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1 | INTRODUCTION

The physical inactivity pandemic has emerged as a seri-
ous public health concern in the 21st century (Blair, 2009).

Abstract

Given accumulating evidence indicating that acute and chronic physical activity and
cardio-respiratory fitness are related to modulation of the P3b-ERP component, this
systematic review provides an overview of the field across the last 30+ years and dis-
cusses future directions as the field continues to develop. A systematic review was con-
ducted on studies of physical activity and cardio-respiratory fitness on P3b. PubMed,
Web of Science, and Scopus were searched from database inception to March 28, 2018.
Search results were limited to peer-reviewed and English-written studies investigating
typically developed individuals. Seventy-two studies were selected, with 39 studies
examining cross-sectional relationships between chronic physical activity (z = 19) and
cardio-respiratory fitness (n = 20) with P3b, with 16 and 17 studies reporting associa-
tions of P3b with physical activity and cardio-respiratory fitness, respectively. Eight
studies investigated the effects of chronic physical activity interventions, and all found
effects on P3b. Eight studies investigating P3b during acute bouts of physical activity
showed inconsistent results. Nineteen of 23 studies demonstrated acute modulation
of P3b following exercise cessation. Conclusions drawn from this systematic review
suggest that physical activity and cardio-respiratory fitness are associated with P3b
modulation during cognitive control and attention tasks. Acute and chronic physical
activity interventions modulate the P3b component, suggesting short- and long-term
functional adaptations occurring in the brain to support cognitive processes. These
summary findings suggest physical activity and cardio-respiratory fitness are benefi-
cial to brain function and that P3b may serve as a biomarker of covert attentional pro-

cesses to better understand the relationship of physical activity and cognition.
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Despite growing awareness of this issue, the prevalence of
physical inactivity remains unchanged, as approximately
80% of adolescents and 25% of adults did not meet the phys-
ical activity guideline (Hallal et al., 2012; Sallis et al., 2016).
Such a lifestyle has been found to exacerbate age-related cog-
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nitive decline, as physical inactivity has been associated with
brain atrophy during older adulthood and an estimated 3.8%
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of dementia cases worldwide (Arnardottir et al., 2016; Sallis
et al., 2016). Physical inactivity is further linked to deficits in
cognitive development, given that physical activity is import-
ant to cognition and academic achievement during the school
age years (Biddle & Asare, 2011; Donnelly et al., 2016).

To counteract the consequences of physical inactivity on
cognitive and brain health, there has been a growing trend
to promote physical activity (Heath et al., 2012). Related
research stems from evidence of the beneficial association
of physical activity and cardio-respiratory fitness with neu-
rocognitive health, particularly higher-order cognitive pro-
cesses such as cognitive control (also known as executive
function) across the lifespan (Aberg et al., 2009; Donnelly
et al.,, 2016; Etnier et al.,, 1997; Hillman, Erickson, &
Hatfield, 2017; Hillman, Erickson, & Kramer, 2008; Kramer,
Colcombe, McAuley, Scalf, & Erickson, 2005; Sibley &
Etnier, 2003). Further, meta-analyses and narrative reviews
have indicated both acute and chronic effects of physical ac-
tivity on cognitive control (Chang, Labban, Gapin, & Etnier,
2012; Colcombe & Kramer, 2003; Donnelly et al., 2016;
Hillman et al., 2008, 2017; Ludyga, Gerber, Brand, Holsboer-
Trachsler, & Piihse, 2016). Although the existing evidence
overwhelmingly supports the benefits of physical activity on
behavioral outcomes associated with cognition, the underly-
ing mechanisms that give rise to this beneficial relationship
have received less attention.

With the rapid growth of neuroimaging techniques in the
21st century, research has advanced our understanding of
the neural underpinnings of physical activity-induced bene-
fits to cognitive health (Voss, Vivar, Kramer, & van Praag,
2013). Derived from the neuroelectric system (EEG), ERPs
have been one of the most prominent approaches to the study
of physical activity and brain function (Hillman, Kamijo, &
Pontifex, 2012). The high temporal resolution of ERPs affords
the ability to investigate the influences of physical activity on
cognitive processes that occur between stimulus engagement
and response execution during tasks demanding a variety of
cognitive operations (Fabiani, Gratton, & Coles, 2007).

