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Though exercise is associated with emotional health, it remains unclear what psychological processes account
for this relationship. The present study explores emotional recovery from and responses to stress as links. It
extends prior research by exploring whether poor response tendencies, such as a ruminative response style, could
mediate the relationship between regular exercise and clinical symptoms, and whether acute exercise facilitates
emotional recovery from a stressor in a heterogeneous sample comprising sedentary as well as active individuals
and those reporting mood and anxiety symptoms. Participants completed questionnaires, performed 30 min of
cycling or stretching, and underwent a stressful speech task. State aﬀect and diﬃculties with emotion regulation
and rumination were measured at various time points. Minimal regular exercise predicted more depression,
anxiety, and stress, and cross-sectional data suggest that poor stress response tendencies (more habitual rumination and low coping self-eﬃcacy) could partially mediate these relationships. Relative to stretching, prior
exercise did not aﬀect initial reactions to the stressor or reports of struggling to regulate one's emotions.
However, it attenuated the eﬀects that rumination and diﬃculties with emotion regulation had on delaying
emotional recovery. Results suggest that enhanced emotional resilience to the prolonged eﬀects of stress accounts, at least in part, for the emotional beneﬁts of regular exercise. There appear to be beneﬁts aﬀorded by
even single sessions of exercise and cumulative beneﬁts from regular activity for coping with stress.

Exercise is good for one's mental health as abundant research indicates. Cross-sectional studies show that regular exercise is associated
with greater emotional wellbeing, fewer or less severe symptoms of
depression, and lower anxiety (Goodwin, 2003; Harvey, Hotopf,
Overland, & Mykletun, 2010; Ströhle, 2009). Prospectively, regular
exercisers are less likely to develop emotional disorders in their lifetime
than are non-exercisers (Harvey et al., 2017; Ströhle, 2009). And for
those individuals diagnosed with depression and related psychopathology, exercise programs—particularly those involving moderate
aerobic activity—tend to have signiﬁcant treatment eﬀects comparable
to psychotherapy and antidepressants (Kvam, Kleppe, Nordhus, &
Hovland, 2016; Schuch, Vancampfort, Richards, et al., 2016). Furthermore, in randomized controlled trials of exercise interventions
dropout is lower for exercise than other conditions (Stubbs et al., 2016)
and such programs can improve both physical and psychological
quality of life as well as reduce symptoms of emotional disorders
(Schuch, Vancampfort, Rosenbaum, et al., 2016).
Despite these replicated, positive ﬁndings, it remains unclear what
psychological processes are altered by exercise that enhance resilience,
emotional stability, and improve mood. Identifying such mechanisms

∗

could aid targeted use of exercise for eﬀective prevention and early
intervention, provide tangible motivation to exercise regularly, and illuminate critical processes driving dysregulated mood. Because exercise
alters multiple bodily systems, its beneﬁcial eﬀects on mental health
likely arise from a dynamic network of interacting neurobiological,
physical, cognitive, and psychosocial factors (Hopkins, Davis,
VanTieghem, Whalen, & Bucci, 2012; Moylan et al., 2013). This project
focuses speciﬁcally on the ability to weather and recover from stress as
the pathway of interest. Clinical depression and emotional disorders
more generally reﬂect diﬃculty altering, upregulating, or stabilizing
one's mood after it has declined. Becoming stuck in negative mood
states heightens risk for depression onset, maintenance, and relapse
(Joormann & Vanderlind, 2014).
There are many studies on the eﬀects of acute exercise on positive
and negative aﬀect. Exercise has a general “feel-better” eﬀect (Biddle &
Ekkekakis, 2012), not only increasing pleasure and other positive
emotions, but also reducing anxiety and other distressing emotions
(Yeung, 1996). And recent decades have seen growing speciﬁcity of this
eﬀect. For example, although some studies have found null or negative
results (Backhouse, Ekkekakis, Biddle, Foskett, & Williams, 2007), it

Corresponding author.
E-mail addresses: ebernstein@g.harvard.edu (E.E. Bernstein), rjm@wjh.harvard.edu (R.J. McNally).

https://doi.org/10.1016/j.brat.2018.07.010
Received 4 January 2018; Received in revised form 20 July 2018; Accepted 30 July 2018
Available online 01 August 2018
0005-7967/ © 2018 Elsevier Ltd. All rights reserved.

Behaviour Research and Therapy 109 (2018) 29–36

E.E. Bernstein, R.J. McNally

impact of poor coping on persistent negative aﬀect. In other words,
prior exercise should help those individuals who would otherwise
struggle to bounce back after the stressor. Third, we recruited a sample
with a wider, more representative range of exercise habits from sedentary to physically active individuals, and included those at risk for
developing emotional disorders (i.e. participants reporting low mood,
high anxiety, and high stress). Such diversity is important as most experimental research has concerned active, healthy participants, potentially limiting the generalizability of the results.

appears that improvements in self-reported aﬀect most reliably accompany physical activity that is below one's ventilatory or lactate
threshold. Additionally, whereas declines in pleasure are more likely
during activity that is above threshold, such diﬀerences in state aﬀect
tend to disappear in post-activity reports (Ekkekakis, Parﬁtt, &
Petruzzello, 2011). An intriguing moderator, however, is self-selection
of exercise intensity. Self-selection tends to increase the likelihood of
the “feel-better” eﬀect, regardless of actual intensity (Ekkekakis et al.,
2011; ZeRVAS, Ekkekakis, Emmanuel, Psychoudaki, & Kakkos, 1993).
Importantly, much of this research has examined how people feel after
exercising without any subsequent interruptions. Few studies have examined the eﬀect of a single bout of exercise immediately prior to a
stressor. In the present study, we aim to clarify how this “feel-better”
eﬀect manifests when people encounter emotional perturbations after
exercising.
Experimental and observational research suggests that exercise
changes how people react to and process experimentally- or naturallyinduced emotional experiences. Rather than preventing or blunting
initial negative emotional responses, exercise appears to facilitate
emotional recovery. For example, in both between- and within-subjects
experiments, a bout of prior aerobic activity attenuates the duration of
negative aﬀect following a stressor, apparently by helping individuals
to overcome or be less impacted by emotion regulation diﬃculties
(Bernstein & McNally, 2016, 2017). This hastening of recovery from
negative emotion is consistent with studies showing that physically ﬁt
individuals return to their resting physiological state more easily after a
stressor than do their non-ﬁt peers, that exercise training can improve
people's ability to physiologically withstand stress, and that physically
active individuals are more resilient against the negative eﬀects of rumination on cortisol reactivity than are sedentary individuals
(Blumenthal et al., 1988; Calvo, Szabo, & Capafons, 1996; Puterman
et al., 2011). Furthermore, in naturalistic, ecological momentary assessment studies, regular voluntary physical activity appears to lessen
the eﬀect of perceived stressors on negative aﬀect even among underactive individuals, especially if a bout of physical activity is proximal to
the reported stressor (Flueckiger, Lieb, Meyer, Witthauer, & Mata,
2016b; Puterman, Weiss, Beauchamp, Mogle, & Almeida, 2017). It also
reduces emotional inertia, meaning that people who exercise do not
necessarily have less frequent or intense negative emotions, but rather
may be better able to recover from negative emotions when they arise
(Bernstein, Curtiss, Wu, Barreira, & McNally, 2018).
In the present study, we extended this research in three ways. First,
to explore enhanced coping in response to stressors as a pathway
through which exercise counteracts mood symptoms, we examined the
relationship among regular exercise, mood symptoms, and two examples of emotion response tendencies that could prolong stress-induced negative aﬀect. Speciﬁcally, we hypothesized that participants
reporting more frequent moderate to vigorous exercise would report
less habitual rumination (repetitive, passive, self-focused thinking
about one's experience), enhanced coping self-eﬃcacy (conﬁdence in
one's ability to manage stressful situations and one's responses eﬀectively), and fewer or less severe symptoms of depression, anxiety, and
stress. Furthermore, we expected that less habitual rumination and
greater coping self-eﬃcacy to, at least partially, mediate the relation
between regular exercise and mood symptoms. Both rumination and
low coping self-eﬃcacy are linked to prolonged negative aﬀect following distressing events in and out of the lab (Chesney, Neilands,
Chambers, Taylor, & Folkman, 2006; Nolen-Hoeksema, Wisco, &
Lyubomirsky, 2008) and negatively associated with an active lifestyle
(Craft, 2005; Kishida & Elavsky, 2015; Steptoe, Edwards, Moses, &
Mathews, 1989).
Second, using a psychosocial stressor as an ecologically valid mood
induction, we aimed to replicate ﬁndings showing that prior aerobic
activity facilitates emotional recovery following a stressor. Consistent
with prior research, aerobic exercise (i.e. being assigned to the cycling
condition as compared to the stretching condition) should moderate the

