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Background: Physical activity (PA) and sedentary behaviour (SB) have previously been seen to be associated with
stress. However, observed associations have been inconsistent in direction. Research tends to examine associa-
tions at one given time point without considering how these constructs change over time. Ecological momentary
assessment (EMA) is one potential method to examine how the relationships between PA or SB and stress change
over time taking variations in PA/SB and stress within and between days into consideration.

Objectives: This scoping review aimed to examine the concurrent and prospective relationships between PA/SB
and stress and vice versa, using EMA methodology.

Design: 5 online data bases were used to search for EMA research that included measures of PA/SB and stress,
where a PA/SB-stress relationship was examined. Searches were run up until February 2022. Papers were
assessed for eligibility for inclusion, with 33 papers found to fit the required criteria.

Results: 28 of the included studies focussed on PA, with 2 focussing on SB, and 3 on both PA and SB. Studies used
a mix of between- and within-person analyses as well as examining associations over concurrent and/or pro-
spective time frames. Taking into consideration analyses and time frame, results were inconclusive, with
approximately half of the studies finding no association. Overall findings appear to be mixed. However, some
evidence on a within-person level suggests that stress is associated with subsequent lower levels of PA, as well as
PA being associated with lower levels of subsequent stress.

Conclusions: Future research should investigate the impact of the way stress is quantified, different intensities of
PA and the context of both PA and SB in order to get a better understanding of the associations between PA/SB
and stress. In addition, more detailed studies are needed to explore personal and contextual factors that could
influence these associations is warranted.

1. Introduction

Stress is highly prevalent in society, with a survey suggesting that
74% of UK adults felt so stressed that they were unable to cope (Mental
Health Foundation, 2018). Stress can be defined as the response to a
situation when the demands of that situation exceed an individuals
perceived ability to cope (Fink, 2016). It can include life events or
person centred stresses (Segerstrom & O’Connor, 2012). Although stress
can at times be beneficial, such as improving performance, effort, and
proactive coping (Jamieson et al., 2018), there is also ample evidence
that both acute and chronic stress can have a negative impact on
physical and mental wellbeing, such as cardiovascular disease (Kivimaki
& Steptoe, 2018; Song et al., 2019) and depression (Hammen et al.,

2009; Parrish et al., 2011). Therefore, it is important to find ways to
reduce the negative implications of stress in order to sustain good mental
and physical health and wellbeing.

Physical activity (PA) has long been promoted for the promotion of
positive physical health outcomes such as the prevention of cardiovas-
cular disease and improved outcomes in type 2 diabetes mellitus
(Anderson & Durstine, 2019). PA has also been seen to be associated
with improved mental health, such as reduced anxiety (Wipfli et al.,
2008) and depression (Gianfredi et al., 2020). Sedentary behaviour (SB)
has its own unique health consequences independent of PA. For
example, even in those who are physically active, increased sitting time
is associated with an increased risk for poor health (Ekelund et al.,
2019). Both PA and SB have been suggested as health behaviours
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associated with stress. Reviews have reported stress as a predictor of PA,
but also PA as a predictor of stress (Mikkelsen et al., 2017; Stults-Ko-
lehmainen & Sinha, 2014), potentially suggesting that the PA-stress
association is bi-directional in nature. A review into the relationship
between SB and stress resulted in equivocal findings, with positive,
negative and no associations being reported, and it was concluded that
there is currently insufficient evidence to comment on the association
between overall SB and stress (Teychenne et al., 2019). Therefore, the
varied and inconsistent relationships between PA/SB and stress require
more investigation.

One possible reason for the equivocal results found for the PA/SB and
stress relationship is the way that the studies are conducted. In the
Stults-Kolehmainen and Sinha (2014) review approximately two thirds
of the studies included examined a single time point. Of these papers
examining stress and PA at a single time point, two thirds of papers
found higher stress was associated with lower PA. However, within the
same review, when examining if stress could predict PA from 2 weeks to
multiple years in the future, Stults-Kolehmainen and Sinha (2014) found
equivocal results. When examining SB, the Teychenne et al. (2019) re-
view predominately examined single time point studies but in contrast
to Stults-Kolehmainen and Sinha (2014) found equivocal results. Addi-
tionally, within the Stults-Kolehmainen and Sinha (2014) review, single
time point studies and prospective studies returned different associa-
tions. As PA/SB and stress fluctuate between and within days (Shang
et al., 2018; von der Embse & Mankin, 2021) this is perhaps to be ex-
pected, but is largely overlooked when studies ask participants to report
their PA/SB and stress as general levels over several days or weeks.
Therefore, it is important to use a methodology that allows for the ex-
amination of these relationships taken into consideration fluctuations
within and between days, and not just at a single time point, to gain a
more comprehensive overview of the existence and direction of a
PA/SB-stress relationship.

One methodology that could be used to examine the PA/SB-stress
relationship over time is Ecological Momentary Assessment (EMA).
EMA is a method which uses repeated sampling of participant behav-
iour, feelings, and experiences in real time while participants go about
their normal lives (Shiffman et al., 2008). Capturing data in participants’
free-living environment over several days allows researchers to examine
how fluctuations in PA/SB, both between and within days, are related to
fluctuations in stress over the same time period (Dunton, 2017; Shiffman
et al., 2008). Collecting data in this way allows for the separation of
between-person (deviation from average group level) and within-person
(deviation from individuals own average) associations. In other words, it
enables researchers to explore if the associations are mainly driven by
variations in general levels of PA/SB/stress (i.e., deviation from average
group level) or temporal variations in PA/SB/stress at an individual
level (i.e., deviation from individual own average) (Curran & Bauer,
2011; Dunton, 2017). Using EMA also provides a good opportunity to
assess both concurrent and prospective associations. Concurrent asso-
ciations refer to relationships between PA/SB and stress occurring at the
same time such as overall day levels. Prospective associations refer to
how PA/SB at one time point is associated with stress at a subsequent
time point. For example, prospective associations could explore the as-
sociations between PA in the morning with stress that afternoon. Being
able to examine between and within-person associations between PA/SB
and stress, as well as simultaneously examining the concurrent and
prospective associations would allow for a more comprehensive exam-
ination of the existence and direction of potential PA/SB-stress
relationships.

While EMA has previously been used to explore variations within
and between days in stress, as well as objective and subjective PA/SB,
the extent of this research is not known. Little is also known to what
extent EMA has been used to examine the PA/SB and stress relationship
when both variables have been measured using EMA assessments or
continuous monitoring, or what the outcomes of this research are. A
scoping review would be beneficial as it would allowed for the
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examination of what evidence is already available relating to the area of
interest (PA/SB and stress relationships using the EMA methodology), as
well as providing an overview of which research designs have been used
to explore these associations, and how the relevant concepts (PA/SB and
stress) have been examined. In addition a scoping review can be used to
highlight any potential gaps in this area that need to be investigated in
order to progress the field (Munn et al., 2018; Peters et al., 2015). Given
the increased availability of wearable technology to track behaviour in
real-life setting, it is timely to provide an overview of the existing
literature. For these reasons, a scoping review was chosen as an appro-
priate method to examine the literature investigating PA/SB and stress
relationships using EMA methodology.

