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Abstract
Background  The interplay of physical activity (PA) with affective well-being (AWB) is highly critical to both health behav-
iors and health outcomes. Current prominent theories presume AWB to be crucial for PA maintenance, and PA is evidenced 
to foster mental health. However, thus far, PA-AWB associations have mainly been researched in laboratory settings and with 
interventional designs, but the everyday life perspective had not been focused on, mostly due to technological limitations. 
In the course of digitization, the number of studies using device-based methods to research the within-subject association of 
physical activity and affective well-being (PA-AWB) under ecological valid conditions increased rapidly, but a recent compre-
hensive systematic review of evidence across populations, age groups, and distinct AWB components remained inconclusive.
Objectives  Therefore, we aimed to firstly review daily-life studies that assessed intensive longitudinal device-based (e.g., 
electronic smartphone diaries and accelerometry) and real-time PA-AWB data, secondly to develop and apply a quality 
assessment tool applicable to those studies, and thirdly to discuss findings and draw implications for research and practice.
Methods  To this end, the literature was searched in three databases (Web of Science, PubMed, Scopus) up to November 2022. 
The systematic review followed the PRISMA guidelines and had been pre-registered (PROSPERO id: CRD42021277327). 
A modified quality assessment tool was developed to illustrate the risk of bias of included studies.
Results  The review of findings showed that, in general, already short PA bouts in everyday life, which clearly differ from 
structured exercise sessions, are positively associated with AWB. In particular, feelings of energy relate to incidental (non-
exercise and unstructured) activity, and PA-AWB associations depend on population characteristics. The quality assessment 
revealed overall moderate study quality; however, the methods applied were largely heterogeneous between investigations. 
Overall, the reviewed evidence on PA-AWB associations in everyday life is ambiguous; for example, no clear patterns of 
directions and strengths of PA-AWB relationships depending on PA and AWB components (such as intensity, emotions, 
affect, mood) emerged.
Conclusions  The reviewed evidence can fuel discussions on whether the World Health Organization’s notion “every move 
counts” may be extended to everyday life AWB. Concurrently, the PA-AWB relationship findings endorse prominent theo-
ries highlighting the critical role of AWB in everyday PA engagement and maintenance. However, the review also clearly 
highlights the need to advance and harmonize methodological approaches for more fine-grained investigations on which 
specific PA/AWB characteristics, contextual factors, and biological determinants underly PA-AWB associations in everyday 
life. This will enable the field to tackle pressing challenges such as the issue of causality of PA-AWB associations, which 
will help to shape and refine existing theories to ultimately predict and improve health behavior, thereby feeding into preci-
sion medicine approaches.

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-024-02016-1&domain=pdf
http://orcid.org/0000-0002-2957-242X
http://orcid.org/0000-0001-6684-3463
http://orcid.org/0000-0003-3290-0962


	 I. Timm et al.

Key Points 

The number of daily-life studies using device-based 
methods (e.g., electronic smartphone diaries and accel-
erometry) to research the within-subject association of 
physical activity and affective well-being (PA-AWB) 
in everyday life has increased rapidly across the last 
15 years.

Already short PA bouts in everyday life relate positively 
to AWB, feelings of energy appear to play a dominant 
role, and PA-AWB associations depend on population 
characteristics. However, overall, the reviewed evidence 
on PA-AWB association characteristics in everyday life 
is ambiguous.

The quality assessment revealed overall moderate risk of 
bias; however, methods applied were largely heterogene-
ous between studies. Therefore, future research in the 
PA-AWB field should advance and harmonize meth-
odological approaches to overcome challenges in the 
interpretation of heterogeneous study outcomes.

1  Introduction

Physical activity is indispensable for human health, but 
worldwide and across ages physical activity is declining [1, 
2]. Therefore, to foster prevention and treatment of physi-
cal and mental disorders, the World Health Organization 
addresses the prevention of physical inactivity as a major 
health priority [3, 4]. Towards this aim, a key role is attrib-
uted to the within-subject associations of physical activity 
and human affective well-being in everyday life. This asso-
ciation is critically involved in both physical and mental 
health processes for motivating, maintaining, and reinforcing 
physical activity and affective well-being [5–7]. Both imme-
diate emotional responses to physical activity and rational 
thinking about its benefits are important for initiating and 
maintaining a physically active lifestyle. The relevance of 
these associations between physical activity and affective 
well-being has recently progressed toward dual-process 
models and hedonism theories [8] for research on behav-
ioral processes. In contrast to traditional health behavior 
theories that mainly focused on the role of cognitive aspects 
as physical activity drivers, these recent theories suggest 
within-subject variance of human well-being in everyday 
life to be of critical importance for physical activity engage-
ment [9–11]. For example, positive emotional responses that 
automatically occur as a result of physical activity, along with 

emotionally driven motivational states, are hypothesized to 
contribute to the maintenance of an active lifestyle [12, 13]. 
In this context, these behavioral processes are often described 
as “micro-temporal within-subject processes,” and they are 
currently being considered as a highly promising research-
path to understand the drivers of regular physical activity 
engagement [5]. Similarly, the importance of physical activ-
ity and affective well-being associations for human mental 
health appears face valid, for example, with major depression 
disorder patients exhibiting both diminished mood and psy-
chomotor retardation. Epidemiological studies clearly evi-
dence physical activity to decrease the incidence of several 
mental disorders in the general population (e.g., [14, 15]). 
Randomized clinical trials show physical activity to improve 
treatment outcomes, with most prominent effects in affec-
tive disorders [16], and particularly when combined with 
pharmacotherapy and psychotherapy [17]. While it is still 
poorly understood how physical activity relates to emotional 
well-being, recent studies showed that staying physically 
active can be especially beneficial for people at risk of men-
tal disorders and for those with conditions such as bipolar 
disorder [18]. Importantly, these benefits may be linked to 
the way exercise affects specific brain structures associated 
with mental disorders [19]. In other words, regular physical 
activity could potentially improve the health of these vul-
nerable brain areas, reducing the likelihood of experiencing 
mental disorders.

Within the last decades, laboratory research produced 
in-depth insights into physical activity and affective well-
being associations summarized in several reviews and meta-
analyses [20–24], but the everyday life perspective on the 
physical activity and affective well-being association has 
not been focused on for some time. Part of this neglect may 
lie in difficulties of capturing physical activity and affective 
well-being in the everyday life of humans (e.g., data cap-
tured during daily activities such as shopping, gardening, 
or commuting).

In recent years, this obstacle has been overcome through 
a group of methods often referred to as ambulatory assess-
ment (AA) [25, 26]. This capitalizes on device-based physi-
cal activity measurement via accelerometers and self-reports 
via electronic diaries (e-diaries) on smartphones for affective 
well-being assessment [25, 26]. It allows us to capture multi-
ple assessments within a person over time [27], to track data 
near real-time with increasing ecological validity of data yet 
reducing retrospective biases [28–30]. A major strength of 
AA lies in the focus on within-subject variance through the 
use of intensive longitudinal methods drawing from multiple 
assessments within persons [31].

In these studies, physical activity (PA) and sedentary behav-
ior (SB) form the superordinate category physical behavior 
(PB). Energy expenditure-increasing activities performed by any 
skeletal muscle effort are called PA [32]. In contrast, activities 
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at an energy expenditure < 1.5 metabolic equivalents while 
remaining in a sitting or reclined position but not during sleep 
are mainly considered SB [33]. By definition, affective well-
being is a subcomponent of human subjective well-being [34], 
for example, characterized by trait versus state components and 
domain-specific versus general valuations. The umbrella term 
affective well-being includes core affect, a measure describing 
a neurophysiological state of an elementary simple primitive 
affective feeling represented in the circumplex model [35, 36]. 
Existing studies applied different questionnaires with established 
psychometric properties to quantify different components of 
affective well-being, such as the two-dimensional Positive And 
Negative Affect Scale (PANAS) [37] and the three-dimensional 
Multi Dimensional Mood Questionnaire [38]. Extensive discus-
sions and empirical analyses on the advantages and limitations 
of different PA, SB, and affective well-being quantifications can 
be found elsewhere (see, e.g., [11, 34, 39, 40]). In this review, 
we refer to the intricate, two-way relationships between physi-
cal behavior (which includes physical activity and sedentary 
behavior) and indicators of affective well-being (measures of 
emotional health and mood) as “physical behavior–affective 
well-being (PB-AWB) associations”.

In the past decade, applying AA to research the PB-
AWB association has gained tremendous interest as evi-
denced by the increasing number of studies on PB-AWB 
associations in recent years (see Electronic Supplementary 
Material (ESM) 1). While this increase in knowledge can, 
in principle, provide valuable insights into the understand-
ing of within-subject associations of PB and psychological 
antecedents and consequences in natural settings, a recent 
comprehensive systematic review of evidence across popu-
lations, age groups, and distinct AWB components is not 
available thus far. There are two prior works that reviewed 
the PB-AWB relationship in daily life: the narrative review 
across a total of 14 studies conducted by Liao and colleagues 
[41], and the very recent systematic review across ten stud-
ies by Bourke and colleagues [42]. Against the background 
of these prior works, the present review across 66 studies 
significantly extends the state of knowledge by including 
studies published after 2015 (resulting in an additional 60 
studies compared to the review conducted by Liao et al. 
[41]); comprehensively covering the relationship between 
PB, valence, energetic arousal, calmness, energy, and fatigue 
as AWB components (prior work by Liao and colleagues 
focused on positive and negative affect [41]); comprising 
studies in all available populations and across age groups 
(thereby extending the focus on children and adolescents 
in Bourke et al.’s work [42]); including studies using state-
of-the-art AA methods (e.g., device-based PB assessments; 
prior work by Liao and colleagues included studies using 
retrospective PB assessments [41]); and finally, offering a 
very comprehensive and detailed analysis and providing an 
in-depth exploration of PB-AWB effects in everyday life.

To this end, we summarize findings of studies that col-
lected data continuously and repeatedly within persons and 
in real life (so-called “intensive longitudinal methods” [29, 
43]). We also developed a modified quality assessment (QA) 
tool to be used against the background of the large heteroge-
neity of methods applied in the recent field of AA research 
on PB-AWB associations following established guidelines 
for QA tools [44, 45]. Finally, we discuss the findings and 
draw implications for future real-life studies on PB-AWB 
associations.

2 � Methods

This review followed established procedures (PRISMA 
checklist [46]; for details, see ESM 2) and was registered 
(PROSPERO id: CRD42021277327).