1. Method
Participants completed one in-person experimental session. The
visit began with self-report questionnaires after which participants
were randomly assigned to perform 30 min of moderate cycling or
stretching. Participants then underwent a stressful speech task followed
by a recovery period during which we assessed state rumination and
reported diﬃculties with emotion regulation. State aﬀect was measured
at various points throughout the study period.
1.1. Participants
One hundred four young adults (60 women, Mage = 19.94,
SD = 2.05, age range: 18–31) were included in our analyses. Prior to
examining data, we excluded ﬁve additional participants due to nonadherence to the protocol, experimenter error, and technical diﬃculties. The ethnic and racial composition of the ﬁnal sample was 62.5%
Caucasian or white, 4.81% African American or black, 16.35% Asian or
Asian American, 0.96% Native American or American Indian, 11.54%
multiracial, 3.85% other or unreported, and 15.38% identiﬁed as
Hispanic or Latino. Participants were recruited through the Harvard
University Study Pool and included students and community members.
Harvard University's Committee on the Use of Human Subjects approved the protocol, and participants provided written informed consent prior to beginning the study.
Eligible participants were at least 18 years old and able to read and
sign the consent form. For safety and to avoid potential confounds related to extreme attitudes towards physical activity, we excluded potential participants if they were pregnant or possibly pregnant, answered “yes” to any question on the Physical Activity Readiness
Questionnaire (PAR-Q) (Adams, 1999; Thomas, Reading, & Shephard,
1992) indicating physical or medical contraindications to exercise, or
scored above the clinical cut-oﬀ (≥24) on the Exercise Addiction Inventory: Short Form (EAI) (Terry, Szabo, & Griﬃths, 2004) suggesting
risk for exercise addiction.
1.2. Procedure and materials
1.2.1. Baseline measures
Participants began the experimental session with a brief battery of
self-report questionnaires, which included demographics (e.g. age,
gender, ethnicity, race), trait rumination, coping self-eﬃcacy, symptoms of depression and anxiety, and exercise habits. Resting pulse,
height, and weight were also measured at baseline. The 22-item
Ruminative Responses Subscale of the Response Style Questionnaire
(RRS) captured the proclivity to ruminate following negative emotional
experiences (Treynor, Gonzalez, & Nolen-Hoeksema, 2003). Higher RRS
scores indicate more habitual and extreme rumination. Coping self-efﬁcacy was assessed with the 26-item Coping Self-Eﬃcacy Scale (CSE;
Chesney et al., 2006). Participants are asked to rate how much they
believe they could perform various behaviors related to coping on a
scale from 0 (“cannot do at all”) to 10 (“certain can do”). Scores range
from 0 (no self-eﬃcacy) to 260 (maximum self-eﬃcacy). Participants
also completed baseline measures of mood and anxiety symptoms. The
Depression Anxiety Stress Scales, 21-item (DASS-21) yields three subscales: depression, anxiety, and stress (Lovibond & Lovibond, 1995).
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The depression subscale captures low or sad mood, feelings of worthlessness and hopelessness, anhedonia, and psychomotor slowing, for
example. The anxiety subscale includes somatic symptoms (e.g. trembling, sweating, dry mouth, shortness of breath, racing heart), situational anxiety, general anxiety, and panic. The stress subscale reﬂects
chronic feelings of irritability, nonspeciﬁc hyperarousal, being on edge
or ﬁdgety, tension, being easily startled or upset, and impatience. Finally, regular exercise habits were evaluated via the third item from the
George Non-Exercise Test (George, Stone, & Burkett, 1997); responses
range from 0 (“avoid walking or exertion”) to 10 (“vigorous activity;
run over 25 miles per week or spend over 8 h per week in comparable
physical activity”).

1.2.6. Repeated measures
Participants indicated state level global positive and negative aﬀect
by rating how much they felt various emotions on visual analogue
scales ranging from 0 (not at all) to 100 (completely) (Bernstein &
McNally, 2016; Leen-Feldner, Zvolensky, Feldner, & Lejuez, 2004).
Speciﬁc negative emotions included anxious, tense, sad, and angry.
Positive emotions included content, excited, and happy. The order of
emotions presented was randomized each time this measure was administered: at baseline, after physical activity, immediately after the
stressor, after a recovery period (approximately 10 min after the
speech), and at the end of the study (approximately 15 min after
speech).

1.2.2. Experimental manipulation
Participants were randomly assigned to one of two activity conditions. Participants in the exercise group cycled for 30 min at a moderate
pace, which included 5 min of warm-up and 25 min of sustained activity at 60–70% of their estimated maximum heart rate (Norton,
Norton, & Sadgrove, 2010). To estimate maximum heart rate, we used
the following formula: 208 – (0.7 × Age) (Tanaka, Monahan, & Seals,
2001). Participants assigned to the control group were led through
30 min of stretching. Heart rate was recorded throughout the activity
conditions via a Polar heart rate monitor worn around the chest while
the experimenter monitored for adherence to the assigned activity.
After the 30 min, participant heart rate had to return to pre-activity
level (within 10% of baseline) before moving forward.