1.1. Aims and research questions

The current scoping review aimed to examine the research currently
available that utilises EMA to investigate the relationships between PA/
SB and stress. While stress can be conceptualised in different ways, in
this review, psychological stress is conceptualised as reported percep-
tions, feelings and experiences of psychological stress. Key characteris-
tics of EMA methodology are the ability to examine between and within-
person association, as well as concurrent and prospective associations.
Therefore, this scoping review aimed to identify studies that examine
whether PA/SB is associated with stress using EMA methodology and
address the following research questions:

What are the concurrent associations between PA/SB and stress and
vice versa in studies using EMA methodologies?
What are the prospective associations between PA/SB and stress and
vice versa in studies using EMA methodologies?

2. Methods

The review was guided by the PRISMA scoping review extension
checklist (Tricco et al., 2018). This checklist, which specifies where/how
the review complies with these guidelines is included as supplementary
data. The scoping review framework presented by Peters et al. (2015)
was also used to guide the entire review process, and this is reflected in
the reporting of the results (e.g., flow chart, which data to report and
how to report the data).

2.1. Eligibility criteria

Papers were eligible for inclusion if they met the following criteria:
used an ecological momentary assessment methodology of any length
and contained a measure of stress. Papers also had to include a measure
of PA OR SB. Study participants could be from any age group. Articles
could be from any date up until the end of February 2022, published in
English. Papers were excluded from the review based on the following
exclusion criteria: the participants in the study were from a current
clinical population as it was deemed that clinical factors may impact on
PA levels, a relationship between PA/SB and stress was not examined,
PA/SB and stress were only presented as a baseline value, conference
abstract only available, or studies if they were presented without results
(see Table 1 for further guidance on inclusion criteria).

2.2. Information sources and search strategy

Searches were conducted using Medline, EMBASE, PsycInfo, PubMed
and the Cochrane Library. Searches were run up until February 2022.
The search terms used comprised three main groups: ecological
momentary assessment terms, PA/SB terms and stress terms.

The search terms used were: “(ecological momentary assessment OR
experience sampl* OR ambulatory assessment OR diary) AND (physical
activity OR exercise OR walk* OR active OR movement OR sport OR
sedentary* OR sitting OR television OR inactiv* OR physical inactivity)
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Table 1
Inclusion criteria and guidance screening chart.

Criteria Guidance

Ecological Momentary Assessment  Uses an ecological momentary assessment
methodology of any length

Can be objective or subjective.

Can be a continuous monitoring OR measured
with EMA prompts.

Must have at least one measurement (or have
continuous measurement on each EMA day)
Exclude if baseline measure only

Stress Any measure of stress (e.g., perceived stress
scale, daily hassles etc)

Must be measured at least once per EMA day.
Exclude if baseline measure only

Any age groups.

Cannot be in a current clinical population (e.g.,
inpatient participants, current chemotherapy
etc)

Must contain a measure of a relationship
between PA/SB and stress (e.g., correlation,
regression, multilevel modelling etc).

Exclude if only conference abstract, no results
available (e.g., feasibility studies)

Exclude if not available in English

Physical Activity OR Sedentary
Behaviour Measure

Participants

Physical Activity/Sedentary
Behaviour and Stress
Relationship

Full Paper Availability

English Language

AND (stress OR psychological stress OR mental stress OR everyday stress
OR distress).” Truncations were used to encompass multiple word end-
ings (e.g., sampl* would capture sample, sampling etc.).

2.3. Study screening, paper selection and data charting

Papers were downloaded into EndNote (X9.2) reference manage-
ment software and duplicate articles removed. Titles and abstracts were
then screened for eligibility using the screening guidance (Table 1) and
any irrelevant papers excluded. All titles and abstracts were screened by
author 1, with author 3 screening a randomly assigned sample (20% of
papers). Any papers where disagreements about inclusion arose were
screened in full. Full text articles were then read to establish final in-
clusion, using the same process. Any disagreements regarding inclusion
were discussed by author 1 and author 3, referring back to the inclusion
and exclusion criteria to reach consensus. The final total number of
papers in the review was 33 and were agreed and read in full by authors

Electronic Database Searches: Medline (309),
EMBASE (469), Psycinfo (210), PubMed (392),
Cochrane Library (484) (n=1864)

l

Records after duplicates removed
(n=1174)

1

Records Screened
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1 and 3 (see Fig. 1 for process chart, used in accordance with Peters et al.
(2015) framework). Data was charted in table form in Microsoft Excel
(version 2010), with separate Tables for concurrent relationships
(Table 2) and prospective relationships (Table 3) using suggestions from
the Peters et al. (2015) framework for guidance on data charting. Data
charted included participant characteristics, EMA duration and assess-
ment characteristics, PA/SB measure, stress measure, analysis used and
whether relationships examined were within or between-person.

2.4. Categorising the results

Results were presented in tabular and descriptive format as sug-
gested in the scoping review framework proposed by Peters et al. (2015),
with separate Tables for studies reporting on concurrent and prospective
associations. Within these broader categories, papers were further split
into those that use a within-person or between-person analysis and
whether the paper examined the relationship between PA/SB and stress,
or stress and PA/SB. Between-person analyses explore associations in
general levels of PA/SB/stress based on an overall average of these
outcomes per participant. Within-person analyses explore associations
in temporal variations in PA/SB/stress at an individual level. A range of
statistical analyses were used to explore between-person and
within-person analyses. Correlations and regression analyses can be
used to explore between-person associations. Multilevel analyses are
more commonly used to explore both between- and within-person as-
sociations. To examine both research questions, studies were also cat-
egorised as either “concurrent” or “prospective”. Concurrent
associations were deemed to be any PA and stress measurements taken
at the same time and relating to the same time period. For example,
looking at associations between daily averages of PA and stress is con-
current. Prospective analyses involved the assessment of associations
between an assessment of an outcome (PA/SB or stress) at a specified
time and the assessment of the other outcome (stress or PA/SB) at a later
time. For example, the association between PA measured on the hour,
and stress measured as little as 15 min later, or longer periods such as
stress measured in an evening and the associations with PA the following
day. Studies using an ‘N-of-1’ design are reported separately. These
studies assessed participants for up to 1 year and completed separate
analyses per participant and then report the overall summary of these
individual analyses.

Records excluded

(n=1174)

l

Full-text articles assessed for eligibility

(n=1064)

Full-text articles excluded

(n=110)

Studies included
(n=33)

I Inclusion || Eligibility | | Screening || Identificalionl

(n=77)

No EMA Methodology (n=3)
No PA/SB or Stress Measure (n=34)
PA/SB relationship with stress not measured (n=21)
Clinical Population (n=10)
Conference Abstract (n=0)
No available results (n=9)

Fig. 1. Paper screening process for inclusion.
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Table 2

Concurrent Associations between Physical activity/Sedentary Behaviour, and Stress.

Mental Health and Physical Activity 24 (2023) 100518

Author Participants, EMA Duration PA/SB Measure Stress Measure Analysis PA/SB-Stress PA/SB-Stress associations
and Assessments associations from from Within-Person
Between—Person analysis
analysis
Stress associations with Physical Activity/Sedentary Behaviour
daSilva 88 students (m = 21yrs) Passive Mobile How stressed are you? Two step Not analysed. 1 Stress associated with |
et al. 56% female EMA Sensoring: Total (daily) multilevel vector movement.
(2021) Characteristics: mean distance travelled autoregressive
duration: 67 days, 1 per day (km) (Ddaily) model.
(randomly between 9am
and 8pm).
Diaz et al. 79 adults (m = 32yrs), 57%  Activity Monitor Overall, how stressful Random Not analysed. End of day stress not

(2018)

Lin et al.
(2021)

Maattanen
et al.
(2021)

Pinto et al.