2.1 � Literature Search Strategy

The electronic databases Web of Science, PubMed, and 
Scopus were systematically searched by selecting the fields’ 
title and/or abstract and keywords. The terms “ecologi-
cal momentary assessment,” “mood,” “physical activity,” 
and “sedentary behavior” as well as their synonyms were 
searched as follows: “physical activity” or “exercise” or 
“sedentary behavior” or “sedentariness” or “physical inac-
tivity” plus “mood” or “emotion” or “affect” or “affective 
states” or “valence” or “calmness” or “energetic arousal” 
plus “ambulatory assessment” or “ecological momentary 
assessment” or “experience sampling method” or “electronic 
sampling method” or “ambulatory monitoring” or “accel-
erometry” or “physical activity monitoring” or “interactive 
assessment” or “e-diary” or “electronic diary.” We applied 
the same search strategy for all three databases, and there-
fore Boolean operators were adapted to the specific require-
ments (see ESM 3 for the comprehensive search terms). 
The last search was conducted in November 2022. We also 
searched the reference lists of all eligible studies (backward 
search) to identify further studies.

2.2 � Study Eligibility

Studies applying intensive longitudinal device-based and 
real-time assessments to investigate PB-AWB associations 
were eligible for this review, and, in particular, articles were 
included if: (a) PB was captured via device-based measure-
ments (e.g., with accelerometers), the rationale for this being 
to capture features as objectively as possible, i.e., without 
(retrospective) distortions from cognitive heuristics [28] (for 
detailed advantages and disadvantages of device-based versus 
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self-reported PB methods, see [47, 48]); and (b) affective 
states were self-reported and assessed using an electronic 
device (e.g., via e-diaries), the rationale for this being that 
repeated real-life self-reports on electronic devices are the 
state-of-the-art procedure for a most reliable and ecologi-
cally valid assessment of psychological state, e.g., bypassing 
limitations of traditional paper–pencil diaries [28]; (c) the 
assessment duration, i.e., the number of days over which the 
study period extended, was equal to or greater than 1 day 
(24 h), the rationale for this being to enhance reliability of 
PB-AWB effects determined and minimize confounding, for 
example, through well-known diurnal patterns of AWB [49]; 
(d) momentary (short-term) relationships of PB and AWB 
had been analyzed (i.e., the aggregated time frames must not 
extend beyond 24 h; e.g., this criteria includes a study using 
PB within the last hour of an e-diary prompt as a predictor of 
AWB, but excludes a study using PB across the evening as a 
predictor of next-day AWB), the rationale for this being that 
against the background of well-known recall bias effects [28], 
we focused on studies investigating PB-AWB associations 
within 24 h: of note, we did not specify a minimum number 
of e-diary prompts per day; and (e) people with and without 
diseases of all ages were included, the rationale being that 
we aimed to provide a comprehensive review of PB-AWB 
associations across age groups and populations. Studies 
were excluded if: (a) PA or SB was captured in controlled 
(artificial) conditions (e.g., laboratory or research setting or 
interventions); (b) retrospective questionnaires (e.g., retro-
spective paper–pencil questionnaires on PB or AWB) were 
used, and (c) measurements had been taken at a single point 
in time only (e.g., for cross-sectional PB-AWB analyses). The 
search was limited to articles published in the English lan-
guage but conducted independently of the year of publication 
of the papers. We excluded grey literature (e.g., unpublished 
manuscripts or dissertation studies) within our PROSPERO 
registration to ensure consistency in reporting and quality 
standards; peer-review ensures high quality standards, but 
including grey literature, where quality standards are not 
uniformly assessed, could introduce bias into the interpreta-
tion of results when mixing peer-reviewed with non-peer-
reviewed studies [50, 51].

2.3 � Study Selection

First, study selection was based upon the title initially 
screened. Second, the title and abstract of potentially eligi-
ble studies were screened independently by two researchers 
(MG, IT). Of the remaining relevant articles, the full text was 
read to assess potential eligibility. In cases of non-agreement 
between the two researchers (IT, MG), a third reviewer (MR) 
was involved to reach a final decision on study inclusion. The 
selection process is depicted in Fig. 1.

2.4 � Data Extraction

A data extraction template was developed to extract data 
from each study systematically (see Table 1). The data 
extraction was custom-developed to capture all relevant 
characteristics of the studies included, applying the fol-
lowing categories: study, country, sample size, sex, age, 
detailed participant characteristics, ABW assessment, PB 
assessment, assessment duration, sampling design. To indi-
cate the total time frame of the AA study conduct, we use 
the term “assessment duration”. In particular, this defines 
the total time in which participants wore accelerometers 
and repeatedly answered e-diary prompts in their everyday 
life. For example, in several studies reviewed, the “assess-
ment duration” covered a 1-week period. To indicate the 
time frame of PA aggregation for the statistical analysis, we 
adhered to the term “aggregated time frame”. In particular, 
this describes the time frame used for parameterization of 
PA, which does not automatically reflect a continuous bout 
of the same activity but rather an aggregation of all activities 
from being sedentary to highly PA. For example, in several 
studies reviewed, “aggregated time frame” equaled 15 min 
before and/or after the e-diary prompts. Accordingly, in 
these studies, researchers investigated associations of PA 
occurring 15 min before and/or after the e-diary rating with 
AWB. Details from each study included in the systematic 
review were extracted by two authors (IT, MG) indepen-
dently. Thereafter, the two data extraction files were merged. 
Any discrepancies were discussed among the authors until 
consensus was reached, and in cases of non-agreement 
between the two researchers (IT, MG) the vote of a third 
reviewer (MR) was considered to reach a decision.

2.5 � Quality Assessment/Risk of Bias Assessment

Following the guidelines for QA measure of PRISMA and 
the National, Heart, Lung, and Blood Institute [44, 45], our 
modified QA primarily aimed to assess the “risk of bias” 
[46] of studies included to give an estimate of how likely 
certain study features may have led to ambiguous results, 
but the QA also includes a valuation of the comprehensive-
ness of information given to enable replication of results. 
For example, and in particular, in studies of PB-AWB asso-
ciations in everyday life aiming to assess associations of 
sedentariness and AWB, a well-known risk of bias is the 
(lack of reporting of the) body position of the accelerometer 
device [47], which may place a study at enhanced likeli-
hood for misleading results, for example, devices attached 
to the hip are limited in their validity of capturing sit-
ting versus standing postures [52]. However, according to 
recent guidelines [45], our QA is not primarily intended to 
reflect the hierarchical quality of studies, for example, via 
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between-study rankings, but rather to detect potential flaws 
and thus better reflect the internal validity of studies for the 
risk of bias assessment. Therefore, this QA is not well suited 
to judge absolute discrepancies between studies. To capture 
all relevant features of intensive longitudinal device-based 
and real-time assessment studies on PB and AWB, we built 
upon the Checklist for Reporting EMA Studies (CREMAS) 
[53], reporting guidelines for AA studies in psychopathol-
ogy research [54], and the National Institute of Health Study 
Quality Assessment Tools [44]. For example, our modified 
QA tool included categories such as accelerometer technol-
ogy used, e-diary sampling schema applied, and compli-
ance rates received (for details, see ESM 4). In line with the 
PRISMA guidelines and an established scoring approach 

[55], we set up three evaluation levels: high, moderate, and 
low risk of bias. The modified QA consists of 16 questions, 
with a total score of 16. In particular, a score in the range 
of 16–12 indicates a strong quality (i.e., low risk of bias), 
a score in the range of 11–6 reflects moderate quality (i.e., 
moderate risk of bias), and a score in the range of 5–0 indi-
cates weak quality (i.e., high risk of bias). For details on the 
evaluation process, see ESM 4. Following established proce-
dures [56], we calculated the inter-rater reliability based on 
a single-rating, absolute agreement, two-way mixed-effects 
model with two raters across 66 studies (subjects), which 
indicated good reliability (intraclass correlation coeffi-
cient (ICC) = 0.777; confidence interval (CI): 0.52–0.88). 
Each article's quality was assessed independently by two 
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researchers (MG, IT). Any discrepancies were discussed 
among the authors until consensus was found.

3 � Results

3.1 � Study and Sample Characteristics

After removing duplicates, the systematic literature search 
yielded a total of 2225 relevant studies and 66 studies 
remained in the final selection (see Fig. 1). The additional 
reference screening did not yield any further studies to be 
included. Of these 66 studies, 62 drew from independent 
datasets. Participants were recruited from 11 different coun-
tries, mainly from the USA (26) and Germany (24). The 
mean age of participants in the studies ranged from 9.51 
to 72.4 years. The total sample size of the selected studies 
varied between 10 and 805 participants. For an overview, 
see Table 1.

3.2 � Quality Assessment/Risk of Bias Assessment

For AA categories, one study was classified at high risk 
of bias, 50 studies showed moderate risk of bias, and 15 
studies showed a low risk of bias. The mean risk of bias 
score was 10.27 (SD = 2.14; min = 4.5, max = 14) within a 
range of 0–16. Comprehensive information was provided 
for prompt frequency (i.e., 65/66 studies), further sampling 
design details, and parameterization of accelerometer data 
(see Fig. 2); thus, most of the information was provided 
for technical details such as PA epoch lengths. The epoch 
length choice in accelerometer studies influences activity 
classification accuracy. Longer epoch length may misclas-
sify short vigorous activities as moderate. Modern tech-
nology allows for shorter epoch lengths than 60 s, which 
are recommended, while the ideal epoch length for health 
outcomes remains unclear [47]. Conversely, more than 
half of the studies (40/66) did not report details regarding 
the accelerometer sampling frequency. The sampling fre-
quency is crucial for accelerometer data accuracy. It should 
be at least twice as high as the highest movement frequency 
component to prevent aliasing effects; for further discussion 
see [57, 58]. Most of the studies (48/66) did not detail how 
accelerometer data had been filtered, with only 18 out of 
66 studies reporting whether a high- or low-pass filter were 
set, i.e., critical information for risk of bias assessment [47]. 
Before converting raw data, filters are commonly applied 
to remove non-human movement acceleration frequencies. 
Different filters are available for data processing, and their 
selection significantly affects the results. Providing infor-
mation on the specific filters used is crucial since there are 
no internationally accepted standards for signal processing 
[59]. This lack of standardization makes direct comparisons 

of outcome metrics across devices difficult [60]. Moreover, 
nearly half of the studies (32/66) did not report details on 
non-wear-time definition applied, and most of the studies 
only sparsely reported on compliance rates, missing data, 
and latency (Fig. 2). For a detailed rating see ESM 5.

3.3 � Physical Behavior and Affective Well‑Being 
Assessment

Physical behavior To obtain PB measurements, the major-
ity of the included studies (24) used accelerometer devices 
from the manufacturer “ActiGraph” [61], followed by 16 
studies using devices from the “movisens GmbH” [62], as 
well as other accelerometers (e.g., “varioport-e” [63]; 4) 
and smartwatches (e.g., “Fitbit” [64]; 5). The devices were 
mainly placed on the participant’s hip (30), followed by 
the wrist (18) and chest (11). Seven studies used multiple 
placement positions. The parameterization of PB included 
movement-based volume variables (i.e., raw acceleration 
data (13); activity counts (12)), time-based amount variables 
(e.g., minutes spent in moderate to vigorous physical activity 
(MVPA); 27), energy expenditure variables (e.g., metabolic 
equivalent; 6), as well as postural and activity-based vari-
ables (e.g., standing, stepping; 11).

