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Bi-directional associations of core 
affect and physical activity in 
adults with higher body weight: 
An ecological momentary 
assessment study 

Caroline Seiferth1* , Janis Fiedler2*, Tanja Färber1, 
Magdalena Pape3, Stefanie Schroeder1, 
Stephan Herpertz3, Sabine Steins-Loeber1 

and Jörg Wolstein1 

Abstract 
Affect is known to be predictive of and enhanced by higher physical activity (PA) levels in the general 
population. This secondary analysis aimed to increase the understanding of the bi-directional relationship 
between PA and core affect (i.e. valence, energetic arousal, and calmness) among adults with higher body 
weight. Affect and PA were assessed in naturalistic settings via ecological momentary assessment using a 
mixed sampling scheme from 157 participants (body mass index: 32.99 ± 3.78kg/m2). Multilevel models 
revealed that being more physically active in the 15minutes prior to the assessment predicted an increase 
in energetic arousal and a decrease in calmness. Subsequently, feeling more energetic and agitated was 
associated with increased PA within the following 15minutes. Valence (i.e. pleasure–displeasure) was not 
associated with PA nor predictive of subsequent PA. Digital PA interventions may target the enhancement 
of feelings of energy and present psychoeducation about these distinct psychological benefits. 
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dynamic real-life facilitators or barriers to increase 
PA in everyday life is important for identifying 
targets for PA promotion in obesity management. 

Affect has been highlighted as a meaningful 
predictor and outcome of PA in the general pop-
ulation (Bryan et al., 2017; Conroy and Berry, 
2017; Ekkekakis and Brand, 2019; Forster 
et al., 2021; Reed and Ones, 2006; Stevens 
et al., 2020; Williams and Evans, 2014). The 
hedonic theory proposes that a positive affec-
tive response (i.e. feeling good) during or fol-
lowing PA is associated with a higher likelihood 
to repeat the behavior and thus engage in more 
structured (Bryan et al., 2017; Conroy and 
Berry, 2017; Emerson and Williams, 2015; 
Lyubomirsky et al., 2005; Rhodes and Kates, 
2015) and incidental activity (e.g. walking, 
cleaning; Le et al., 2022). Additionally, 
increased PA can lead to positive affective out-
comes indicating a dynamic bidirectional rela-
tionship (Emerson and Williams, 2015; Hyde 
et al., 2011) which has been replicated at differ-
ent time intervals in intensive longitudinal stud-
ies in healthy children, adolescents, and adults 
(e.g. Bourke et al., 2021; Kim et al., 2020; Liao 
et al., 2015, 2017; Ruissen et al., 2022). 

Affect can be conceptualized as core affect, 
which is defined as a “neurophysical state con-
sciously accessible as a simplest raw (nonre-
flective) feeling evident in moods and emotions” 
(Russell, 2003: 148). Across the literature, there 
is an ongoing discourse about how to conceptu-
alize and measure core affect (Ekkekakis, 2013; 
Williams et al., 2019). Based on the circumplex 
model of core affect (Russell, 1980), affect can 
be summarized along two independent dimen-
sions of valence (i.e. pleasure–displeasure) and 
arousal (i.e. activation–deactivation). Thayer 
(1990) rejected valence as a separate dimension 
and claimed that two distinct types of 
arousal exist: energetic arousal (i.e. tiredness– 
wakefulness) and tense arousal (i.e. relaxation– 
tension). In contrast, the two-dimensional 
approach from Watson and Tellegen (1985) 
described affect along the dimensions of posi-
tive affect (e.g. happiness, excitement, alert-
ness) and negative affect (e.g. distress, anger, 
fear). A three-dimensional model based on 

valence, energetic arousal, and calmness 
(Schimmack and Grob, 2000; Schimmack and 
Rainer, 2002) has been proven to be sensitive 
enough to measure fluctuations of core affect 
within-person in daily life (Wilhelm and 
Schoebi, 2007) and is used in this paper. 