(2020)

Zenk et al.
(2017)

Gloster, A.
H, et al.
(2017)

female EMA Characteristics:
1 year, 4x daily (includes an
end of the day assessment)

70 adults (m = 42yrs) 100%
female EMA Characteristics:
7 days, 5x daily
(7am-10am, 10am-1pm,
1pm-4pm, 4pm-7pm,
7pm-10pm)

44 adults (m = 25yrs) 77%
female EMA Characteristics:
2 days active measurement
(take own physiological
measures), 1-3 days passive
measurement (no
involvement needed from
participant to take
measures) every 45 min (for
both active measurement
and passive measurement
days)

20 adults (m = 52yrs) Breast
cancer survivors EMA
Characteristics: 12 months,
assessments at 0, 3, 6,9, 12
months 7 days EMA each
time 4x daily (8-11am,
1lam-2pm, 2-5pm, 5-8pm)

97 adults (range - 25-65yrs)
100% female EMA
Characteristics:7 days, 5x
daily (7-10am, 10am-1pm,
1pm-4pm, 4pm-7pm,
7pm-10pm)

108 students (m = 21yrs),
82% female EMA
Characteristics: First 61
days: 1 assessment every 6
days (reflecting on day of
assessment) Final 33 days: 1
assessment per day

(Fitbit): SB: total
number of minutes per
day where O steps and
intensity classification
of 0 took place.

Accelerometer: Daily
minutes of MVPA and
SB

Accelerometer:
Movement (measured
acceleration)

Accelerometer:
Activity Counts (SB)
Self-Report: What are
you doing now?
(includes leisure and
non-leisure SB)

Accelerometer: Daily
minutes of MVPA
Daily hours of SB

Self-report: GLT - total
daily activity score
weighted by duration
and intensity of
activity.

was your day? Have you
experienced any of the
following (list of stressors
e.g., traffic, other) (both
end of day assessment)
How stressed did you feel
(just before assessment)?
Daily work hassles (last
prompt of the day)

Has something stressful
happened since the last
report (Y/N)? How
stressful was it? Were
you in control of the
situation?

How stressed do you feel
right now?

Daily hassles (evening

assessment)

Hassles (number in a 24-
h period)

coefficients linear
regression models

Bivariate fixed
effect regression
Logistic fixed
effects regression.

Linear mixed
models

Longitudinal
regression models

Mixed
multivariable
linear regression
models

Correlations for
each participant
using multilevel

structural equation

models

Not analysed.

Not analysed.

Not analysed.

Not analysed.

Not analysed.

associated with sitting
time. | end of day stress
associated with 1 bouts
(>90 min) of SB.

1 Work hassles associated
with 1SB. No association
between work hassles and
MVPA

No association between
stress and movement.

1 stress associated with 1
SB in univariate analysis
only. Stress no longer
associated with SB in
multivariate model
(affective valence,
sadness, anxiety, stress,
worry, fatigue, treatment,
BMI, and ethnicity
covariates).

1 Daily hassles associated
with 1 MVPA and | levels
of SB.

1 Stress associated with 1
PA.

Physical Activity/Sedentary Behaviour associations with Stress

Igic et al.
(2013)

Lindberg
et al.
(2018)

Anderson
and
Fowers
(2020)

39 adults (174) (m =
32yrs), 51% female EMA
Characteristics: 14 days, 1
per day (before bed)

231 adults (m = 44yrs),
50% female EMA
Characteristics: 3 days
(consecutive workdays)
Hourly during work hours
76 adults (m = 40yrs), 58%
female EMA Characteristics:
14 days, 1 per day (released
at 8pm

Accelerometer: Time
spent in PA (hours)

Accelerometer:
Overall intensity of
movement (including
sitting, standing,
walking).

Self-report: GLT- total
daily activity score
weighted by duration

Daily social stressors
(whole day)

How tense do you feel?
(at the time of
assessment)

Kessler psychological
distress scale (whole day)

Correlations per
participants

Structural
Equational
Modelling

Correlations and
mixed multilevel
modelling

Not analysed.

Pathway between PA
and stress at work
found to be non-
significant.

1 PA associated with |
psychological distress
in correlation

PA not associated with
social stress.

Not analysed.

No association between
PA and distress in
correlation analyses. No

(continued on next page)
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Table 2 (continued)
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Author Participants, EMA Duration PA/SB Measure Stress Measure Analysis PA/SB-Stress PA/SB-Stress associations
and Assessments associations from from Within-Person
Between—Person analysis
analysis
and intensity of analyses. In multilevel  association in multilevel
activity. model, not associated model.
Dalton 127 students (m = 19yrs), Self-report: Minutes of  Daily stressors (whole Hierarchical linear ~ Not analysed. No association between
(2020) 75% female EMA MVPA day) modelling. PA and stress.
Characteristics: 14 days, 1
per day (before bed)
Liet al. 82 adults (m = 35yrs), 63% Self-report: GLT - total Short form (4 item) PSS Between and No association No association between
(2019) female EMA Characteristics:  daily activity score (whole day) within-person between PA and stress.  PA and stress.
7 days, 1 per day (evening) weighted by duration correlations
and intensity of
activity.
Strahler 77 adults (m = 24yrs), Self-report: Total time I feel stressed. (at time of =~ Two level Not analysed. No association between
et al. ~49% female EMA (mins): Walked, assessment, daily hierarchical linear PA and stress.
(2020) Characteristics: 4 days, 5x Cycled, worked out, average calculated) regression
daily (30 min after waking, active in household
1lam, 2pm, 6pm, 9pm) (all activities
summed)
Zawadzki 115 adults (m = 41yrs), Self-report: What were =~ How stressed are you? Mixed multilevel Not analysed. No association between
et al. 76% female EMA you doing at the time PSS (4 item) (at the time models. PA and stress.
(2015) Characteristics: 3 days of the prompt? sports, of assessment)

(Thursday-Saturday, 6x
daily, randomly in 3hr

exercise or recreation
(yes or no).

intervals

N-of 1 associations between Stress and Physical Activity/Sedentary Behaviour

Comulada 14 adults (m = 31yrs) 100%  Self-report: How many = How stressful was your
et al. female EMA Characteristics: ~ minutes of activity did ~ day overall? (end of day
(2018) 6 months, 4x daily (onlyend  you do today? (Sum of  assessment)

of day assessment used in
analyses)

light, moderate and
vigorous PA reports)

Correlation Not analysed. 1 In stress associated with
| PA. (correlation only,
not indicated if

significant).

Note: EMA = Ecological Momentary Assessment PA = Physical Activity, SB = Sedentary Behaviour, MVPA = Moderate to Vigorous Physical Activity, LTPA = Leisure
Time Physical Activity, LPA = Light Physical Activity, PSS = perceived stress scale, GLT = Godin Leisure Time Exercise Questionnaire.

3. Results
3.1. Overview

Tables 2 and 3 present the summaries of the studies reporting con-
current and prospective associations, respectively. Table 4 presents an
overall summary of the associations. Most of the studies (n = 28)
investigated PA, two studies focussed on SB (Diaz et al., 2018; Pinto
et al., 2020) and three studies investigated both PA and SB (Jones et al.,
2017; Lin et al., 2021; Zenk et al., 2017). Different measures of stress
were used. Stress was most commonly (n = 17) measured relating to
feelings of stress (e.g., how stressed do you feel?), but other studies (n =
10) used occurrence of hassles and stressors to assess stress level. PA was
measured in 15 studies objectively (mainly accelerometers), 13 studies
used self-report measures and 3 studies included both an accelerometer
and self-report measures. All studies investigating SB used accelerome-
ters to measure SB, with 1 study also including a self-report SB measure
(Pinto et al., 2020). Studies varied with regards to sample size (ranging
from 14 to 605), EMA sampling rate (ranging from 1 assessment per day
to 1 assessment every 45 min), and number of days of measurement
(ranging from 1 day to 1 year). Studies tended to have a higher per-
centage of female participants than males. Please see Tables 2 and 3 for
more detailed information about the individual studies.