1.3. Statistical analysis
Baseline demographic and clinical characteristics of the sample
were calculated as means with standard deviations (SD) for continuous
variables and counts with proportions for categorical variables. We
used independent sample t-tests to assess potential group diﬀerences in
age, body mass index (BMI), resting heart rate, trait rumination, coping
self-eﬃcacy, symptoms of depression and anxiety, exercise habits, and
state aﬀect at baseline. We conducted chi-square analyses to test potential group diﬀerences in gender, race, and ethnicity. We also used ttests to conﬁrm that, as intended, participants in the exercise condition
experienced signiﬁcantly increased average heart rate during the activity period than the stretching group and that the stressor increased
negative aﬀect.
We then used linear regressions to evaluate how regular exercise
habits related to baseline clinical variables, including trait rumination,
coping self-eﬃcacy, depression, anxiety, and stress, as well as how
rumination tendencies and coping self-eﬃcacy related to mood symptoms. To explore whether enhanced emotional response tendencies
might, at least in part, account for the eﬀects of regular exercise on
mood, we planned to test for mediation eﬀects in the event of positive
results.
In our experimental data, we ﬁrst used multilevel models to examine changes in negative and positive aﬀect as a function of time and
condition. We then examined a three-way interaction between time,
group assignment, and state measures of rumination and diﬃculties
with emotion regulation (DERS) to explore eﬀects on recovery following the stressor. Models were repeated to control for baseline aﬀect
and regular exercise habits. Maximum likelihood estimation procedures
were used and subjects were treated as random factors (random intercept). Time was operationalized as an ordinal variable, with measurements taken at four points: pre-stressor, immediately post-stressor, 10min post-stressor, and at the end of the study. Group assignment was a
categorical variable, encompassing cycling and stretching conditions.
Finally, state rumination and DERS measures were continuous variables.

1.2.3. Stressor
The stressor procedure was based on the Trier Social Stress Test
(Kirschbaum, Pirke, & Hellhammer, 1993). Participants were instructed
to spend 5 min preparing to give a 5-min speech for an imagined fellowship interview about why they are a good friend. Participants were
not allowed to use any notes made while preparing when they delivered
their speech. The experimenter provided neither positive nor negative
feedback while observing.
1.2.4. Emotional response
Diﬃculties with emotion regulation or coping during the 5 min
following the speech were measured in three ways. Modiﬁed versions of
the diﬃculties engaging in goal-directed behavior (DERS-Goal) subscale and limited access to emotion regulation strategies (DERSStrategies) subscale from the Diﬃculties in Emotion Regulation Scale
(DERS) were administered (Gratz & Roemer, 2004). Similar to the
adapted scale used by McLaughlin, Mennin, and Farach, (2007), these
questionnaires asked participants to rate how much each statement
applies to them right now rather than in general, thus serving as a statelevel measure. Like the baseline coping self-eﬃcacy scale, the DERS
items ask participants to assess how well they perceive themselves to be
coping. Example DERS-Goal items include “I have diﬃculty concentrating” and “I would have diﬃculty thinking about anything else
right now.” Example DERS-Strategies items include “I believe I will
remain this way for a long time” and “I believe that there is nothing I
can do to make myself feel better.” Additionally participants completed
a measure of state rumination with a modiﬁed 8-item State Rumination
Questionnaire (SRQ) (LeMoult, Arditte, D'Avanzato, & Joormann,
2013); example items include how much they had been thinking about
their performance, how negative their thoughts were, and how much
they thought about their negative emotional experience. Higher scores
indicate more diﬃculty accessing regulatory strategies, more diﬃculty
with goal-directed behavior, and more rumination.

2. Results
A summary of baseline demographic and clinical characteristics of
the sample is included in Table 1. Fifty-two individuals were randomized to each condition. At baseline, groups did not diﬀer in age, race,
ethnicity, gender, or body mass index (BMI), nor did they diﬀer in terms
of symptoms of depression, anxiety, or stress, reports of habitual rumination, and state positive or negative aﬀect at the start of the visit
(ps > .05). However, participants randomly assigned to the cycling
condition did report greater coping self-eﬃcacy at baseline
(M = 204.37, SD = 38.79), than did their peers who were assigned to
stretch (M = 186.44, SD = 36.18), t(101.5) = 2.44, p = .02. Within the
whole sample, 24.04% of participants reported less than 30 min per
week of exercise and 21.15% reported no activity or only light activity.
Additionally, 18.27% of the sample exceeded the clinical cut-oﬀ for at
least mild symptoms of depression (DASS-Depression score ≥10),

1.2.5. Positive mood induction
To help participants upregulate their mood before leaving, the study
concluded with a brief (< 3 min) clip from the ﬁlm When Harry Met
Sally as this clip reliably increases positive aﬀect (Gross & Levenson,
1995).
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Table 1
Demographic and baseline characteristics of the sample.
Characteristic

Whole Sample N (%)

Cycling N (%)

Stretching N (%)

60 (57.79)
44 (42.31)

29 (55.77)
23 (44.23)

31 (59.62)
21 (40.38)

16 (15.38)
85 (81.73)
3 (2.88)

10 (19.23)
41 (78.85)
1 (1.92)

6 (11.54)
44 (84.62)
2 (3.85)

65 (62.50)
5 (4.81)
17 (16.35)
1 (.96)
12 (11.54)
4 (3.85)

34 (65.38)
2 (3.85)
5 (9.62)
1 (1.92)
7 (13.46)
3 (5.77)

31 (59.62)
3 (5.77)
12 (23.08)
0 (0.0)
5 (9.62)
1 (1.92)

Characteristic

Whole Sample
Mean ± SD

Cycling
Mean ± SD

Stretching
Mean ± SD

Group Diﬀerence (p-value)

Age
Regular exercise
RRS
DASS-Depression
DASS-Anxiety
DASS-Stress
CSE
BMI

19.94 ± 2.05
7.04 ± 2.97
43.55 ± 12.26
5.77 ± 6.22
4.69 ± 4.59
10.69 ± 7.41
195.4 ± 38.40
23.29 ± 3.40

19.65 ± 1.30
6.90 ± 2.91
42.83 ± 13.44
5.12 ± 6.80
4.19 ± 4.84
10.31 ± 7.85
204.37 ± 38.79
23.45 ± 3.46

20.23 ± 2.57
7.17 ± 3.06
44.27 ± 11.05
6.42 ± 5.58
5.19 ± 4.31
11.08 ± 7.01
186.44 ± 36.18
23.13 ± 3.37

.15
.65
.55
.29
.27
.60
.02
.63

Gender
Female
Male
Ethnicity
Hispanic/Latino
Not Hispanic/Latino
Unreported
Race
Caucasian/White
African America/Black
Asian American/Asian
Native American/American Indian
Mixed Race
Other/Unreported

Group Diﬀerence (p-value)
.84

.49

.35

Note. Regular exercise = item #3 from the George Non-Exercise Test, higher scores indicate more regular exercise, RRS = Ruminative Responses Subscale of the
Response Style Questionnaire, DASS = Depression Anxiety Stress Scales, CSE = Coping Self-Eﬃcacy Scale, BMI = body mass index.