Embedded within the stimulus-locked ERP, the P300 is
a positive-going deflection occurring approximately 300 to
700 ms after stimulus presentation. The difference in voltage
between this positive peak and a prestimulus baseline is de-
fined as the amplitude of P300, while the time from stimulus
onset to the component peak is referred to as P300 latency.
Topographically and functionally dissociable from P3a, a sub-
component of P300 that is frontally centered and indicative of
attentional orientating, P3b has a scalp distribution centered
over parietal electrode sites and has been theorized to reflect
the updating of a mental representation in working memory as
the result of incoming stimuli (Donchin, 1981; Polich, 2007,
2012). Specifically, increases in P3b amplitude are thought
to serve as an index of the attention-driven comparison pro-
cess between a new event differing from that of the previous

event that is maintained in working memory, with less probable
events engendering larger P3b amplitude. Further, modulation
of P3b amplitude is believed to represent the availability of at-
tentional resources to implement cognitive processes related to
task demands (Polich, 2007, 2012). P3b latency is thought to
index processing speed related to stimulus classification and
evaluation, suggesting its role in bridging perceptual and re-
sponse processing (Verleger, Jaskowski, & Wascher, 2005).

Individual differences in P3b latency have been associated
with the lifespan trajectory of cognitive capacity, with research
indicating decreasing latency across childhood development
and increasing latency during adult aging (Polich, 2007,
2012). P3b latency is also sensitive to task demands related
to stimulus encoding and response selection, with latency in-
creasing when perceptual interference and response compe-
tition occur (Verleger et al., 2005). Taken together, previous
research on the modulation of P3b amplitude and latency as a
result of individual differences or experimental manipulations
has led to the neuroinhibition hypothesis, which describes
P3b as a neuroelectric consequence of the neural mechanism
that inhibits extraneous brain activation to facilitate updating
of mental representation from the memory system (Polich,
2007, 2012). Given that P3b has been associated with arousal
levels regulated by locus coeruleus-norepinephrine (LC-NE)
system (Murphy, Robertson, Balsters, & O'Connell, 2011;
Nieuwenhuis, Aston-Jones, & Cohen, 2005), which is stimu-
lated by physical activity (McMorris, Turner, Hale, & Sproule,
2016), P3b appears to be a candidate neuroelectric marker to
study neuroinhibition underlying attentional processes during
a variety of cognitive tasks in relation to physical activity and
its physiological correlates (e.g., cardio-respiratory fitness).

Cross-sectional studies of P3b have indicated its associ-
ation with physical activity and cardio-respiratory fitness.
Physical activity refers to the bodily movement produced by
skeletal muscles that results in energy expenditure (Caspersen,
Powell, & Christenson, 1985). Related to physical activ-
ity, cardio-respiratory fitness is defined as the ability of the
cardio-respiratory system to supply fuel during sustained
physical activity and to eliminate fatigue product after sup-
plying fuel (Caspersen et al., 1985). Although other aspects
of fitness such as muscular (Firth et al., 2018; Kao, Westfall,
Parks, Pontifex, & Hillman, 2017) and motor (Aadland et al.,
2017; Voelcker-Rehage, Godde, & Staudinger, 2010) fitness
have been associated with cognitive performance, limited
evidence exists to determine their relationship with P3b.
Regardless, research has shown that individuals with higher
levels of physical activity or greater amounts of cardio-respi-
ratory fitness exhibit larger P3b amplitude and shorter P3b la-
tency, suggesting greater attentional resource allocation and
faster processing speed in support of behavioral performance
during cognitive operations (Hillman et al., 2012).

Such findings are further corroborated by studies, includ-
ing randomized controlled trials, which have found larger P3b
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amplitude and shorter P3b latency following participation in
acute (Hillman et al., 2012; Hillman, Kamijo, & Scudder,
2011) and chronic (Hillman et al., 2014; Hsieh, Lin, Chang,
Huang, & Hung, 2017; Tsai, Pan, Chen, & Tseng, 2017)
physical activity intervention. Accordingly, investigation of
the P3b affords an understanding of the functional adapta-
tions in the brain that occur during information processing
and which may be amenable to physical activity intervention.
This line of research is relevant as it may help to understand
the potential of physical activity for improving cognition and
brain health in individuals who exhibit altered P3b compo-
nent underlying impaired cognitive performance (Kamijo
et al., 2012; Pontifex, Saliba, Raine, Picchietti, & Hillman,
2013; Song et al., 2016). As a result, research on the relation
of physical activity and cardio-respiratory fitness to the P3b
has been growing over recent decades (Figure 1). However,
a systematic review summarizing the existing literature is
currently absent. Thus, the purpose of the present study was
to provide a comprehensive overview of the current state of
research on the relation of acute and chronic physical activity
and cardio-respiratory fitness with the P3b-ERP and provide
recommendations to guide future research as the field contin-
ues to develop.

