activity levels.

Participants reported a broad range of depressive symptom scores (range: 0-59). Forty-one
participants (35.3%) scored 16 or above, indicating at least clinically significant levels of
depressive symptoms (Lewinsohn, Seeley, Roberts & Allen, 1997). Average depressive
symptom scores were lower and the range of scores was smaller for men (M=12.3, SD=7.4,
range=2-31) than for women (M=15.21, SD=10.86, range=0-59). There was a fairly even
distribution of participants with depressive symptoms across BMI levels, with slightly over a
third of overweight (36.8%) and of obese (39.0%) participants reporting clinically
significant depressive symptoms. Baseline depressive symptoms were not associated with
baseline self-efficacy, daily exercise self-efficacy, or total days of exercise (see Table 1).

Depressive Symptoms Moderating the Daily Exercise-Self-Efficacy Relation

First, consistent with past research (Marcus, Selby, Niaura, & Rossi, 1992; McAuley, 1995;
McAuley et al., 2011), we found that self-efficacy is higher on days exercise occurs
compared to days on which it does not occur, £=0.37, p<.001, 95% CI [.29, .44]. We also
found a significant interaction between exercise occurrence and depressive symptoms, b
=0.15, p<.001, 95% CI [.07, .23]%, indicating that depressive symptoms moderated the
relation between same-day exercise and self-efficacy. In order to understand the nature of
this interaction, we centered the depressive symptoms variable alternately at two different
values. First, the depressive symptoms variable was centered so that 0 = low depressive
symptoms (i.e., one standard deviation below the mean; CES-D score = 4.37). As illustrated
in Figure 1, this analysis showed that for participants with low depressive symptoms, daily
exercise significantly predicted self-efficacy, 6=.21, p<.001, 95% CI [.11, .32], such that
self-efficacy was higher on days they exercised than on days they did not (d=.18). Next, we
re-ran the model with depressive symptoms re-centered so that 0 = high depressive
symptoms (i.e., one standard deviation above the mean; CES-D score = 24.73) and found the

1\We ran three alternative variations of the model and found that the pattern of results did not change. First, we ran the present model
with a 30-minute threshold (rather than a 10-minute threshold) for defining days of exercise and observed the same interaction effect,
b£=0.09, p=.03. Second, we ran the model with exercise as a continuous variable rather than a dichotomous variable and the
interaction between daily exercise minutes and depressive symptoms remained significant, &= .0001, p=.04. Third, we ran the model
to control for daily walking, in order to adjust for any effects of this type of incidental physical activity and observed the same
interaction effect, b =0.15, p <.001. In addition, there was no main effect of walking on self-efficacy, p=.37.
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same effect, but stronger, for people with high depressive symptoms, 6= .52, p<.001, 95%
Cl [.41, .64], d=.41.

To examine this interaction in another way, we re-ran the model centering the exercise
variable in two ways. First, we centered the exercise predictor so that 0 = day of no exercise.
As illustrated in Figure 1, we found that on days when exercise did not occur, depressive
symptoms were significantly related to self-efficacy, 6= -0.33, p=.03, 95% CI [-.62, -.03],
indicating that self-efficacy was lower for people with higher depressive symptoms on days
of no exercise than those with low depressive symptoms (¢'=.41). An increase in daily self-
efficacy by .41 standard deviations would predict an average of 84.4 minutes more exercise
over the course of the four weeks. Second, the exercise variable was centered so that 0 = day
of exercise. In this case, we found that on days when exercise occurred, depressive
symptoms were not related to self-efficacy, 6= -0.17, p=.24, 95% CI [-.47, .12], indicating
that levels of self-efficacy did not significantly differ at varying levels of depressive
symptoms.

To examine whether these relations varied over time, we re-ran the model with time (i.e.,
Day 1-28) in the level 1 portion of the model. There was not a significant main effect of
time, nor were any interactions that included time significant. This suggests that neither
overall daily self-efficacy, nor the strength of the relations described above, changed over the
28-day period.