Existing studies that investigate the dynamic 
relation between dimensions of core affect and 
incidental PA in everyday life usually use eco-
logical momentary assessment (EMA). EMA 
allows to assess near real-time data and thus 
limit retrospective bias, improving ecological 
validity by assessing the data in everyday life, 
and to disentangle within- (i.e. how a person’s 
associations between core affect and PA change 
within this person over minutes, days, or weeks) 
and between-person (i.e. how associations dif-
fer between persons with higher average core 
affect/PA from persons with lower average core 
affect/PA) associations (Kanning et al., 2013; 
Liao et al., 2016). Such intensive longitudinal 
assessments allow measuring detailed and tem-
poral variations between affect and PA, which 
are possible reasons for physical inactivity in 
everyday life. 

Despite the benefits mentioned above, most 
of the studies investigating the relationship 
between core affect and PA in higher body-
weight individuals to date have been conducted 
in laboratory settings and focus on structured 
PA sessions and between-person effects (e.g. 
Berger et al., 2023; Ekkekakis et al., 2010; 
Ekkekakis and Lind, 2006; Hulens et al., 2003; 
Unick et al., 2012, 2015). Moreover, a range of 
negative emotional experiences that may influ-
ence the relationship between affect and PA in 
individuals with higher body weight have been 
identified (Baillot et al., 2021; Hamer et al., 
2021; Thedinga et al., 2021). The combination 
of psychological (e.g. fear of embarrassment 
and weight discrimination, internalized weight 
stigma, lower self-efficacy) and physical (e.g. 
discomfort, perceived pain) distress may be a 
determinant for decreased PA engagement in 
this group (Ekkekakis et al., 2016). 

However, these results provide little infor-
mation about how affect and PA are related in 
real-life among adults with higher body-weight. 
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To deepen this understanding, EMA studies are 
needed that examine the nature and frequency 
of time-varying within-person associations 
between core affect and device-based PA (Engel 
et al., 2016). Previous EMA studies have inves-
tigated this reciprocal relationship at the day-
level and found significant within-person 
associations between PA and valence (Carels 
et al., 2007; Emerson et al., 2018) and negative 
affect (Kerrigan et al., 2020). 

Although the understanding of the temporal 
dynamics of bidirectional within-person asso-
ciations is inconclusive (Kim et al., 2020), core 
affect is thought to change rapidly within-
persons (Brose et al., 2020) and that the associ-
ation between affect and PA is predicted to be 
greatest during or immediately after PA 
(Reichert et al., 2017). It is therefore essential to 
investigate the magnitude of the effect within 
shorter timeframes to gain a deeper understand-
ing about the timing of the affect-PA relation in 
a sample of higher-weight individuals. Such 
momentary associations have been primarily 
evaluated in the general population analyzing 
short time windows of PA in the 10 or 15min-
utes before and following an EMA (Bossmann 
et al., 2013; Kanning et al., 2015; Liao et al., 
2017; Reichert et al., 2017). More PA was asso-
ciated with higher valence (Bossmann et al., 
2013; Liao et al., 2017; Schwerdtfeger et al., 
2010) and higher energetic arousal (Bossmann 
et al., 2013; Kanning et al., 2015; Liao et al., 
2017; Reichert et al., 2017) and vice versa 
(Kanning and Schoebi, 2016; Koch et al., 2018; 
Liao et al., 2017; Reichert et al., 2016). 
Concerning calmness, bidirectional associa-
tions between higher PA and lower calmness 
were identified (Kanning et al., 2015; Koch 
et al., 2018; Liao et al., 2017; Reichert et al., 
2016, 2017). 

