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Abstract
Purpose Despite the recommendations for cancer survivors to
engage in either moderate or vigorous physical activity, light-
intensity physical activity may also have beneficial effects on
mental health. The purpose of this study was to examine the
associations between light, moderate, and vigorous physical
activity and depressive symptoms in breast cancer survivors
over 1 year post-treatment.
Methods Participants (N = 201) were a sample of breast can-
cer survivors who self-reported depressive symptoms and
wore an accelerometer for seven consecutive days to measure
physical activity, on five occasions every 3 months post-
treatment for cancer.
Results Based on the results of hierarchical linear modeling,
relative to others (i.e., between-person effects) and to oneself
(i.e., within-person effects), higher levels of light- and
moderate-intensity physical activity, but not vigorous-
intensity physical activity, were associated with lower scores
of depressive symptoms.
Conclusions In the first year post-treatment, increases in
light- and moderate-intensity physical activity, but not
vigorous-intensity physical activity, were associated with low-
er scores of depressive symptoms in relation to other study
participants (i.e., between-person effects) and when partici-
pants were compared to their own typical levels of physical

activity (i.e., within-person effects). The findings may have
implications for physical activity recommendations following
treatment for breast cancer as light-intensity physical activity
may play a role in mitigating depressive symptoms over the
first year.
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Breast cancer and its associated treatment induce significant
psychological distress for many women receiving this diagno-
sis [1]. An increase in depressive symptoms is one of the most
prevalent manifestations of psychological distress that breast
cancer survivors (BCS) will experience during their cancer
treatment and the year after [2–4]. Specifically, depressive
symptoms refer to the level of dysphoric symptoms (e.g., feel-
ings of guilt, helplessness and hopelessness, sadness, worth-
lessness) that emerge from the experience of ordinary events
[5, 6]. Depending on their intensity and frequency, these
symptoms can manifest in a form ranging from Blow mood^
to Bclinical depression^ [7]. Although prevalence estimates
vary, it is reported that about one third and up to 50% of cancer
survivors go through a state of low mood or minor depression
after receiving their diagnosis [8, 9]. Moreover, the prevalence
of clinical depression is estimated to range between 8 and 24%
[10], and it might be higher (20–50%) during the first year
following a cancer diagnosis [2, 10, 11]. As such, this is a time
to identify potential factors that mitigate depressive
symptoms.

Through both epidemiological and experimental studies,
researchers have concluded tha t modera te - and
v igo rous - i n t en s i t y phys i c a l a c t i v i t y (PA) i s a
non-pharmacological treatment to mitigate depressive symp-
toms in both apparently healthy [12–15] and cancer survivor
populations [12, 16–18]. The reported anti-depressant effect
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for PA among cancer survivors is modest, with reported
between-group post-treatment effect sizes (Cohen’s d) ranging
from −0.13 to −0.22 [16, 17], with stronger effects of PA
reported for BCS when compared to survivors from other
cancers [16, 19]. The American College of Sports Medicine
(ACSM; [20]) as well as the American Cancer Society (ACS;
[21]) PA guidelines highlight the need for cancer survivors to
be active at moderate and vigorous intensities. As such, cancer
survivors are encouraged to perform ≥150 min of moderate-
to-vigorous aerobic PA/week or ≥75min per week of vigorous
aerobic PA/week and include at least 2 days of strength train-
ing exercises [21].

Although the ACSM and ACS emphasize the importance
of regular moderate-to-vigorous PA for health and well-being,
it is also essential to consider the potential anti-depressant
effect of light-intensity PA. In absolute terms, light-intensity
PA refers to activities that are associated with objectively
assessed accelerometer-based cut-points ranging from 100 to
1951 cpm [22]. In relative terms, light-intensity PA refers to
activities that are rated by participants as ≤11 on the rating of
perceived exertion scale [23] and/or that are performed at a
heart rate corresponding to ≤63% of maximum heart rate of
the participant [24]. Examples of light-intensity PA include
walking (≤ 2 mph), stretching, Tai Chi, yoga, and Qigong
[25], as well as housework, and occupation and domestic-
related activities (e.g., gardening, light housework, washing
dishes). It is worthwhile testing the potential anti-depressant
effect of light-intensity PA because cancer survivors report
enjoying light-intensity PA such as walking [26], yoga [27],
and have more plans to engage in light-intensity PA (com-
pared to moderate or vigorous PA; [28–30]).