To explore one of our secondary questions, we tested whether the moderation effect differed
by gender or BMI. We re-ran the models and added gender in one set of models and BMI in
the other, along with the two-way and three-way interactions. We found a three-way
interaction with gender, 6=0.2, p=.02, 95% CI [.03, .49], indicating that depressive
symptoms moderated the relation between exercise and self-efficacy for women, 6=-.19, p
<.001, 95% CI [-.28, —.10], but not for men, 6=-.08, p=.48, 95% CI [-.29, .13]. We also
found that the three-way interaction with BMI approached statistical significance, 6=-.07, p
=.052, 95% CI [-.14, .001], indicating that the moderation effect was present among those
with lower BMIs (i.e., one standard deviation below the mean; BMI = 20.02), 4=-.11, p=.
03, 95% CI [-.20, -.01], but was even stronger for people with higher BMls, (i.e., one
standard deviation above the mean; BMI = 33.50), 6=-.25, p<.001, 95% CI [-.37, —.13].

Aggregate Effect Over Time

The results of the moderation analyses indicate how the occurrence of exercise and
depressive symptoms are associated with self-efficacy on a daily level. To examine the
aggregate effect that this daily effect had over the 28-day period, we ran an additional
analysis to examine how depressive symptoms and the total number of exercise days
interacted to predict self-efficacy over time. In this analysis, daily self-efficacy was again the
dependent variable. Predictors included total number of days of exercise (range 0-28),
baseline depressive symptoms, and time, along with each of the two-way interactions and
the three-way interaction. Covariates were again cardiorespiratory fitness, race, and baseline
exercise self-efficacy. All variables were centered at their means. The three-way interaction
(days of exercise x depressive symptoms x time) was not significant and was dropped from
the model.
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The results revealed a pattern that was consistent with the daily level findings. There were
main effects for both baseline depressive symptoms, 6= -.09, p < .001, and total exercise
days, b= .69, p<.001, indicating that lower depressive symptoms and higher total exercise
days predicted higher self-efficacy. However, these main effects were qualified by two
interactions. First, the interaction between depressive symptoms and total exercise days was
significant, = .13, p<.001, 95% CI [.06, .20], indicating that the relation between total
exercise days and self-efficacy was stronger for participants with higher depressive
symptoms, 6= .80, p<.001, 95% CI [.49, .89], d=.67, than for those with lower depressive
symptoms, b= .54, p<.001, 95% CI [.43, .65], d=.38, (see Figure 2). Second, the
interaction between time and total exercise days approached significance, 6= .008, p= .07,
indicating that self-efficacy levels remained stable over time for people who exercised at
high levels, {2545) = 0.88, p= .38, but decreased over time for people who exercised at low
levels, £2545) = -1.66, p=.09. Together, these two interactions suggest that aggregated
over 28 days, a low number of days of exercise resulted in lower levels of self-efficacy, but
this was especially true for those with high depressive symptoms.

Do Depressive Symptoms Moderate the Effect of Self-Efficacy on Next-Day Exercise?

To explore the other secondary question, we tested whether depressive symptoms also
moderated the effect of self-efficacy on the next-day occurrence of exercise. We ran a
multilevel logistic regression model with next-day (day x+1) exercise as the dependent
variable and daily self-efficacy (day x), baseline depressive symptoms, and their interaction
as predictors, controlling for exercise on day x. We included baseline cardiorespiratory
fitness and baseline exercise self-efficacy as covariates. We found that self-efficacy on day x
predicted a greater likelihood of exercise on day x+1, OR=1.12, 95% CI [1.04, 1.21].
However, this relation was not moderated by depressive symptoms, OR=1.00, p=.43, 95%
CI [.99, 1.01]. These findings indicate that self-efficacy on one day predicts the likelihood of
exercising the next day, but that relation is not moderated by depressive symptoms.