Affective well-being The assessment of AWB (mainly 
implemented on smartphone e-diaries) differed between 
studies; 19 studies used a short version of the Multidimen-
sional Mood Questionnaire (MDMQ; [65]). This question-
naire has been specifically adapted and validated for AA 
studies [38], and captures the three dimensions valence, 
energetic arousal, and calmness; 19 studies based their items 
on existing (non-AA) questionnaires like some form of the 
PANAS [37, 66–69], mostly assessing the two dimensions 
positive and negative affect; three studies applied the cir-
cumplex model [70], two studies the Profile of Mood States 
(POMS; [71]), and two studies the Depression and Anxi-
ety Mood Scale (DAMS; [72]). Nineteen studies used self-
developed items that were not based on standardized ques-
tionnaires, or no source was reported (see ESM 6).

3.4 � Assessment Duration and Frequency

Physical behavior The PB assessment duration differed 
among studies; mainly short periods of time were recorded, 
i.e., up to 7 days (42). Most of the studies aggregated PB 
across 30-min time frames (16), 1,440 min (16), or 15 min 
(13) before or after the e-diary prompt for their statistical 
analyses on the PB-AWB association. Of note, “aggregated 
time frame” refers to the time frame of PA aggregation for 
the statistical analysis, describing the time frame used for 
parameterization of PA (see Sect. 2.4 for details).

Affective well-being The majority of the studies 
(23) used a time-based sampling strategy with random 



	 I. Timm et al.

components such as prompts occurring at random times 
within pre-established intervals or semi-random prompts. 
Sixteen studies chose a fixed time interval. In two stud-
ies, participants were responding to self-initiated queries 
(similar to an event-based sampling strategy). A combi-
nation of an event-based sampling strategy together with 
random or fixed prompts was applied in six studies. One 
study used an activity-triggered sampling scheme, while 
three studies utilized a sedentary-triggered design includ-
ing fixed and random prompts. Two studies employed a 
geolocation-triggered sampling scheme including fixed 
and semi-random prompts. Three studies did not report 
the sampling schema applied. In line with the study inclu-
sion criteria (d) (for details see Sect. 2.2), the number of 
prompts per day ranged from once to 23 times. Most stud-
ies applied a prompt frequency of one to seven prompts per 
day (42) and had an assessment duration of 1–7 days (52).

3.5 � Populations Studied

Most studies reviewed researched adult populations 
(50), followed by investigations of children and adoles-
cents (16; aged 8–26 years) and elderly persons (3; aged 
64–85 years). The total number of participants was 7441. 
Most of the reviewed studies (36) investigated healthy 
adult populations. They comprised a total of 4,388 par-
ticipants. Interestingly, only a few studies were conducted 
in patient groups, for example, major depressive disorder 
(7), bipolar disorders (3), anxiety disorders (2), alcohol 
disorders (1), or attention deficit hyperactivity disorder 
(1), with a total of 1,104 participants. The studies that 
solely examined elderly people (60 years and older) had an 
age range of 64–85 years and a total of 285 subjects (3). In 
this cohort, there were other physical diseases such as knee 
osteoarthritis. Studies examining children (5) included 
participants across an age range of 8–13 years. In total, 
518 subjects were studied. The studies that examined ado-
lescents (11) included participants across an age range of 
10–26 years, with a total of 1020 subjects being studied. 
A limited number of studies focused on participants with 
physiological health impairments. In particular, two were 
conducted in overweight or type 2 diabetes participants, 
one study investigated participants after joint replacement 
surgery, and one study dealt with breast cancer survivors 
or low active participants (2).

3.6 � Schematic Overview of the Findings

We created a series of figures that enable a graphical review 
of the multilayered findings on the association of PB and 
AWB in everyday life (Figs.  3, 4, 5, 6, see Sect.  3.7). 

Figure 3 introduces this methodological approach applied 
to review the studies’ findings. In particular, the affective 
well-being subcomponent quantifications most often used 
in the studies reviewed (i.e., positive affect, negative affect, 
valence, energetic arousal, and calmness, energy, fatigue/
tiredness) are displayed at the center of Fig. 3. For each of 
these affective well-being subcomponents, their respective 
associations with PA and SB are visualized through colored 
arrows.

3.7 � Main Results

For a detailed review of the evidence, we summarized study 
results as a function of PB-AWB association features, i.e., 
the number of (non-)significant effects was plotted against 
their PB and AWB quantifications, their effect-directions, 
and their timing-orders. Some studies examined PB across 
multiple aggregated time frames within the same dataset. 
For data synthesis and to concentrate on the level of individ-
ual significant versus non-significant PB-AWB relationships 
found, various analyses within a study and across multiple 
aggregated time frames were incorporated into our results, 
which we called investigated relationships (and thus they 
were not summarized; e.g., a study that examined the rela-
tionship of PA and positive affect within the same data set 
for the aggregated time frames of 5, 10, and 60 min contrib-
utes three distinct investigated relationships into our Sect. 3). 
We also treated multiple effects from different studies (dif-
ferent papers) that used the same dataset individually, i.e., 
each result from each study (paper) counted as an individual 
investigated relationship in our results. More precisely, each 
investigated relationship from a study was treated as a dis-
tinct data point in our analysis, allowing us to maintain gran-
ularity in our examination of the relationships between PB 
and AWB. Translated into practice, some studies used the 
same data set to investigate different questions on the PB-
AWB relationship in distinct papers; they counted as indi-
vidual investigated relationships in our results, respectively. 
Of note, each PB-AWB association entered our analysis just 
once; i.e., while we included various investigated relation-
ships from one data set reported in one paper or scattered 
across several papers, we did not include a single investi-
gated relationship twice. The reviewed studies comprised 
a total of 242 investigated relationships for the PB-AWB 
direction, while less investigated relationships (i.e., 161) 
were available for the reverse AWB-PB association. The 
results are detailed in Figs. 4–6 (see also ESM 7). Moreo-
ver, to give an idea of the size of effects found in the studies 
reviewed, we provide a summary of practical effect sizes 
reported, a method also known as benchmarking and recom-
mended for interpreting the PA effects seen in daily life [73] 
to indicate the meaningfulness of effects observed [74–76]. 



Association of Physical Behavior and Affective Well-Being

Of note, practical effect sizes had only been reported by a 
small portion of studies reviewed (14 studies).

3.7.1 � Physical Behavior, Positive and Negative Affect

Figure 4a shows studies researching PB associations with 
positive affect. Most of the investigated relationships 
revealed either a positive association of PB with positive 
affect, i.e., higher PA was related to more positive affect 
(20/47), and more SB was related to less positive affect 
(7/9). Thirteen of 33 investigated relationships revealed a 
positive significant association of positive affect with PB, 
i.e., higher positive affect was related to more PA (13/33), 
and more positive affect was related to less SB (7/11). Sixty-
nine of 102 investigated relationships in total showed non-
significant associations. Only three investigated relationships 
showed opposite relationship directions [77–79]. Overall, 
this points to some evidence for a positive association of 
PB with positive affect in everyday life. Six studies reported 
practical effect sizes for the associations between PB and 
positive affect. In a study by Koch et  al. [80], walking 
instead of sitting resulted in an increase of 3.2 points in posi-
tive affect on a scale with a range of 6–42. In Cushing et al.’s 
study, each one-unit increase in MVPA (minutes) beyond 
participants' usual level was associated with a 0.12-point 
increase in positive affect [81]. Additionally, every one-unit 
increase in sedentary time (minutes) beyond participants’ 
average level was linked to a decrease of 0.10 points in posi-
tive affect (scale 1–5) [81]. Similarly, Zhaoyang et al. [77] 
found days with an extra hour spent in sedentary behavior to 
be associated with a 0.1-point decrease in positive affect on 
a 7-point scale. If participants exceeded their daily average 
step count by 500 steps in Stevenson et al.’s study this was 
linked to a 0.02-point increase in positive affect on a scale 
of 0–10 [82]. Moreover, in Zenk et al.’s [78] study each 
1-min increase in MVPA during the day was associated with 
a 2.2% higher likelihood of positive affect. Further findings 
by Schwerdtfeger et al. [83] suggest that a 3-point increase 
in positive affect (scale 6–30) corresponds to a 13–16% 
increase in bodily movement.

Figure 4b depicts studies investigating PB associations 
with negative affect. Overall, the picture appears heterogene-
ous. In particular, 12/82 investigated relationships revealed 
a positive significant association between PA with negative 
affect, i.e., increased PA led to higher negative affect (5/42), 
and an increased negative affect led to more PA (7/39). Con-
versely, 14/82 investigated relationships showed the reverse 
direction of significant associations, i.e., increased PA led 
to lower negative affect (3/42) and higher negative affect 
led to less PA (11/39). SB was significantly and positively 
related to negative affect in 8/21 investigated relationships 
and one study showed the reverse investigated relationship-
direction [83]. In 68/103 investigated relationships there was 

no significant PB–negative affect relationship found. In a 
comprehensive and important work, Ruissen and colleagues 
reviewed [84] custom-developed and applied methods to 
better take into account composition and timing aspects of 
PA provoking AWB, thereby overcoming some limitations of 
prior studies in the field (for details see Sect. 4.6 [85]). In the 
resulting first study applying these procedures, Ruissen et al. 
reported a “recursive relationship between incidental affec-
tive states and MVPA, which is particularly strong at 7–9 h 
time intervals” [85]. In particular, Ruissen et al. found that 
the strongest cross-lagged effects of high positive incidental 
affect and low negative incidental affect predicting subse-
quent MVPA occur approximately 8 h prior to an MVPA 
episode. A similar timing was observed in the reverse direc-
tion of MVPA predicting subsequent affect [85]. This study's 
use of continuous-time modeling represents an innovative 
approach that promises to offer more detailed insights into 
the interplay between AWB and PB. Due to its alternative 
and sophisticated statistical approach, this study could not 
be reviewed within the framework that we custom-developed 
to the methods applied by most of the AA studies in the PB-
AWB field. Thus, this study has been highlighted with an 
asterisk in Fig. 4a, b. Three studies reported practical effect 
sizes for the associations between PB and negative affect. A 
3-point increase in negative affect (scale 5–25) corresponded 
to a 14% increase in bodily movement (counts/minute) in a 
study by Schwerdtfeger et al. [83]. Furthermore, in a study 
by Zenk et al. [78], individuals reporting negative affect 
(dichotomized) experienced a subsequent 38.6% decrease 
in MVPA and a 33.2-min increase in SB. Additionally, in 
Zhaoyang et al.’s study [77], spending an additional hour 
in SB was associated with a 0.04-point increase in negative 
affect on a 7-point scale.