3.2. Physical activity

Concurrent Analysis — Between-Person: None of the studies included in
the review explored concurrent between-person associations between
stress and PA. None of the three studies which examined the concurrent
between-person associations of PA predicting stress reported significant
associations. A mix of accelerometer and self-report measures of PA

were used alongside a range of stress measures (see Table 2). It is worth
noting that Anderson and Fowers (2020) found higher levels of PA were
associated with lower levels of stress, but when correcting for smoking,
social interaction, socioeconomic status, and alcohol intake (Table 3),
this association was no longer significant.

Concurrent Analyses — Within-Person: Five studies examined concur-
rent within-person associations of stress predicting PA in adults (n = 3)
and students (n = 2). A mix of self-report and accelerometer measures of
PA were used, with most studies using hassles/stressors as the stress
measure. Two studies reported that high stress (measured as hassles)
was associated with more overall daily PA (Gloster, A.H, et al., 2017;
Zenk et al., 2017), and two studies reported no significant association
between stress and PA (Lin et al., 2021; Maattanen et al., 2021). The
only study that measured perceived stress, reported a negative associ-
ation between stress and movement during the day (daSilva et al.,
2021).

Six studies examined concurrent within-person associations of PA
predicting stress in adults (n = 5) or students (n = 1), using self-report
measures of PA and a range of stress measures, with the most common
being feelings of stress (see Table 2). All studies reported no within-
person associations between PA and stress (Anderson & Fowers, 2020;
Dalton, 2020; I. Igic et al., 2013; Li et al., 2020; Strahler et al., 2020;
Zawadzki et al., 2015).

Prospective Analyses — Between-Person: Six studies examined the pro-
spective between-person associations of stress predicting subsequent PA
in adults (n = 3), students (n = 1) or children (n = 2), using acceler-
ometers to measure PA and feelings of stress or job demands as the
stress-related outcome (see Table 3). Five studies reported no significant
associations between stress and subsequent PA (Almeida et al., 2020;
daSilva et al., 2021; Do et al., 2021; Maattanen et al., 2021; Naya et al.,
2021). However, Almeida et al. (2020) (study 2) found higher stress was
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Prospective associations between Physical Activity/Sedentary Behaviour and Stress.
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Author

Participants, EMA
Duration and
Assessments

PA/SB
Measure

Stress Measure

Analysis

PA/SB-Stress
associations from
Between—Person
analysis

PA/SB-Stress
associations from
Within-Person analysis

Associations between Stress and Physical Activity/Sedentary Behaviour

Abdel Hadi
et al.
(2021)

Almeida et al.

(2020)
Study 1

Almeida et al.

(2020)
Study 2

Calderwood
et al.
(2021)

daSilva et al.
(2021)

Do et al.
(2021)

Jones et al.
(2017)

Lin et al.
(2021)

Naya et al.
(2020)

Pinto et al.
(2020)

Schultchen
et al.
(2019)

199 adults (m = 36yrs)
76% female EMA
Characteristics: 14 days,
3x daily

Study 1: 115 adults, (m
= 41yrs), 75% female
EMA Characteristics: 3
days (Thursday-
Saturday), 6x daily,
random 2-h intervals
Study 2: 297 adults (m =
42yrs), 50% female EMA
Characteristics: 2 days,
every 45 min, fixed
intervals

71 adults (m = 41yrs),
76% female EMA
Characteristics: 5 days
(Monday-Friday) 3x
daily (6am-9am,
4pm-7pm, 9pm —12am)
88 students (m = 21yrs)
56% female EMA
Characteristics: mean
duration: 67 days, 1 per
day (randomly between
9am and 8pm).

190 children (m = 10yrs)
53% female EMA
Characteristics: 6 bursts
of 7 days across 3 years
3x daily weekdays
(3pm-8pm) 7x daily
weekends (7am-8pm)
105 adults, (m = 40yrs)
72% female EMA
Characteristics: 4 days
(Saturday-Tuesday), 8x
daily

70 adults (m = 42yrs)
100% female EMA
Characteristics: 7 days,
5x daily (7am-10am,
10am-1pm, 1pm-4pm,
4pm-7pm, 7pm-10pm)
143 children (m =
10yrs), 44% female EMA
Characteristics: 4 waves
of data collection (6
months apart). In each
wave, 2 weekend days of
EMA data collected in
morning.

20 adults (m = 52yrs)
Breast cancer survivors
EMA Characteristics: 12
months, assessments at 0,
3, 6, 9, 12 months 7 days
EMA each time 4x daily
(8-11am, 11am-2pm,
2-5pm, 5-8pm)

51 students (m = 24yrs),
80% female EMA
Characteristics: 7 days 6x
daily (9am, 11:30, 2pm,
4:30pm, 7pm, 9:30pm)

Accelerometer: Leisure
time MVPA after work
(mins)

Study 1: Accelerometer
Activity counts/minute
(10-, 60- and 120-min
post assessment)

Study 2: Accelerometer
Activity counts/minute
(10-, 60- and 120-min
post assessment)

Accelerometer: Total
number of steps taken at
work

Passive Mobile
Sensoring: Total distance
travelled (km) (daily)

Accelerometer: MVPA
15, 30 and 60 min after
each EMA prompt

Accelerometer: Total
minutes of light,
moderate, vigorous PA
and SB.

Accelerometer: Daily
minutes of MVPA and SB

Accelerometer: Daily
minutes of moderate to
vigorous PA.

Accelerometer: Activity
Counts (SB) Self-Report:
What are you doing
now? (includes leisure
and non-leisure SB)

Accelerometer: Time in
minutes Self-Report:
How many minutes have
you been physically
active since the last

Job demands and
control (whole day,
completed after work)

Study 1: How stressed
were you feeling?
(since last prompt)

Study 2: How stressed
have you been? (since
last prompt)

Daily challenge and
hindrance stressors on
predicting day
(afternoon survey)

How stressed are you?
(daily)

Stress variable based on
perceived stress, ability
to manage things, and
perceptions of things
working out as planned
(right now)

How stressed were
you? (right before the
assessment)

Daily work hassles (last
prompt of the day)

Stress variable based on
perceived stress, ability
to manage things, and
perceptions of things
working out as planned
(right now)

How stressed do you
feel right now?

Perceived stress (2
items PSS) “Do you feel
that you can cope with
things” “Do you feel
you’re on top of
things”, and do you feel

Multilevel Structural
Equation analysis

Mixed multilevel
models

Multilevel models

Correlations

Two step multilevel
vector autoregressive
model.

Multilevel structural
equation modelling

Mixed multilevel
models.

Bivariate fixed effect
regression Logistic
fixed effects regression.

Mixed multilevel
models.

Longitudinal mixed
effects model Cross-
lagged models.

Hierarchical linear
models

Not analysed.

No association
between perceived
stress and PA.