2 | METHOD

2.1 |

Study procedures were based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA; Moher,
Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009).
This review was registered in the International Prospective
Register of Systematic Reviews (CRD42017080871).

Protocol and registration

22 |

Three electronic databases (PubMed, Web of Science,
and Scopus) were selected for performing the search for

Search procedure

IPSYCHUPHYSIOI.OGY g | | so

publications occurring prior to March 28, 2018. When search-
ing in PubMed, medical subject heading (MeSH) terms were
utilized. The search terms physical activity, exercise interven-
tion, sedentariness, and physical fitness were grouped using
the connector “OR” and then were combined using the con-
nector “AND” with search terms related to ERP parameters.
The same selection strategy was used for Web of Science and
Scopus without MeSH terms. Online supporting information,
Table S1 presents the entire set of entry terms grouped by
MeSH terms. As an example, a selected part of the PubMed
search was: ("exercise"[MeSH] OR "sport"[MeSH]) OR
"motor activity"[MeSH]) AND ("event-related potentials,
P300"[MeSH] OR “late positive potential”). The complete
search strategy used for each database is provided in support-
ing information, Appendix S1.

2.3 | Inclusion/exclusion criteria

Studies were eligible based on the following criteria: (a)
Considered physical activity, exercise, sedentariness, and
physical fitness as an independent variable. Investigations
with a major focus on breathing and mental work (e.g.,
Tai-chi, mindfulness) or physical fitness measured by self-
reported surveys were not included. (b) Considered measure-
ments of P3b as a dependent variable. (c) Were written in
English. (d) Focused on typically developed individuals (i.e.,
special populations such as elite athletes and participants
with a diagnosed neuromotor disease were excluded). No
age restriction was applied because the focus of our review
was across the lifespan. Conference proceedings, systematics
reviews, thesis/dissertations, unpublished studies, and non-
peer-reviewed publications were excluded from this review.

24 |

Two independent reviewers (C.C-S., S-C.K.) assessed the qual-
ity of the studies selected. Reviewers were trained previously for
assessing the risk of bias of the studies selected. Initially, there

Risk of bias assessment
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was strong agreement among reviewers allocating risk of bias
scores (86.5%). Disagreements between reviewers were solved
in a consensus meeting. The studies’ methodological quality was
assessed with an adapted scale based on Consolidated Standards
of Reporting Trials (Moher, Schulz, & Altman, 2001) and the
Studies in Epidemiology (von Elm et al., 2007) checklists as pre-
viously used by other authors (Smith et al., 2014). The criteria
applied were (a) random selection of study sites or participants
and the randomization procedure was adequately described; (b)
adequate description of the study sample (i.e., number of partic-
ipants, sex, and mean age); (c) adequate assessment/reporting of
physical activity or exercise intervention, sedentary behavior, or
fitness measurements (i.e., validity/reliability of tests reported
and/or detailed description of testing protocols/intervention);
(d) adequate assessment of the P3b component (i.e., measure-
ment procedure and data reduction adequately described); and
(e) adjustment for basic confounders in the statistical analyses
when necessary (i.e., when associations between dependent var-
iables and demographic variables were reported in studies using
a nonrandomized experimental design; Table S2). Reviewers
assigned 0 when the study did not meet a criterion and 1 when a
criterion was met. Thus, a maximal score of 5 could be reached
for each study. Studies that scored 0-2 were considered to have
a high risk of bias, those that scored 3 were considered to have
a moderate risk of bias, and those scoring 4-5 were categorized
as low risk of bias (Figure 2, Table S3). Studies categorized as

high risk of bias are included in the review, but their conclusions
should be taken with caution.

25 |

Two reviewers (C.C-S., S-C.K.) performed the study selec-
tion process of the found articles. First, titles and abstracts
were examined to identify studies that met inclusion cri-
teria. Second, the full text of eligible studies based on the
screened studies was read to determine their final inclusion.
Disagreements between reviewers were solved in a meet-
ing between reviewers and an expert in the field (C.H.H.).
Finally, articles including physical fitness, physical activity/
exercise, and/or sedentary behavior as well as the P3b com-
ponent were systematically reviewed. The flow diagram of
the study selection process following PRISMA guidelines is
shown in Figure 3.