3.7.2 � Physical Behavior, Valence, Energetic Arousal, 
and Calmness

PB associations with valence are illustrated in Fig. 5a. 
Higher PA was significantly associated with more positively 
valenced mood (14/31) and more SB was significantly cor-
related with less positively valenced mood (5/11), or non-
significant associations emerged (6/11). Two investigated 
relationships showed a reverse direction [86, 87]. Three of 
eight investigated relationships revealed a significant posi-
tive association of valence with PA, i.e., higher valence was 
related to more PA, and more valence was related to less 
SB (2/5). That is, overall, most of the investigated relation-
ships revealed a significant positive association of PB with 
valence. Eight studies examined the practical effect sizes 
for PB associations with valence. Reichert et al.'s study 
[88] demonstrated that 2 h of exercise increased valence by 
2.5 points on a 0–100 scale. Additionally, in the study by 
Giurgiu et al. [89], increasing MVPA by 20 min enhanced 
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valence by 1.35 units. Conversely, decreasing SB by 20 min 
enhanced valence by 0.55 units, while increasing SB up to 
20 min reduced valence by 1.12 units (scale 0–100) [89]. 
Being sedentary for 15 min instead of 5 min resulted in a 
decrease in valence by 3 units (scale 0–100) [90]. Breaking 
up SB with higher-intensity activities like moderate walk-
ing led to an average valence enhancement of 18.13 points, 
while low-intensity activities like standing enhanced valence 
by 8.29 points (scale 0–100) [86]. Furthermore, in Koch 
et al.’s study, choosing to walk instead of remaining seated 
or engaging in exercise resulted in an average increase in 
valence of 0.257 and 0.258, respectively, on a 1–7 scale [91]. 
In a reverse effect direction, a 10-point increase in valence 
(scale 0–100) resulted in a 4.5% increase in non-exercise 
activity [92]. Furthermore, a 1-point increase in a partici-
pant's valence on a 1–7 scale correlated with a substantial 
19% rise in their non-exercise activity [93]. Additionally, 
higher valence ratings, as compared to lower ones on a 
0–100 scale, were linked with reduced SB by 2.77 min [94].

For the association of PB with energetic arousal (see 
Fig. 5b), 18/28 investigated relationships showed that more 
PA correlated significantly with higher energetic arousal, 
and 10/28 investigated relationships were non-significant. 
Similarly, more SB was significantly correlated with lower 
energetic arousal (3/9), and 6/9 investigated relationships 
revealed no significant association between SB and ener-
getic arousal. There was a positive association of energetic 
arousal with PA, i.e., higher energetic arousal was related 
to more PA (4/8), and more energetic arousal was related to 
less SB (4/4). Only one study showed a reverse investigated 
relationship direction [87]. Overall, this rather homogenous 

picture points toward a positive association between PB and 
energetic arousal. Eight studies reported practical effect sizes 
for PB associations with energetic arousal. In a study by 
Reichert et al. [88], there was an increase of 14.8 points on 
a 0–100 scale in energetic arousal when participants walked 
15 min instead of remaining seated. Koch et al. [91] found 
that choosing to walk instead of remaining seated resulted 
in an average increase in energetic arousal by 0.136 (scale 
1–7), while engaging in sports decreased energetic arousal 
by − 0.574 points on a 1 to 7-point scale. Breaking up SB 
with low-intensity activities, like standing, enhanced ener-
getic arousal by 11.69 points, while higher intensities, like 
moderate walking, enhanced energetic arousal by 25.58 
points on a scale of 0–100 [86]. Furthermore, a 20-min 
increase in MVPA enhanced energetic arousal by 1.31 units 
on a scale of 0–100 [89]. Conversely, reducing SB by 20 min 
increased energetic arousal by 1.68 units, while increasing 
SB up to 20 min resulted in a decrease of 3.39 units (scale 
0–100) in energetic arousal [89]. Moreover, being sedentary 
for 15 min instead of 5 min led to a decrease in energetic 
arousal by 7.6 units (scale 0–100) [90]. Reichert et al. [92] 
reported in their study that feeling 10 points more energized 
(scale 0–100) was associated with a 15.2% increase in non-
exercise activity. Additionally, a 1-point increase (scale 1–7) 
in energetic arousal led to a 20% increase in non-exercise 
activity [93]. Furthermore, higher energetic arousal ratings 
(e.g., 90), compared to lower ones (e.g., 20) on a 0–100 
scale, were associated with a reduction in sedentary time of 
about 4.45 min [94].

Figure 5c depicts a heterogeneous picture of the results 
of the studies investigating PB associations with calmness. 

Fig. 2   Quality assessment (QA) description and number of studies 
fulfilling the criteria. The modified QA is displayed with 16 differ-
ent categories. The numbers of studies that report information on the 

respective category are listed on the right. AA ambulatory assessment, 
EMA ecological momentary assessment, AWB affective well-being, 
ACC​ accelerometry
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In particular, 7/26 investigated relationships revealed a sig-
nificant positive association of PA with calmness; five stud-
ies showed the reverse investigated relationship-direction. 
SB was significantly and positively related to calmness in 
1/1 investigated relationship. In addition, 1/5 investigated 
relationships revealed a significant positive association 
between calmness and PA; 3/5 of the studies showed the 
reverse investigated relationship-direction. Calmness was 
significantly and positively related to SB in 1/1 investigated 
relationship. Twenty-one of 32 investigated relationships 
showed no significant PB-calmness relationship. Interest-
ingly, thus far only few studies investigated correlations of 
calmness with subsequent PB compared to other PB-AWB 
feature-combinations. Six studies provided practical effect 
sizes for the associations between PB and calmness. In a 
study by Reichert et al. [88], participants experienced a 
decrease of 7.2 points in calmness when choosing to walk for 
15 min instead of remaining seated; 2 h of exercise increased 
calmness by 2.4 points (scale 0–100). Furthermore, choosing 
to walk instead of remaining seated or engaging in exer-
cise resulted in an average decrease in calmness by − 0.117 
and − 0.280, respectively, on a 1–7 scale [91]. Breaking-up 
SB with low-intensity activities such as standing was asso-
ciated with an increase in calmness by 7.65 points. Higher 
PA intensities such as moderate walking were related to 
enhanced calmness by 16.74 points on a 0–100 scale [86]. 
In their study, Reichert et al. [92] showed that a 10-point 
increase in calmness (scale 0–100) led to a decrease in non-
exercise activity of 9.7%. Moreover, when participants felt 
1-point more calm (scale 1–7), their subsequent non-exercise 
activity was decreased by 15% [93]. In addition, higher rat-
ings of calmness compared to lower ratings on a 0–100 scale 
were associated with higher amounts of sedentary time of 
about 5.54 min [94].

3.7.3 � Physical Behavior, Energy, and Fatigue

The most homogenous picture appeared for associations 
of PB with energy (see Fig. 6a). That is, out of a total of 
23 investigated real-life PB-energy relationships, 19 were 
significant. Most investigated relationships revealed PB 
to be significantly and positively correlated with feelings 
of energy; namely 8/9 investigated relationships showed 
higher PA to be associated with more energy, and 2/2 inves-
tigated relationships found that more SB was significantly 
related to less energy. In contrast, only 1/11 investigated 
relationships showed an opposite direction with more energy 
being significantly associated with less PA [95]. One study 
reported practical effect sizes on the association between 
PB and energy. It revealed that each one-unit increase in 
MVPA (minutes) beyond participants' usual level correlated 
with an increase of 0.06 units in energy (scale 1–5); for 
every one-unit increase in sedentary time (minutes) beyond 

participants’ usual level, a decrease of 0.05 units in energy 
was observed [81].

The studies on PB-fatigue/tired associations (Fig. 6b) 
showed either a significant negative investigated rela-
tionship direction, or non-significant associations (6/29). 
In particular, more PA was significantly related to less 
fatigue/tiredness (29), and more fatigue/tiredness was 
significantly related to less PA (4/15). All investigated 
relationships on SB and fatigue/tiredness showed non-
significant relationships (0/5).

3.7.4 � Physical Behavior and other Affective Well‑Being 
Quantifications

The results for the PB-AWB association for rare AWB quan-
tifications (i.e., sad, depressed, pleasure, anxiety, anger) are 
detailed in ESM 7.

4 � Discussion

4.1 � State of Evidence

Our synthesis of study findings revealed hardly any system-
atic effect of PB intensity in daily life PB-AWB associations 
of both temporal directions, while the review of other PB 
characteristics (such as duration and type) was hampered by 
methodological limitations in the field, which are currently 
being tackled. However, most studies investigated primarily 
incidental and unstructured PB (e.g., climbing stairs [96]), 
and found positive PB-AWB and AWB-PB associations even 
for low intensities. Incidental activities are characterized by 
relatively low energy expenditure, for example, gardening 
(metabolic equivalent: 3.8 [97]), and differ from volitional 
and structured PA, for example, playing handball (meta-
bolic equivalent: 8.0). In a similar vein, differentiating the 
reviewed studies by AWB characteristics (such as emotions, 
affective states, and mood captured via different question-
naires) did not result in a clear overarching pattern for the 
reciprocal PB-AWB associations in everyday life. However, 
associations of PB with feelings of energy were homoge-
nous across nearly all investigated relationships, implying a 
dominant role of subjective energy in interactions with PB 
in everyday human life. Of note, PB-AWB associations of 
both temporal directions appear to be dependent on popula-
tion characteristics. For example, in people susceptible to 
mental disorders, a high relative number of significant inves-
tigated PB-AWB relationships were found compared to other 
populations. However, overall, findings were heterogeneous 
across investigated relationships, and our review raises the 
question of potential sources for this heterogeneity. Numer-
ous reviews and meta-analyses on correlational, experimen-
tal, and quasi-experimental studies concluded that PB and 
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AWB are positively related (e.g., [23, 24, 98]. Nevertheless, 
the everyday life perspective on the PB and AWB associa-
tion had not been addressed for an extended period of time. 
It is important to emphasize that there are inherent differ-
ences between studies conducted in controlled laboratory 
and/or intervention settings versus AA investigations that 
specifically focus on real-life scenarios in real time, bypass-
ing distortions seen in the laboratory [99]. It is not only 

experimental control in laboratory and interventional studies 
that contrasts with ecological validity of real-life studies but, 
for example, also the primary subject being researched; that 
is, structured exercise sessions in laboratory/interventional 
studies versus incidental PA comprising exercises as one of 
many PA facets in real-life studies. Therefore, we will dis-
cuss to what degree PB and AWB are related to each other in 
everyday life, and in both temporal directions, for example, 