One factor that complicates conclusions regarding light-
intensity PA is that PA has predominantly been assessed using
a self- or interviewer-administered questionnaire. For a num-
ber of reasons, this is a significant shortcoming. First, some
PA questionnaires do not include questions that specifically
seek information about light-intensity PA [31]. Second, the
Bintensity^ feature of PA questionnaires is likely problematic;
it is prone to misinterpretation and PA misclassification (e.g.,
reporting light as moderate-intensity PA) for various popula-
tions [32, 33]. Finally, supporting this contention, test-retest
reliability values are consistently lower for light- than for
vigorous-intensity PA items [33, 34]. Taken together, higher-
intensity PA is more likely than lower intensity PA to be ade-
quately captured by questionnaires. The utility of PA ques-
tionnaires to examine the association between different PA
intensities and mental health among cancer survivors is there-
fore limited. The use of a device-based PAmeasure, such as an
accelerometer, would be preferable for delineating the effect
of different PA intensities (i.e., light, moderate, vigorous) on
symptoms of depression.

Few experimental studies adequately report the intensity of
the PA performed by the participants during PA interventions

or specifically test the effect of light-intensity PA on depres-
sive symptoms among apparently healthy adults [13] and can-
cer survivors [17, 19], making it impossible to determine the
effect of light-intensity PA on depressive symptoms among
cancer survivors. Some observational and experimental stud-
ies show that both light- (e.g., yoga, stretching, walking) and
moderate- (aerobic and strength training) intensity PA are pos-
itively associated with lower levels of depressive symptoms
and improved mental health among apparently healthy adults
[18, 35, 36]. One cross-sectional study conducted among co-
lorectal cancer survivors also reported that higher levels of
light-intensity PA were associated with better well-being, but
only for those performing no moderate-to-vigorous intensity
PA [37]. In contrast, Phillips et al. [28] reported an inconsis-
tent and non-statistically significant association between ob-
jectively assessed light-intensity or lifestyle PA and quality of
life indicators (i.e., well-being, anxiety, depressive symptoms,
fatigue) among BCS. While, Phillips et al. [28] collected
data at two time points to examine PA and depressive
symptoms prospectively, due to the design of the study,
they were unable to examine both between and within-
person changes in the trajectories of PA and depressive
symptoms in the year following treatment for breast
cancer. Phillips et al. [28] suggested that researchers
examine the association between changes in different
activity intensities on depressive symptoms at multiple
time points after treatment.

The purpose of this study was to examine the extent to
which changes in objectively assessed light, moderate, and
vigorous PA are associated with changes in depressive symp-
toms among BCS during the first year post-treatment. This is
an important time in the survivorship trajectory since depres-
sive symptoms may be increased [2], and yet treatment plans
are often conducive to interventions in the early post-
treatment period [38]. The relationship between PA and de-
pressive symptoms was tested at both the inter- (i.e., between)
and intra- (i.e., within) individual levels. Specifically, we
sought to examine the effects of various intensities of PA on
depressive symptoms more generally at the group level (i.e.,
between people) and to explore the association between PA
intensity and depressive symptoms relative to the woman’s
own average PA levels (at each level of intensity). Given the
overall effect of PA on depressive symptoms for BCS [16], we
hypothesized that changes in objectively measured light, mod-
erate, and vigorous PA would be associated with changes in
depressive symptoms at both the between and within-person
levels. In summary, we expected that in general, women with
higher amounts of PA at moderate-vigorous intensities would
report fewer depressive symptoms (e.g., between-person ef-
fects), and women would report lower depressive symptoms
during data collections when they reported higher amounts
and intensity of PA compared to their own average (e.g.,
within-person effects).
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Methods

Participants and procedures

Following appropriate hospital and university research ethics
board approvals, women nearing completion of systemic
treatment for breast cancer were approached in cancer clinics
or through posted information and informed of the study.
Interested participants contacted the research assistant and, if
eligible, provided written informed consent. Informed consent
was obtained from all individual participants included in the
study. To meet inclusion criteria for the current study, partic-
ipants (N = 201) had to be at least 18 years of age, provide
written informed consent in either English or French, recently
(i.e., 0–20 weeks) completed primary treatment (i.e., surgery,
chemotherapy, radiation therapy) for stage I to III breast can-
cer, be treated for a first cancer diagnosis, and report no health
concerns that may inhibit participation in PA. Involvement in
this study included completing self-report questionnaires and
wearing an accelerometer to measure light, moderate, and vig-
orous PA for 7 consecutive days during five data collection
periods (i.e., at baseline, then every 3 months for four more
data collections over 1 year).