Building on the above findings, the current 
EMA study aimed to investigate the bi-
directional association between estimates of PA 
and dimensions of core affect (i.e. valence, 
energetic arousal, and calmness) in a sample of 
higher-weight individuals at the within- and 
between level using accelerometer-derived PA 
counts continuously measured in everyday life 

over seven consecutive days. The first objective 
of this secondary analysis was to examine 
whether PA in the 15minutes prior to the EMA 
is associated with participants reports of core 
affect at the within-person levels. We hypothe-
sized that higher levels of PA 15minutes prior 
to an affect measurement occasion would be 
associated with higher reported levels of 
valence (H1.1) as well as energetic arousal 
(H1.2) and lower reported levels of calmness 
(H1.3). The second objective was to investigate 
whether participants’ reports of core affect 
would be associated with PA in the following 
15minutes at the within-person levels. We 
hypothesized that higher levels of valence 
(H2.1) and energetic arousal (H2.2) and lower 
levels of calmness (H2.3) at one EMA would be 
associated with higher levels of PA in the fol-
lowing 15 minutes. We further explored differ-
ences at the between-person level and controlled 
for both person-specific (sex, age, BMI) and 
study-related variables (day of the week, time 
of the day, day in the study). 

Methods 

This is a pre-registered secondary analysis of 
existing EMA data from a randomized controlled 
trial (RCT) that tested the effectiveness of the 
gender-sensitive mHealth intervention I-GENDO 
(Pape et al., 2022; Seiferth et al., 2023). 

Participants and procedure 

Participants were recruited via social media, 
newspaper, radio, and self-help groups from 
December 2019 to August 2020. Eligible indi-
viduals (Additional File 1) initially attended an 
in-person appointment at the study sites to 
receive an accelerometer and the login informa-
tion for the I-GENDO application. The design 
of the original RCT was that participants com-
pleted a 7-day assessment (data collection: 
December 2019 to August 2020), followed by a 
12-week intervention period and a second 7-day 
assessment. The follow-up assessments took 
place 9 and 15 months after study inclusion. 
Participants were informed of their group 
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allocation after the first 7-day assessment was 
completed. For the current examination, only 
data from those participants who participated in 
the first assessment and who both wore the 
accelerometer and answered at least one EMA 
questionnaire were included (n =196, 68% 
female). Participants received a monetary com-
pensation of 10€ for each day with at least 
10hours accelerometer wear-time and 30€ for 
completing the first questionnaire of the RCT. 

EMA data collection procedure 

A mixed sampling scheme with both semi-
random signals and participant-initiated prompts 
was applied. Participants chose their preferred 
time frame of assessment (e.g. 7 a.m.–10:30 p.m), 
which could be adapted during the 7-day assess-
ment. Participants were alerted by the app at ran-
dom times within eight 90-minute blocks that 
were 30minutes apart throughout the chosen time 
period. 

Participants were instructed to respond to the 
prompt as soon as possible in everyday life. 
EMA questionnaires consisted of 18 items in 
total with an estimated response time between 
30 and 120 seconds. Only the items measuring 
core affect were included in this examination. 
For these items, participants marked the point 
that represented their perception of their current 
state on a visual analog scale. If participants 
missed a prompt or were not able to answer the 
questions at the moment, they were able to post-
pone the questions. Participants were not aware 
of the prompting schedule and were only 
informed that prompts would occur randomly 
in the chosen time span. Participants’ compli-
ance with the sampling schedule was calculated 
from the completed number of assessments rel-
ative to the 56 scheduled assessments. 

Measurements 

Questions about age, sex, height, and weight 
were included in the questionnaire of the RCT. 
BMI was calculated by dividing the reported 
weight in kilograms by height in meters squared. 

