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affect using ambulatory assessment techniques in indi-
viduals aged 4-65 years and assessed depressive symp-
toms. Our selection yielded 32 eligible studies. A
consistent finding was the positive within-person asso-
ciation between physical activity and concurrent or
subsequent positive affect, while results were mixed for
negative affect. Results were further inconclusive
regarding the role of depression in this relationship.
Common challenges affecting replicability include an
often-inadequate assessment of measurement reliability
and validity, and insufficient controls for relevant (con-
textual) factors in these analyses, such as the length of
the time-lag and mode of physical activity. Future stud-
ies should employ emerging best practices regarding
study design, analysis and reporting of ambulatory
assessment data. Such rigorous research practice will
strengthen our understanding of these relationships
and further inform more effective, personalised physi-
cal activity interventions to improve mood and depres-

sive symptoms.
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INTRODUCTION

Major depressive disorder is a common and devastating stress-related disorder that affects 5% of
the world's population yearly (GBD 2019 Mental Disorders Collaborators, 2022). It is
characterised by low mood, anhedonia, changes in sleep and metabolism and often suicidal
thoughts and acts. Prevalence rates of depression are twofold higher in women compared to
men (GBD 2019 Mental Disorders Collaborators, 2022), and approximately half of all first
depressive episodes occur during the first three decades of life (Solmi et al., 2022). There is thus
a great need for efficient preventive and therapeutic strategies for depression.

One such strategy is physical activity, which is known to improve several aspects of mental
health and is recommended by the World Health Organization (WHO; e.g., Bull et al., 2020).
Large-scale observational studies have revealed that physical activity lowers the risk of
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developing depression. Such beneficial effects on resilience have been observed after various
physical activity intensities, varying from light physical activity (e.g., walking) to moderate-
to-vigorous intensity physical activity (MVPA; e.g., running and swimming; Cabanas-Sanchez
et al., 2022; Chekroud et al., 2018; Harvey et al., 2018; Pearce et al., 2022; Schuch et al., 2018).
Physical activity can also have antidepressant effects, as a single bout of physical activity can
lead to acute improvements in mood in depressed individuals (Knapen et al., 2015; Noetel
et al., 2024; Oswald et al., 2020; Singh et al., 2023; Verhoeven et al., 2023), likely mediated by
short-term elevations in neurochemical substrates involved in mood regulation, including dopa-
mine, serotonin, endogenous opioids and endocannabinoids (Basso & Suzuki, 2017; Meeusen &
De Meirleir, 1995). These neurochemical changes can persist for up to two hours post-exercise,
potentially contributing to the immediate affective benefits of physical activity (Basso &
Suzuki, 2017).

To better understand how these mood improvements unfold in daily life, researchers have
increasingly turned to intensive longitudinal data collection (ILD) using ambulatory methods,
such as diary studies, ecological momentary assessment (EMA) or experience sampling method
(ESM; Bolger & Laurenceau, 2013). Ambulatory methods reduce retrospective bias
(Schneider & Stone, 2016), are ecologically valid (Myin-Germeys et al., 2018), and effective in
revealing temporal dynamics and within-person relationships between physical activity and
depressive symptoms in daily life (Fahrenberg et al., 2007). In ESM studies, momentary affect is
usually measured for testing the mood improvements of physical activities. An often-used defi-
nition of affect is: “any experience of feeling or emotion, ranging from suffering to elation, from
the simplest to the most complex sensations of feeling, and from the most normal to the most
pathological emotional reactions” (American Psychological Association, 2018). To date, two sys-
tematic reviews have examined the within-person association between physical activity and
affect (Bourke et al., 2021; Liao et al., 2015). Both reported a positive link between physical
activity and positive affect, while findings on negative affect were inconsistent as some studies
found no association whereas others reported a negative relationship.

Such discrepancies between studies might be explained by differences in methodology
across studies, but may also relate to differences in depressive symptom severity across samples.
From a clinical perspective, this is a crucial consideration: affective responses to physical activ-
ity may not be uniform across the depression spectrum. Individuals with milder symptoms may
experience relatively strong mood improvements, while those with more severe depression
may exhibit blunted or delayed affective responses, potentially due to reduced reactivity to posi-
tive stimuli. Specifically, the ‘Mood Brightening’ hypothesis proposes that depressed individuals
may exhibit stronger decreases in negative affect in response to positive events, including physi-
cal activity, compared to non-depressed controls. Evidence supporting this phenomenon
includes findings of enhanced negative affect reactivity among individuals with depression
(Bylsma et al., 2011; Peeters et al., 2003; Thompson et al., 2012). However, relevant literature
remains inconclusive, as other studies have found no consistent differences in affective reactiv-
ity between individuals with and without depressive symptoms (Oorschot et al., 2013; van
Roekel et al., 2016). These discrepancies between studies point to the need for a more system-
atic understanding of how depressive symptomatology may moderate momentary affective
responses—especially in relation to physical activity, which is not only a key behavioural corre-
late of mood but also a promising target for scalable interventions.

Both conceptual and methodological heterogeneity complicate the interpretation of find-
ings. On a conceptual level, affective responses to physical activity may differ based on depres-
sive symptomatology. On a methodological level, studies vary widely in affect measurement,
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time lags used and analytical choices, although recommendations have been made for the
research practice when studying the within-person association between affect and physical
activity (e.g., Kim et al., 2018; Ruwaard et al., 2018). This highlights the need for a systematic
review that not only synthesises findings, but also critically evaluates these design decisions.

Hence, this systematic review provides an overview of the within-person association
between physical activity and positive/negative affect and assesses the moderating role of
depressive symptomatology on this association. Given the methodological and conceptual
heterogeneity—particularly in how depressive symptoms and interaction effects are modelled—
we opted for a structured narrative synthesis rather than a quantitative meta-regression. Addi-
tionally, we summarise and discuss the research methodology regarding data collection and
analysis methods currently used in the field. We finish by reflecting on such results and provide
recommendations for future studies to adopt more rigorous research practice, facilitating a
more scientifically sound view on the dynamics between physical activity and affect.

METHODS
Eligibility criteria

Studies that were included addressed the within-person association between daily physical
activity and affect in children and adolescents (aged 4-18 years), and adults (aged 18-65 years
and young adults 18-25 years) and assessed depressive symptoms at least once a day. Within
the analyses, eligible studies also tested the within-person association between affect and physi-
cal activity using the same timeframes. Eligible studies measured affect or affect-related con-
structs such as mood with subjective reports, using for example ecological momentary
assessment (EMA), experience sampling method (ESM) or daily diaries. Physical activity was
either a subjective measure, obtained using questionnaires, or an objective measure, obtained
using wearable devices (e.g., accelerometers and pedometers). Studies were excluded if they
included manipulation of physical activity. Included studies contained a depressed sample or a
sample with sub-clinical symptoms. Healthy controls or a mixed group were also included if
symptoms were measured using a depressive symptom-related scale or depressed mood was
assessed. Studies including a sample with psychopathologies with a high comorbidity with
depression, such as anxiety disorders, but still with a main focus on depression, were also
included. However, studies were excluded if participants had other psychopathologies or neuro-
logical diseases, such as schizophrenia or Parkinson's disease.