Measures

Demographics Participants were asked to self-report their
age, marital status, breast cancer stage, when/what treatment
was received (i.e., surgery, chemotherapy, and radiation), in-
come, and highest level of education attained. Furthermore, a
trained lab technician measured and recorded baseline height
and weight, which were used to calculate body mass index
(BMI; i.e., weight in kilograms divided by height in meters
squared).

Physical activity PAwas measured using a GT3X accelerom-
eter (Actigraph, Pensicola, Florida). During each data collec-
tion period, women were asked to wear the accelerometer at
all times over 7 days; they were asked to remove the acceler-
ometer when participating in water activities. Movement data
were recorded every minute and the number of daily minutes
of light (100 to 1951 counts/min), moderate (1952–
5724 counts/min), and vigorous (> 5725 counts/min) PAwas
calculated using established cut-points [23]. PA scores reflect
the average number of minutes per day spent in light, moder-
ate, and vigorous movement.

Depressive symptoms The 10-item Center for Epidemiologic
Studies Depression Scale [39, 40] was used in this study.
Following the stem BDuring the past week (7 days), about
how often did you feel…^, participants were asked to rate
10-items (e.g., I felt depressed; I felt fearful) on a
Likert-type rating scale ranging from 0 (Rarely or none of

the time [<1 day]) to 3 (All of the time [5–7 days]).
Depressive symptom scores were calculated by taking the
average of these 10 items at each of the five data collections.
Cronbach’s alpha coefficients were α = 0.82–0.86 across data
collections.

Data analysis

Descriptive statistics such as means and correlation analysis
were calculated to describe the sample population. Multilevel
modeling was implemented with SAS 9.4 (SAS Institute,
Cary, NC, USA), using the PROC MIXED program. A
two-level hierarchical model was used to assess whether
changes in PA were associated with changes in the level of
depressive symptoms. First-level units were within-person
variables (i.e., repeated measures; time variable) and
second-level units were between-individual predictors (i.e.,
frequency of days and duration of time the accelerometer
was worn, as well as age, level of education, BMI, and time
since treatment). Consistent with previous research [41, 42],
accelerometer data was not included in the analyses if the
participants had extreme counts (i.e., > 20,000) or if data were
not available for a minimum of 600 min on 4 or more days.
Correlations within-individual over repeated measures of time
were controlled using a random intercept model. In the ran-
dom intercept model, it was assumed that at each time point
the effect of the explanatory variables on the response variable
is equal. The random intercept model was used to examine the
association between changes in PA and depressive symptoms
over time. The slope coefficients for light-, moderate-, and
vigorous-intensity PA were of central relevance to the objec-
tive of this study as they represented the between-person as-
sociations between various PA intensities and depressive
symptoms while controlling the within-person correlation.
Fur thermore , th is pars imonious model inc ludes
within-person and between-person variables to examine
whether the changes in individual’s PA levels, relative to their
own typical/average amounts of light-, moderate-,
and vigorous-intensity PA, are independent of the between-
person effects of PA in predicting scores of depressive symp-
toms. For the within-person analysis, each participant’s aver-
age score (across time points) of light-, moderate-, and
vigorous-intensity physical activity was used as the compari-
son to assess individual changes in light-, moderate-, and
vigorous-intensity physical activity relative to their own be-
havior. To calculate the between-person and within-person
effects of individual’s PA levels on depressive symptoms,
the main predictors light-, moderate-, and vigorous-intensity
PAwere centered on each individual’s mean of each predictor
over time. A number of covariates (e.g., age, education, time
since surgery, chemotherapy and radiation, BMI, and marital
status) were also included in the model to assess unique rela-
tionships between light, moderate, and vigorous PA on scores
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of depressive symptoms after accounting for demographic
correlates and time spent engaged in other PA intensities.