of depression and general low mood, we repeated analyses including
only the RRS brooding subscale (Treynor et al., 2003). The pattern of
results remained unchanged.
Similarly, greater CSE scores predicted lower scores on DASSDepression, F(1,102) = 41.22, p < .001, adjusted R2 = 0.28,
B = −0.09, DASS-Anxiety, F(1,102) = 13.76, p < .001, adjusted
R2 = 0.11, B = −0.04, and DASS-Stress, F(1,102) = 32.35, p < .001,
adjusted R2 = 0.23, B = −0.09. When both exercise habits and CSE
score were simultaneously entered into the models, only CSE score
remained a signiﬁcant predictor (ps < .001) of DASS-Depression, F
(2,101) = 20.70, p < .001, adjusted R2 = 0.28, B = −0.08, and DASSAnxiety, F(2,101) = 7.51, p < .001, adjusted R2 = 0.11, B = −0.04,
also suggesting full mediation. Results of the bootstrap estimation indicated that the indirect eﬀect was signiﬁcant for DASS-Depression,
ACME = −.30, CI[-0.55, −0.07]. p = .01, and DASS-Anxiety,
ACME = −0.13, CI[-0.27, −0.03]. p = .01. CSE score remained signiﬁcant in predicting DASS-Stress, F(2,101) = 19.27, p < .001, adjusted R2 = 0.26, B = −0.08; again, exercise habits also remained
signiﬁcant when DASS-Stress was the criterion, though its eﬀect lessened, B = −0.49, p = .03, suggesting partial mediation. The bootstrap
estimation showed that this indirect eﬀect was signiﬁcant as well.
Results should be interpreted cautiously as data were cross-sectional.

25.96% exceeded the clinical cut-oﬀ for at least mild symptoms of
anxiety (DASS-Anxiety score ≥ 8), and 28.85% exceeded the clinical
cut-oﬀ for at least mild stress symptoms (DASS-Stress score ≥ 15).
2.1. Regular exercise
More frequent regular exercise was signiﬁcantly associated with
fewer or less severe symptoms of depression (DASS-Depression), F
(1,102) = 4.16, p = .04, adjusted R2 = 0.03, B = −0.41, anxiety
(DASS-Anxiety), F(1,102) = 3.94, p = .049, adjusted R2 = 0.03,
B = −0.30, and stress (DASS-Stress), F(1,102) = 11.23, p = .001, adjusted R2 = 0.09. B = −0.79. Additionally, regular exercise was associated with less habitual rumination (RRS), F(1,102) = 8.52, p = .004,
adjusted R2 = 0.07, B = −1.15, and greater coping self-eﬃcacy (CSE),
F(1,102) = 8.20, p = .005, adjusted R2 = 0.07, B = 3.52.
Lower RRS scores were also signiﬁcantly related to lower scores on
DASS-Depression, F(1,102) = 39.32, p < .001, adjusted R2 = 0.27,
B = 0.27, DASS-Anxiety, F(1,102) = 29.20, p < .001, adjusted
R2 = 0.21, B = 0.17, and DASS-Stress, F(1,102) = 47.02, p < .001,
adjusted R2 = 0.31, B = 0.34. When both exercise habits and RRS score
were simultaneously entered into the models, RRS score remained a
signiﬁcant
predictor
(ps < .001)
of
DASS-Depression,
F
(2,101) = 19.75, p < .001, adjusted R2 = 0.27, B = 0.26, and DASSAnxiety, F(2,101) = 14.80, p < .001, adjusted R2 = 0.21, B = 0.17,
whereas exercise habits was no longer a signiﬁcant predictor (ps >
.05), suggesting full mediation. We tested these indirect eﬀects by
using a bootstrap estimation approach with 1000 samples. Results indicated that the indirect eﬀect was signiﬁcant for DASS-Depression,
average causal mediation eﬀects (ACME) = −0.30, CI[-0.55, −0.09].
p < .001, and DASS-Anxiety, ACME = −0.19, CI[-0.35, −0.06].
p < .001. RRS score remained signiﬁcant in predicting DASS-Stress, F
(2,101) = 26.35, p < .001, adjusted R2 = 0.33, B = 0.31; however,
exercise habits also remained signiﬁcant when DASS-Stress was the
criterion, though its eﬀect lessened, B = −0.43, p = .04, suggesting
partial mediation. The bootstrap estimation showed that this indirect
eﬀect was signiﬁcant as well, ACME = −.36, CI[-0.62, −0.11].
p < .001. Because the RRS includes item that overlap with symptoms

2.2. Acute exercise
Per the intended manipulation, average heart rate was signiﬁcantly
higher during the 30 min of cycling (M = 124.67 bpm, SD = 6.20) relative to stretching (M = 85.54 bpm, SD = 13.36), t(65.46) = 18.50,
p < .001. Groups did not diﬀer in their resting heart rate, p > .05.
Additionally, groups did not diﬀer in how the physical activity (i.e.
cycling or stretching) altered their reported negative aﬀect or positive
aﬀect immediately after, ps > .05. There were also no interaction effects with exercise habits, ps > .05. The stressor successfully increased
negative aﬀect, t(101) = 2.19, p = .03, and decreased positive aﬀect, t
(103) = 2.74, p = .007, for the whole sample. When considering how
negative and positive aﬀect changed after the speech task (i.e. prespeech, immediately post-speech, 10 min after, end of study), there was
32
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p < .001. A trend in the same direction emerged for diﬃculty with
goal directed behavior (DERS-goal), F(3,294) = 2.23, p = .09, at the
end of the study, B = 1.42, p = .02. There were no signiﬁcant diﬀerences between negative aﬀect at baseline and immediately post-stressor
by condition, DERS-strategies, or DERS-goal scores, ps > .05.
A similar pattern emerged for positive aﬀect. There was a three-way
interaction between time, condition, and state rumination, F
(3,297) = 4.93, p = .002. Activity condition moderated the eﬀect of
state rumination on change in positive aﬀect since the stressor at the
end of the study, B = −0.61, p = .01; a trend in the same direction
emerged for 10-min post-stressor only, B = −0.46, p = .06.
Participants reporting low levels of state rumination reported scant
change in positive aﬀect across the study, regardless of activity condition. Participants reporting high levels of state rumination in the cycling condition showed an upward trajectory in positive aﬀect across
the recovery period, whereas participants in the stretching condition
did not. Results held controlling for baseline negative aﬀect and exercise habits. The interaction was not signiﬁcant for DERS-strategies, F
(3,297) = 1.73, p = .16, or DERS-goal, F(3,297) = 1.93, p = .12.