Fig. 3   Graphical overview 
across the multilayered study 
findings reviewed. The direc-
tion of the arrows indicates the 
nature of the association (i.e., 
PA and SB being associated 
with subsequent affective well-
being vs. affective well-being 
being associated with subse-
quent PA and SB). The color 
composition of the arrows rep-
resents the direction and statisti-
cal significance of the associa-
tion in relation to the number of 
effects reviewed in percentage. 
That is, blue represents the rela-
tive number of effects revealing 
positive significant associations 
in % [positive beta coefficient 
and P value < 0.05]; orange 
indicates the relative number of 
effects showing negative signifi-
cant associations [negative beta 
coefficient and P value < 0.05]; 
and gray indicates the relative 
number of effects receiving 
non-significant associations 
[P value ≥ 0.05]. For example, 
45% of the effects in studies 
reviewed that investigated the 
association of PA with subse-
quent positive affect received a 
positive significant result (i.e., 
PA increased subsequent posi-
tive affect), 10% of the effects 
showed a significant nega-
tive result (i.e., PA decreased 
subsequent positive affect), and 
45% of the effects showed a null 
finding (PA was not associated 
with subsequent positive affect); 
see the very top left arrow. AWB 
affective well-being, LPA light 
physical activity, MVPA moder-
ate to vigorous physical activ-
ity, PA physical activity, PB 
physical behavior, SB sedentary 
behavior
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Fig. 4   Associations of real-life PB and a positive affect and b nega-
tive affect. The x-axes depict the aggregated PB time frame in rela-
tion to the e-diary prompt, i.e., the time frame (in minutes) before 
vs. after the e-diary prompt across which PB had been aggregated 
(timing-order). The y-axes depict the PB categories applied, i.e., SB, 
PA parameterized in a metric unit (e.g., steps, counts, movement 
acceleration intensity), LPA, and MVPA. The pie charts contain three 
pieces of information. First, their total size represents the number of 
investigated relationships on the respective PB-AWB feature-com-
binations comprising PB and AWB quantifications, their direction, 
order, and timing of investigated relationships. Second, the color 
composition represents the investigated relationship directions, i.e., 

blue colors equal positive significant associations (positive beta coef-
ficient and P value < 0.05), and orange colors show negative signifi-
cant associations (negative beta coefficient and P value < 0.05) rela-
tive to all effects that investigated the respective feature combinations. 
Third, non-significant investigated relationships are colored grey (P 
value ≥ 0.05). *Due to the novel statistical approach (for details see 
Sect. 4.5), this study could not be reviewed within the framework that 
we custom-developed to the methods applied by most of the AA stud-
ies in the PB-AWB field. AWB affective well-being, LPA light physi-
cal activity, MVPA moderate to vigorous physical activity, PA physi-
cal activity, PB physical behavior, SB sedentary behavior



	 I. Timm et al.

depending on PB/AWB characteristics, contextual factors, 
and biological determinants. While we found more daily-life 
investigations of PB investigated relationships on AWB (242 

vs. 161 for AWB-PB) in the present literature search, both 
temporal sequences of the PB-AWB phenomena promise to 
hold high relevance for human physical and mental health; 
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for example, recent dual-process models and hedonism theo-
ries [8] on behavioral processes acknowledge this potential. 
The following section discusses both temporal sequences 
against the background that the observational data reviewed 
precludes any causal conclusions.

4.2 � Does the PB–AWB Association Differ Depending 
on PB Characteristics?

Physical behavior intensity In our review, we found hetero-
geneous associations between PB characteristics (e.g., activ-
ity intensity, duration, volume) and AWB. From a theoretical 
perspective, for example, one could have expected distinct 
influences of PB intensity on AWB. For example, the promi-
nent inverse-U hypothesis [100, 101] suggests that especially 
moderate intensities provoke positive AWB in contrast to 
vigorous intensities, which are hypothesized to be associated 
with negative AWB. However, in general, our review showed 
no clear pattern of distinct effects of different PB intensities 
in the PB-AWB associations across daily real-life studies 
(e.g., comparing SB vs. LPA vs. MVPA).

Reviewing recent empirical evidence, the most prominent 
meta-analysis examining acute aerobic exercise on positive 
activated affect in the laboratory found positive affective 
responses at lower intensities compared to moderate or high-
intensity exercise [24]. In contrast, in a meta-analysis exam-
ining regular aerobic exercise, the strongest positive effects 
occurred at low but also in highest intensities [23]. In line 
with these heterogeneous empirical findings, in a very recent 
meta-analysis compiling all correlational, experimental, and 
quasi-experimental studies investigating effects of PA on 

subjective well-being, activity intensity did not qualify as a 
significant moderator of effects [98].

We could not clearly determine a moderating role of 
activity characteristics on PB-AWB associations in the 
reviewed real-life studies via visual inspection, which is 
in line with other works that summarize laboratory, cor-
relational, experimental, and quasi-experimental studies as 
outlined above. The heterogeneity of findings and the miss-
ing moderating role of activity intensity may be linked to 
a wealth of confounders. For example, following the dual-
mode theory, fitter individuals may be more likely to benefit 
from high-intensity exercise [102].

The different results regarding the intensity of exercise 
are possibly due to the individual perception of the exertion 
of PA with the associated phenomena such as increased heart 
rate and rise in blood lactate [103–105]. These physiological 
responses to PA stimuli are dependent on the individual's 
fitness state and thus contribute to the degree of fatigue per-
ceived during PA [102, 106, 107]. Untrained individuals will 
perceive the physical processes as more fatiguing than more 
trained individuals and thus generate a differentiated affec-
tive response [108, 109]. Therefore, one may be tempted to 
speculate that in studies including participants with hetero-
geneous fitness levels, not controlling for those may confuse 
effects, and similarly in real-life studies [110, 111].

In support of the idea that a wealth of confounders hide 
intensity effects within the PB-AWB associations, two real-
life studies contrasting extreme forms of PB intensities found 
distinct effects on AWB. In particular, opposing incidental 
PA versus volitional PA revealed both in an investigation 
by Koch et al. [91] and an independent study by Jeckel and 
Sudeck [112] distinct effects, that is, volitional PA increased 
affective valence and calmness, but incidental PA increased 
energetic arousal. However, of course, one has to acknowl-
edge that unstructured PA activity versus structured PA 
do also differ, in motives, duration, and social interaction, 
which limits our conclusion.

Physical behavior duration At a theoretical level, there 
are assumptions of an optimal PB duration for mood-
enhancing effects. For example, a minimum PB duration 
to provoke effects on the central nervous system has been 
hypothesized to be necessary to improve AWB [113]. Con-
versely, extended durations of high-intense PA have been 
suggested to potentially induce fatigue, leading to a decline 
in AWB [114]. Distinct behavioral (e.g., stress response), 
neurophysiological (e.g., activity in prefrontal cortex or 
hippocampus [115, 116]), and neurochemical (e.g., lactate, 
cortisol, neurotrophins [117]) processes [104] have been 
researched and discussed as relevant for potential duration 
effects on the PB-AWB association.

Fig. 5   Associations of real-life PB and a valence, b energetic arousal, 
and c calmness. The x-axes depict the aggregated PB time frame 
in relation to the e-diary prompt, i.e., the time frame (in [minutes]) 
before vs. after the e-diary prompt across which PB had been aggre-
gated (timing-order). The y-axes depict the PB categories applied, 
i.e., SB, PA parameterized in a metric unit (e.g., steps, counts, move-
ment acceleration intensity), LPA, and MVPA. The pie charts con-
tain three pieces of information. First, their total size represents the 
number of investigated relationships on the respective PB-AWB 
feature-combinations comprising PB and AWB quantifications, their 
direction, order, and timing of investigated relationships. Second, 
the color composition represents the investigated relationship direc-
tions, i.e., blue colors equal positive significant associations (positive 
beta coefficient and P value < 0.05), and orange colors show negative 
significant associations (negative beta coefficient and P value < 0.05) 
relative to all studies that investigated the respective feature combi-
nations. Third, non-significant investigated relationships are colored 
grey (P value ≥ 0.05). AWB affective well-being, LPA light physical 
activity, MVPA moderate to vigorous physical activity, PA physical 
activity, PB physical behavior, SB sedentary behavior
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Studying recent empirical evidence, a review including 
38 studies showed such saturation effects between PB and 
AWB [118]. The tendency of the included studies showed 
that 10–30 min of PA had sufficient positive effects on AWB 
and longer sessions do not necessarily lead to additional 
benefits. This is in line with previous studies conducted in 
the laboratory regarding optimal affect response in terms 
of duration that have mainly been oriented towards short, 
20-min PA periods [113]. In a prominent study that investi-
gated duration effects, Ekkekakis et al. found an inverted-U 
dose–response relationship between PA duration and affect 
[100]. However, a meta-analysis examining effects of regular 
aerobic exercise could not find a specific exercise duration 
that was especially relevant to increase positive activated 
affect [23]. Similarly, in another meta-analysis across 158 
laboratory studies focusing acute aerobic exercise on posi-
tive activated affect, the authors concluded that the reviewed 
evidence provides “support for the hypothesis of no differ-
ential effect of exercise duration on post-exercise positive 
activated affect” [24]. The interpretation of PB duration 
effects of studies reviewed in the present work must be 
viewed against the background that the investigation of the 
role of specific PB components (such as duration, intensity, 
and type of PA) and the aggregated time frames of effects 
within the PB-AWB associations in everyday life are known 
methodological challenges in the field, which is especially 
prominent with regard to the duration component (for details 
see Sect. 4.6 below). Accordingly, we could not draw gen-
eral statements within this review, for which duration of 
PA and in which time periods in everyday life an optimal 
relationship between PB and AWB emerged. While overall 
the dose–response relationships of the duration of activ-
ity on AWB are difficult to infer from laboratory studies to 
everyday activities, some daily-life studies did specifically 
investigate duration effects and give first insights. For exam-
ple, a study by Giurgiu et al. [86] showed that the duration 
of interrupting SB had no effect on AWB. Moreover, in a 
recent work, Ruissen and colleagues reviewed [84] custom-
developed and applied methods (i.e., Bayesian hierarchical 
continuous-time structural equation models) for overcom-
ing methodological challenges [85]; in the resulting study 
applying these procedures, Ruissen et al. found a relation-
ship between incidental affective states and MVPA, which 
is particularly strong at 7- to 9-h time intervals.

4.3 � Does the PB‑AWB Association Differ Depending 
on Affective Well‑Being Characteristics?

PB may affect distinct components of AWB differently and 
vice versa. For example, there is evidence that effects of PA 
on positive affect are stronger than those on negative affect, 
at least in healthy populations [41]. However, reviewing 
the AA studies on a potential moderating role of the AWB 

dimension on the strengths of effects, we could not deter-
mine a clear overarching pattern. Of note, across the studies 
we reviewed, the quantification of AWB definitions fluctu-
ates considerably: 28.8% used the MDMQ [38], 28.8% used 
the PANAS [37, 68], 4.6% used the circumplex model [70], 
3% the POMS [71], 3% the DAMS [72], and 12.1% used 
self-developed questionnaires. In particular, the MDMQ 
quantifies affective well-being as a three-dimensional 
construct (i.e., valence, energetic arousal, calmness; for a 
detailed factor structure, empirical evidence, and discussion 
see [38]), while the PANAS builds upon an understanding of 
AWB as a two-dimensional construct. Within the reviewed 
studies using the PANAS as a basis, the items applied dif-
fered considerably even though they refer to PANAS as the 
same source (see ESM 6).