1 Perceived stress
associated with 1 PA
in the subsequent 10,
60, and 120 min.

Not analysed.

No association
between stress and
subsequent
movement.

No association
between stress and
subsequent MVPA in
subsequent 15, 30,
and 60 min.

No associations
between stress and
subsequent SB, light
PA, or MVPA.

Not analysed.

No association
between stress and
MVPA.

Not analysed.

Not analysed.

1Job demands
associated with | after
work LTPA.

No association between
perceived stress and PA.

1 Perceived stress
associated with 1 PA in
the subsequent 10, 60,
and 120 min.

No association between
stress and PA during
subsequent working
day.

1 Stress predicted |
movement the
subsequent day. Stress
did not predict
movement 2 days later.

1 Stress associated with
IMVPA in subsequent
15, 30, and 60 min.

1 stress associated with |
SB in subsequent 15 min
1 Stress associated with
1 light PA in the
subsequent 15 min. No
association between
stress and subsequent
MVPA.

No association between
work hassles and SB No
association between
work hassles and MVPA.

1 Stress in morning
associated with | MVPA
during the day.

Stress not associated
with SB in subsequent 3
h

1 Stress associated with
| PA in subsequent 2.5
h.

(continued on next page)
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Author Participants, EMA PA/SB Stress Measure Analysis PA/SB-Stress PA/SB-Stress
Duration and Measure associations from associations from
Assessments Between—Person Within-Person analysis
analysis
signal (sweated or out of  nervous/stressed (at
breath) time of assessment)
Anderson 76 adults (m = 40yrs), Self-report: GLT- total Kessler psychological Correlations and mixed  Not analysed. No association between

and Fowers
(2020)

Nagel et al.

(2015)

Payne et al.
(2010)

Sala et al.
(2017)

58% female EMA
Characteristics: 14 days,
1 per day (released at
8pm)

120 adults (m = 39yrs),
51% female EMA
Characteristics: 5 days
(Monday-Friday) 2x
daily (after work, before
bed)

41 adults (no m age
reported) 45% female
EMA Characteristics: 14
days, 1 per day (—~6pm)

129 students (m =
20yrs), 100% female
EMA Characteristics: 7
days, 4x daily (1 per 3-h
block)

daily activity score
weighted by duration
and intensity of activity.

Self-report: How many
minutes exercised after
work?

Self-report: Sum (hours)
of all exercise. For
analysis, exercise
dichotomised into
exercise and non-
exercise days.
Self-report: How long did
you exercise since your
last check in?

distress scale (whole
day)

Job stressors (whole
day)

Job demands (whole
day)

DASS- stress subscale
(at the time of
assessment)

multilevel modelling

Multilevel modelling Not analysed.

Multilevel modelling

Not analysed.

Generalised linear
mixed model

Not analysed.

PA and distress the
subsequent day.

No association between
job stressors and
exercise

No association between
job demands and
likelihood to exercise
the subsequent day.

No association between
stress and PA in
subsequent 3 h.

Associations between Physical Activity and Stress/Sedentary Behaviour

Abdel Hadi
et al.
(2021)

daSilva et al.
(2021)

Hallman and
Lyskov
(2012)

Jones et al.
(2017)

Kolar et al.
(2020)

Pinto et al.
(2020)

Schultchen
et al.
(2019)

199 adults (m = 36yrs)
76% female EMA
Characteristics: 14 days,
3x daily

88 students (m = 21yrs)
56% female EMA
Characteristics: mean
duration: 67 days, 1 per
day (randomly between
9am and 8pm).

47 adults 23 Pain Group:
(m = 41yrs), 91% female
22 Healthy Control: (m
= 41yrs) 91% female
EMA Characteristics: 24
h, 5x daily

105 adults, (m = 40yrs)
72% female EMA
Characteristics: 4 days
(Saturday-Tuesday), 8x
daily

62 adolescents Anorexia
Nervosa: 32 (m = 16yrs)
Healthy Control: 30 (m
= 16yrs), 100% female
EMA Characteristics: 1
day (hourly 7am-11pm)
20 adults (m = 52yrs)
Breast cancer survivors
EMA Characteristics: 12
months, assessments at 0,
3, 6, 9, 12 months 7 days
EMA each time4x daily
(8-11am, 11am-2pm,
2-5pm, 5-8pm)

51 students (m = 24yrs),
80% female EMA
Characteristics: 7 days 6x
daily (9am, 11:30, 2pm,
4:30pm, 7pm, 9:30pm)

Accelerometer: Leisure
time MVPA (mins)

Passive Mobile
Sensoring: Daily total
distance travelled (km)

Activity Monitor: Overall
intensity values for 24 h
for sitting, walking,
standing, lying. Also split
into values for
6pm-10pm, first hour
after waking, 9am-12pm
and 12pm-4pm.
Accelerometer: Total
minutes of light,
moderate, vigorous PA
and SB 15 min before or
after EMA assessment

Accelerometer: Minutes
of PA (30 min prior to
EMA assessments, all
levels of PA based on
activity counts).

Accelerometer: Activity
Counts (SB) Self-Report:
What are you doing
now? (Includes leisure
and non-leisure SB)

Accelerometer: Time in
minutes Self-Report:
How many minutes have
you been physically
active since the last

How stressed do you
feel at the moment?
(completed at bedtime)

How stressed are you?
(daily)

Stress energy
questionnaire Stress
subscale: low and high
activation adjectives
(past 10 min)

How stressed were
you? (right before the
assessment)

At this time, how
intense is your
emotional tension?

How stressed do you
feel right now?

Perceived stress (2
items PSS) “Do you feel
that you can cope with
things” “Do you feel
you're on top of

Multilevel structural
equation analysis

Not analysed.

No association
between movement

Two step multilevel
vector autoregressive

model. and stress the next
day.
Correlations 1 walking in the

evening associated
with | stress at
bedtime.

No association
between SB, light PA
or MVPA and
subsequent stress.

Mixed multilevel
models.

Linear mixed model Not analysed.

Longitudinal mixed
effects model Cross-
lagged models.

Not analysed.

Hierarchical linear
models

Not analysed.

1LTPA after work
associated with |
evening stress.

1 movement associated
with | stress the next
day.

Not analysed.

1 SB 15 min prior to
stress question
associated with | stress.
1 Light PA 15 min prior
to stress question
associated with 1 stress.
No associations between
MVPA and subsequent
stress.

PA in previous 30 min
not associated with
aversive tension (in
either group).

SB in previous 3 h not
associated with stress

1 PA associated with |
stress in the subsequent
2.5h.

(continued on next page)
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Author Participants, EMA PA/SB Stress Measure Analysis PA/SB-Stress PA/SB-Stress
Duration and Measure associations from associations from
Assessments Between—Person Within-Person analysis
analysis
signal (sweated or out of  things”, and do you feel
breath) nervous/stressed (at
time of assessment)
Smith et al. 77 adolescents (m = Accelerometer: Total Are you stressed? Yes/ Generalised estimating 1 MVPA in previous MPVPA in previous 60
(2021) 15yrs), 42% female EMA  activity counts and no Stress eating (is the equations 60 min associated | min not associated with
Characteristics: 7 days, minutes of moderate to answer yes to are you stress eating stress eating
every 2 h (3pm-9pm vigorous PA 60 min prior  stressed, while eating)
weekdays, 10am- 10pm to stress measure. (at the time of
weekends) assessment)
Lee et al. 478 adults (m = 50yrs) Self-report: Did you To what extent do you Fixed effect model Not analysed. No association between
(2021) 51% female EMA exercise yesterday? (Y/ feel stressed right now? exercise on previous day
Characteristics: 2 weeks, N) (first prompt of the (daily average and stress next day.
3x daily (7am-11:59am, day) calculated)
12pm-4:59pm, 5pm-
9:59pm)
Park et al. 605 adults (m = 45yrs) Self-Report: Did you do How stressed do you General estimating Not analysed LTPA during the day
(2022) 54% female EMA any sport, exercise or feel right now? equations associated with | stress
Characteristics: 8/9 days,  leisure time physical in the evening.
1 per day (7pm) activity today? (Y/N)
Sala et al. 129 students (m = Self-report: How long did =~ DASS- stress subscale Generalised linear Not analysed. No association between
(2017) 20yrs), 100% female you exercise since your (at the time of mixed model PA and stress in

EMA Characteristics: 7
days, 4x daily (1 per 3-h
block)

last check in?

assessment)

subsequent 3 h.