Search strategy and information sources

This systematic review was registered on PROSPERO (CRD42024501899 for children, adoles-
cents and young adults and CRD42022323185 for adults). For primary literature searches, we
systematically searched peer-reviewed articles on five electronic databases: PsycINFO, Medline,
Embase, CINAHL and Web of Science. Studies submitted in English and published up to
December 2024 were considered. We have deviated from the included time range in our PROS-
PERO documents and further updated our search to increase the relevance of this systematic
review. In these databases, we searched for papers regarding (1) ecological momentary assess-
ment, (2) depression, (3) physical activity and (4) affect or affect-related constructs. To
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thoroughly find all the papers concerning these four concepts, the search method included all
possible combinations of all the synonyms and semantically connected words to EMA, depres-
sion, physical activity and affect (e.g., the list of search terms for depression: Anhedonia/ OR
anhedoni*.ti,ab,id. OR affective disorders/ OR affective disorder*.ti,ab,id. OR affective
symptom*.ti,ab,id. OR “depression (emotion)”’/ OR depress*.ti,ab,id. OR dysthymi*.ti,ab,id. OR
dysthymic disorder/ OR Major Depression/ OR MDD.ti,ab,id. OR mood disorder*.ti,ab,id.
OR recurrent depression/OR reactive depression/). For a complete overview of the search strat-
egy, see online supplemental materials (https://osf.io/f8zhc/). The search for papers was done
for (1) adults and (2) adolescents and young adults separately before deciding to combine the
results. Reviewers made sure that the papers screened were fully overlapping.

Selection process

After removing all duplicates using Zotero (version 6.0.26; Corporation for Digital
Scholarship, 2023), two primary reviewers independently screened titles and abstracts and
excluded papers that were clearly outside the scope of this review using Rayyan (Ouzzani
et al.,, 2016). When in doubt, this was first discussed amongst the primary reviewers, and if
needed, one or two secondary reviewers were consulted to achieve consensus. Next, full texts
were retrieved and independently inspected by the same two reviewers for eligibility based on
the inclusion and exclusion criteria. The same process as with the screening was adopted at
moments of disagreements to achieve consensus. Additional papers were identified by screening
the reference lists of the eligible papers using Citationchaser (Haddaway et al., 2021).

Data collection process and data items

Information that was collected from each included study was: study source, demographic
information, sampling design, measurements of affect and physical activity, descriptive statis-
tics, preprocessing choices, analytical approach and outcomes. For the outcomes, we investi-
gated the associations between physical activity and affect or affect-related constructs. More
specifically, we extracted the lagged and contemporaneous effect, direction of the correlation
(positive or negative), time-lag between physical activity and affect and significance of the
results. For the included studies, we also extracted the information regarding depressive or
subclinical symptomatology. As such, we extracted how depressive symptomatology was
assessed and what the relevant depressive scores were, if and how they were used in the
analyses and, if analysed, the results of the effect of depression on the outcomes. After
extracting the data, we determined the distinction between the different studies based on
depression within the synthesis of our results. Beforehand, we assumed that studies either
used a grouping variable for depression (e.g., binary variable, such as with and without diag-
nosis) or used a severity score as a moderator. The detailed data extraction manual can be
found in the online supplemental materials. One primary reviewer retrieved all data from
the eligible papers, and the data was then checked by the other primary reviewer. Discrepan-
cies between the reviewers were resolved through discussion between them and, if necessary,
with the two secondary reviewers until a consensus was achieved. Although we extracted
effect directions, significance levels and moderation by depressive symptoms when reported,
the discrepancies between studies in analytic strategies and reporting formats made
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meta-regression analysis unfeasible. Thus, we synthesised these results narratively, with
attention to patterns across study types and sample characteristics.

Risk assessment of bias

Two reviewers independently assessed the quality of included studies using the National Insti-
tute of Health's quality assessment tool for observational cohort and cross-sectional studies
(https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools), with minor modifi-
cations for EMA studies in line with Bourke et al. (2021). Each of the 12 quality items will
receive a yes, no or other (cannot determine, not applicable or not reported) score. Any dis-
agreements were discussed with the secondary reviewers until an agreement was reached.

RESULTS
Study selection

The literature search yielded 2,118 potential papers after deduplication. After screening the
titles, keywords and abstracts, 94 full texts were retrieved for studies on adolescents and young
adults, and 44 for studies on adults only. Based on a thorough screening of the full text, 17 and
14 papers met the inclusion criteria and were selected for this review for adolescents and young
adults and adults only, respectively. After checking the reference lists, 1,654 additional papers
were screened by both reviewers, from which full texts were retrieved for 41 papers. Based on
this screening, one additional paper was selected. In total, 32 papers were included. Figure 1
shows an overview of the procedure in a PRISMA flow diagram (Page et al., 2021).

Study characteristics

A summary of the study characteristics can be found in Table 1. Of the 32 included studies, four
studies were conducted in children and adolescents (age 10-17 years), 13 studies focused solely
on young adults (18-25 years), 14 studies focused on adults (18-65 years) and 1 study included
both adolescents and adults. Of all studies, 15 studies included participants with depressive
symptomatology, among which 12 studies included participants with depressive symptomatol-
ogy and healthy controls. Three studies specifically focused on subclinical depression (i.e., par-
ticipants with residual depressive symptoms scoring below thresholds of clinical interviews
and/or questionnaires) and/or the core symptom anhedonia, which refers to the inability to
experience pleasure. The remaining 14 studies only included samples of a general population.
To determine depression severity, eight studies used semi-structured diagnostic interviews.
Others used questionnaires, such as the Beck Depression Inventory (BDI), Montgomery Asberg
Depression Rating Scale (MADRS), Quick Inventory of Depressive Symptomatology (QIDS),
Patient Health Questionnaire (PHQ)-8/9, Center for Epidemiologic Studies Depression scale
(CES-D), the Depression Anxiety Stress Scale (DASS) and self-report for depression or the
Domains of Pleasure Scale (DOPS) or Snaith-Hamilton Pleasure Scale (SHAPS) for anhedonia
to distinguish patients from controls. Twelve studies did not distinguish between patients and
controls but measured depression severity to give an indication of the overall level of depression
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within the sample. More detailed results of the data extraction, such as cut-off scores for the
used questionnaires, can be found in the online supplemental materials.

Within-person association between physical activity and affect

To assess the within-person association between physical activity and affect, seven studies only
analysed their concurrent relationship. Twenty-two studies analysed a lagged association
between physical activity and affect — the association between current physical activity and sub-
sequent affect or vice versa. Three studies assessed both concurrent and lagged associations. Of
the studies assessing lagged effects, fourteen studies only assessed the association between phys-
ical activity and subsequent affect, two studies only assessed the association between affect and
subsequent physical activity and nine studies assessed this relation bidirectionally. Because of
differences in methodology between studies (e.g., type of analysis, constructs for affect and
physical activity and added control variables), which will be further discussed in Methodological
Differences section, it was not possible to compare effect sizes between studies. An overview of
all the results can be seen in Figure 2, and more detailed information about the study setup,
e.g., the used time lags, can be found in the online supplemental materials.

How is physical activity associated with subsequent levels of affect?

Most of the studies assessed if physical activity could predict subsequent positive or negative
affect or related constructs. In studies where the time-lag of physical activity was 15 minutes to
6 hours before the affect measurement, physical activity was associated with higher subsequent
momentary positive affect or related constructs in cohorts of depressed and healthy individuals
(Bakker et al., 2017; Dalton, 2022; Difrancesco et al., 2022; Li, Hachenberger, & Lemola, 2022;
Mata et al., 2012; Merikangas et al., 2019; Poon et al., 2024; van Loo et al., 2023; Wichers
et al., 2012) and in cohorts of only healthy individuals (Haas et al., 2017; Takano et al., 2013).
Of note, the significant positive association found by Bakker et al. (2017) was only observed in
the entire study sample, but not when depressed individuals and healthy individuals were
analysed separately. Studies that used longer time-lags (e.g., six hours to one day) showed no
association between physical activity and momentary positive affect in cohorts of depressed and
healthy individuals (Bos et al., 2018; Hachenberger et al., 2023). Three studies showed that the
association between physical activity and subsequent positive affect depends further on
the time-lag of measured physical activity in a cohort of depressed and healthy individuals
(i.e., smaller time-lag; Stavrakakis et al., 2015) or the intensity of physical activity measured in
only depressed individuals (Hollands et al., 2020) or only healthy individuals (Kirschner
et al., 2024).