Most consistently, in this review, we found PB-AWB 
associations for the subjective energy dimension compared 
to all other AWB measures. Most of the PB-subjective 
energy associations investigated were statistically signifi-
cant (19/23). Reviewing recent empirical evidence, in the 
meta-analysis of Reed and Ones [24], the effects found 
suggest that exercise led to increased positively activated 
affect—this was also evidenced for the effects of regular PA 
on positively activated affect [23]. Positive activated affect 
was described as a status of positive valence and activa-
tion [119], with the latter construct also being described as 
energy in previous studies [120]. That is, positive activated 
affect does not only capture affective components of valence 
but also comprises those of feeling energetic. For example, 
the PANAS questionnaire comprises the items “active, 
alert, …,” which clearly belong to this domain. Therefore, 
as already discussed in the work of Reed and Ones [24], it 
remains unclear whether the increases seen in positive acti-
vated affect through PB originate from affective components 
of valence or rather from those of feeling energetic. Against 
this background and the additional evidence generated in 
our review, we argue that especially feelings of energy seem 
to play a dominant role in interaction with PB in everyday 
human life.

From a mental health perspective, this PB-energy asso-
ciation has been argued to play an especially important role 
for patients with affective disorders. For example, one study 
[18] investigated the relationship between motor activity 
and subjective feelings of energy in bipolar patients (bipo-
lar disorder I, II) and people with major depressive disor-
der. Bidirectional correlations were found between motor 
activity and subjective energy levels, while the association 
with momentary mood was unidirectional, implying a major 
role of the PB-energy association within individuals. This 
suggests that interventions aimed at increasing energy and 
activity might be even more beneficial than treatments aimed 
solely at mood elevation or stabilization in bipolar disorder 
and major depressive disorder.
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Taking a neurobiological perspective, a recent study 
investigated non-exercise activity’s role in the regulation 
of AWB [19] and its neuronal correlates. Here, mean non-
exercise activity levels were related to gray matter volume 
of the subgenual anterior cingulate cortex, a neuronal region 
shown to be involved in both affect regulation and risk for 
and recovery from mood disorders [19]. In everyday life and 
captured via AA methods, low subgenual anterior cingulate 
cortex gray matter volume predicted greater non-exercise 

activity vulnerability, leading to greater negative within-
person influence of non-exercise activity on energy, while, 
in addition, the data indicated that people with low sub-
genual anterior cingulate cortex volumes also had greater 
energetic benefits when they achieved high levels of non-
exercise activity. Put simply, participants showing neuronal 
risk markers for affective disorders compared to those with 
more resilient brain structures felt less energetic in their 
everyday life when being inactive but more energetic when 

Fig. 6   Associations of real-life PB and a energy and b fatigue/tired-
ness. The x-axes depict the aggregated PB time frame in relation to 
the e-diary prompt, i.e., the time frame (in minutes) before vs. after 
the e-diary prompt across which PB had been aggregated (timing-
order). The y-axes depict the PB categories applied, i.e., SB, PA 
parameterized in a metric unit (e.g., steps, counts, movement acceler-
ation intensity), LPA, and MVPA. The pie charts contain three pieces 
of information. First, their total size represents the number of investi-
gated relationships on the respective PB-AWB feature-combinations 
comprising PB and AWB quantifications, their direction, order, and 

timing of investigated relationships. Second, the color composition 
represents the investigated relationship directions, i.e., blue colors 
equal positive significant associations (positive beta coefficient and 
P value < 0.05), and orange colors show negative significant asso-
ciations (negative beta coefficient and P value < 0.05) relative to 
all studies that investigated the respective feature combinations. 
Third, non-significant investigated relationships are colored grey (P 
value ≥ 0.05). AWB affective well-being, LPA light physical activity, 
MVPA moderate to vigorous physical activity, PA physical activity, 
PB physical behavior, SB sedentary behavior
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engaging in PA. These momentary within-subject associa-
tions were related to trait well-being: for example, momen-
tary subjective feelings of energy in real life predicted well-
being captured via the established WHO-5 questionnaire 
and a range of other trait well-being indices [19, 121, 122]. 
These findings strengthen the conclusion that the PB-energy 
association may be of high value for prevention and treat-
ment of affective disorders if such findings can be replicated 
in patient samples.

Moreover, in our review, 50 of 101 investigated relation-
ships between PB and positive affect were statistically sig-
nificant. As discussed above, these findings may be partly 
attributable to energy effects. Despite the different ques-
tionnaires and items used for positive affect quantification, 
evidence was found for associations between PA and sub-
sequent within-subject positive affect, for example, when 
people were more active, they reported significantly higher 
levels of positive affect. For instance, after PA individuals 
felt more inspired, happy, and active. It seems worthwhile 
for future investigations to investigate effects of PB on posi-
tive affect components not linked to energy domains. First 
approaches to develop questionnaires specifically captur-
ing affective responses to PA have already been developed 
[123]; however, to the best of our knowledge such instru-
ments are not yet available for within-subject measurements.

Beyond positive affect, in our review, the evidence for 
PB affecting other domains of AWB and vice versa is 
mixed. For negative affect, only 34.3% (35/102) of inves-
tigated relationships were significant. These null findings 
are consistent with several other studies that found no sig-
nificant within-subject association between PA and negative 
affect [41, 124]. However, some results indicated an inverse 
relationship between PA and depressive states [125–127]. 
Since only high negative values are entered in the PANAS 
questionnaire, information on low-activated negative states 
(e.g., fatigue) is not available [128]. Due to the null-findings 
between PB and negative affect, it might be advisable to split 
the construct of negative affect into single items (e.g., [129]) 
and thus allow low activation items.

Valence, a construct related to both positive affect and 
negative affect, however, is clearly different in its factor 
structure [38], for example, presenting no energy-related 
construct. In particular, associations between valence (e.g., 
feeling well and content) and prior time spent in PB or on 
subsequent PB were inconsistent; most investigated relation-
ships were non-significant for PA predicting within-subject 
valence or valence predicting subsequent PA. Only 42.5% 
(17/40) of investigated relationships were significant. Con-
cerning the link between PB and calmness, as a low acti-
vated positive AWB construct, the evidence was mixed and 
in part contradictory, i.e., some investigated relationships in 
our review were significant and revealed positive effects of 

PB on calmness (25.9%) while others revealed PB decreases 
calmness (18.5%) or vice versa. Concerning the link between 
PB and negative affect components, PA was not related to 
feelings of fatigue, tiredness, anger, anxiety, depressed feel-
ings, or stress in most of the investigated relationships.

4.4 � Does the PB‑AWB Association Differ Depending 
on Subgroups Researched?

This review shows that despite community based-samples 
of adult and youth populations, subgroups such as clini-
cal samples are under-represented. Taken together, the few 
existing studies on subgroups are currently too small to draw 
overarching conclusions. However, the few investigations 
on vulnerable samples yield the impression of an increased 
relevance of the PB-AWB interaction in everyday life com-
pared to healthy populations, especially in the mental health 
domain. For example, AA studies provide first mechanistic 
insights into the importance of PB-AWB associations for 
affective disorders; PB-AWB relationships seem to play an 
especially critical role in people showing brain structure 
characteristics of vulnerability for affective disorders [19] 
and in patients with bipolar disorder [18], but the underlying 
behavioral mechanisms remain to be investigated in depth. 
For example, we found only one study researching the PB-
AWB association in patients with attention deficit hyperac-
tivity disorder. This is surprising since alterations in both the 
PB and the AWB domain are central diagnosis criteria of the 
disorder. In a similar vein, Koch et al. [80] uncovered inter-
actions of attention deficit hyperactivity disorder types and 
PB-AWB interactions in everyday life. In particular, patients 
being inattentive and hyperactive showed stronger PB-AWB 
associations compared to patients being predominantly inat-
tentive and compared to healthy controls. Similarly, negative 
affect was related to PB solely in participants with a com-
bined presentation, but not in the other two groups, which 
may, taken together, point towards a mechanism reinforcing 
hyperactivity, if replicated.

Furthermore, 16 of 66 studies investigated the PB-AWB 
association in children and adolescents. In particular, three 
of these studies found evidence for a positive association of 
PA and subsequent positive affect in children [130–132], 
and two studies showed higher levels of positive affect posi-
tively influence subsequent PA [79, 131]. Especially chil-
dren who are overweight or obese benefit from increased 
PA and reduced SB resulting in elevated positive affect 
[131], which in turn may provoke sustained PA behavior 
[111] and thus potentially foster long-term mental and 
physical health. Evidence on the within-subject associations 
between PB and affective states at the ages of 13–18 years 
is mixed and points towards an idiographic relationship in 
this target group, suggesting that the association is unique 
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to each individual and varies based on personal experi-
ences, environmental influences, genetic factors, and other 
factors [84, 133, 134]. Further studies in adolescent sam-
ples are necessary to determine which particular PB and 
AWB components are related to each other and under which 
contextual conditions. Towards this aim, a reviewed study 
involving adolescents has already demonstrated that various 
PA motives (competitive vs. non-competitive PA) can yield 
diverse effects on AWB components. For instance, partici-
pating in non-competitive PA, such as skating as a leisure 
activity, resulted in increased feelings of energy and positive 
affect. In contrast, engaging in competitive PA, such as a vol-
leyball match, led to a decrease in subjective energy [91]. In 
the elderly, our literature search yielded only three studies 
[77, 135, 136]. These three investigations provided mixed 
findings and therefore we are unable to draw any specific 
conclusions. In sum, future research endeavors exploring 
the (change of the) PB-AWB association across the lifespan 
(e.g., via a cohort studies) are highly warranted.

4.5 � Does the PB‑AWB Association Differ Depending 
on Methodological Study Quality?

Based on our modified version of the QA, most studies were 
rated with a low or moderate risk of bias. Here we discuss 
selected categories from the QA such as PB measurement, 
AWB assessment, design features, compliance, and statisti-
cal modeling.

PB measurement in AA studies The terminology “physi-
cal behavior” (as discussed above, see Sect. 4.3), describes 
a recent scientific model [52] operationalizing highly com-
plex human PB characterized by distinct features such as PB 
type (e.g., walking, standing, or sitting), intensity (e.g., LPA 
or MVPA), purpose (e.g., structured exercise or garden-
ing), and social-environmental context (e.g., jogging alone 
through the city park or sitting with friends while watching 
movies). Here, various definitions and operationalizations 
exist while no consensus across disciplines has been reached 
thus far [137–139]. However, the variation of PB operation-
alization can influence the findings on PB-AWB associations 
[47]. In this review, we only included studies comprising a 
device-based PB measurement method to capture features as 
objectively as possible, i.e., without (retrospective) distor-
tions from cognitive heuristics [28]. The detailed advantages 
and disadvantages of device-based versus self-reported PB 
methods are discussed elsewhere [47, 48]. Although acceler-
ometry is broadly accepted as the gold-standard for device-
based PB measurement methods in daily-life studies [47, 48, 
52, 137], this method also comes with considerable degrees 
of freedom, challenges, and limitations in data assessment, 
preprocessing, and analyses, which lead to a wealth of dif-
ferent PB parametrizations that can influence the findings on 
PB-AWB associations [47].