no signiﬁcant condition by time interaction for negative aﬀect, F
(3,300) = 2.55, p = .06, or positive aﬀect, F(3,303) = 1.31, p = .27.
Additionally, there were no group diﬀerences in DERS-Goal, DERSStrategies, or SRQ scores following the stressor, ps > .05. This was true
both with and without regular exercise habits, CSE score, and baseline
aﬀect included in the models.
However, consistent with past research, interaction eﬀects emerged
when considering diﬃculties with emotion regulation reported after the
stressor. A signiﬁcant three-way interaction emerged between time
since the stressor, condition, and state rumination, F(3,294) = 9.70,
p < .001. Activity condition moderated the eﬀect that more rumination had on change in negative aﬀect since the stressor at the end of the
study, B = 0.77, p < .001; a trend in the same direction emerged for
just 10-min post-stressor, B = 0.29, p = .09. In this model, the contrast
between baseline and immediately post-stressor was also signiﬁcant,
B = 0.60, p < .001. Overall, participants reporting more rumination in
response to the stressor reported more negative aﬀect at all time points
post-stressor and those in the cycling condition also reported a greater
increase in negative aﬀect post-stressor. Regardless of prior activity
condition, participants reporting low levels of state rumination reported
declines in negative aﬀect following the stressor. Whereas participants
reporting high levels of state rumination in the cycling condition also
reported decreases in negative aﬀect from post-stressor to the end of
study, those in the stretching condition did not report a signiﬁcant
decline. Results held controlling for baseline negative aﬀect and exercise habits. Results are presented in Fig. 1. For ease of visual interpretation, state rumination is depicted as a binary variable (high, low)
based on a median split. Although negative aﬀect reported at individual
time points visually may appear to diﬀer between conditions at high
levels of state rumination, none of these diﬀerences was signiﬁcant. It is
the steeper negative slope of change from the stressor to the end of the
study among high ruminators that diﬀerentiates the cycling group from
the stretching group. Signiﬁcant three-way interactions similarly
emerged when we examined DERS subscales. Activity condition moderated the eﬀect that more diﬃculty accessing regulatory strategies
(DERS-strategies), F(3,294) = 5.81, p < .001, had on change in negative aﬀect since the stressor at the end of the study, B = 2.07,

3. Discussion
Among young adults widely varying in their exercise habits and risk
for mood and anxiety problems, results were consistent with past research showing that more frequent aerobic exercise is associated with
fewer or less severe symptoms of depression, anxiety, and general
stress. This study also replicated ﬁndings that more active individuals
reported greater coping self-eﬃcacy, or perceived ability to cope with
stressors or negative mood, than did less active peers (Craft, 2005;
Kishida & Elavsky, 2015). Furthermore, regular exercisers reported a
less ruminative response style as well. Although data were cross-sectional and therefore unable to conﬁrm causality, results align with
hypotheses that less habitual rumination and greater coping self-eﬃcacy could in part mediate the eﬀects of exercise habits on mood
symptoms and stress. Findings lend further support to the overarching
hypothesis that enhanced ability to adaptively respond to or recover
from stress or negative mood states is a signiﬁcant pathway through

Fig. 1. The eﬀect of state rumination on emotional recovery moderated by activity condition.
Note. 95% conﬁdence intervals shown. Time: 0 = pre-stressor, 1 = immediately post-stressor, 2 = 10-mintes post-stressor, 3 = end of study. Rumination (based on
median split): Low = SRQ less than or equal to 16, High = SRQ greater than 16.
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broad emotional beneﬁts of exercise. It is plausible that physically ﬁt
individuals also receive regulatory boosts, when needed, from individual sessions of exercise and consequently experience cumulative
beneﬁts over time in the form of overall faster recoveries and fewer
symptoms of anxiety or depressed mood, as baseline measures indicate.
Interestingly, though regular exercisers reported ruminating less in
their day-to-day lives and greater conﬁdence in their ability to cope
eﬀectively with stressors, they showed no diﬀerences in state rumination or reported diﬃculties regulating their emotions after the experimental stressor; furthermore, there were similarly no direct eﬀects of
acute exercise on state rumination or perceived regulatory diﬃculties.
Using rumination as an example, we suspect that regular exercisers
might be reporting lower scores on the trait measure of rumination
because rumination does not aﬀect them as negatively as it does more
sedentary individuals and thus does not stand out as much in their
minds as something typically problematic for them. Indeed, studies
have suggested that physical activity can reduce the intensity or accessibility of maladaptive coping strategies—such as rumination and
worry (Bahrke & Morgan, 1978; Craft, 2005) and in the present study,
state rumination had a less prolonged eﬀect on mood among participants who had recently exercised. Lower trait rumination scores could
be further driven by diﬀerences in the duration of rumination among
regular and non-regular exercisers. In the present study, there was
limited post-event processing time. Though group diﬀerences still
emerged in how rumination and perceived diﬃculties with emotion
regulation during this time aﬀected emotional recovery, it is possible
that had post-event rumination (and other regulatory diﬃculties) been
measured over a longer period of time, regular exercisers or participants in the exercise condition would have stopped ruminating sooner
or reported declines in the intensity of such thoughts. There is some
evidence that aerobic exercise fosters more mindful or acceptance-oriented mindsets and balanced appraisals of stressors (Mothes, Klaperski,
Seelig, Schmidt, & Fuchs, 2014; Ulmer, Stetson, & Salmon, 2010),
which could further dampen the impact of ruminative or other maladaptive responses to the stressor (Ramel, Goldin, Carmona, & McQuaid,
2004). Thus, exercise—regular and acute— may not alter one's propensity to start ruminating, but rather reduce the duration, intensity, or
eﬀects of bouts of rumination.
Our study has limitations. First, we examined 30 min of moderate
cycling as compared to stretching. It is unknown whether results would
generalize to other types of exercise or other durations, or whether
there are shared beneﬁts of cycling and stretching that were occluded
by our design. Encouragingly though, similar results occur for 30 min of
running (Bernstein & McNally, 2016) and for cycling relative to both
stretching and resting (Bernstein & McNally, 2017). However, the
parameters for deﬁning moderate aerobic exercise in this study relied
on estimated maximum heart rates. Because this approach can yield
inaccurate estimates for some individuals, it is likely that some participants engaged in activity that was either light or vigorous for them.
Had we conducted a maximal heart rate test on a separate day, diﬀerent
ﬁndings may have emerged. Moreover, there is substantial evidence
that exercise intensity— and whether it is self-selected or imposed—
strongly inﬂuences acute emotional eﬀects (Ekkekakis et al., 2011;
ZeRVAS et al., 1993). Thus, follow-up studies are needed to examine
the dose-response nature of these eﬀects. Second, given the time constraints of the study, we could not tease apart how reported regulatory
diﬃculties would have unfolded over longer periods of time or in the
absence of the positive ﬁlm clip. However, the end-of-study results
following this positive stimulus are valuable as this type of distraction
can be an adaptive emotion regulation strategy. Furthermore, some
participants still did not report improvements afterwards, indicating
that many participants might still have beneﬁted from the regulatory
boost aﬀorded by prior aerobic exercise. Third, all data were self-report
measures. Though subjective experiences are an important outcome
measure for this line of work, future studies could beneﬁt from including complementary measures (e.g. brain-derived neurotrophic