When assessing the association between physical activity and subsequent negative affect,
studies show that higher physical activity was followed by subsequently lower negative affect
and related constructs when affect was measured 30 minutes to 12 hours later in cohorts of
depressed and healthy individuals (Difrancesco et al., 2022; Li, Hachenberger, & Lemola, 2022;
Merikangas et al., 2019; van Loo et al., 2023) or only healthy individuals (Adamis et al., 2024;
Kim et al., 2013; Li, Konstabel, et al., 2022). A study in depressed individuals showed that nega-
tive affect could be predicted with physical activity in the preceding 24 hours using machine
learning algorithms, but did not report the direction of this association (Shah et al., 2021). In
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contrast to the above-mentioned studies, a study in only healthy individuals shows that higher
physical activity was associated with higher subsequent negative affect, measured 15 minutes
later (Takano et al., 2013). Additional analyses reveal that this positive association could be
explained by the context in which physical activity was performed, i.e., it was related to physical
activities that, for example, had to be done quickly or were urgent. Other studies show no asso-
ciation between the preceding 30 minutes to a day of physical activity and subsequent negative
affect or related constructs in cohorts of depressed and healthy individuals (Bos et al., 2018;
Hachenberger et al., 2023; Mata et al., 2012; Poon et al., 2024; Stavrakakis et al., 2015; Wichers
et al., 2012) or only healthy individuals (Jennen et al., 2023; Kirschner et al., 2024). In the study
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FIGURE 2 Harvest plot of the results on the concurrent and lagged physical activity-affect association.

A. This graph shows the results on the concurrent associations between physical activity and affect separated for
day-level and momentary associations. B. This graph shows the results on the lagged associations between
physical activity and affect separated for (1) less than three hours, (2) three to 6 hours and (3) six and more
hours. The y-axis in figure B represents the actual time-lag in minutes, whereas the y-axis in A is absent because
the time-lag within each category is the same. Every bar represents a different study, and the colour of the bar
represents the different groups: healthy control, depressed participants or a sample containing depressed
participants and healthy controls. The numbers on the bar represents the different studies: 1) Adamis

et al., 2024; 2) Asselbergs et al., 2016; 3) Bakker et al., 2017; 4) Bos et al., 2018; 5) Cushing et al., 2018; 6)

Dalton, 2022; 7) DeMasi et al., 2017; 8) Difrancesco et al., 2022; 9) Fuller-Tyszkiewicz et al., 2017; 10) Haas

et al., 2017; 11) Hachenberger et al., 2023; 12) Heininga et al., 2017; 13) Hollands et al., 2020; 14) Jennen

et al., 2023; 15) Kim et al., 2013; 16) Kim et al., 2015; 17) Kirschner et al., 2024; 18) Langguth et al., 2016; 19) Li,
Hachenberger, & Lemola, 2022; 20) Li, Konstabel, et al., 2022; 21) Mata et al., 2012; 22) Merikangas et al., 2019;
23) Miiller et al., 2020; 24) Poon et al., 2024; 25) Ren et al., 2023; 26) Shah et al., 2021; 27) Stavrakakis

et al., 2015; 28) Takano et al., 2013; 29) Tenning et al., 2021; 30) Trachtenberg et al., 2024; 31) Van Loo

et al., 2023; 32) Wichers et al., 2012. Note: in studies 2, 25 and 26, the directionality of the association was not
reported. In studies 15 and 16 physical activity was measured 60 minutes centered around affect measure
measured when assessing the concurrent association. In study 20, physical activity was calculated in 30 minutes
time-windows within a 180 minutes time-lag and only the largest were reported. Results in mixed groups
contained similar results for depressed participants and healthy controls, or differences were not reported.

of Stavrakakis et al. (2015), 80% of the participants showed no association between physical
activity and subsequent negative affect. Four studies report contradicting results (Fuller-
Tyszkiewicz et al., 2017; Haas et al., 2017; Hollands et al., 2020; Langguth et al., 2016). These
studies reported that the association between physical activity and subsequent negative affect
can depend on (1) the time-lag of measured physical activity (i.e., smaller time-lags associated
with stronger effect) in healthy individuals (Fuller-Tyszkiewicz et al., 2017) or depressed
individuals (Hollands et al., 2020), (2) the constructs of negative affect in healthy individuals
(Haas et al., 2017) or (3) physical activity (Hollands et al., 2020) used in the analysis of
depressed individuals or (4) day and gender in a cohort of depressed and healthy individuals
(Langguth et al., 2016).

These results suggest that physical activity increases subsequent positive affect, but its
effects on reducing negative affect remained inconclusive. Methodological differences, particu-
larly the time-lag, partially explain these variations. Indeed, physical activity within the preced-
ing three hours predicts both positive and negative affect, while activity measured six or more
hours earlier does not. This time-lag effect seems to be more pronounced for positive affect. In
addition, those who find an association with physical activity and subsequent affect often mea-
sured the duration of overall physical activity (Difrancesco et al., 2022; Fuller-Tyszkiewicz
et al, 2017; Haas et al., 2017; Hollands et al., 2020; Langguth et al., 2016; Merikangas
et al., 2019). These studies mostly did not take into account the intensity of physical activity,
i.e., they mostly calculated the duration for all intensities combined (light to vigorous physical
activity). On the other hand, most studies that did not find an association with subsequent
affect often relied on subjective measurement of the intensity of the physical activity (e.g., how
active were you since the last beep) and did not consider the duration (Bos et al., 2018;
Hachenberger et al., 2023; Mata et al., 2012; Wichers et al., 2012).
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How is physical activity associated with preceding levels of affect?

While most studies tried to predict the level of affect using preceding physical activity, some
studies assessed if affect could also predict subsequent physical activity. Some studies showed
that higher momentary negative affect is associated with lower physical activity in the following
30 minutes to three hours in cohorts of depressed and healthy individuals (Difrancesco
et al., 2022) or only healthy individuals (Cushing et al., 2018; Kim et al., 2013). In addition, four
studies showed that positive affect could also predict physical activity in the following
90 minutes to a day in cohorts of depressed and healthy individuals (Bakker et al., 2017;
Difrancesco et al., 2022; Poon et al., 2024; Wichers et al., 2012). However, for two studies, the
positive association was observed in depressed, but not in healthy, individuals (Bakker et al.,
2017; Poon et al., 2024). In contrast, other studies showed that positive affective states (Bos
et al., 2018; Merikangas et al., 2019; Stavrakakis et al., 2015) or negative affective states (Bos
et al.,, 2018; Cushing et al., 2018; Heininga et al., 2017; Jennen et al., 2023; Merikangas
et al., 2019; Poon et al., 2024; Stavrakakis et al., 2015; Wichers et al., 2012) did not predict subse-
quent physical activity in the following 30 minutes to 18 hours. All these studies, except two
(Cushing et al., 2018; Jennen et al., 2023), included depressed individuals in their cohorts.
Two studies reported mixed results on the association between subsequent physical activity and
positive affect in cohorts of depressed and healthy individuals (Heininga et al., 2017; Li,
Konstabel, et al.,, 2022) and negative affect in only healthy individuals (Li, Konstabel,
et al., 2022), depending on the time-lag of physical activity. For example, these studies showed
that especially shorter time-lags of one day, instead of three days or 30 minutes, instead of 60 to
180 minutes, respectively, resulted in significant associations. Of note, this positive association
within shorter time-lags was not observed in individuals with anhedonia (Heininga
et al., 2017). Taken together, the results regarding affect and subsequent physical activity are
not consistent, even though higher positive and lower negative affect seemed to predict higher
physical activity shortly after the affect measure. As described in the previous section, the time-
lag between physical activity and affect and differences in physical activity parameters
(e.g., different intensities) could explain differences between study results. However, caution is
needed regarding these conclusions due to the limited number of papers that have investigated
these associations to date.