Results

Preliminary analyses

The study sample comprised women with stage 1 (n = 83), 2
(n = 78), or 3 (n = 38) breast cancer (n = 2; did not indicate).
On average, participants were 55 years of age (SD = 11), had
an average household income of $102,041 (SD = 185,217), an
average BMI of 26.06 (SD = 6.15) kg/m2 and were 3.5 months
(SD = 2.3) post-surgery, chemotherapy, and/or radiation.Most
participants reported having a university degree or higher ed-
ucation (n = 101; 50.7%) and being married (n = 128; 64.3%).

There were 10 data points across all data collection points
(5 data collections × 7 days = 35 total days of data) that were
slightly lower than the 600 min/day cut-point for usable data.
This represented 0.01% of all data, and removing these indi-
viduals made no difference to the descriptive or main findings.
As such, they were retained in the analysis and there was
between 98.6 and 100.0% of usable accelerometer data (time
1 = 98.6%, time 2 = 100.0%, time 3 = 99.3%, time 4 = 98.6%,
time 5 = 99.3%). Since the multilevel modeling approach is
capable of handling missing data on level 1, missing data for
PA were not replaced. Across the five data collections, mean
accelerometer wear times were 821.8 (SD = 83.0) to 899.4
(SD = 90.2) min/day, and the median number of days worn per
week was seven.

Descriptive statistics of average daily minutes of light,
moderate, and vigorous PAs and depressive symptom scores
are reported in Table 1. Across all time points, participants
completed approximately 128 min of light intensity, 15 min
of moderate intensity, and 2 min of vigorous-intensity PA per
day and had depressive symptom scores of approximately
0.70 (on a scale from 0 to 3). Average scores of light daily
activity ranged from 129.10 (SD = 40.32) at time 1 to 126.63
(SD = 38.08) at time 5. Similarly, average daily minutes of
moderate activity and vigorous activity ranged from 15.01
(SD = 11.58) to 13.33 (SD = 10.62) and 2.21 (SD = 4.10) to
2.13 (SD = 3.10), respectively. Average depressive symptom
scores of the 10 items ranged from 0.65 (SD = 0.51) at time 3,
to 0.77 (SD = 0.61) at time 2. Pearson correlation coefficients
between study variables are reported in Table 2.

Main analyses

While variability in the overall mean depressive symptom
scores was evident over time (see Table 1), the within-
person analyses showed that over time (i.e., data collection
time points, Table 3), depressive symptoms decreased
(β = −.73; p = .03), and across time points, there was a small

negative correlation between average daily minutes of light,
moderate, and vigorous PA and depressive symptom scores.

The standardized regression coefficients from the random
intercept model are reported in Table 3. The intra-individual
association between minutes of light and moderate PA and
depressive symptoms was statistically significant.
Furthermore, results show that changes in average minutes
of both light and moderate PA predicted changes in depressive
symptom scores at both the between-person (σ2 = 0.14,
S.E = 0.01, p < 0.01) and within-person (σ2 = 0.11,
S.E = 0.006; p < 0.01) level. Specifically, results show that
an increase in light and moderate PA, relative to others (i.e.,
between-person effects) and oneself (i.e., within-person ef-
fects), was associated with a decrease in depressive symptom
scores. Most of the covariates had an effect on depressive
symptom scores at the between-person level. Specifically, be-
ing older, having more education, more time since surgery,
chemotherapy, and/or radiation, being married, and time since
baseline measure, were all negatively associated with depres-
sive symptoms scores (see Table 3). It is noteworthy that rel-
ative to their own average level of light PA, every one standard
deviation increase in light PA (b = −0.96, SE = 0.34, p < 0.01)
is associatedwith a decrease by 0.96 standard deviations in the
individual’s average depressive symptom scores after control-
ling for moderate- and vigorous-intensity PA and covariates.
Similarly, one standard deviation of increase in moderate PA
(b = −1.30, SE = 0.34, p < 0.01) is associated with a 1.30
standard deviation units decrease in the individual’s average
score of depressive symptoms after controlling for light- and
vigorous-intensity PA and covariates. Our results did not show
any statistically significant predictive effect of vigorous PA on
depressive symptom scores (b = −0.21, SE = 0.33, p = 0.54).