Device-based measured PA. PA in everyday life 
was measured continuously using the tri-axial 
ActiGraph® wGT3X-BT accelerometer (firm-
ware v1.9.2, ActiGraph, Pensacola, FL, USA). 
The accelerometers have shown good validity 
and reliability in adults in previous studies 
(Aadland and Ylvisåker, 2015). Participants 
were instructed to position the sensor at the 
right hip, which was found to be a good place-
ment for the assessment of everyday PA (Cle-
land et al., 2013) and to wear the accelerometer 
during waking hours and to only take it off 
while showering or participating in other water-
related activities. PA as measured by the accel-
erometer was expressed as vector magnitude 
(VM) of 60-second epochs, which combines the 
mean acceleration from three individual axes 

˙ 2 2 2 ˘ˇ vm = (axis 1 ) + (axis 2 ) + (axis 3 ) �. VM wasˆ � 
choosen over certain intensity estimations like 
moderate-to-vigorous PA for better comparabil-
ity throughout studies as for example, the 
choice of certain cut-points varies greatly 
throughout the literature (Burchartz et al., 
2020). VM represents a dimensional estimate 
for PA over a defined time period (Migueles 
et al., 2022) and is used for estimating energy 
expenditure expressed as metabolic equivalents 
(MET) and intensity classification from cut 
points (Sasaki et al., 2011). Notably, cut points 
for energy expenditure in higher-weight adults 
based on walking have been reported as 3454– 
7555vm countsmin−1 for moderate PA (3–6 
METs) and >7555vm countsmin−1 for vigor-
ous PA (>6 MET) (Howe et al., 2017). 

Core affect. To assess core affect, the German 
short scale of the Multidimensional Mood 
Questionnaire (Steyer et al., 1997), developed 
and validated for momentary assessment (Wil-
helm and Schoebi, 2007), was used. The scale 
consists of six bipolar items reflecting three 
basic dimensions of core affect: valence 
(unwell–well, discontent–content), energetic 
arousal (tired–awake, without energy–full of 
energy), and calmness (tense–relaxed, agitated– 
calm). The score for each subscale is the mean 
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of the two item scores and ranges from 0 (low-
est) to 100 (highest). 

Data analysis 

Raw PA data was imported into the ActiLife® 

software (v6.13.4; ActiGraph, Pensacola, FL, 
USA; Additional File 1). PA data was matched 
with the EMA questionnaire responses using 
electronic date and time stamps within a 
Microsoft Access database. Following existing 
EMA studies we included PA in the 15 minutes 
prior to and 15 minutes following the affect 
assessment. This measurement interval was 
also chosen for methodological reasons, as the 
EMA was scheduled to be at least 30 minutes 
apart, thus preventing the PA data from being 
considered more than once. Proceeding from 
the time stamps of the questionnaire (i.e. open-
ing and completion), PA was calculated by 
aggregating the mean VM from 15 minutes 
prior to (i.e. 15 minutes before the question-
naire was opened) and 15 minutes following 
(starting from the time the questionnaire was 
completed) each completed EMA (Additional 
File 1). EMA/PA data, participant data (i.e. 
age, sex, BMI), and time variables (i.e. week-
end/weekday, time of the day, day in the study, 
time from beginning of the study) were 
merged. 

Statistical analysis 

R (R Core Team, 2021) and RStudio (RStudio 
Team, 2021) were used for all analyses 
(Additional File 1). Multilevel models were cal-
culated with the repeated measurements (level 
1) nested within participants (level 2). Four 
separate models were calculated to investigate 
the influence of PA in the 15minutes prior to 
the EMA on affect (H1.1–1.3) as well as the 
influence of affect on PA in the 15 minutes fol-
lowing the assessment (H2.1–2.3). 

All continuous predictors (PA in the 15min-
utes prior, valence, calmness, energetic arousal), 
were centered at the person-mean (Hoffman and 
Stawski, 2009) and included into the respective 

models at level 1 as fixed effects. Random 
effects for each predictor were included in the 
model. Non-significant random effects were 
excluded, resulting in different models for the 
predictors. Next, we entered a series of variables 
at level 1 as fixed effects to control for timely 
and diurnal variations (Additional File 1). PA in 
the 15minutes prior to the prompt was added as 
a control variable at level 1 for the PA model. 
The person-mean of the respective predictor and 
sex, BMI (kg/m2), and age in years were added 
at level 2 into the models. Variables were only 
included in the final models if they improved the 
model-fit (Additional File 1). Level for signifi-
cance was set a priori to α < 0.05. 