Discussion

Consistent with evidence that personal experience with the relevant behavior is an important
source of self-efficacy (Bandura, 1997), we found that daily self-efficacy was higher on days
when people exercised than on days when they did not. Moreover, we found that this effect
was stronger for people with higher depressive symptoms. People with higher depressive
symptoms reported lower levels of self-efficacy on days when they did not exercise than
those with lower depressive symptoms, but differences in depressive symptoms did not
significantly predict self-efficacy levels on days when people exercised. We observed a
similar pattern when looking at the aggregate effect over the 28 days. These findings suggest
that, in the context of the daily process of initiating regular exercise, exercise self-efficacy is
more sensitive to the absence of exercise on a given day for people with higher levels of
depressive symptoms than it is for those with lower depressive symptoms. This effect may
be particularly strong for women and those with high BMI. Moreover, the fact that
depressive symptoms did not moderate the effect of self-efficacy on next-day exercise
suggests that this moderation effect is specific to the same-day relation between exercise and
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self-efficacy and does not reflect a generalized effect of depressive symptoms on the
interrelations among these variables.

In interpreting the findings, it is important to note that people who differed in levels of
depressive symptoms did not differ in baseline levels of self-efficacy or in the total number
of days on which they exercised over the 28-day period. These observations help support the
conclusion that the self-efficacy of people with depressive symptoms is particularly sensitive
to the absence of daily exercise during the initiation of regular exercise. First, the findings
cannot be attributed to larger increases in self-efficacy among participants with higher
depressive symptoms on days when they exercised. Second, lower self-efficacy on days of
no exercise is not merely an artifact of participants with higher depressive symptoms
exercising for fewer days.

The current findings are consistent with theoretical work on self-efficacy and depression
(Bandura, 1997). Bandura suggested that depression arises from a dysfunctional self-
evaluation system and is defined by a sense of inefficacy to reach highly desired goals,
which is further reinforced by dysfunctional thinking patterns that discount success and
exaggerate failure, consistent with other common conceptualizations of depression (Beck,
1991). Bandura also specifically theorized that the exaggeration of failure was a stronger
tendency than the discounting of success (Bandura, 1997). Although we did not collect data
on participants’ perceptions of success and failure in adhering to their exercise plan, the
results could be seen as consistent with Bandura’s proposition if we consider the occurrence
or absence of exercise as proxies for success and failure. Future research could test this
possibility with clearer measures of success and failure.

Similarly, future research may explore other psychological factors that influence daily
fluctuations in exercise self-efficacy. For example, additional research is needed to
understand why the moderation effect was stronger among women and people high in BMI.
It is possible that gender and BMI are related to the subjective perceptions and
interpretations associated with regular exercise, particularly when depressive symptoms are
high. It is also possible that these groups may be prone to more rumination, negative
cognitions, and negative recall bias (Beck, 1991), or perhaps physiological factors (Bandura,
1997) related to weight or gender lower self-efficacy. Further, future research may examine
if people with depressive symptoms report even larger self-efficacy losses on days they do
not exercise among those for whom improved fitness is a highly desired goal. This may
clarify if self-efficacy processes for people with depression become more dysfunctional
when goals are more highly desired.

The pattern of results is also consistent with the research regarding exercise interventions for
the treatment of depression. Specifically, though the antidepressant effects of exercise are
not clearly understood, increased self-efficacy is proposed to be a mediator between exercise
and decreased depressive symptoms (Craft & Perna, 2004; DeBoer et al., 2012). Increased
self-efficacy is theorized to be a mechanism for reducing depression because it effectively
increases positive behaviors (Bandura, 1997; Zeiss, Lewinsohn & Mufioz, 1979). Thus, it is
not surprising that depressive symptoms did not moderate the effect of self-efficacy on next-
day exercise.
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Though our results are consistent with previous findings that regular exercise has the ability
to improve self-efficacy in people with depressive symptoms (Craft, 2005), our findings
counter the research of Singh and colleagues (1997), where self-efficacy did not increase
along with decreases in depression for older adults. It is important to note that Singh’s
participants were all 65 or older. Older adults have been found to have trouble increasing
their exercise self-efficacy (McAuley et al., 2011), likely due to the predisposition of older
adults to view their physical abilities as deteriorating, which would bias them against seeing
improvements or increasing confidence in their physical abilities. The current study included
a younger and much larger range of ages (18-61; mean = 34.5), and our findings suggest
that adults with depressive symptoms can experience high levels of self-efficacy on days
they exercise. One practical implication of these results is that people with depressive
symptoms who are attempting to initiate a habit of regular exercise might avoid having days
of no exercise. An intervention may encourage people with depressive symptoms to exercise
every day, even if only briefly, in order to maintain their self-efficacy for regular exercise.
Such an exercise intervention should also provide support for self-efficacy maintenance
when failures and lapses occur by providing basic skills of goal setting (e.g., making
specific, measurable, time-bound goals; allowing for trial and error) and teaching cognitive
restructuring to correct the cognitive distortions that could be decreasing self-efficacy.
Future research should also seek to determine the efficacy of such interventions in
populations with a range of depressive symptoms.