which exercise promotes better emotional health. This suggests that
regular exercise may alter the way people process and respond to their
emotions, rather than necessarily directly elevating mood.
However, there are limitations to cross-sectional, retrospective data.
For example, instead of regular exercise leading to less psychopathology, it is possible that clinical symptoms predict less coping selfeﬃcacy and more rumination, which in turn interfere with exercise
routines, or that relationships are bidirectional. For this reason, we also
included complementary experimental data. This study did not ﬁnd that
cycling diﬀerentially raises mood relative to stretching, or that a single
session of exercise, relative to stretching, prevents or blunts initial negative emotional reactions to the stressor; participants assigned to both
cycling and stretching reported similar increases in negative aﬀect and
decreases in positive aﬀect immediately after the speech. Furthermore,
despite ﬁnding that regular exercise was associated with less trait rumination and greater coping self-eﬃcacy, there were no eﬀects of
regular exercise or acute exercise on state rumination, perceived diﬃculties engaging in goal directed behavior, or reported access to emotion regulation strategies after the stressor. Instead, participants in the
cycling group who did report patterns of rumination and diﬃculties
with emotion regulation appeared to be less aﬀected by them. That is,
participants who did not ruminate or report other diﬃculties coping
with the stressor did not diﬀer in their patterns of emotional recovery
based on previous physical activity. This is unsurprising as acute exercise was hypothesized to beneﬁt mood by enhancing emotional recovery; without deﬁcits therein, one would not expect to see changes.
Among participants who did ruminate or report other regulatory diﬃculties, those who previously cycled were more likely than peers who
had stretched to report sharper declines in negative aﬀect and, to a
lesser extent, increases in positive aﬀect by the end of the study. In this
way, acute exercise appears to provide a buﬀer against regulatory difﬁculties that would typically prolong or exacerbate negative emotions
after a stressor has ended. Results are consistent with past studies
concerning exercise-enhanced response to stressors (Bernstein &
McNally, 2016, 2017; Flueckiger, Lieb, Meyer, Witthauer, & Mata,
2016a; Puterman et al., 2017).
The high variability in aﬀective reports, particularly among those
reporting high rumination and diﬃculty with emotion regulation, encourages caution in interpreting results. Aﬀective reports across groups
of people, though typically yielding positive results for exercise, can
also obscure those individuals who show opposite eﬀects (Backhouse
et al., 2007). However, we can also be more conﬁdent as this pattern is
consistent with prior studies. Additionally, it was surprising that high
ruminators in the cycling condition initially reported greater negative
emotional reactivity to the stressor than those in the stretching condition. This could result in a ﬂoor eﬀect such that we found a steep decline in negative aﬀect during the recovery period only in this group
because of its initial increase. However, this initial diﬀerence in reactivity did not emerge for those reporting diﬃculties with emotion
regulation strategies or with goal-directed behavior. Additionally, high
ruminators in the stretching condition showed an upward trend in negative aﬀect, and high ruminators in both conditions reported levels of
negative aﬀect consistently above the ﬂoor and above low ruminators.
Thus, it cannot fully account for the pattern of results.
Taken together, results suggest that higher coping self-eﬃcacy
among regular exercisers is well-founded and that aerobic exercise
engenders emotional resilience to stress (Mata, Hogan, Joormann,
Waugh, & Gotlib, 2013; Salmon, 2001). The fact that relative to the
stretching group, the cycling group did not report greater positive aﬀect
or less negative aﬀect following physical activity should not be interpreted to mean that acute exercise cannot directly improve state aﬀect
or alter emotional reactivity, as there is robust evidence that self-selected exercise intensities in particular, and those at the sub-maximal
level, often induces pleasurable feelings (Ekkekakis et al., 2011; Yeung,
1996). Instead, we interpret these null results as support for the claim
that post-activity improvements in mood cannot fully account for the
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factor) that could uncover additional relevant exercise eﬀects that are
not perceptible to participants or could elucidate mechanisms subserving the observed eﬀects (Kamijo, Nishihira, Higashiura, & Kuroiwa,
2007; Szuhany, Bugatti, & Otto, 2015).
Despite these limitations, this study contributes to a growing understanding of how and for whom exercise improves emotional wellbeing. Data showed that the beneﬁts of acute exercise for emotional
recovery extend to participants ranging from sedentary to highly active
and from no risk to high risk for emotional disorders. In this domain, a
single session of exercise appears to protect against acute emotion
regulation failure and thus foster emotional recovery. Regular exercisers might experience better emotional health and resilience, at
least in part, because on a day-to-day basis they are bouncing back from
stress more easily that they would without this ﬁtness boost. Identifying
psychological changes like these are important as social and primarily
physical health beneﬁts (e.g. parasympathetic vagal tone) cannot account for large proportions of exercise's positive eﬀects (Harvey et al.,
2017). Notably, participants in the study were largely able to adjust the
intensity of their exercise throughout the 30 min period. This self-selection factor could be relevant to our ﬁndings, especially as how
people appraise their eﬀorts and the subsequent eﬀects, in addition to
or sometimes in spite of actual physical exertion, inﬂuences subsequent
wellbeing (Biddle & Ekkekakis, 2012).
As most clinicians will attest, changing patients' habitual patterns of
emotion regulation or responding—such as rumination—is challenging
and often aversive. However, as such maladaptive response styles are
strong predictors of onset and relapse for depression and related emotional disorders, targeted interventions are necessary (Watkins et al.,
2007). Explicitly recommending aerobic exercise for individuals with
such maladaptive tendencies could be a preventive measure to buﬀer
against more chronic coping deﬁcits or their consequences. Indeed, an
estimated 12% of new cases of depression could be prevented if the
whole population exercised for at least one hour per week (Harvey
et al., 2017; Mammen & Faulkner, 2013). Such recommendations could
also be an adjunctive strategy to support ongoing cognitive and behavioral treatments and enhance clinical outcomes with exercise serving
as a behavioral activation tool to combat problematic action tendencies,
foster resilience, engage psychosocial resources, enhance self-eﬃcacy,
or improve cognitive function (Hogan, Catalino, Mata, & Fredrickson,
2015; Stathopoulou, Powers, Berry, Smits, & Otto, 2006), We hope the
present results demonstrating a particular, immediate beneﬁt of even
single sessions of exercise could provide more tangible and immediate
motivation for people to exercise and encourage more research to further clarify dosing recommendations, potential neurobiological, cognitive, and motivational mechanisms of these eﬀects, and how best to
apply ﬁndings for clinical application.