N-of 1 associations between Physical Activity/Sedentary Behaviour and Stress

Burg et al.
(2017)

Bos et al.
(2018)

Cheung et al.

(2017)

69 adults (m = 32yrs),
57% female EMA
Characteristics: 12
months 5x daily 1 x
morning, 1 x evening, 3
random prompts per day
(between 7am and
10pm)

40 adults 20 anhedonic
(m = 40yrs), 95% female
20 non-anhedonic (m =
44yrs), 95% female
(matched on depression)
EMA Characteristics: 30
days, 3x daily

79 healthy adults (m =
32yrs) 57% female EMA
Characteristics: 1 year,
5x daily

Activity monitor (Fitbit):
PA day: a day with any
30-min period of MVPA
Self-Report: How likely
are you to exercise
today? (AM assessment)
Have you exercised for
30 min or more today?
(Evening assessment)

Self-report “I was
physically active” (not at
all- very much) (since the
last measurement)

Activity monitor (Fitbit):
PA day: a day with any
30-min period of MVPA
Self-Report: How likely
are you to exercise today
for 30 min or more at
MVPA? (AM assessment)
Did you exercise today
for 30 min or more at
MVPA? (evening
assessment)

how stressful do you
expect today to be?
(AM assessment)How
stressful was your day?
(evening assessment)
How stressful do you
think your day will be
tomorrow? (evening)
Key sources of stress
(list of options) 4 item
PSS (both at each
assessment)

“I am upset”

How stressed did you
feel? (just before
assessment) How
stressful do you expect
today to be? (AM
assessment) How
stressful do you think
tomorrow will be?
(evening assessment)

Random coefficient
linear regression
models

Vector autoregression
(VAR) model with
cumulative impulse
response function

Classification decision
tree, applied random
forest to yield ranking
of variable importance,
select variables that
lead to standardised
decrease in
classification accuracy.

Due to high individual variation, overall no
association between physical activity and stress or
stress and physical activity.

Stress experience associated with | PA at next

measurement.

When stress was experienced, participants were
less likely to be physically active 2 days later. No
significant associations between PA and stress/

stress and PA.

Note: EMA = Ecological Momentary Assessment PA = Physical Activity, SB = Sedentary Behaviour, MVPA = Moderate to Vigorous Physical Activity, LTPA = Leisure
Time Physical Activity, LPA = Light Physical Activity PSS = perceived stress scale, GLT = Godin Leisure Time Exercise Questionnaire, DASS- Depression, Anxiety and

Stress Scales.

related to more PA up to 2 h later.

Four studies examined the prospective between-person associations
of PA predicting subsequent stress in adults (n = 2), students (n = 1), or
adolescents (n = 1), using objective measures of PA and mostly
perceived stress (see Table 3). Whereas walking after work was associ-
ated with lower stress at bedtime (Hallman & Lyskov, 2012) and PA in
the previous hour with less stress-relating eating (Smith et al., 2021),
other studies reported no such associations (daSilva et al., 2021; Jones
et al., 2017).

Prospective Analysis — Within-Person: Fourteen studies examined the

prospective within-person associations of stress predicting subsequent

PA in adults (n = 9), students (n = 3), or children (n = 2). Studies used
either accelerometer or self-report measures of PA, and a mix of stress
measures, but most commonly studies measured feelings of stress (see
Table 3). The findings are mixed. Seven studies reported no associations
between stress and subsequent PA (Almeida et al., 2020; Anderson &
Fowers, 2020; Calderwood et al., 2021; Lin et al., 2021; Nagel et al.,
2015; Payne et al., 2010; Sala et al., 2017). Seven studies reported as-

sociations between stress and subsequent PA, but the direction of the

associations varied. More specifically, five studies reported that higher
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Table 4
Summary of the direction of findings for concurrent and prospective associations.
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Concurrent analyses

Prospective analyses

Between-person associations Within-person associations

Between-person associations Within-person associations

Positive Negative Null Positive Negative Null Positive Negative Null Positive Negative Null
Stress-PA 0 0 0 2 1 2 1 0 5 2 5 7
PA-Stress 0 0 3 0 0 6 0 2 2 1 4 4
Stress-SB 0 0 0 1 2 1 0 0 0 0 1 2
SB-Stress 0 0 0 0 0 0 0 0 0 0 1 1

Note: total values may add up to more than total number of studies due to multiple findings. PA = physical activity, SB = sedentary behaviour.

stress was associated with less subsequent PA (Abdel Hadi et al., 2021;
daSilva et al., 2021; Do et al., 2021; Naya et al., 2021; Schultchen et al.,
2019) with timeframes ranging from 10 min to the next day. Other
studies reported stress to be associated with more PA (Almeida et al.,
2020) (study 2) Jones et al. (2017) also found that stress was associated
with more PA, but this association was only evident for light PA, no
association was reported between stress and moderate to vigorous
physical activity (MVPA).

Nine studies examined the prospective within-person associations of
PA predicting subsequent stress in adults (n = 5), students (n = 2) or
adolescents (n = 2). Studies used either accelerometer or self-report
measures of PA and measures of stress were predominately focussed
on feelings of stress (see Table 3). Four studies reported no within-
person association between PA and subsequent stress levels (Kolar
et al., 2020; Lee et al., 2021; Sala et al., 2017; Smith et al., 2021). Four
studies reported that PA was negatively associated with subsequent
stress up to one day later (Abdel Hadi et al., 2021; daSilva et al., 2021;
Park. et al., 2022; Schultchen et al., 2019). The only study reporting a
positive association between PA and stress found that light PA was
associated with subsequent stress, whereas MVPA was not associated
with subsequent stress (Jones et al., 2017).

When examining whether PA was associated with subsequent stress,
there did not appear to be any consistent methodological differences
that could account for significant or non-significant findings (see
Table 3).

N-of-1 analyses - Concurrent: The only study to examine within-
person concurrent N-of-1 associations of overall daily stress predicting
self-reported PA, reported a median negative correlation at participant
level but did not conduct formal statistical analyses (Comulada et al.,
2018).

N-of-1 analyses - Prospective: Burg et al. (2017), Cheung et al. (2017)
and Bos et al. (2018) used N-of 1 analyses to explore within-person as-
sociations of stress predicting PA. When looking at overall group asso-
ciations, Cheung et al. (2017) reported that if stress is experienced, a
person was less likely to exercise 2 days later, but stress was only a
predictor for exercise in 5 out of 79 participants, suggesting no overall
significant relationship. In line with this, Burg et al. (2017) found there
was a great deal of inter-participant variation, with data from the ma-
jority of participants not indicating a significant relationship between
PA and stress (or vice versa). Similarly, Bos et al. (2018) reported that
more stress was associated with lower PA.