How are physical activity and concurrent affect associated?

A small part of the included studies assessed the association between physical activity and
concurrent affect. Studies either assessed the physical activity-affect relation on the day level or
on the prompt level by studying the correlation between affect and physical activity in a time
window centered around the affect measure. Several studies showed that more physical activity
was associated with higher same-day positive affect (Dalton, 2022; DeMasi et al., 2017; Mata
et al., 2012; Miiller et al., 2020; Trachtenberg et al., 2024) and lower concurrent negative affect
(Cushing et al., 2018; Kim et al., 2015, 2013; Miiller et al., 2020). Of those studies, three were
conducted in cohorts with depressed and healthy individuals (Dalton, 2022; Kim et al., 2015;
Mata et al., 2012). Studies using machine learning algorithms showed that positive and negative
affect could be predicted with concurrent same-day physical activity in these prediction models,
either in a cohort of depressed individuals (Ren et al., 2023) or healthy individuals (Asselbergs
et al., 2016). However, the directionality of this relation, i.e., positive or negative, was not
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reported. Two studies reported a non-significant concurrent association between physical activ-
ity and negative affect and related constructs in cohorts of depressed and healthy individuals
(Mata et al., 2012) or only depressed individuals (Tenning et al., 2021). The number of studies
looking at concurrent associations is limited, so again caution is needed when interpreting these
results. Still, these results suggest a positive association between physical activity and positive
affect, whilst the results on the association with negative affect seem to be more inconclusive.
Since these studies analysed the association between affect and physical activity at the same
moment, either momentary or same-day, no conclusions can be drawn on the causality or pre-
dictive nature of this association.

For the previous sections (How is physical activity associated with subsequent levels of
affect?, How is physical activity associated with preceding levels of affect? and How are physical
activity and concurrent affect associated? sections), it is not possible to compare effect sizes
across studies due to substantial differences in methodology. Nonetheless, effect sizes appear
rather small.

The role of depressive symptomatology in the within-person physical
activity-affect association

The role of depressive symptomatology in the relationship between physical activity and affect
is complex and moderately inconsistent. Studies adopted different methods to analyse the role
of depression: (1) assessing depressive symptoms or depressed mood as a within-person mea-
sure and related this to physical activity (Cushing et al., 2018; Fuller-Tyszkiewicz et al., 2017;
Haas et al., 2017; Kim et al., 2013; Langguth et al., 2016); (2) including a between-person vari-
able of baseline depressive symptomatology based on validated questionnaires in the analysis as
a moderator of the association between physical activity and affect (Bakker et al., 2017;
Hachenberger et al., 2023; Jennen et al., 2023; Li, Konstabel, et al., 2022; Takano et al., 2013);
or (3) comparing outcomes (statistically) between depressed individuals and healthy controls by
testing group differences (Difrancesco et al., 2022; Heininga et al., 2017; Mata et al., 2012;
Merikangas et al., 2019; Poon et al., 2024; van Loo et al., 2023; Wichers et al., 2012). Studies
assessing depressive mood were mostly done in healthy individuals and consistently showed
that it could be predicted by physical activity (Cushing et al., 2018; Haas et al., 2017; Kim
et al., 2013; Langguth et al., 2016). This was also observed in a sample with overrepresentation
of depressed individuals (Fuller-Tyszkiewicz et al., 2017). When adding depressive symptom-
atology as a between-person variable, or when comparing depressed individuals with healthy
controls, the results of these studies were inconsistent. For example, Difrancesco et al. (2022)
showed that the relation between physical activity and subsequent affect was stronger in
depressed individuals compared to healthy controls. Similar to this, Bakker et al. (2017) and
Poon et al. (2024) showed that in depressed individuals, but not in healthy controls, activity
could be predicted by positive affect in the previous assessment, although the groups were not
statistically different in the study of Bakker et al. (2017). Li, Konstabel, et al. (2022) showed in
healthy controls that the relation between physical activity and positive or negative affect was
stronger in participants with higher baseline levels of depressive symptoms. On the other hand,
Wichers et al. (2012) showed that healthy controls had a larger increase in positive affect than
the participants with MDD or MDD history at two prompts (on average three hours) after an
increase in physical activity. In line with that, Heininga et al. (2017) showed that only in con-
trols, but not anhedonic participants, positive affect could predict subsequent physical activity.
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Other studies showed no effect of depressive symptomatology (Hachenberger et al., 2023;
Jennen et al., 2023; Takano et al., 2013) or differences in effect between patients and controls
(Mata et al., 2012; Merikangas et al., 2019; van Loo et al., 2023). Based on these observations,
no clear conclusion can currently be made on the role of depressive symptomatology in the
physical activity-affect association.

Methodological differences
Risk of bias/quality assessment

We performed a quality assessment of all 32 reviewed studies (see Table 2). Of all studies, four
focused solely on predictive modelling using machine learning techniques, instead of making
statistical inferences on the temporal relationship between physical activity and affect
(Asselbergs et al., 2016; DeMasi et al., 2017; Ren et al., 2023; Shah et al., 2021). Two methodo-
logical shortcomings were common, as (1) 22 out of 32 studies (68.8%) did not report the partici-
pation rate of eligible participants, and (2) only one out of 32 studies (3.1%) provided sample
size justification (Kirschner et al., 2024), by means of statistical power analysis (Lafit
et al., 2024, 2021; Lakens, 2022; Revol et al., 2024;— see Table 2). Both shortcomings pose a sig-
nificant threat to the validity and accuracy of the statistical inference and prediction models.

In the following section, we further reflect on other crucial methodological decisions that
could influence the quality of the studies (e.g., regarding measurement, data analysis, etc.) and
summarise the methodological choices made by the studies. A more detailed description of
these decisions can be found in online supplementary materials (https://osf.io/f8zhc/).

Measurement of affect and physical activity: evidence of validity and reliability

The strategies to measure affect in the included studies can be categorised into three groups.
First, 20 (62.5%) studies (Bakker et al., 2017; Bos et al., 2018; Cushing et al., 2018; Dalton, 2022;
Difrancesco et al., 2022; Fuller-Tyszkiewicz et al., 2017; Haas et al., 2017; Hachenberger et al.,
2023; Heininga et al., 2017; Kirschner et al., 2024; Langguth et al., 2016; Li, Hachenberger,
& Lemola, 2022; Li, Konstabel, et al., 2022; Mata et al., 2012; Poon et al., 2024; Ren et al., 2023;
Stavrakakis et al., 2015; Takano et al.,, 2013; van Loo et al.,, 2023; Wichers et al., 2012)
adopted items from commonly used affect measures that were originally developed for use in
cross-sectional studies (e.g., Positive and Negative Affect Schedule; Watson et al., 1988; Profile
of Mood State, McNair et al., 1971), where items are typically categorised as either positive or
negative affect. Second, two (6.3%) studies based their affect measurements on the Depressed
and Anxiety Mood Scale (Fukui, 1997) and focused on affect items closely related to
depression—the mental disorder of primary interest for these studies (Kim et al., 2013, 2015).
Third, 10 (31.3%) studies used a very small number of affect items to reduce the burden of par-
ticipants from repeatedly reporting on many affect items (Adamis et al.,, 2024; Asselbergs
et al, 2016; DeMasi et al., 2017; Hollands et al., 2020; Jennen et al., 2023; Merikangas
et al., 2019; Miiller et al., 2020; Shah et al, 2021; Tenning et al., 2021; Trachtenberg
et al., 2024), and most did not report any validity evidence for the selected items (except for
Asselbergs et al., 2016).
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TABLE 2 Quality assessment of the eligible studies.