In particular, as outlined in Sect. 3, the PB assessment 
design varied considerably between the studies reviewed 
within this work; for example, regarding (i) the placement 
of the accelerometer (e.g., hip-, wrist-, thigh-worn), (ii) the 
devices used (e.g., Actigraph, movisens Move), (iii) the sam-
pling frequency (e.g., 10 vs. 30 Hz) defined, (iv) the epoch 
length installed (e.g., 1 vs. 10 vs. 600 s), (v) the assessment 
duration applied (e.g., 1 day to 3 weeks of accelerometry) 
and (vi) the metrics or parameters calculated with different 
software packages and distinct filtering algorithms, cut-offs, 
etc. (e.g., resulting in counts, movement acceleration inten-
sity [milli-g], energy expenditure [metabolic equivalent], 
activity intensity [minutes spent in light, moderate, vigorous 
PA], body position/posture [sitting, standing, lying], activity 
patterns [activity breaks]).

As described earlier (see Sect. 3.3), the parameteriza-
tion of PB included movement-based volume variables 
(i.e., raw acceleration data), time-based amount variables 
(e.g., MVPA), energy expenditure variables (e.g., metabolic 
equivalent), as well as postural and activity-based variables 
(e.g., standing, stepping). Each of these features has been 
shown to have an influence on PB quantification. For exam-
ple, thigh-accelerometry has been shown to be most valid 
for SB assessment [52], length of measurement time frames 
have been associated with validity and reliability of data 
[140, 141], epoch lengths were recommended to be cho-
sen as short as possible to represent spontaneous and short 
movement episodes adequately [142, 143], and the choice 
of cut-points should follow established recommendations to 
enable unbiased PB assessment [140, 144]. The influence 
of these features on PB quantification is discussed in a huge 
wealth of accelerometry literature (e.g., [145–147]. There-
fore, obviously, the differences regarding these features of 
studies reviewed within this work may lead to heterogene-
ous findings on the PB-AWB association in both directions.

AWB assessment in AA studies There are extensive and 
ongoing discussions as well as empirical analyses on the 
advantages and limitations of different AWB quantifica-
tions, tackling constructs such as (core) affect, mood, and 
emotions. Beyond literature on these general conceptual-
izations, there is also considerable work on the application 
of AWB quantifications to the PB-AWB association. For 
example, in 2013 Ekkekakis summarized knowledge on this 
challenge in “A guide for health-behavioral research” [39], 
and just recently developed and validated an “Affective Exer-
cise Experiences (AFFEXX) questionnaire” to enable the 
assessment of affective and motivational antecedents of PB 
[123]. However, this work mainly stems from laboratory and 
cross-sectional research, and its transfer into momentary, 
within-subject processes on the PB-AWB association that 
are central to this review is pending. In daily-life research 
and especially in the studies reviewed here, different ques-
tionnaires to quantify AWB, such as the two-dimensional 



	 I. Timm et al.

PANAS [37] and the three-dimensional MDMQ [38], have 
been applied. For example, the often-used MDMQ for PA-
AWB investigation in daily life, originally a German lan-
guage questionnaire with 20 items, was specifically adapted 
for use in AA studies aiming to reduce the participant bur-
den [38]. The resulting AA questionnaire was reduced to 
six bipolar items, representing the three mood dimensions 
valence, energetic arousal, and calmness validated to repre-
sent distinct mood components and showing high reliability 
for the assessment of mood changes on both the momentary 
within-subject (state-like) and between-subject (trait-like) 
level [38]. Recent work compared this MDMQ questionnaire 
with PANAS-like questionnaires on e-diaries, which were 
used in two studies reviewed. In particular, for the usage 
in these PA-AWB studies, the PANAS, which was not ini-
tially developed for AA studies and consisted originally of 
20 items (10 positive affect/10 negative affect), had been 
reduced to the shorter form, for example, including 10 items 
(I-PANAS-SF). Such comparisons show the challenges that 
accompany the usage of different mood assessments. For 
example, the PANAS items forming the negative affect 
dimension offer hardly any variance in healthy samples, 
which can lead to ceiling effects and non-normally distrib-
uted residuals in multi-level analyses. On the one hand, this 
offers multiple insights into how distinct AWB components 
interact with PB and vice versa in everyday life. On the other 
hand, given that the number of studies applying the same 
AWB measurement is small, this precludes us from drawing 
overarching inferences from the studies reviewed. Therefore, 
beyond our call for more studies on distinct components of 
AWB, future investigations may be guided by key questions 
such as: (i) was the questionnaire developed for the pur-
pose applied; (ii) is the questionnaire appropriate for the 
target group researched (e.g., clinical vs. community-based 
samples); (iii) is the questionnaire suitable for answering 
the research question (e.g., is one interested in energetic 
antecedents vs. tension responses of PB); and (iv) is the 
questionnaire validated for use in daily-life research (e.g., 
within-subject reliability on e-diaries). Here, the use of the 
“Experience Sampling Method Item Repository”, an open 
database including all AWB items of published daily-life 
studies, their fit to already existing questionnaires and their 
psychometric properties, may guide future studies.

Design features, compliance issues, and statistical meth-
ods In daily-life research on PB-AWB associations, compli-
ance is defined as the ratio of answered versus triggered 
e-diary prompts and of wear versus non-wear time of the 
accelerometers [48]. Compliance is a measure of partici-
pant adherence to the study protocol, in particular, to the 
sampling schema. Therefore, AA compliance obviously 
depends on both the sampling schema applied and partici-
pant motivation [148]. Of the studies reviewed, nearly half 
of the investigations did not provide details on compliance 

of the accelerometer measurement, and 26 did not report 
any details, although this information is crucial to assess 
the quality and representativeness [47]. For example, since 
the acceleration values between sitting still and not wear-
ing the device are almost similar, it is important to differ-
entiate between wear and non-wear time. Only two studies 
reported details about the total wear time across all partici-
pants, the total wear time per participant, and reasons for 
noncompliance. In the studies reviewed, the average e-diary 
compliance rate was 79.17% (mean; SD = 29.0), ranging 
from 58.6% to 95%. This falls within the range of sound 
compliance rates according to current method guidelines 
[54]. Moreover, only seven studies reviewed reported their 
latency, with latency being defined as the time window from 
the e-diary prompt to the participants answering the respec-
tive prompt. This non-reporting had already been criticized 
in previous reviews [53, 149, 150] and is critical since high 
latency (such as 1 h) reduces the ecological validity and 
increases the probability of retrospective biases. Therefore, 
we suggest future studies thoroughly report accelerometer 
wear time, e-diary compliance, and other adherence meas-
ures such as latency; for a detailed overview see current 
reporting guidelines for AA studies [54]. Additionally, in 
study conceptualization especially sampling schemes should 
be carefully designed. For example, a large proportion of 
adults worldwide fail to meet the recommended PA levels 
[1]. Consequently, their everyday life is characterized by a 
high prevalence of sedentary behaviors, possibly with only 
infrequent instances of moderate to high physical activity 
[151, 152], which leads to restricted within-subject variance 
of PA [153]. This appears critical to consider in research on 
PB-AWB associations, for example by using activity-trig-
gered e-diaries to enhance within-subject variance of interest 
[153] in PB. To capture these phases of high PA, it can be 
useful to apply triggered e-diaries (e.g., *activity-, *GPS-, 
*sedentary-triggered [86, 88, 90, 92–94, 154]) beyond fixed 
or random sampling designs, which draw from technologi-
cal advances of accelerometer-smartphone Bluetooth con-
nections and real-time analyses including interactive algo-
rithms to trigger participants in phases of low and high PA 
(for a detailed discussion, see [148]). Such challenges have 
been especially encountered in studies with older or inac-
tive samples [126, 154–157]. Further measures to improve 
participant compliance in daily-life studies on PB-AWB are 
critical, such as study personnel increasing participant moti-
vation (for a detailed discussion, see Reichert et al. [48]). 
Most reviewed studies (41/66) collected data over 7 or less 
days. While in general designing an AA study requires an 
appropriate assessment duration to collect sufficient data for 
the analysis of momentary within-subject processes, both 
the person level (i.e., the number of participants) and the 
prompt level (i.e., e-diary entries) data are critical to sta-
tistical power but of different importance depending on the 
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analysis planned (e.g., at the same power and alpha level, 
within-subject direct effects require much less data com-
pared to cross-level interaction effects) [158]. However, an 
in this context crucial but often unattended aspect is that 
the sampling frequency must fit the process of interest to 
produce univocal results [28, 48, 159], which often conflicts 
with long assessment durations, for example, high-frequency 
e-diary assessments such as every 15 min across 10 h a day 
(which equals 40 prompts a day) to appropriately capture 
AWB within-person variation across more than 1 day will 
obviously pose a huge burden on participants and lead to 
compliance issues [48, 159]. Against this background, to 
capture both PB-AWB short-term responses and long-term 
effects, we expect that future PB-AWB studies may be 
designed to collect data over longer assessment durations 
yet concurrently draw from high-frequency assessments, 
which is possible via so-called measurement burst designs 
combining sparse and intense sampling phases [160, 161]. 
Following standard procedures in AA, most of the studies 
reviewed conducted two-level multilevel modeling. Against 
the background of limitations to these models which we 
detail in Sect. 4.6, we expect that in future, the field will 
draw from advanced statistical approaches to unravel the 
timing of effects and PB compositions in detail. A review 
published by Ruissen and colleagues [84] provides a com-
prehensive overview of some dynamic measurement and 
modeling approaches applicable to AA-studies in the PB-
AWB field [85].