3.3. Sedentary behaviour

Concurrent Analysis — Between-Person: No studies explored between-
person associations between stress and SB or SB and stress.

Concurrent Analysis — Within-Person: Four studies examined the con-
current within-person associations between stress and SB in adults (n =
4), using objective measures of SB and a variety of stress measures (see
Table 2). Diaz et al. (2018) found that although stress at the end of the
day was not associated with overall sitting time, lower end of the day
stress was associated with more bouts of SB with a duration of >90 min.
Lin et al. (2021) and Liao et al. (2015) found that increased stress was
associated with more SB, whereas Zenk et al. (2017) found that

experiencing more hassles was related to lower SB.

Prospective Analysis — Within-Person: Three studies examined the
prospective within-person associations between stress and subsequent
SB in adults. Accelerometer measures of SB were used in all studies, with
Pinto et al. (2020) also using a self-report measure, and measures of
stress were feelings of stress(see Table 3). Two studies reported no as-
sociations between SB and subsequent stress (Lin et al., 2021; Pinto
et al., 2020). Jones et al. (2017) found that higher levels of stress were
associated with lower SB in the subsequent 15 min.

Of the two studies which examined the prospective within-person
associations between accelerometer measured SB and subsequent
stress (feelings of stress), one found that higher SB in the 15 min prior
was associated with lower stress (Jones et al., 2017), but the other study
reported no association between SB in the previous 3 h and stress levels
(Pinto et al., 2020).

4. Discussion

The present review set out to investigate the concurrent and pro-
spective associations between PA/SB and stress and vice versa in studies
using EMA methodologies. A clear strength of EMA studies is the ability
to explore the associations between outcomes at a within-person level,
and more specifically explore the impact of stress on subsequent PA/SB
or the impact of PA/SB on subsequent levels of stress. It is therefore not
surprising that within-person analyses, and in particular prospective
within-person analyses have been most frequently reported in the
studies reviewed focussing on stress and PA. The within-person associ-
ations between stress and subsequent PA, and PA and subsequent stress
were mixed. Approximately half of the within-person studies reported
no associations, while the other half reported that stress was negatively
associated with subsequent PA and PA was negative associated with
subsequent stress (see Table 4 for summary). Between-person associa-
tions between stress and subsequent PA and PA and subsequent stress
were mostly non-significant. The majority of studies exploring concur-
rent associations reported no significant between- or within-person as-
sociation between stress and PA. Considerably less studies examined the
associations between stress and SB or SB and stress. The results of these
studies, which only included within-person analyses, are mixed.

The findings from prospective within-person associations between
stress and subsequent PA were equivocal. Those that report an associ-
ation tended to show that stress is related to reduced PA with lag times
ranging from 30 min to the next day (Abdel Hadi et al., 2021; daSilva
et al., 2021; Do et al., 2021; Naya et al., 2020; Schultchen et al., 2019).
Half of the studies reported no within-person association between stress
and subsequent PA. Measures of stress or PA, or different lag times
cannot explain these different findings. However, closer inspection
showed that while these non-significant findings applied to whole
samples, personal characteristics of participants influenced the associ-
ations between stress and subsequent PA. More specifically, there were
negative associations between stress and subsequent PA in people with
low motives for exercise, whereas positive associations were evident
between stress and subsequent PA in those with higher motivation for
exercise (Nagel et al., 2015). Similarly, in participants with lower levels
of eating disorder-related symptoms (i.e., drive for thinness, bulimic
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symptoms, and body dissatisfaction), stress was related to increased
subsequent PA, but this relationship was not evident in those with
moderate or high levels of symptoms associated with eating disorders
(Sala et al., 2017). Additionally, even though not prospective analyses,
concurrent associations between stress and PA were only shown in those
who had strong beliefs of PA as a way to cope with stress (Dalton, 2020).
Within-person associations between PA and subsequent stress reported
an equal amount of non-significant associations as positive associations.
Again, there are no apparent systematic differences in stress or PA
measures, or lag times to explain these differences. Only one study
examined interaction effects of individual characteristics on these as-
sociations and reported a significant impact of BMI on the association
between PA and stress eating; for those with high BMI, PA was related to
lower levels of stress, whereas the reverse was found for those with low
BML Taken together, there is emerging evidence that individual char-
acteristics can influence the association between stress and PA and PA
and stress. This has been previously suggested in the review conducted
by Stults-Kolehmainen and Sinha (2014), who mentioned that those
who were regular exercisers may exercise more during times of stress.
Therefore, to get a deeper understanding of the these within-person
associations, it is important to take personal characteristics into
consideration beyond the commonly examined covariates (e.g., age,
gender).

Several studies explored the bidirectional associations between stress
and subsequent PA and PA and subsequent stress in the same partici-
pants (Abdel Hadi et al., 2021; daSilva et al., 2021; Jones et al., 2017;
Sala et al., 2017; Schultchen et al., 2019). It was most commonly found
that stress was related to lower PA, and PA was associated with lower
stress (Abdel Hadi et al., 2021; daSilva et al., 2021; Schultchen, 2019).
Moreover, PA was reported to mediate the association between job de-
mands and perceived stress in the evening (Abdel Hadi et al., 2021).
These different sequential associations emphasise the importance of
using EMA methods to determine the associations between stress and
PA, which are not captured when participants are asked to rate their
stress and PA levels as an overall average of a period of several days or a
week. Furthermore, these observed associations also suggest that PA
should be recommended as a way to reduce perceived stress.

Two studies reported stress to be associated with increased subse-
quent PA (Almeida et al., 2020; Jones et al., 2017), and one study re-
ported PA to be associated with increased subsequent stress (Jones et al.,
2017). Closer inspection of these studies revealed a potential impact of
the type of PA (Jones et al., 2017) or the way stress is assessed (Almeida
et al., 2020). Higher levels of stress were associated with more light
intensity PA but not MVPA in the subsequent 15 min. Similarly, light
intensity PA, but not MVPA, was associated with more stress in the
subsequent 15 min (Jones et al., 2017). Further exploration of the light
physical activities showed that participants generally reported doing
chores, such as getting ready for work or cooking. Therefore, the reason
or purpose of this type of activity could potentially be perceived as
stressful itself and could have contributed to the higher stress level 15
min later. Unfortunately, no information was provided about the types
of activities that were conducted during moderate to vigorous PA,
therefore it is not possible to determine if the difference in associations
between stress and light PA and stress and MVPA can be contributed to
the intensity of the activity or the type of activity. In addition to the
intensity or type of activity, the context in which PA is done has not been
explored in detail. The health benefits of leisure time PA have been well
documented, whereas occupational PA has been reported to be associ-
ated with negative health implications (Bonekamp et al., 2022). Some
studies have specifically focussed on PA during work (Calderwood et al.,
2021) and PA after work (e.g., Abdel Hadi et al. (2021), Nagel et al.
(2015)), but without a direct comparison it is difficult to determine if
there is a differential impact of leisure versus occupation PA on stress.
Similarly, research has also suggested that being physically active out-
doors has better mental health outcomes than being active indoors
(Bowler et al., 2010; Dunton et al., 2015), so activity location could also
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be important to consider. In sum, in order to get a better understanding
of the associations between stress and PA, future research is needed to
explore the impact of PA intensity and context.