Study selection process

2.6 | Data collection and extraction process

The final studies included were thoroughly examined, and
the following data were extracted into the database: (a)
first author's name and publication year (study reference);
(b) sample size, age, sex, and related characteristics of the
study sample; (c) physical activity, sedentary behavior,
and/or physical fitness tests used; (d) P3b definition and

Total studies included (N = 72)
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FIGURE 2 Risk of bias analysis for each criterion in the included studies (n = 72)



KAO ET AL. : 5of 40
psvcuopvsiowogy L
FI GURE 3 Flow ('11agram of studies Records identified through databases
included through the review process
ding to the Preferred Reporting Items g searched
according to the Tre POTHnE TS £ PubMed = 67, Web of Science = 1191,
for Systematic Reviews and Meta-Analyses e.% Scopus = 549
(PRISMA) 'é (N =1807)
)
=
L}
—— Duplicates excluded (N = 473)
Records screened by title
%‘J and abstract (N = 1334)
g
o
S
@
Records excluded (N = 1236)
—— Agreement: 95.7%
Full-text articles assessed
;: for eligibility (V = 98)
'-'a Full-text excluded due to different
= N=26
= reasons ( )
-Content (no physical activity,
sedentary behavior, physical fitness
or P3b measurements) (N = 22)
-Characteristics of the study sample
(non-healthy or elite) (N =4)
3 Agreement: 91.7%
=
=
E Studies included in review

(N=172)

task employed; and (e) the main outcomes. Additionally,
for those studies with an intervention, detailed information
about the intervention was extracted (i.e., type, duration,
and intensity).

3 | RESULTS

3.1 |

A total of 1,807 studies were initially identified in PubMed,
Web of Science, and Scopus. Of these, 473 were duplicated
among databases and thus excluded in the first stage of the
review. Therefore, a total of 1,334 studies were screened by
title and abstract (first screening). After this first screen-
ing, 98 studies were further screened in full text (second
screening), resulting in a total of 72 articles included in this
review. The reasons for the full text exclusion are detailed
in Figure 3. The agreement among reviewers in the first
(95.7%) and second (91.7%) screenings was strong. See

Study selection

Tables 1-4 for a summary of study characteristics as well as
the method for assessing physical activity, cardio-respira-
tory fitness, and P3b.

3.2 | Cross-sectional evidence of an
association of physical activity with P3b

The findings in 16 of the 19 (84.2%) reviewed studies
showed associations of physical activity with the P3b-ERP
during performance on cognitive control and attention tasks
(Chang et al., 2017; Chang, Huang, Chen, & Hung, 2013;
Dai, Chang, Huang, & Hung, 2013; Fong, Chi, Li, & Chang,
2014; Gajewski & Falkenstein, 2015; Hatta et al., 2005;
Hillman, Kramer, Belopolsky, & Smith, 2006; Huang, Lin,
Hung, Chang, & Hung, 2014; Kamijo & Takeda, 2009, 2010;
Tsai & Wang, 2015; Tsai, Wang, et al., 2016; Wang & Tsali,
2016), despite no effects in behavioral outcomes in three of the
19 (15.8%) studies (Hillman, Belopolsky, Snook, Kramer, &
McAuley, 2004; McDowell, Kerick, Santa Maria, & Hatfield,
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TABLE 4 Categories of cognitive
tasks used to examine P3b

Inhibitory control
Flanker task (n = 20)

Go/no-go task (n = 1)

Go/no-go flanker task

(n=3)
Stroop task (n = 5)

Stop-signal task

(n=1)
Spatial priming task
(n=1)