Results 

Participant’s characteristics and the mean of the 
predictor and outcome variables are shown in 
Table 1. Attrition rates are displayed in Additional 
File 2. 

Affect following physical activity 

Within-person results indicate no significant 
relationship between PA and valence (Table 2). 
As hypothesized, PA was associated with higher 
energetic arousal (β =0.08, p < 0.001) and 
lower calmness (β =−0.04, p =0.035) within-
persons. A 1-point increase in PA above the 
person-mean in the 15minutes prior the assess-
ment of affect was related to an average increase 
of 0.0027 higher energetic arousal, and a 
decrease of −0.0012 calmness. Between-person 
results showed a significant effect between PA 
and energetic arousal (β =0.10, p =0.014), indi-
cating that participants with higher PA than the 
average person show higher values of energetic 
arousal (Additional File 2). 

Physical activity following affect 

Within-person results indicated no significant 
relationship between PA and valence (Table 3). 
As hypothesized, energetic arousal was associ-
ated with higher PA in the following 15minutes 
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Table 1. Descriptive data of all participants and observations included in the analysis. 

Female (n=107) Male (n=50) 

Age in years, M (SD) 47.0 (12.9) 51.0 (9.5) 
Body mass index, M (SD) 33.2 (3.7) 32.4 (3.9) 

15minutes prior 15minutes following 15minutes prior 15minutes following 

Vector magnitude, M (SD) 765 (772) 628 (736) 762 (873) 669 (809) 
Valence, M (SD) 68.5 (24.5) 68.6 (24.6) 74.4 (23.3) 74.4 (23.5) 
Energetic arousal, M (SD) 56.8 (26.9) 57.6 (26.7) 66.7 (25.5) 67.6 (25.2) 
Calmness, M (SD) 64.9 (25.2) 64.6 (25.2) 68.7 (25.7) 68.5 (26.0) 

Displayed are the means (M) and standard deviations (SD) for the parameters age and body mass index, as well as the 
mean and standard deviations of the 7-day assessment of the variables vector magnitude, valence, energetic arousal, and 
calmness separated by sex (female and male) and time period (15 minutes prior and 15 minutes following). A total of 
N = 157 participants and n =4807 observations (15 minutes prior to the assessment) and n =4276 observations (15min-
utes following the assessment) were included in the analysis. 

(β = 0.09, p < 0.001) and lower calmness 
(β = −0.05, p = 0.007) within-persons. A 1-point 
increase in energetic arousal and calmness 
above the person-mean was associated with an 
average increase of 3.01 higher, and 2.03 lower 
PA during the following 15minutes. 

Discussion 

The primary aim of the present secondary 
analysis was to investigate the bi-directional 
association between device-based measured 
PA and self-reported levels of valence, ener-
getic arousal, and calmness in everyday life in 
a sample of individuals with higher body 
weight on the within-person level. The find-
ings support the hypothesis of a bi-directional 
association between PA in daily life and ener-
getic arousal (H1.2, H2.2) and calmness (H1.3, 
H2.3), whereas no evidence was found for 
valence (H1.1, H2.1). 

This null finding for valence is unexpected 
because from a theoretical perspective, posi-
tively valenced affect is assumed to influence the 
cognition, perception, and behavior of individu-
als insofar that beneficial resources are expanded 
and positive goals (i.e. health promotion) are 
pursued (Lyubomirsky et al., 2005; Williams and 
Evans, 2014). According to Fredrickson (2001), 
this broaden and built state is needed to prepare 
oneself for future challenges. In the other 