Assessment item 1 2 3 4 5 6 7 8 9 10 11 12
Adamis et al., 2024 Y Y NR Y N Y Y Y N N Y Y
Asselbergs et al., 2016 Y Y Y Y N Y Y Y Y N Y Y
Bakker et al., 2017 Y Y N N N Y Y Y N N NR Y
Bos et al., 2018 Y N NR Y NA Y Y Y N N Y Y
Cushing et al., 2018 Y Y NR Y N Y Y Y Y Y Y N
Dalton et al., 2022 Y Y NR Y N Y Y Y N N Y N
DeMasi et al., 2017 Y Y Y Y N Y Y Y N N N Y
Difrancesco et al., 2022 Y Y NR Y N Y Y Y Y N Y Y
Fuller-Tyszkiewicz et al., 2017 Y N NR N N Y Y Y N Y N Y
Haas et al., 2017 Y Y Y Y N Y Y Y Y Y Y N
Hachenberger et al., 2023 Y Y U Y N Y Y Y Y Y N Y
Heininga et al., 2017 Y Y U Y N Y Y Y N N Y Y
Hollands et al., 2020 Y Y NR Y N Y N Y N N Y Y
Jennen et al., 2023 Y Y N Y N Y Y Y N N NR Y
Kim et al., 2013 Y Y NR Y N Y Y Y Y Y Y Y
Kim et al., 2015 Y Y NR Y N Y Y Y Y N CD N
Kirschner et al., 2024 Y Y N Y Y Y Y Y N Y N Y
Langguth et al., 2016 Y Y NR Y N Y Y Y Y N CD Y
Li, Hachenberger, & Lemola, 2022 Y Y U Y N Y Y Y Y Y N Y
Li, Konstabel, et al., 2022 Y Y Y Y N Y Y Y N N N N
Mata et al., 2012 Y Y NR Y N Y Y Y N Y N Y
Merikangas et al., 2019 Y Y NR Y N Y Y Y Y N NR Y
Miiller et al., 2020 Y Y NR Y N Y Y Y Y N NR Y
Poon et al., 2024 Y Y NR Y N Y Y Y N N N Y
Ren et al., 2023 Y Y NR Y N Y Y Y Y Y NR Y
Shah et al., 2021 Y Y NR Y N Y Y Y Y N NR Y
Stavrakakis et al., 2015 Y Y NR Y N Y Y Y Y N Y Y
Takano et al., 2013 Y Y Y Y N Y Y Y Y Y N Y
Tonning et al., 2021 Y Y NR Y N N N Y Y N N N
Trachtenberg et al., 2024 Y Y NR Y N N Y Y N N NR Y
van Loo et al., 2023 Y Y Y Y N Y Y Y N Y N Y
Wichers et al., 2012 Y Y NR Y N Y Y Y N N Y Y

Note: Y = Yes, N = No, Other: CD = Cannot Determine, NA = Not Applicable, or NR = Not Reported; 1: Was the research
question or objective in this paper clearly stated? 2: Was the study population clearly specified and defined? 3: Was the
participation rate of eligible persons at least 50%? 4: Were inclusion and exclusion criteria for being in the study prespecified
and applied uniformly to all participants? 5: Was a sample size justification, power description, or variance and effect estimates
provided? 6: For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?
7: Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it
existed? 8: For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to
the outcome (e.g., categories of exposure, or exposure measured as continuous variable)? 9: Was the measure of physical
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activity (i.e., the exposure measure) clearly defined, valid, reliable and implemented consistently across all study participants?
10: Was the measure of affect clearly defined, valid, reliable and implemented consistently across all study participants? 11:
Was average adherence 80% or greater? 12: Were key potential confounding variables measured and adjusted statistically for
their impact on the relationship between exposure(s) and outcome(s).

A major methodological issue in measuring momentary affect is the assessment of reliabil-
ity. Reliability of ILD measures cannot be evaluated as is done in cross-sectional studies
(Castro-Alvarez et al., 2025, preprint), especially when ILD is collected from multiple partici-
pants, which creates a multilevel data structure. Due to this complication, assessing the reliabil-
ity of affect measures in EMA studies remains challenging, which is also reflected in the
reviewed studies. Reports on reliability of affect measures are as follows: (1) five (15.6%) studies
distinguished between the reliabilities on within- and between-individual levels and explicitly
report them (Fuller-Tyszkiewicz et al., 2017; Haas et al., 2017; Kirschner et al., 2024; Langguth
et al., 2016; van Loo et al., 2023); (2) four (12.5%) studies calculated the Cronbach's alpha on all
available data while ignoring the multilevel data structure (Heininga et al., 2017; Li,
Hachenberger, & Lemola, 2022; Li, Konstabel, et al., 2022; Mata et al., 2012); (3) two (7.1%)
studies calculated and report the within-person reliability for each participant (Bos et al., 2018;
Wichers et al., 2012); (4) two (6.3%) studies used the reliability of affect measures from previous
cross-sectional studies as evidence (Cushing et al., 2018; Dalton, 2022); (5) 19 (59.4%) studies
did not report any evidence of the reliability (Adamis et al., 2024; Asselbergs et al., 2016; Bakker
et al., 2017; DeMasi et al., 2017; Difrancesco et al., 2022; Hachenberger et al., 2023; Hollands
et al., 2020; Jennen et al., 2023; Kim et al., 2013, 2015; Merikangas et al., 2019; Miiller
et al., 2020; Poon et al., 2024; Ren et al., 2023; Shah et al., 2021; Stavrakakis et al., 2015; Takano
et al., 2013; Tonning et al., 2021; Trachtenberg et al., 2024).

For the measurement of physical activity, most of the reviewed studies used passive mea-
sures such as accelerometers (Asselbergs et al., 2016; Cushing et al., 2018; DeMasi et al., 2017;
Haas et al., 2017; Hollands et al., 2020; Kim et al., 2013, 2015; Kirschner et al., 2024; Langguth
et al., 2016; Li, Konstabel, et al., 2022; Merikangas et al., 2019; Poon et al., 2024; Ren et al.,
2023; Shah et al., 2021; Stavrakakis et al., 2015; Takano et al., 2013), pedometers (Tonning
et al., 2021), multifunctioning actigraphy (Difrancesco et al., 2022) or GPS (Miiller et al., 2020;
Tonning et al., 2021). In contrast, 14 studies relied on subjective reports of physical activity
(Adamis et al., 2024; Bakker et al., 2017; Bos et al., 2018; Dalton, 2022; Fuller-Tyszkiewicz
et al.,, 2017; Hachenberger et al., 2023; Heininga et al., 2017; Jennen et al., 2023; Li,
Hachenberger, & Lemola, 2022; Mata et al.,, 2012; Teonning et al., 2021; Trachtenberg
et al., 2024; van Loo et al., 2023; Wichers et al., 2012). However, none of the studies reported
evidence of reliability or validity for the subjective and passive measures used based on the
current sample or previous validation studies (e.g., Schoenmakers et al., 2025), which is an
important aspect to consider in future studies. To ensure validity, the measurement of physical
activity in the cross-sectional setting is recommended to cover its mode, frequency, duration
and intensity (Strath et al., 2013). Of these, frequency can be difficult to directly measure in a
longitudinal setting but can be calculated for the between-person level through aggregating
longitudinal data. Of the reviewed studies, four (12.5%) studies measured mode (Bakker
et al., 2017; Li, Hachenberger, & Lemola, 2022; Mata et al., 2012; Trachtenberg et al., 2024),
none directly measured frequency, and 15 (46.9%) studies measured duration (Asselbergs
et al., 2016; Cushing et al., 2018; Dalton, 2022; DeMasi et al., 2017; Difrancesco et al., 2022;
Fuller-Tyszkiewicz et al.,, 2017; Haas et al., 2017; Hachenberger et al., 2023; Hollands
et al., 2020; Kirschner et al., 2024; Langguth et al., 2016; Li, Konstabel, et al., 2022; Mata
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et al., 2012; Poon et al., 2024; Takano et al., 2013), and 10 studies (31.3%) measured intensity
(Asselbergs et al., 2016; Cushing et al., 2018; DeMasi et al., 2017; Difrancesco et al., 2022; Haas
et al., 2017; Hollands et al., 2020; Kirschner et al., 2024; Langguth et al., 2016; Li, Konstabel,
et al., 2022; Mata et al., 2012). For other reviewed studies, the measurement of physical activ-
ity is typically a mix of multiple dimensions (e.g., as a result of both duration and intensity:
passive measures of energy expenditure, Stavrakakis et al., 2015; subjective report of activity
level, van Loo et al., 2023).