4.6 � Limitations

This review entails many strengths, but some aspects merit 
further discussion. First, in our work, we searched three 
databases, and thus it cannot be assured that some appropri-
ate literature on PB-AWB associations has not been inad-
vertently missed. Moreover, we did not include unpublished 
work, or grey literature. We acknowledge that the exclusion 
of grey literature may represent a limitation of our review 
since this may have resulted in our literature overview 
not being fully comprehensive. However, the inclusion of 
grey literature, where quality standards are not uniformly 
assessed, into literature reviews is under debate [51]. Mixing 
peer-reviewed with non-peer-reviewed studies could intro-
duce bias into the interpretation of results [51]. However, 
since we searched the most comprehensive and recognized 
databases, we do not expect the findings of our review to be 
critically biased by the search strategy. Second, the modi-
fied QA employed had been custom-developed, and should 
be further validated. Still, we would like to emphasize that 
our QA follows high standards, given that it was guided by 
and includes items of already existing and validated QAs 
[44, 53, 54] (see ESM 8). As such, we assume that we have 
covered relevant QA aspects. Of note, following established 

recommendations [45], our QA is not primarily intended to 
reflect the hierarchical quality of studies, for example, via 
between-study rankings, but rather to detect potential flaws 
and thus better reflect the internal validity of studies. Beyond 
a risk of bias rating, our modified QA was mainly guided 
by the concept to rate whether studies provided sufficient 
information for future studies to replicate the investigations 
conducted. Third, we did not include intervention studies, 
but rather only observational real-life investigations. This 
precludes causal conclusions and direct recommendations 
for interventions. However, since there are currently only 
very few intervention studies including daily life methods 
(e.g., combining experimental manipulation and ecological 
validity), this proposal should be substantiated by future 
reviews. Fourth, the studies reviewed did not report uniform 
standardized effect sizes. Critically, reliable effect sizes in 
intensive longitudinal data analyses must be informed by a 
wealth of statistical parameters (e.g., variances on the dif-
ferent analyses levels [158]). Therefore, it was not possible 
to conduct a meta-analysis solely with the information pro-
vided in the papers. However, to give hints on the meaning-
fulness of effects found in the studies reviewed, we provided 
readers with a summary of practical effect sizes reported. 
Future work on PB-AWB associations should include sta-
tistical parameters to enable uniform standardized effect 
size, or alternatively, researchers may aim for conducting 
individual participant data meta-analysis in a future open 
research framework. Fifth, in the studies reviewed, a large 
proportion of convenience samples were investigated (e.g., 
students or university employees), limiting generalizability. 
Sixth, most the AA studies aggregated PA across distinct 
time frames prior to and/or following the e-diary prompts, 
a parameterization we described as “aggregated time 
frames.” For example, in several studies reviewed, aggre-
gated time frame equaled 15 min before and/or after the 
e-diary prompts. Accordingly, in these studies, researchers 
investigated associations of PA occurring 15 min before and/
or after the e-diary rating with AWB. Importantly, this does 
not give any information about the particular composition 
of PA conducted within the aggregated time frame. More 
precisely and drawing from a prominent example derived 
from the studies reviewed, if parameterizing PA as minutes 
of MVPA within the 15 min before an AWB rating, a value 
of 8 min MVPA may result from a person running 8 min in 
a row across 15 min, but also from this person achieving 8 
MVPA min in total across 15 min through four interspersed 
MVPA bouts of 2 min each. If data entail values of 15 min 
of MVPA, this may even stem from exercising sessions by 
far exceeding 15 min. Of note, studies under investigation 
differed in their operationalizations of average PA within 
the aggregated time frames, for example, some used the 
parameters time spent in LPA, MVPA, or SB, while others 
were interested in metric operationalizations of PA (ESM 
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9). Moreover, the underlying parameterization does not give 
information on the type of PA, nor it does allow for a precise 
investigation of the timing of effects (e.g., at which time lag 
after being physically active is AWB being affected most). 
Accordingly, this way of parameterization of PA does not 
allow direct inferences on the PA composition provoking 
potential AWB effects. While many studies differentiated 
their analyses by PA intensity (e.g., LPA, MVPA), this chal-
lenge is particularly salient to the PA duration and timing of 
effects domains against the background of the aim of the pre-
sent work to summarize existing studies. Hence, to receive 
more information on the underlying physical activity compo-
sition provoking potential AWB effects, the parameterization 
and related statistical modelling is a critical challenge to 
the field to be tackled in the upcoming years. Fortunately, 
in a comprehensive work, Ruissen and colleagues reviewed 
[84] custom-developed and applied methods (i.e., Bayesian 
hierarchical continuous-time structural equation models) 
for overcoming these limitations [85]. Seventh, the QA of 
methods used to study PB-AWB associations revealed large 
heterogeneity, which limits interpretability of the results (for 
an in-depth discussion, see Sect. 4.6). Therefore, research-
ers may streamline their methodological approaches and 
engage in a more detailed reporting of methods used (e.g., 
accelerometry data preprocessing procedures). Eighth, only 
a small proportion of the studies reviewed conducted a (post 
hoc) power analysis to estimate the appropriate sample size 
or did not report it. Therefore, some of the results may be 
underpowered which may have led to type-2 error inflation 
in our review.

5 � Conclusions, Practical Recommendations, 
and Future Directions

Our search revealed that the number of daily-life studies on 
PB-AWB has increased rapidly. In sum, the reviewed evi-
dence on PB-AWB associations under ecological valid con-
ditions is heterogeneous, that is, the direction and strength 
of relationships is ambiguous across studies. Therefore, one 
might be tempted to speculate that PB and AWB are not 
related to each other in each and every situation and in all 
humans, but are dependent on contextual factors (such as 
time, situational, and social context, weather conditions), PB 
and AWB components (such as PB duration and intensity; 
emotions, affect, mood) and biological determinants.

Amalgamation of the findings revealed that PB intensity 
barely revealed any systematic effect on everyday life AWB 
and vice versa, while the review of other PB characteris-
tics (such as PA duration and type) is hampered by meth-
odological limitations in the field that are currently being 
tackled. However, in general, most studies investigated 
primarily incidental PB, and studies found positive AWB 

effects even for low intensities; these findings should be 
followed up by novel AA approaches to research PB char-
acteristics, and they can fuel the discussion about whether 
the World Health Organization notion “every move counts” 
[1] may be extended to everyday-life AWB. Similarly, 
AWB characteristics (such as emotions, affective states, 
mood) do not fully explain variance of PB-AWB associa-
tions, but, importantly, PB relations with subjective energy 
were largely homogenous across studies. This points to a 
dominant role of feelings of energy, a reasonable finding 
against the evidence from mental health studies and previ-
ous meta-analyses on positive activated affect. A high rela-
tive amount of significant investigated PB-AWB relation-
ships were found in people susceptible to mental disorders 
compared to other populations. We found a large heteroge-
neity of methods applied to study PB-AWB associations, 
which further complicates scrutiny of real-life evidence on 
PB-AWB associations. While overall the quality of studies 
reviewed was rated moderate to high, there is considerable 
room for improvements. In particular, PB measurement via 
accelerometry is considered the gold standard and was set as 
an inclusion criterion in this review, but the devices used and 
procedures applied show large variability. While repeated 
AWB assessment in real-time is at least in part conducted 
via questionnaires validated for AA purposes, barely any 
study of those reviewed used questionnaires specified for 
the individual everyday-life PB-AWB association purpose. 
AA sampling procedures were not always tailored to the 
PB-AWB process of interest, and compliance reporting was 
in part insufficient, especially for accelerometry. Therefore, 
over and above method improvements, streamlining of meth-
odological procedures to investigate PB-AWB association, 
and especially more transparent reporting of methods, are 
critical for future investigations in the field.

Since the direction and strength of the PB-AWB associa-
tions vary across studies, this suggests that the association 
is not universally consistent but may amongst other influ-
ences (e.g., biological determinants) also depend on daily-
life contextual factors. Contextual influences are known to 
be key determinants of human behavior and feelings [162]. 
In contrast to laboratory studies, real-life investigations offer 
the possibility of studying these moderation effects. For 
example, environmental factors (such as outdoor vs. indoor 
settings, nature vs. built environments, as well as air and 
noise pollution) are shown to influence both PB and AWB 
[162–165]. Accordingly, such environmental influences may 
also play a potential moderating role on the PB-AWB asso-
ciation, and their consideration should be a central aspect 
of future AA studies. Supporting this hypothesis, a study 
showed that PA being performed outdoors revealed higher 
affective benefits compared to indoor PA [135], a finding 
consistent with other studies [162, 166–170]. Another exam-
ple of contextual influences is PB-AWB moderation effects 
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by weather; poor weather conditions have been associated 
with lower levels of MVPA [78], while higher temperatures 
were linked to increased PA levels [171]. Moreover, situ-
ational contexts, such as work versus leisure environments, 
have also been found to influence the PB-AWB association 
[172]; for example, the frequency and intensity of sedentary 
breaks have a more pronounced effect on energetic arousal 
when individuals are at home compared to being at work 
[78, 86]. Furthermore, social contexts should be a focal point 
in future research, since influences on the PB-AWB real-life 
association are highly conceivable. For example, engaging 
in PA in social settings has been found to enhance AWB 
[135], to increase the duration of activities [164], and a study 
demonstrated influences of partner support on the interac-
tion of SB and AWB [77]. These moderation effects could 
also extend to the complex contextual interactions within 
families and among friends [79, 132, 165, 167, 173–175]. In 
conclusion, contextual factors are integral to our understand-
ing of PB-AWB associations, and we argue that investigat-
ing these interactions in future real-life settings is essential 
for gaining comprehensive insights. The PB-AWB associa-
tion is highly relevant to both physical and mental health in 
humans as outlined above. This puts forward highly promis-
ing future follow-up research questions, which can be criti-
cally informed by this review. First, it emphasizes the ongo-
ing need to tackle the issue of causality in more depth. For 
example, the reviewed studies show PB-AWB correlations 
in both temporal directions, which leads to the assumption 
of a circular relationship [85]. Second, the issue arises how 
the PB-AWB association can be exploited to proceed toward 
precision medicine approaches. For example, the specificity 
of PB-AWB associations for distinct populations found in 
this review can set the basis to build “acute dynamic process 
phenotypes” for the prediction of prospective health behav-
ior [48, 176, 177]. Third, this includes the question of how 
the extracted knowledge can shape and refine existing health 
behavior theories and even promote novel health behavior 
models. For example, the strong PB-AWB link with feel-
ings of energy in both directions found in the present syn-
thesis of everyday-life studies perfectly fits with innovative 
health behavior theories hypothesizing PB engagement to be 
mediated by cravings for PA [13] and the affective-reflective 
theory [178].

To tackle these follow-up questions, future research 
can draw from methodological advancements. For exam-
ple, sophisticated Granger causality [179] approaches have 
been suggested for intensive longitudinal data modeling 
[180, 181], and in future, experimental manipulations in 
everyday life (e.g., [182]) can help to approach issues of PB-
AWB causality. Second, technological advancements such 
as high-resolution smartphone sensing (e.g., application-use, 
calls and text message tracking, voice pitch [150, 183–186]), 
physiology tracking in real-life (such as skin, heart rate), and 

combinations with laboratory testing (such as neuroimag-
ing, intestinal microbes [19]; multiparametric sensor fusion 
[187, 188]), can be exploited to proceed towards precision 
medicine approaches. Third, meta-analytic strategies with 
individual participant data can scrutinize evidence to shape 
and refine existing health behavior theories and to inform 
novel health behavior models. Together, these insights will 
help to promote and develop (mobile) interventions for pre-
vention and therapy of human physical and mental health.
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