Bernstein, E. E., & McNally, R. J. (2016). Acute aerobic exercise buﬀers against negative
aﬀect. Cognition & Emotion, 31(4), 834–843. http://doi.org/10.1080/02699931.
2016.1168284.
Bernstein, E. E., & McNally, R. J. (2017). Acute aerobic exercise hastens emotional recovery from a subsequent stressor. Health Psychology, 36(6), 560–567.
Biddle, S. J. H., & Ekkekakis, P. (2012). Physically active lifestyles and well-being. The
science of well-beinghttp://doi.org/10.1093/acprof:oso/9780198567523.003.0006.
Blumenthal, J. A., Emery, C. F., Walsh, M. A., Cox, D. R., Kuhn, C. M., Williams, R. B.,
et al. (1988). Exercise training in healthy type A middle-aged men: Eﬀects on behavioral and cardiovascular responses. Psychosomatic Medicine, 50(4), 418–433.
Calvo, M. G., Szabo, A., & Capafons, J. (1996). Anxiety and heart rate under psychological
stress: The eﬀects of exercise-training. Anxiety, Stress & Coping, 9(4), 321–337. http://
doi.org/10.1080/10615809608249409.
Chesney, M. A., Neilands, T. B., Chambers, D. B., Taylor, J. M., & Folkman, S. (2006). A
validity and reliability study of the coping self-eﬃcacy scale. British Journal of Health
Psychology, 11(Pt 3), 421–437. http://doi.org/10.1348/135910705X53155.
Craft, L. L. (2005). Exercise and clinical depression: Examining two psychological mechanisms. Psychology of Sport and Exercise, 6(2), 151–171. http://doi.org/10.1016/j.
psychsport.2003.11.003.
Ekkekakis, P., Parﬁtt, G., & Petruzzello, S. J. (2011). The pleasure and displeasure people
feel when they exercise at diﬀerent intensities. Sports Medicine, 41(8), 641–671.
http://doi.org/10.2165/11590680-000000000-00000.
Flueckiger, L., Lieb, R., Meyer, A. H., Witthauer, C., & Mata, J. (2016a). The importance
of physical activity and sleep for aﬀect on stressful days: Two intensive longitudinal
studies. Emotion, 16(4), 488–497. http://doi.org/10.1037/emo0000143.
Flueckiger, L., Lieb, R., Meyer, A. H., Witthauer, C., & Mata, J. (2016b). The importance
of physical activity and sleep for aﬀect on stressful days: Two intensive longitudinal
studies. Emotion, 16(4), 488–497.
George, J. D., Stone, W. J., & Burkett, L. N. (1997). Non-exercise VO2max estimation for
physically active college students. Medicine & Science in Sports & Exercise, 29(3),
415–423. http://doi.org/10.1097/00005768-199703000-00019.
Goodwin, R. D. (2003). Association between physical activity and mental disorders
among adults in the United States. Preventive Medicine, 36, 698–703. http://doi.org/
10.1016/S0091-7435(03)00042-2.
Gratz, K., & Roemer, L. (2004). Multidimensional assessment of emotion regulation and
dysregulation: Development, factor structure, and initial validation of the diﬃculties
in emotion regulation scale. Journal of Psychopathology and Behavioral Assessment,
26(1), 41–54.
Gross, J., & Levenson, R. (1995). Emotion elicitation using ﬁlms. Cognition & Emotion,
9(1), 87–108.
Harvey, S. B., Hotopf, M., Overland, S., & Mykletun, A. (2010). Physical activity and
common mental disorders. The British Journal of Psychiatry, 197(5), 357–364. http://
doi.org/10.1192/bjp.bp.109.075176.
Harvey, S. B., Øverland, S., Hatch, S. L., Wessely, S., Mykletun, A., & Hotopf, M. (2017).
Exercise and the prevention of depression: Results of the HUNT cohort study.
American Journal of Psychiatry. appi.ajp.2017.1 http://doi.org/10.1176/appi.ajp.
2017.16111223.
Hogan, C. L., Catalino, L. I., Mata, J., & Fredrickson, B. L. (2015). Beyond emotional
beneﬁts: Physical activity and sedentary behaviour aﬀect psychosocial resources
through emotions. Psychology and Health, 30(3), 354–369. http://doi.org/10.1080/
08870446.2014.973410.
Hopkins, M. E., Davis, F. C., VanTieghem, M. R., Whalen, P. J., & Bucci, D. J. (2012).
Diﬀerential eﬀects of acute and regular physical exercise on cognition and aﬀect.
Neuroscience, 215, 59–68. http://doi.org/10.1016/j.neuroscience.2012.04.056.
Joormann, J., & Vanderlind, W. M. (2014). Emotion regulation in depression: The role of
biased cognition and reduced cognitive control. Clinical Psychological Science, 2(4),
402–421. http://doi.org/10.1177/2167702614536163.
Kamijo, K., Nishihira, Y., Higashiura, T., & Kuroiwa, K. (2007). The interactive eﬀect of
exercise intensity and task diﬃculty on human cognitive processing. International
Journal of Psychophysiology: Oﬃcial Journal of International Organization of
Psychophysiology, 65(2), 114–121. http://doi.org/10.1016/j.ijpsycho.2007.04.001.
Kirschbaum, C., Pirke, K. M., & Hellhammer, D. H. (1993). The ’Trier Social Stress Test’–a
tool for investigating psychobiological stress responses in a laboratory setting.
Neuropsychobiology. http://doi.org/119004.
Kishida, M., & Elavsky, S. (2015). Daily physical activity enhances resilient resources for
symptom management in middle-aged women. Health Psychology, 34(7), 756–764.
Kvam, S., Kleppe, C. L., Nordhus, I. H., & Hovland, A. (2016). Exercise as a treatment for
depression: A meta-analysis. Journal of Aﬀective Disorders. http://doi.org/10.1016/j.
jad.2016.03.063.
Leen-Feldner, E. W., Zvolensky, M. J., Feldner, M. T., & Lejuez, C. W. (2004). Behavioral
inhibition: Relation to negative emotion regulation and reactivity. Personality and
Individual Diﬀerences, 36(6), 1235–1247. http://doi.org/10.1016/S0191-8869(02)
00113-7.
LeMoult, J., Arditte, K. A., D'Avanzato, C., & Joormann, J. (2013). State rumination:
Associations with emotional stress reactivity and attention biases. Journal of
Experimental Psychopathology, 4(5), 471–484. http://doi.org/10.5127/jep.029112.
Lovibond, S. H., & Lovibond, P. F. (1995). Manual for the depression anxiety stress scales,
Vol. 56Psychology Foundation of Australiahttp://doi.org/DOI: 10.1016/00057967(94)00075-U.
McLaughlin, K. A., Mennin, D. S., & Farach, F. J. (2007). The contributory role of worry in
emotion generation and dysregulation in generalized anxiety disorder. Behaviour
Research and Therapy, 45(8), 1735–1752.
Mammen, G., & Faulkner, G. (2013). Physical activity and the prevention of depression: A
systematic review of prospective studies. American Journal of Preventive Medicine,
45(5), 649–657. http://doi.org/10.1016/j.amepre.2013.08.001.
Mata, J., Hogan, C. L., Joormann, J., Waugh, C. E., & Gotlib, I. H. (2013). Acute exercise

Acknowledgements
We thank Isabel Alexander, Antonia Bruehl, Mikaela Carter,
Stephanie Ferrarie, Gregory Gozzo, Danielle Krzyszczyk, Olivia
Losiewicz, Sophia Yanis, and Hannah Zarzecki for their assistance is
carrying out this project.
References
Adams, R. (1999). Revised physical activity readiness questionnaire. Canadian Family
Physician Médecin de Famille Canadien, 45(992) 995, 1004–1005.
Backhouse, S. H., Ekkekakis, P., Biddle, S. J. H., Foskett, A., & Williams, C. (2007).
Exercise makes people feel better but people are inactive: Paradox or artifact? Journal
of Sport & Exercise Psychology, 29(4), 498–517. http://doi.org/10.1123/jsep.29.4.
498.
Bahrke, M. S., & Morgan, W. P. (1978). Anxiety reduction following exercise and meditation. Cognitive Therapy and Research, 2(4), 323–333. http://doi.org/10.1007/
BF01172650.
Bernstein, E. E., Curtiss, J. E., Wu, G. W. Y., Barreira, P. J., & McNally, R. J. (2018).
Exercise and emotion dynamics: An experience sampling study. Emotion. https://doi.
org/10.1037/emo0000462.