The study had several limitations that warrant mention. First, we used a community sample
in which only one third of participants reported clinically significant depressive symptoms
and, of those, few participants reported severe depressive symptoms. Therefore, the observed
pattern of results may not be generalizable to populations diagnosed with severe depression.
For example, past literature would lead us to expect that participants with high depressive
symptoms would exercise less than participants with low depressive symptoms (DiMatteo,
Lepper & Croghan, 2000), but this was not the case in our sample. The current subsample of
people with depressive symptoms may have been more self-motivated and able to increase
their exercise levels than people with more severe depression. This is likely, considering that
this was a self-selected sample of people who were interested in increasing their physical
activity levels. Second, we assessed depressive symptoms only at baseline, so we are unable
to demonstrate how fluctuations in depressive symptoms were associated with self-efficacy
throughout the four weeks. Third, the majority of our participants were women, the average
depressive symptom scores for men were lower than for women, and only five men in our
sample reported clinically significant depressive symptoms. These imbalances may explain
why there were gender differences in how depressive symptoms influenced self-efficacy. It
will be important to replicate these findings in a sample that includes men and women with a
range of depressive symptoms before concluding whether the gender effect reflects unique
characteristics of this sample or a true gender difference. Finally, the present data is from
only the first four weeks of exercise initiation, which is a short amount of time for assessing
regular exercise levels over time. For example, the four-week timespan may not have been
sufficient time to observe differences in regular exercise levels for people with high and low
depressive symptoms. Also, self-efficacy is only one of several psychological and
environmental factors, like social support, that impact exercise behavior (Wendel-Vos,
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Droomers, Kremers, Brug & Van Lenthe, 2007). Future research should seek to clarify the
longer-term impact of these self-efficacy processes in exercise behaviors for people with
depressive symptoms.

During the critical first month of initiating regular exercise, self-efficacy for people with
higher depressive symptoms is more sensitive to whether exercise occurred than for people
with lower depressive symptoms. These findings extend existing research by suggesting that
people with depressive symptoms may have greater difficulty sustaining regular exercise due
to experiencing comparatively low levels of self-efficacy on the days when they do not
exercise. The findings are consistent with theoretical work on self-efficacy and depression
and suggest that intervention components may need to be tailored to maintain exercise self-
efficacy of people with depressive symptoms.
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Figure 1.
Mean daily self-efficacy for days in which exercise occurred compared to days in which

exercise did not occur

Note. Possible range of scores for self-efficacy scale = 0 to 8; depressive symptoms centered
at 4.37 and 24.73 (i.e., one standard deviation above and below the mean), with possible
score range being 0 to 60; error bars reflect plus/minus one standard deviation.
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Figure 2.

Mean daily self-efficacy for people with high and low depressive symptoms who exercised
at different levels over the 28 days

Note. Possible range of scores for self-efficacy scale = 0 to 8; depressive symptoms centered
at 4.37 and 24.73 (i.e., one standard deviation above and below the mean), with possible
score range being 0 to 60; total days of exercise centered at 4.16 and 17.26 (i.e., one
standard deviation above and below the mean), with possible score range being 0 to 28.
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