Overall, reports on reliability and validity evidence for the measures of affect and physical
activity were less than satisfactory. Given the concerns of measurement error (Dejonckheere
et al., 2022; Schuurman et al., 2015) and validity issues (Horstmann & Ziegler, 2020; Plasqui
et al., 2013) of measurements in the longitudinal setting, such insufficient reporting may create
a substantial threat to the quality of conclusions drawn from the studies.

Data analysis approaches

For the analysis of ILD on affect and physical activity, most (25; 78.1%) studies used multilevel
analysis (Adamis et al., 2024; Bakker et al., 2017; Cushing et al., 2018; Dalton, 2022; DeMasi
et al., 2017; Fuller-Tyszkiewicz et al.,, 2017; Haas et al.,, 2017; Hachenberger et al., 2023;
Heininga et al., 2017; Hollands et al., 2020; Jennen et al., 2023; Kim et al., 2015, 2013; Kirschner
et al., 2024; Langguth et al., 2016; Li, Hachenberger, & Lemola, 2022; Li, Konstabel, et al., 2022;
Mata et al., 2012; Miiller et al., 2020; Poon et al., 2024; Takano et al., 2013; Tenning et al., 2021;
Trachtenberg et al., 2024; van Loo et al., 2023; Wichers et al., 2012), two (6.3%) studies adopted
generalised estimating equations for the analysis (Difrancesco et al., 2022; Merikangas et al.,
2019). Both approaches make use of data from all participants and can calculate the average
within-person association between physical activity and affect, with multilevel analysis also
being able to show between-person variability in such association. Additionally, three (9.4%)
studies conducted separate idiographic regression analysis for each participant in the samples
using the vector autoregressive model (Bos et al., 2018; Difrancesco et al., 2022; Stavrakakis
et al., 2015), and four (12.5%) studies used machine learning algorithms to develop personalised
prediction models of affect (Asselbergs et al., 2016; DeMasi et al., 2017; Ren et al., 2023; Shah
et al., 2021).

The proper inclusion of potential confounding variables as covariates in the statistical analy-
sis is crucial when investigating the temporal relationship between physical activity and affect.
When building prediction models through machine learning, it is also common practice to ini-
tially include many potential predictors. On the within-person level, an important covariate to
control for is the lagged outcome variable. For example, when exploring whether preceding
physical activity influences current affect, including previous affect as a covariate can help
researchers control for the carry-over/inertia of affect and get a more accurate estimate of the
effect of interest. 10 (31.3%) of the reviewed studies controlled for such lagged outcome vari-
ables in the analysis (Asselbergs et al.,, 2016; Bakker et al., 2017; Bos et al., 2018; Fuller-
Tyszkiewicz et al., 2017; Heininga et al., 2017; Jennen et al., 2023; Merikangas et al., 2019; Poon
et al., 2024; Stavrakakis et al., 2015; Wichers et al., 2012). Time-related covariates on the within-
person level were typically included in the analysis of 15 studies (46.9%) to correct for temporal
characteristics of the outcome variable such as trend and seasonality. Such covariates can
include: (1) time of day (Adamis et al., 2024; Bos et al., 2018; Hollands et al., 2020; Mata
et al., 2012; Ren et al., 2023; Shah et al., 2021; Stavrakakis et al., 2015; van Loo et al., 2023),
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(2) weekday versus weekends (Bos et al., 2018; DeMasi et al., 2017; Difrancesco et al., 2022;
Haas et al., 2017; Hachenberger et al., 2023; Langguth et al., 2016; Merikangas et al., 2019) and
(3) linear trend of time (Bakker et al., 2017; Bos et al., 2018; Cushing et al., 2018; DeMasi
et al.,, 2017; Haas et al., 2017; Hachenberger et al., 2023; Li, Konstabel, et al., 2022; Mata
et al., 2012; Stavrakakis et al., 2015; van Loo et al., 2023). Lastly, contextual covariates are also
considered by 17 (53.1%) studies. Commonly considered contextual covariates include: (1) physi-
cal environment such as current location and phone activities (e.g., calls, messages, screen time,
etc.; Asselbergs et al., 2016); (2) common protective and risk factors such as sleep quality, stress
exposure and social interaction (Adamis et al., 2024; Bos et al., 2018; DeMasi et al., 2017;
Hachenberger et al., 2023; Merikangas et al., 2019; Poon et al., 2024; Trachtenberg et al., 2024);
and (3) subjective appraisal related to affect and physical activity, such as pleasantness of the
physical activity and anticipation of reward (Bakker et al., 2017; Wichers et al., 2012).

On the between-person level, depression-related covariates (e.g., categorical as diagnosis sta-
tus or continuous as depressive symptoms) are important to consider given our research ques-
tion. However, this was not common practice among the reviewed studies, with only 10 studies
(31.3%) including such a covariate in the regression analysis (Bakker et al., 2017; Heininga
et al., 2017; Hollands et al., 2020; Kim et al., 2013; Mata et al., 2012; Merikangas et al., 2019;
Poon et al., 2024; Takano et al., 2013; van Loo et al., 2023; Wichers et al., 2012). In addition, in
12 studies (37.5%), demographic variables such as age (Bakker et al., 2017; Difrancesco
et al., 2022; Hollands et al., 2020; Jennen et al., 2023; Li, Konstabel, et al., 2022; Merikangas
et al., 2019; Poon et al., 2024; Tenning et al., 2021; van Loo et al., 2023), sex and/or gender
(Hachenberger et al., 2023; Hollands et al., 2020; Jennen et al., 2023; Langguth et al., 2016; Li,
Konstabel, et al., 2022; Mata et al., 2012; Merikangas et al., 2019; Poon et al., 2024; Takano
et al., 2013; Tonning et al., 2021; van Loo et al., 2023) are also controlled for.

Lastly, in order to clearly distinguish the effect on the within- and between-person levels in
multilevel analysis, a common approach is to apply person-mean centering to the within-person
level predictor. Most studies applied centering to the predictors before multilevel analysis with
a few exceptions (Bakker et al., 2017; Kim et al., 2015, 2013; Li, Hachenberger, & Lemola, 2022;
Mata et al., 2012; Tonning et al., 2021; Wichers et al., 2012). Additionally, researchers can
include the mean value of a within-person level predictor as a between-person level predictor
(e.g., average physical activity of one participant during the study). Seven studies (21.9%) indeed
controlled for average physical activity in the analysis (Adamis et al., 2024; Cushing et al., 2018;
Dalton, 2022; Haas et al., 2017; Hachenberger et al., 2023; Hollands et al., 2020; Trachtenberg
et al., 2024).