direction, PA is assumed to be associated with 
the release of mood-enhancing neurotransmit-
ters (i.e. serotonin) and protective effects on the 
stress-regulation system (Basso and Suzuki, 
2017). These theoretical assumptions are 
strengthened by prior EMA studies investigating 
the reciprocal relationship between PA and 
valence in non-clinical samples as well as in 
individuals with higher body weight across var-
ying time frames (Carels et al., 2007; Emerson 
et al., 2018; Liao et al., 2015). An explanation 
for the deviating results could be the wide vari-
ety of study designs and assessments of affec-
tive valence used (Kim et al., 2020). Emerson 
et al. (2018) found bi-directional associations 
between more positive valence and higher PA at 
the day level. In this study, different measures 
for PA (i.e. self-report) and affect (i.e. feeling 
scale) were used which might explain the differ-
ent results (Silveira et al., 2022). Another reason 
could be that the positive effect of PA on valence 
and vice versa might hold over the course of the 
day in higher-weight individuals but not imme-
diately as shown in the general population 
(Bossmann et al., 2013; Williams et al., 2012). 
Our findings are comparable to those of Kanning 
et al. (2015), who also found that PA in the 
10minutes prior did not predict valence in older 
adults. Interestingly, they found that the rela-
tionship was moderated by BMI, indicating that 
individuals with higher BMI scores were more 
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Table 3. Multilevel model analysis examining the influences of valence, energetic arousal, and calmness on 
physical activity. 

Vector magnitude (15minutes following) 

B β 95% CI Std. 95% CI p 

Intercept 
Valence (within) 
Energetic arousal (within) 
Calmness (within) 
VM 15 minutes prior 
Valence (between) 
Energetic arousal (between) 
Calmness (between) 
BMI 

481.35 
0.64 
3.01 

−2.03 
0.26 
0.04 
2.66 

−0.16 
−11.03 

−0.01 
0.02 
0.09 

−0.05 
0.26 
0.00 
0.05 

−0.00 
−0.06 

298.61–664.08 
−1.12 to 2.41 

1.95–4.07 
−3.50 to −0.56 

0.21–0.31 
−6.39 to 6.47 
−1.28 to 6.61 
−5.08 to 4.77 

−20.80 to −1.25 

–0.06 to 0.05 
−0.03 to 0.06 

0.06–0.12 
−0.09 to −0.02 

0.21–0.31 
−0.12 to 0.12 
−0.02 to 0.13 
−0.10 to 0.10 
−0.11 to −0.01 

<0.001 
0.477 

<0.001 
0.007 

<0.001 
0.991 
0.185 
0.951 
0.027 

Random effects 

σ2 

τ00id 

τ11 valence (within) 

τ11 VM 15minutes prior 

ρ01 

450,984.42 
40,603.38 

10.01 
0.05 
0.48 
0.45 

ICC 0.14 
Nid 

Observations 
157 

4276 
R2/Conditional R2 0.089/0.215 

Displayed are the within-person results of the person-mean centered variables valence, energetic arousal, and calmness, 
and the within-person control variable vector magnitude (VM) 15 minutes prior to the assessment on vector magni-
tude 15minutes following the assessment. Additionally, the between-person results of person mean valence, energetic 
arousal, calmness, and grand mean centered BMI. All results are displayed using the raw Beta (B), the standardized Beta 
(β), 95% confidence intervals (CI), and standardized (std.) 95% CI. Additionally, the within-person variance (σ2), the 
between-person variance (τ00 id), (τ11 ID.val), (τ11 ID.vm_b15), (ρ01), the intraclass correlation coefficient (ICC), the 
number of participants (N id), and the number of observations are displayed. Bold font reflects statistically significant 
effects. 