2003; Polich & Lardon, 1997). Two studies (10.5%) found
improved task performance for active compared to inactive
older adults, while no differences in P3b were observed be-
tween groups (Getzmann, Falkenstein, & Gajewski, 2013;
Hawkes, Manselle, & Woollacott, 2014). One study (5.3%)
found no effect of physical activity on both P3b and behav-
ioral indices during a simple response time (RT) task in 19-
to 86-year-old participants (Berchicci, Lucci, Perri, Spinelli,
& Di Russo, 2014). No research in children was available.
The pattern of associations of P3b and behavior with chronic
physical activity as well as cardio-respiratory fitness and ex-
ercise interventions across studies are shown in Figure 4.
Across studies, evidence supported a relationship of
physical activity on P3b from early to late adulthood, with
increased physical activity related with larger P3b ampli-
tude (Chang et al., 2017; Chang, Huang, et al., 2013; Dai
et al., 2013; Fong et al., 2014; Hillman et al., 2004, 2006;
Polich & Lardon, 1997; Tsai & Wang, 2015; Wang & Tsai,
2016; see example in Figure 5b), shorter P3b latency (Chang,
Huang, et al., 2013; Fong et al., 2014; Hillman et al., 2004,
2006; Kamijo & Takeda, 2009), or greater neural efficiency
as reflected by a larger capacity for upregulating P3b ampli-
tude when task demand increased (Gajewski & Falkenstein,
2015; Kamijo & Takeda, 2010). These associations may be
moderated by age—as topographic shifts in the expression
of P3b on the scalp differ with age (McDowell et al., 2003)
as well as for open-skill compared to closed-skill activities,
which were associated with larger increases in P3b amplitude
(Chang et al., 2017; Tsai & Wang, 2015; Tsai, Wang, et al.,
2016) and more localized scalp distribution of P3b amplitude
(Huang, Lin, Hung, Chang, & Hung, 2014). Although null
associations of physical activity with P3b were found in three
studies, these findings may be related to methodological

Cognitive control tasks

Cognitive
Working memory flexibility Attention tasks
Sternberg task Task-switching Simple RT task
n=1) task (n = 10) n=1)
N-back task (n = 1) Discrimination task
(n=1)
AX-CPT task (n =2) Vigilance task
(n=2)

Match-to-sample Two-stimulus odd-

task (n =2) ball task (n = 16)
Mental arithmetic Three-stimulus
task (n =2) oddball task
(n=5)

Visuospatial atten-
tion task (n = 4)

Attentional blink
task (n=1)

decisions such as unspecified windows for measuring P3b
(Hawkes et al., 2014) or tasks designed to elicit different sub-
components of P3 complex (Getzmann et al., 2013) or to only
assess simple RT (Berchicci et al., 2014).

3.3 | Cross-sectional evidence of an
association of cardio-respiratory fitness
with P3b

Among the 21 studies reviewed, only one (4.8%) investigated
muscular fitness in relation to P3b, while all others (95.2%)
examined cardio-respiratory fitness. Therefore, the current
review focused on the associations between cardio-respira-
tory fitness and P3b (the study investigating muscular fitness
is included in Table 1). The majority, 14 of the 20 (70%) car-
dio-respiratory fitness studies, showed positive associations
with P3b in response to cognitive control and attention tasks
(Hawkes et al., 2014; Hillman, Buck, Themanson, Pontifex,
& Castelli, 2009; Hillman, Castelli, & Buck, 2005; Kamijo &
Masaki, 2016; Luque-Casado et al., 2016; Pontifex, Hillman,
& Polich, 2009; Pontifex et al., 2011; Song et al., 2016; Tsai,
Chen, et al., 2014; Tsai, Pan, Chen, Wang, & Chou, 2016;
Wang, Shih, & Tsai, 2016; see example in Figure 5b), despite
no associations of cardio-respiratory fitness with behavioral
performance in three of these 14 (21.4%) studies (Dustman
et al., 1990; Emmerson, Dustman, Shearer, & Turner, 1989;
Hillman, Weiss, Hagberg, & Hatfield, 2002). Three studies
(15%) found no associations of cardio-respiratory fitness
with either P3b or behavioral outcomes in young adults and
adolescents (Magnie et al., 2000; Scisco, Leynes, & Kang,
2008; Stroth et al., 2009). Three studies (15%) showed that
cardio-respiratory fitness was negatively associated with P3b,
despite a positive association with behavioral performance
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associations with behavior or vice versa, (e) negative associations with either P3b or behavior. None of the reviewed studies showed negative

associations with both P3b and behavior. Positive indicates increased/greater response accuracy or P3b amplitude as well as decreased/lower

response time or P3b latency, while a negative value is reflected by decreased/lower response accuracy or P3b amplitude as well as increased/

greater response time or P3b latency

(Moore, Drollette, Scudder, Bharij, & Hillman, 2014; Moore
et al., 2013; Wu & Hillman, 2013).