35

Behaviour Research and Therapy 109 (2018) 29–36

E.E. Bernstein, R.J. McNally

Stathopoulou, G., Powers, M. B., Berry, A. C., Smits, J. A. J., & Otto, M. W. (2006).
Exercise interventions for mental health: A quantitative and qualitative review.
Clinical Psychology: Science and Practice, 13(2), 179–193. http://doi.org/10.1111/j.
1468-2850.2006.00021.x.
Steptoe, A., Edwards, S., Moses, J., & Mathews, A. (1989). The eﬀects of exercise training
on mood and perceived coping ability in anxious adults from the general population.
Journal of Psychosomatic Research, 33(5), 537–547.
Ströhle, A. (2009). Physical activity, exercise, depression and anxiety disorders. Journal of
Neural Transmission (Vienna, Austria : 1996), 116(6), 777–784. http://doi.org/10.
1007/s00702-008-0092-x.
Stubbs, B., Vancampfort, D., Rosenbaum, S., Ward, P. B., Richards, J., Soundy, A., et al.
(2016). Dropout from exercise randomized controlled trials among people with depression: A meta-analysis and meta regression. Journal of Aﬀective Disorders. http://
doi.org/10.1016/j.jad.2015.10.019.
Szuhany, K. L., Bugatti, M., & Otto, M. W. (2015). A meta-analytic review of the eﬀects of
exercise on brain-derived neurotrophic factor. Journal of Psychiatric Research, 60,
56–64. http://doi.org/10.1016/j.jpsychires.2014.10.003.
Tanaka, H., Monahan, K. D., & Seals, D. R. (2001). Age-predicted maximal heart rate
revisited. Journal of the American College of Cardiology, 37(1), 153–156. http://doi.
org/10.1016/S0735-1097(00)01054-8.
Terry, A., Szabo, A., & Griﬃths, M. (2004). The exercise addiction inventory: A new brief
screening tool. Addiction Research and Theory, 12(5), 489–499.
Thomas, S., Reading, J., & Shephard, R. J. (1992). Revision of the physical activity
readiness questionnaire (PAR-Q). Canadian Journal of Sport Sciences = Journal
Canadien Des Sciences Du Sport, 17, 338–345.
Treynor, W., Gonzalez, R., & Nolen-Hoeksema, S. (2003). Rumination reconsidered: A
psychometric analysis. Cognitive Therapy and Research, 27(3), 247–259.
Ulmer, C. S., Stetson, B. A., & Salmon, P. G. (2010). Mindfulness and acceptance are
associated with exercise maintenance in YMCA exercisers. Behaviour Research and
Therapy, 48(8), 805–809. http://doi.org/10.1016/j.brat.2010.04.009.
Watkins, E., Scott, J., Wingrove, J., Rimes, K., Bathurst, N., Steiner, H., et al. (2007).
Rumination-focused cognitive behaviour therapy for residual depression: A case
series. Behaviour Research and Therapy, 45(9), 2144–2154. http://doi.org/10.1016/j.
brat.2006.09.018.
Yeung, R. R. (1996). The acute eﬀects of exercise on mood state. Journal of Psychosomatic
Research. http://doi.org/10.1016/0022-3999(95)00554-4.
ZeRVAS, Y., Ekkekakis, P., Emmanuel, C., Psychoudaki, M., & Kakkos, V. (1993). The
acute eﬀects of increasing levels of aerobic exercise intensity on mood states.
Proceedings of the 8th world congress of sport psychology (pp. 22–27). .

attenuates negative aﬀect following repeated sad mood inductions in persons who
have recovered from depression. Journal of Abnormal Psychology, 122(1), 45–50.
http://doi.org/10.1037/a0029881.
Mothes, H., Klaperski, S., Seelig, H., Schmidt, S., & Fuchs, R. (2014). Regular aerobic
exercise increases dispositional mindfulness in men: A randomized controlled trial.
Mental Health and Physical Activity, 7(2), 111–119. http://doi.org/10.1016/j.mhpa.
2014.02.003.
Moylan, S., Eyre, H. A., Maes, M., Baune, B. T., Jacka, F. N., & Berk, M. (2013). Exercising
the worry away: How inﬂammation, oxidative and nitrogen stress mediates the
beneﬁcial eﬀect of physical activity on anxiety disorder symptoms and behaviours.
Neuroscience & Biobehavioral Reviews, 37(4), 573–584. http://doi.org/10.1016/j.
neubiorev.2013.02.003.
Nolen-Hoeksema, S., Wisco, B. E., & Lyubomirsky, S. (2008). Rethinking rumination.
Perspectives on Psychological Science, 3(5), 400–424. http://doi.org/10.1111/j.17456924.2008.00088.x.
Norton, K., Norton, L., & Sadgrove, D. (2010). Position statement on physical activity and
exercise intensity terminology. Journal of Science and Medicine in Sport. http://doi.
org/10.1016/j.jsams.2009.09.008.
Puterman, E., O'Donovan, A., Adler, N. E., Tomiyama, A. J., Kemeny, M., Wolkowitz, O.
M., et al. (2011). Physical activity moderates eﬀects of stressor-induced rumination
on cortisol reactivity. Psychosomatic Medicine, 73(7), 604–611. http://doi.org/10.
1097/PSY.0b013e318229e1e0.
Puterman, E., Weiss, J., Beauchamp, M. R., Mogle, J., & Almeida, D. M. (2017). Physical
activity and negative aﬀective reactivity in daily life. Health Psychology. http://doi.
org/10.1037/hea0000532.
Ramel, W., Goldin, P. R., Carmona, P. E., & McQuaid, J. R. (2004). The eﬀects of
mindfulness meditation on cognitive processes and aﬀect in patients with past depression. Cognitive Therapy and Research, 28(4), 433–455. http://doi.org/10.1023/
B:COTR.0000045557.15923.96.
Salmon, P. (2001). Eﬀects of physical exercise on anxiety, depression, and sensitivity to
stress: A unifying theory. Clinical Psychology Review, 21(1), 33–61.
Schuch, F. B., Vancampfort, D., Richards, J., Rosenbaum, S., Ward, P. B., & Stubbs, B.
(2016a). Exercise as a treatment for depression: A meta-analysis adjusting for publication bias. Journal of Psychiatric Research, 77, 42–51. http://doi.org/10.1016/j.
jpsychires.2016.02.023.
Schuch, F. B., Vancampfort, D., Rosenbaum, S., Richards, J., Ward, P. B., & Stubbs, B.
(2016b). Exercise improves physical and psychological quality of life in people with
depression: A meta-analysis including the evaluation of control group response.
Psychiatry Research. http://doi.org/10.1016/j.psychres.2016.04.054.

36