Different measures of stress were used when comparing the studies
included in the review, which could potentially be a reason for some of
the equivocal results. The importance of the way stress is measured is
particularly evident from one of the studies conducted by Almeida et al.
(2020). A positive association was reported between perceived stress
and subsequent PA, but when stress was quantified as an accumulation
of stressful events, it was negatively associated with subsequent PA. This
suggests that the appraisal of a stressful event has a different association
with PA compared to the association of the occurrence of a stressful
event with PA. While being physically active does not remove the
stressor, being physically active could perhaps help a person cope better
with the feelings of stress, which could in turn influence ratings of how
stress is experienced. The findings mentioned earlier that in those who
had stronger beliefs that PA could be a way to cope with stress, stress
was negatively associated with PA provides some support for this sug-
gestion (Dalton, 2020). Positive and negative affect are also likely to
play a role in the associations between stress and PA. Previous research
has suggested that negative affect is associated with lower levels of PA
(Niermann et al., 2016), and PA is associated with increased positive
affect (e.g., happiness and feeling energetic) (Liao et al., 2015). Positive
affect has also been suggested to buffer against negative stress responses
(van Steenbergen et al., 2021). Even though studies have often included
both assessments of affect and stress, the interactions between stress, PA,
and affect have not been explored in detail and warrants further
investigation.

The results for the within-person associations between concurrent
stress and PA were mixed. Only when a measure of perceived stress was
used, was stress significantly associated with less PA (daSilva et al.,
2021). When stress was quantified as daily work hassles or occurrence of
stressful events, stress was either not associated (Lin et al., 2021;
Maattanen et al., 2021) or more stress was associated with more PA
(Gloster, 2017; Zenk et al., 2017). However, when exploring the con-
current associations between PA and stress, no significant associations
were reported, regardless of measuring perceived stress (Anderson &
Fowers, 2020; Li et al., 2019; Strahler et al., 2020; Zawadzki et al., 2015)
or number of stressors (Dalton, 2020; Igic et al., 2013). In line with
aforementioned comments made about the prospective analyses, it is
possible that the concurrent associations are influenced by other factors
that could contribute to the overall equivocal findings. However, only
Maattanen et al. (2021) explored the influence of other factors on the
concurrent association between stress and PA. They found that social
company (i.e., being with friends, with no one, or with other people) did
not impact on the association between stress and PA. Therefore, more
studies are needed to examine the impact personal and contextual fac-
tors have on the concurrent within-person associations between stress
and PA.

As mentioned earlier, a limited number of studies explored the
between-person associations between stress and PA. None of the three
studies that explored concurrent associations between PA and stress
found significant between-person associations (Anderson & Fowers,
20205 Li et al., 2020; Lindberg et al., 2018). This is in contrast with the
previous review exploring stress and PA, where, even though not
confirmed by all studies, there was stronger evidence for an association
between stress and PA (Stults-Kolehmainen & Sinha, 2014). Methodo-
logical differences in data collection could be a reason for these differ-
ences. In the studies reported in this review, participants were asked to
report on their levels of stress and PA at a regular basis (e.g., hourly,
once per day). For the between-person analyses in the current review,
measurements taken at all assessment points were averaged to provide
an overall average value for each outcome per participant. The majority
of the assessments in the previous review by Stults-Kolehmainen and
Sinha (2014) included measures that represented the participant’s
reflection and memory of their overall perceived stress in the previous
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week. In contrast, deriving the average value based on data collected
using EMA methods captures variations within and between days in the
outcome measures, without relying on recall of the participant, and
could arguably be a better reflection of their perceived levels of stress.

Looking at the prospective between-person analyses, stress was
associated with subsequent PA in only one study (Almeida et al., 2020),
and five studies reported no association (Almeida et al., 2020; daSilva
et al., 2021; Do et al., 2021; Jones et al., 2017; Naya et al., 2020).
Interestingly, Almeida et al. (2020) reported two separate studies with
similar designs, but only reported a significant positive association be-
tween stress and PA in one of the studies. The associations between PA
and subsequent stress were more varied, with two studies reporting a
negative association (Hallman & Lyskov, 2012; Smith et al., 2021) and
two finding no association (daSilva et al., 2021; Jones et al., 2017).
Again, study designs were similar in these studies.

So far, the discussion has focussed on the associations between stress
and PA. The findings related to concurrent and prospective within-
person associations between stress and SB are equivocal. No studies
reported the between-person associations of stress and SB. Given the
limited number of studies exploring stress and SB, there is not sufficient
evidence for statements about whether or not associations exist. Similar
to the discussion about the context of PA, the context of sitting is likely
to influence the association between SB and stress. More broadly, there
is increasing evidence for differential health benefits of different ‘types’
of sitting. For example, mentally active sedentary behaviour (e.g., office-
based work) and mentally passive sedentary behaviour (e.g., watching
tv) have differential relationships with psychological health (Hallgren
et al., 2020). In addition, other behaviours done while sitting could in-
fluence the impact on overall wellbeing, such as poor diet or smoking.
Only Pinto et al. (2020) included assessments of both objective and
self-report (leisure, non-leisure) measures of sitting. However, they did
not report the influence of the type of SB on perceived stress. Therefore,
current data available from EMA studies is not sufficient enough to
determine the associations between stress and SB, and further research is
needed to explore the impact of different types of sitting on perceived
stress.

5. Recommendations, limitations and future research
implications

To the best of our knowledge, this is the first scoping review to
investigate the relationship between PA and stress when using EMA,
providing a valuable initial insight into the topic area. In contrast to the
previous review by Stults-Kolehmainen and Sinha (2014), which
examined a range of research designs, methodologies, and statistical
approaches, and focused mainly on the effect of stress on PA, the current
review focusses in on the specific methodology of EMA. The current
review also explored the associations between stress and PA/SB as well
as PA/SB and stress, and therefore provided additional information
about the bidirectional nature of the PA/SB and stress relationship not
included in the previous review. In addition, the current review com-
ments on the potential influence of personal characteristics on the
PA/SB and stress relationship and highlights the use of statistical ana-
lyses to further explore these additional characteristics. Consequently,
the present review provides more insight into the stress and PA/SB
relationship.

The review however is not without its limitations. In many of the
studies included, investigating the relationship between stress and PA
was not the primary aim, meaning that the stress/PA relationship may
not have been fully explored (e.g., only presenting a correlation for PA/
stress when there are full lagged analyses for other variables), or the
study may not have sufficient statistical power to explore these associ-
ations. This could mean that relationships are missed entirely or pre-
sented as non-significant, where more in depth analysis may have shown
an association. Future directions for research should aim to address this
limitation, with studies using EMA having a primary aim of looking at
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the associations between PA/SB and stress to allow for a more
comprehensive view. Studies should take into consideration the number
of assessments and the types of stress and PA/SB measures used, and
which participant characteristics could influence the potential associa-
tions between PA/SB and stress.

6. Conclusion

In conclusion, there is a growing body of literature exploring the
associations between stress and PA/SB and PA/SB and stress using EMA
methodologies. Overall findings appear to be mixed, however there
appears to be some evidence for stress to be associated with subsequent
lower levels of PA and PA to be associated with lower levels of stress.
Future research should investigate the impact of the way stress is
quantified, different intensities of PA and the context of both PA and SB
in order to get a better understanding of the associations between stress
and PA/SB. In addition, more detailed studies are needed to explore
personal and contextual factors that could influence these associations is
warranted.
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