Therefore, although the general data analysis approach is highly similar among the
reviewed studies, the studies showed large heterogeneity in their particular choices of control
variables. This could potentially influence the accuracy of the estimated within-person associa-
tion, which might partly explain the inconsistency in results. For example, Li, Hachenberger,
and Lemola (2022) indicated that the purpose of physical activity moderates its effect on subse-
quent affect: both work- and chores-related physical activity were associated with lower positive
and higher negative affect compared to either leisure or sports-related physical activity. In addi-
tion, work-related physical activity was associated with lower positive affect compared to
chores-related physical activity, but no difference was found for negative affect. Subjective
appraisals of the physical activity might also be important. When Jennen et al. (2023) added the
affective valence (i.e., the enjoyment, perceived effort and competence) of activities,
the expected negative relationship between physical activity and subsequent loneliness was only
observed in activities of high affective valence. In line with this and as described in the results,
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Takano et al. (2013) showed that the positive association between physical activity and subse-
quent negative affect could also be explained by the urgency of the activities. Langguth et al.
(2016) reported a moderating effect of gender and daytype (i.e., weekend- or weekday) in the
physical activity-affect association. Their results reveal that in women, but not men, daily
MVPA predicts next-morning affect during weekdays, whereas no association was observed in
women or men during weekend days.

DISCUSSION

In this review, we provide an overview of the literature regarding the within-person association
between physical activity and affect and investigate if depression moderates this association. In
addition, we summarise the methodological choices on measurement and data analyses that
could influence the outcomes, with the purpose of generating recommendations for future
research.

General findings and inconsistencies

Regarding the within-person association between physical activity and concurrent and subse-
quent positive affect, most studies observed a positive association. The results on the association
between physical activity and concurrent or subsequent negative affect were mixed, with stud-
ies showing either a negative association or no association. However, caution is needed regard-
ing the conclusions on concurrent associations, since the number of included studies in this
review is limited. The results on the association between affect and subsequent physical activity
were limited as well, and also contradictory, as some studies showed a positive association with
preceding positive affect and a negative association with preceding negative affect, whereas
others showed no significant relationship with either. Reports on the role of depressive symp-
tomatology in the temporal relationship between physical activity and affect were also highly
inconsistent, with depressive symptoms being a significant moderator of this temporal relation-
ship for some studies, but not for others.

The results regarding the lagged and concurrent association between physical activity and
affect were in line with previous reviews on a smaller target population (e.g., children and ado-
lescents, Bourke et al., 2021; non-clinical population, Liao et al., 2015) that concluded that most
studies found a positive association between physical activity and positive affect, and inconsis-
tent findings for the association with negative affect.

Here, we discuss several potential reasons for the latter observations.

The lack of association between physical activity and prior or subsequent negative affect
could be explained by the floor effect usually seen with negative affect, resulting in less variabil-
ity (von Klipstein et al., 2023). Although this is mostly expected with healthy control samples
(e.g., Fuller-Tyszkiewicz et al., 2017; Wichers et al., 2012), some studies containing a sample of
MDD patients also did not show an association between physical activity and negative affect
(e.g., Mata et al., 2012; Stavrakakis et al., 2015). The moderating role of depression on the asso-
ciation between physical activity and affect remained unclear based on the reviewed studies,
which is potentially also due to a floor effect. Approximately half of the studies that were
included in this systematic review contained 0-33% of MDD patients, resulting in low variabil-
ity in depression severity scores within the samples.
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The results on the temporal relationship between physical activity and affect were
inconclusive and largely dependent on the length of the time-lag used for analysis or on
how physical activity is measured. Interestingly, most of the studies that did not find such
an association often used longer time-lags, for example, six hours to one day (Bos
et al., 2018; Fuller-Tyszkiewicz et al., 2017; Heininga et al., 2017; Stavrakakis et al., 2015). Some
studies showed significant lagged associations between physical activity and affect when
the time-lag was as short as two to three hours (Bakker et al., 2017; Difrancesco
et al., 2022; Fuller-Tyszkiewicz et al., 2017; Hollands et al., 2020; Kim et al., 2015, 2013; Li,
Hachenberger, & Lemola, 2022; Li, Konstabel, et al., 2022; Mata et al.,, 2012; Takano
et al., 2013; Wichers et al., 2012). This suggests that the mood-enhancing effect of physical
activity and the influence of momentary affect on subsequent physical activity were not
very long-lasting (up to roughly three hours). In addition, the duration of physical activity
rather than the intensity seemed to be associated with improved affect. We know from previous
research that light physical activity, such as walking, is already beneficial for mental
health (Cabanas-Sanchez et al., 2022; Mammen & Faulkner, 2013). Thus, the relationship
between activity intensity and affect is not necessarily linear. Overall, this suggests that how
physical activity is measured is important, although future studies are advised to investigate
which type, mode or intensity of physical activity is important when investigating
associations with affect.

Besides differences across studies, large individual differences in the temporal association
between physical activity and affect were also found in the studies, through both person-specific
analysis (Bos et al., 2018; Difrancesco et al., 2022; Stavrakakis et al., 2015) and the random effect
in multilevel analysis (Cushing et al., 2018). To understand such heterogeneity, measuring and
including relevant covariates in the statistical analysis is crucial. As suggested by the results,
contextual items (e.g., social interaction or mode of physical activity) in the EMA measure-
ments could be important moderators of the temporal relationship between physical activity
and affect. It remained unclear what covariates on the between-person level are relevant besides
depressive symptomatology, which requires more rigorous investigation and theorising in
future work.

Methodological reflections: towards better study designs

In this review, we summarised the methodological choices of the included studies, with special
focus on their measurement and data analysis approaches. For future studies to explore the
identified gaps in the literature, we further reflect on these methodological choices and aim to
eventually provide a roadmap that summarises the crucial methodological considerations when
designing future studies.

Measurement of affect and physical activity

Reliability and validity are the two key criteria when it comes to assessing the quality of a mea-
surement tool. For the two main variables in our review—affect and physical activity in daily
life—the current measurement practice of them is faced with different challenges given their
different natures (i.e., psychological versus physical).
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In the reviewed studies, we noticed an overall lack of assessment of reliability and valid-
ity for the affect measures in longitudinal settings. This shows that, as the validity and reli-
ability of the measurement of affect have been well established in the cross-sectional setting
(McNair et al., 1971; Watson et al., 1988), many EMA researchers assume that the psycho-
metric properties established in cross-sectional settings will automatically generalise to longi-
tudinal settings. However, concerns about this generalisation have been raised regarding
both the reliability and validity of EMA measurements (Kuppens et al., 2022; Vogelsmeier
et al., 2024). Tackling such concerns is a pressing issue of today's EMA methodology research
(Cloos et al., 2023), yet accessible tools for applied researchers to assess these properties
remain scarce (for promising examples, see: Castro-Alvarez et al, 2025, preprint;
Leertouwer & Schuurman, 2023). However, theoretical thinking on how to measure affect is
still warranted. For instance, tiredness and anger are both considered negative affect, yet it
can be assumed that intense physical activity differentially impacts these two affects,
i.e., greater tiredness and less anger. As Table 1 suggests, most reviewed studies measured
multiple affect items and simply aggregated them per valence (i.e., positive versus negative)
for additional analyses. We thus encourage researchers in future studies to reflect on, and
argue for, such measurement and analysis approaches.

Measurement error accounts for a substantial proportion (30-50%) of variance in EMA
affect measurements (Dejonckheere et al., 2022; Schuurman et al., 2015). Therefore, incorrectly
assuming sufficient reliability of such measurements on the within-person level can lead to
largely inaccurate conclusions. Regarding validity, although momentary affect measurements
are typically considered to be less prone to bias than the retrospective measurements used in
cross-sectional studies (e.g., concerning the past week; Leertouwer et al., 2022; Schwarz, 2012),
the cognitive process a participant undertakes to generate a rating could be largely different in
the two settings (Stone et al., 2023). Moreover, it remains largely unknown to researchers
whether the way participants respond to momentary affect measurements can change over time
as they repetitively go through such measurements. Such differences thus demand extra atten-
tion to assessing the validity of EMA affect measurements, for example, on the response pro-
cesses of participants (Eisele et al., 2023; Fritz et al., 2024).