likely to experience higher levels of unpleasant-
ness when they were physically active. These 
findings combined with our results match the 
considerations of Ekkekakis et al. (2016) who 
examined the divergent determinants of exercise 
in individuals with a BMI greater or equal 25 
compared to “normal-weight” counterparts. In 
their review, they proposed a conceptual frame-
work which describes that the greater the body 
weight, the more physical and psychological 
discomfort arises and consequently a decrease 
in motivation to engage in PA. In comparison to 
“normal-weight” counterparts, higher body-
weight individuals seem to experience less 

pleasantness from exercise (Ekkekakis et al., 
2016). Based on our results, we assume that 
even though the perceived consequences of 
acute everyday activity are unlikely as severe as 
in the context of structured exercise, the con-
scious decision to be physically active through-
out the day (i.e. getting up at work, taking the 
stairs) could be rendered by past affective expe-
riences in the context of exercise. Following a 
dual-process decision making system (Bryan 
et al., 2017; Hofmann et al., 2008; Williams and 
Evans, 2014), this process could get impeded by 
the affect-driven impulsive pathway which 
relies on interoceptive cues and, does 
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not distinguish between different forms of 
movement. If this assumption can be confirmed 
in further experimental and controlled study 
designs within comparable samples, time, and 
PA outcomes, it may provide a possible mecha-
nism for why people with higher body weight 
show lower levels of everyday activity. 

As hypothesized, higher energetic arousal 
was reported by the participants whenever they 
were more physically active in the 15minutes 
prior to the assessment (H1.2). The reverse 
analysis showed that higher energetic arousal 
was associated with being more physically 
active in the 15minutes following the assess-
ment (H2.2). Comparable results were found in 
previous studies investigating adults with 
“normal-weight” and a range of PA outcomes 
and time frames (Liao et al., 2015; Reichert 
et al., 2017) as well as for adults with higher 
body weight that used self-reported measures of 
PA within one single day (Emerson et al., 2018). 
These finding are reasonable because behavio-
ral theories assume that positively valenced 
experiences are more likely to be repeated, thus 
reinforcing future PA behavior in everyday life 
(Stevens et al., 2020). However, the finding is 
particularly interesting in light of the fact that 
we detected no positive association between 
valence and PA. In our sample, higher levels of 
PA led to a high-activation (i.e. feeling awake 
and full of energy) but not to more pleasantness. 
To clarify these findings, it would be necessary 
to assess if other variables, such as the context 
or the degree of self-determination, are respon-
sible for this association (Kanning et al., 2021). 
To establish a causal interpretation and inform 
future PA interventions, a promising approach 
would be to experimentally modify partici-
pants’ energetic arousal and analyze the effect 
on PA. If this association proves to be causal 
then feeling tired and lacking energy may be a 
barrier for PA uptake. 

We found evidence for a significant negative 
bi-directional association between PA and calm-
ness. If individuals with higher body-weight 
were more physically active, they felt more agi-
tated (i.e. less calm and relaxed; H1.3), and if 
participants felt calmer they were less physically 

active (H2.3). This finding is consistent with 
previous EMA studies investigating the influ-
ence of calmness in populations with normal 
weight (Kanning et al., 2015; Reichert et al., 
2016, 2017). Reichert et al. (2016) showed that 
this negative within-person influence is still evi-
dent up to 140minutes. The extent to which PA 
and calmness are interdependent or if further 
variables moderate this association is still 
unclear. It could be, for example, that higher lev-
els of PA are associated with higher levels of 
stress (Stults-Kolehmainen and Sinha, 2014) 
(e.g. running to catch a train ride) or internalized 
weight stigma (Carels et al., 2019) (e.g. walking 
up stairs while being watched by others). When 
developing PA interventions, researchers and 
practitioners should inform participants about 
the acute effects of PA (i.e. restlessness) and the 
long-term beneficial effects on well-being. 
Consideration of the optimal timing of PA is 
important to improve well-being (i.e. not at the 
end of the day when levels of calmness tend to 
be lower) (Kanning et al., 2015). 