Discussion

The purpose of this study was to examine the association
between various intensities of PA and depressive symptoms
over the first year after breast cancer treatment. Specifically,
we sought to examine the extent to which light, moderate, and
vigorous PA predicts depressive symptoms in BCS over time.
Based on the findings, increases in objectively measured light-
andmoderate-intensity PA, but not vigorous-intensity PA, pre-
dicted lower depressive symptoms at both the between and
within- person levels. In other words, relative to those who
engaged in less light and moderate PA, BCS who engaged in
more light and moderate PA reported lower depressive symp-
tom scores (i.e., between-person effects). Furthermore, when
BCS increased their light- and moderate-intensity PA,
compared to their own typical amount of activity, their
depress ive symptom scores were lower ( i . e . ,
within-person effects).
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Consistent with previous research, we found a negative
association between moderate PA and depressive symptoms
among cancer survivors over time [12,16,17 19]. For example,
Brown et al. [16] found that PA provides a small reduction in
depressive symptoms among cancer survivors. However, in
their meta-analysis, Brown et al. [16] examined the overall
effect of PA on depressive symptoms in PA interventions,
and mean levels of PA intensity across the studies. We extend-
ed their findings by specifically examining the relationships of
various intensities of PA on depressive symptoms both within
and between BCS. Furthermore, we used an objective

measure of PA (i.e., accelerometers) to obtain average minutes
of light, moderate, and vigorous PAwhich lends credibility to
our results regarding the effects of different PA intensities on
depressive symptoms over time. In line with existing research,
age was negatively associated with depressive symptoms
[e.g., 43]. Specifically, we found that younger breast cancer
survivors reported higher levels of depressive symptoms than
older survivors. This is aligned with general trends in mental
health among adults [44] suggesting that depression symp-
toms decrease over time. Additionally, cancer is considered
an aging disease [45] and if diagnosed at a younger age, the
diagnosis may interfere with many aspects of development
such as family and work responsibilities.

To support health benefits, researchers suggest cancer sur-
vivors should accrue at least 150 min of moderate or 75min of
vigorous aerobic PA every week [17]. However, in addition to
moderate PA, we found that light-intensity PAwas also nega-
tively associated with levels of depressive symptoms. This
finding indicates that increases in light-intensity PA are asso-
ciated with reductions in depressive symptoms over time.
Increasing light (and moderate) intensity PA may precede
lower scores of depressive symptoms and be one suitable
method for encouraging PA behavior among BCS.
Specifically, researchers have identified that within cancer

Table 1 Descriptive statistics

Age (years) M
SD
Range

55.01
10.96
28–79

Cancer stage

I % 41.7

II % 39.2

II % 19.1

Income ($) M
SD
Range

102,041
185,217
9000–2,000,000

BMI M
SD
Range

26.31
5.65
18.12–50.17

Time since surgery, chemotherapy, or radiation (months) M
SD
Range

3.46
2.33
0–8

Time

1 2 3 4 5 Total

Depressive symptoms M
SD

0.74
(0.5)

0.77
(0.6)

0.65
(0.5)

0.71
(0.5)

0.68
(0.5)

0.71
(0.5)

Light physical activity per day M
SD

129.10
(40.3)

130.27
(38.7)

129.78
(37.3)

126.41
(38.1)

126.63
(38.1)

128.45
(38.5)

Moderate physical activity per day M
SD

15.01
(11.6)

15.60
(12.4)

15.38
(12.5)

14.30
(10.8)

13.33
(10.6)

14.73
(11.6)

Vigorous physical activity per day M
SD

2.21
(4.1)

2.18
(3.4)

1.84
(2.7)

1.99
(1.8)

2.42
(3.5)

2.13
(3.1)

M mean, SD standard deviation

Table 2 Correlations between overall light, moderate, and vigorous
physical activity and depressive symptom scores

DS LPA MPA VPA

DS −0.09* −0.11* −0.08*
LPA 0.11* −0.05
MPA 0.18*

VPA

DS depressive symptom score, LPA light physical activity per day, MPA
moderate physical activity per day, VPAvigorous physical activity per day