Problems of reliability and validity can also exist for physical activity measures, which were
not discussed in the reviewed studies. For subjectively reported physical activity, such problems
can take the same form as for affect measurements. Whereas for assessing the quality of passive
measures of physical activities, there are additional complications. Assessing the reliability of a
passive physical activity measure at a certain temporal resolution (e.g., per minute) requires
data on the same or higher temporal resolution, which is not feasible for devices that only pro-
vide data aggregated at a lower temporal resolution (e.g., per hour). The validity assessment of
such passive measures typically focused on convergent validity: their correlation with other
well-established physical activity measures (e.g., the Douglas Bag, Nagayoshi et al., 2019).
Review studies on this question showed a large variability in the validity of passive measures of
physical activity (Pisanu et al., 2020; Plasqui et al., 2013).

To take a step back from the statistical view of validity, researchers should also consider the
conceptual question: do the passive measures sufficiently capture all the different dimensions of
physical activity (i.e., mode, frequency, duration and intensity)? For example, an accelerometer
is sensitive enough to movement-related physical activity but might not be able to record cer-
tain physical activities accurately, for instance, heavy weight training, yoga and exercises per-
formed on instruments with fixed handles (e.g., indoor cycling). Furthermore, physical activity
does not equal physical exercise: other occupational or domestic manual labour is also
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physically demanding activities but will most likely have a different impact on affect compared
to physical activities during one's leisure time. Understanding the context of measurements is
important for acquiring an accurate view of affect dynamics (Bringmann et al., 2024). There-
fore, researchers should also consider whether the measurement tool is able to capture the con-
text of physical activity, and if not, how to complement it by integrating other measures.

Lastly, the design of an EMA study could also potentially influence the reliability and
validity of the affect measurements but has not received enough attention from EMA
researchers. For example, does the sampling scheme (measurement prompts being signal-
contingent, i.e., participants passively respond to measurement prompts sent to them, or
event-contingent, i.e., participants actively report when a specific event occurs; Stadel
et al., 2024) influence the quality of momentary measurements? When using a signal-
contingent design, does the sampling frequency (i.e., the average time interval between two
consecutive measurements) play a role (Toledo et al., 2024)? In view of this, it might be benefi-
cial to combine both sampling schemes in future studies. Taken together, we consider it
difficult to establish reliability and validity evidence for intensive longitudinal measurements
that are robust against the diverse design choices of an EMA study. Therefore, we recommend
that applied EMA researchers explicitly provide reliability and validity evidence for the
measurements used whenever possible by building close collaboration with method-focused
researchers. Even if such evidence is well-established, caution is still needed when interpreting
the results of an individual study to avoid over-generalising any findings beyond its particular
EMA design.

Data analysis

As summarised earlier, the reviewed studies were all able to conduct data analysis that
acknowledges the multilevel structure of EMA data collected from multiple participants
in response to the research question. The statistical analyses were conducted -either
simultaneously on all participants’ data using multilevel analysis or generalised estimation
equations, or in an idiographic manner for each participant separately. However, the methodo-
logical choices were diverse among all the studies in two key aspects: the length of the time-lag
used for analysis and the covariates controlled in the analysis. Such differences are not negligi-
ble and could be another major reason why the results on the research question were mixed
across studies, besides the potential quality problems of measurements and large individual
differences.

To better understand the influence of such methodological choices, we urge future
researchers to first be more explicit in describing the reasoning for making such choices. It
is known that improper statistical control can induce biased results (Rohrer, 2018; Ryan
et al., 2022) and that the different choices of time-lags when aggregating passive measures
data can lead to different conclusions (Langener, Stulp, et al., 2024). Without a rigorous jus-
tification of such methodological choices, researchers risk reaching a conclusion of their
research questions that is partial and inaccurate. If such justifications are indeed difficult
given our current knowledge, researchers should consider conducting multiverse analysis on
the data, where all reasonable methodological choices (e.g., how to preprocess and aggregate
the data for composite scores of physical activity, which affect items to use for analysis) are
attempted to test the robustness of the analysis results (Heininga et al., 2015; Steegen
et al., 2016; Weermeijer et al., 2022; Wessel et al., 2020). Such analysis might also provide
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A methodological roadmap for future research

Here, we provide a roadmap (Figure 3) to help researchers navigate all key methodological deci-
sions that they will be faced with in future studies with similar research questions as our
review. The diverse methodological choices in the reviewed studies not only raised quality con-
cerns for the findings of individual studies, but also made aggregating (e.g., using meta-analysis)
and comparing the findings across studies unfeasible. Therefore, we hope that our roadmap
might help researchers who are interested in the topic of this review and result in more consis-

tent methodological choices for future studies.

Physical activity

Affect / Mood

Definition /
Operationalization

“any bodily movements produced by
skeletal muscles that result in energy
expenditure” (Caspersen et al., 1985)

Choose between more general mood or

more specific measures, such as
positive and negative affect

Measurement

Capture different dimensions of
physical activity: mode, duration,
intensity, and frequency

Use validated passive sensing
devices

e Use EMA to capture contextual
information

Reliability and validity evidence
from cross-sectional studies don't
necessarily translate to their
longitudinal use

Use items validated in the EMA
setting (Cloos et al., 2023) and
actively assess reliability of items
(Castro-Alvarez et al., preprint)

Data preprocessing

If possible, avoid devices that do

not provide raw data and

algorithms used for preprocessing

« Use different time-windows when
aggregating data for multiverse
analysis (Langener, Stulp, et al. 2024)

Be explicit about how missing
data is handled

When conducting multilevel
analysis, whether to center the
predictors should be based on the
main research question (Hamaker
and Grasman, 2015)

Data analysis

Conduct multiverse analysis to test the robustness of the results and to avoid
abusing the high researcher degrees of freedom. Different choices can be tested

on aspects including:
e Time-lag used for analysis;

Inclusion of non-linear effects.

Time-window used for aggregating physical activity data;
Contextual variables to include as predictors on the within-person level;
Control variables on the between-person level;

Reporting

l

If possible, pre-register the study (Langener, Siepe, et al., 2024)
To ensure replicability of the study, be explicit of every methodological

decision made in the process and provide reasoning

Sharing

Enable data and material sharing when possible
Open science can facilitate for example meta analyses

FIGURE 3 Roadmap for future research. This figure displays the methodological recommendations for

future research based on definition, measurement, data preprocessing, data analysis and reporting.
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Limitations

Our review also has a few limitations. First, our original goal of describing the role of depressive
symptomatology in the temporal association between physical activity and affect was not
realised due to the heterogeneity across studies in samples and analysis approaches. Second, we
describe the diverse findings and methodological choices across studies, but were unable to
pinpoint the effect of any particular methodological choice due to the small number of studies.
Because of this, some of the methodological suggestions proposed in our roadmap lack
concreteness.

CONCLUSION

This systematic review showed a positive within-person association between physical activity
and positive affect, but the moderating role of depression in this association remains unclear.
This review outlines both the consistent and inconsistent findings among existing studies and
demonstrates the importance of making well-justified methodological choices. We recommend
that future researchers make more informed methodological choices, as outlined in the
roadmap we have provided here. This will hopefully improve the replicability of this type of
research and result in a more accurate understanding of the effects of physical activity on the
within-person level. From this, we will gain further insight into how and for whom physical
activity has a mood-brightening effect and thereby provide more personalised treatment options
for future patients.
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