The strengths of our investigation are that it 
includes a large sample of the understudied 
population of higher-weight individuals, com-
bines device-based measured PA with EMA, 
and follows a pre-registered design (Liao et al., 
2016). Nonetheless, some limitations must be 
considered when interpreting the results of this 
paper. First, PA data were not distinguished 
between exercise and non-exercise PA even 
though previous studies showed distinct asso-
ciations to core affect (Reichert et al., 2017). 
Given the limited studies on participants with 
higher body weight, this study included only 
the raw measure of activity counts. Future stud-
ies should delve deeper and include other PA 
measures (i.e. light, moderate, and vigorous PA, 
step count) and contextual variables. Second, 
participants had unlimited time to respond to 
the prompts because the program had no time-
out feature. Time was accounted for in the data 
processing, but it led to missing data. Including 
timeout for prompts could reduce participant 
burden in future research. Third, time windows 
of 15minutes were chosen for the analysis of 
the bi-directional association of PA and affect 
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according to previous literature (Bourke et al., 
2021; Liao et al., 2017; Schwerdtfeger et al., 
2008). Given the insufficient knowledge about 
the temporal course of these associations, vari-
ous time windows should be explored in future 
studies (Kim et al., 2020; Reichert et al., 2016). 
Fourth, some data collection took place during 
the COVID-19 pandemic. Because of varia-
tions in the timing of the study enrollment and 
data assessment, we did not systematically 
examine the potential influence of different 
restrictions in different regions. Finally, it must 
be taken into account that no independent 
power analysis was performed for the present 
secondary analysis. Future studies should per-
form simulation-based multilevel power analy-
sis to ensure adequate sample size. 

Conclusions 

Overall, the results suggest distinct acute bi-direc-
tional within-person associations between the 
dimensions of core affect and PA among adults 
with higher body weight in everyday life. Although 
more research is needed to confirm these findings, 
we suggest two important implications as a start-
ing point for researchers and practitioners that 
might inform the development and design of (digi-
tal) interventions targeting PA engagement. 

First, the motivation to engage in long-term eve-
ryday PA among higher-weight individuals could 
be enhanced by delivering health communication 
messages about the benefits of PA that go beyond 
the weight-related health outcomes. 
Psychoeducational material should be provided 
that highlights the affect-regulation potential of 
everyday PA. Moreover, our finding that being 
physically active led to no enhancement in feeling 
better contradicts the narrative often portrayed in 
PA programs (“move more and you will feel bet-
ter”). Hence, this association might not apply as an 
acute effect to higher-weight individuals and should 
thus be presented with caution. Such messages 
could establish a discrepancy between the expecta-
tions of PA and the actual experience of PA. Instead, 
participants’ attention should be drawn to feelings 
of energy and agitation (i.e. psychoeducation and 
self monitoring after PA engagement), which occur 

even after short periods of PA and which might 
increase the adaption of a habitual PA lifestyle. 

Second, our results suggest that feeling more 
energized and agitated predicted acute PA 
engagement in a sample of higher-weight indi-
viduals. These findings could imply that inter-
ventions designed to foster PA might be 
more effective when they deliver brief affect-
enhancing strategies that target the modification 
of energetic arousal and calmness in real-time. 
Higher-weight individuals might benefit from 
guided mental imagery tasks about PA engage-
ment or the confrontation with auditory or visual 
stimuli (i.e. high arousal rhythmic music, posi-
tive media content). Additionally, situations in 
which an individual feels more energetic and less 
calm might represent an opportune moment for 
PA interventions (i.e. recommend PA when rat-
ings of energetic arousal are high and ratings of 
calmness are low). The timing of such personal-
ized acute interventions could be identified by 
affect focused assessments and the identification 
of individual patterns of affect fluctuation (i.e. 
just-in-time adaptive interventions). 

Replication of the present evidence on dis-
tinct influences of core affect and PA within 
other (more diverse) samples (i.e. BMI, gender, 
race, no treatment enrollment) is needed to gen-
eralize these findings and confirm causality. 
Likewise, we encourage further studies to imple-
ment experimental approaches (e.g. manipula-
tion of energetic arousal) and to investigate 
factors that might moderate the nature of the 
reciprocal associations in individuals with higher 
body weight (e.g. internalized weight bias, phys-
ical limitations, context, intensity of PA, self-
determination, self-efficacy, depression). 
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