*p values are less than 0.05

Support Care Cancer (2017) 25:3305–3312 3309



survivor populations, light [32] and moderate [28] intensity
PA are preferred to vigorous PA and are beneficial for mental
health. For clinical practice, this means that the type of PA that
cancer survivors prefer and are likely to do (i.e., all light PA,
such as walking) [28] could decrease their depressive symp-
toms. Targeting BCS to increase their light-intensity PA could
be one avenue for improving mental health in the first year
post-treatment (e.g., through walking groups) as any increase
in light PA above the women’s own average levels appears to
be beneficial. Furthermore, PA intensity has been found to
inversely influence affective responses to PA [46], and affec-
tive responses to PA are predictive of PA behavior [47]. As
such, engaging in lower intensity PA may lower scores of
depressive symptoms and foster additional PA behavior [48].
That is, undertaking light-intensity PA may serve as a starting
point for being more physically active, which could potential-
ly lead to higher-intensity PA and additional subsequent health
benefits. However, further research is warranted to test this
contention.

Despite the benefits of using a prospective design and an
objective measure of PA, study limitations should also be
acknowledged. Although the association between light and
moderate PA systematically varied over time, the observation-
al design of the current study prohibits inferences of causality.
Further work using an experimental design is necessary to test
the extent to which light- and moderate-intensity PA influence
depressive symptoms in BCS. Furthermore, while the
objective marker of minutes of light, moderate, and vigorous
PA is a strength of the current study, depressive symptoms

were measured through a self-report questionnaire which
may have influenced results. In addition, the generalizability
of the findings is limited to BCS in their first year post-treat-
ment. While our findings indicate a linear relationship be-
tween light and moderate PA and lower scores of depressive
symptoms in BCS, our findings do not provide insight regard-
ing the optimal dose of light or moderate PA that is associated
with lower scores of depressive symptoms. Although a sug-
gested dose of moderate PA is recommended in the PA guide-
lines (e.g., 150 min/week), further understanding of the
minimum/optimal amount of light-intensity PA that could be
beneficial for BCS is needed to make recommendations. In
addition, the short form CES-D precludes clinical diagnosis of
depression [39], and thus research is warranted to examine
changes in clinically depressed BCS.

Stakeholders who create guidelines may wish to consider
more than just physical health outcomes for BCS as mental
health is an important focus that appears to improve system-
atically with participation in lower intensity PA. Overall, light-
and moderate-intensity PAwere predictive of BCS depressive
symptoms overtime. Of particular interest in this study was the
unique predictive effect that light-intensity PA had on depres-
sive symptoms in BCS during the first year post-treatment.
Therefore, health promotion specialists may wish to encour-
age light-intensity PA due to the beneficial association it has
with depressive symptoms in BCS. The findings provide a
foundation for researchers to further examine the potentially
beneficial effects of light-intensity PA for mental health and
determine whether light-intensity PA could be included in PA

Table 3 Results from the
multilevel model analysis
examining the effects of between-
and within-person levels of
average daily minutes of light,
moderate, and vigorous physical
activity on depressive symptoms
(N = 201)

Random effects Between or within-
person effects

Standardized coefficients
(standard error)

p values

Variance (between subject) 0.14 (0.01) <0.0001

Variance (within subject) 0.11 (0.006) < 0.01

Intercept 1.71 (0.03) <.0001

Age Between −2.65 (0.89) 0.01

Time (i.e., data collection time
point)

Within −0.73 (0.35) 0.03

Education Between −1.70 (0.90) 0.05

Time since surgery, chemotherapy,
and radiation

Between −1.93 (0.86) 0.03

Stage 3 vs stage 1 Between 0.41 (0.93) 0.66

Stage 2 vs stage 1 Between −0.29 (0.97) 0.76

Married versus others Between −1.81 (0.87) 0.03

BMI Between 0.41 (0.80) 0.60

Light physical activity per day Between −1.32 (0.53) 0.01

Within −0.96 (0.34) <0.01

Moderate physical activity per day Between −2.15 (0.55) <0.001

Within −1.30 (0.34) <0.01

Vigorous physical activity per day Between −0.68 (0.56) 0.21

Within −0.21 (0.33) 0.54
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guidelines for BCS. Further research examining the causal
effects of light-intensity PA on depressive symptoms is war-
ranted, as well as research examining the extent to which
light-intensity PA may lead to physical health outcomes via
reducing depressive symptoms in BCS.
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