Across age groups, evidence supports a relationship be-
tween cardiorespiratory fitness and the P3b-ERP component,
with increased cardiorespiratory fitness associating with
larger P3b amplitude (Hawkes et al., 2014; Hillman et al.,
2005; Hillman, Buck, et al., 2009; Kamijo & Masaki, 2016;
Luque-Casado et al., 2016; Pontifex et al., 2009, 2011; Tsai,
Chen, et al., 2014; Tsai, Pan, et al., 2016; Wang et al., 2016) or
shorter P3b latency (Dustman et al., 1990; Emmerson et al.,
1989; Hillman et al., 2005, 2002; Pontifex et al., 2011; Wang
et al., 2016). Further, a few studies indicated that cardiore-
spiratory fitness-related increases in P3b amplitude might be
more robust in healthy weight (Song et al., 2016) and younger
(Pontifex et al., 2009) compared to obese weight and older
adults. Three studies reported null associations between car-
diorespiratory fitness and P3b, although these findings may
be confounded with participant selection (i.e., trained cyclists
vs. sedentary individuals, Magnie et al., 2000), the inclusion
of a broader electrode array rather than a focus on midline
electrodes (Scisco et al., 2008; Stroth et al., 2009), or the task
involving feedback-related processing (Stroth et al., 2009).
The findings from three studies indicating negative asso-
ciations between cardiorespiratory fitness and P3b may be
confounded with the inflated Type I error due to the explora-
tion on outcomes related to single-trial P3b and ex-Gaussian
function analyses (Moore et al., 2013). Further, unique P3b-
eliciting tasks that required efficient allocation of attentional
resources to multiple stimuli within a single trial (Wu &
Hillman, 2013) or to verification on single-digit arithmetic
problems (Moore et al., 2014) are likely confounded as well.

3.4 | Findings from experimental studies
on the chronic effect of physical activity on P3b

340 |

Of a total of eight intervention studies, three (37.5%) stud-
ies in preadolescent/adolescent children provided heart rate
data or the attendance rate to quantify the dose of physi-
cal activity (Chang, Tsai, Chen, & Hung, 2013; Hillman et
al., 2014; Ludyga, Gerber, Kamijo, Brand, & Puhse, 2018).
Irrespective of age, six (75%) of the eight studies demon-

Intervention efficacy

strated the efficacy of the physical activity intervention by
showing greater improvements in physical fitness for the
intervention group compared to the control group (Chang,
Tsai, et al., 2013; Chuang, Hung, Huang, Chang, & Hung,
2015; Hillman et al., 2014; Hsieh et al., 2017; Ozkaya et
al., 2005; Tsai et al., 2017). Two (25%) studies did not as-
sess the extent to which the physical activity intervention
induced changes in physical fitness (Cetin et al., 2010;
Ludyga et al., 2018).

342 |

Results across eight (100%) studies showed modulation of
P3b following physical activity interventions occurring at
least twice per week for a duration ranging from 8 weeks
to 9 months (see example in Figure 5c). In older adults,
closed-skill (aerobic) and open-skill (table tennis) training
at moderate intensities increased P3b amplitude (Tsai et al.,
2017). Aerobic and dance activities also decreased P3b la-
tency (Cetin et al., 2010; Chuang, Hung, Huang, Chang, &
Hung, 2015). P3b amplitude was found to increase following

Physical activity and P3b
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(a) Acute exercise effects in children (upper) and adults (lower)
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FIGURE 5 Grand-averaged waves at selected hot spots based on the scalp topography of P3b amplitude collapsed across congruency trial
types during the flanker tasks in studies using different experimental designs. (a) Acute exercise effects on P3b in children (Hillman, Pontifex et al.,
2009) and adults (Hillman et al., 2003). (b) Cross-sectional associations of childhood cardiorespiratory fitness (Hillman, Buck et al., 2009) and late
adulthood physical activity with P3b (Hillman et al., 2004). (c) Chronic exercise effects on the changes of P3b from pretest to posttest in children
(Hillman et al., 2014)

9 weeks of strength activity intervention with adaptive inten- changes in P3b amplitude (Ozkaya et al., 2005). Research
sity, whereas endurance physical activity intervention with in preadolescent and adolescent children also showed that
adaptive duration of each session did not result in such low to moderate-to-vigorous intensity physical activity
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interventions increased P3b amplitude (Chang, Tsai, et al.,
2013; Hillman et al., 2014; Hsieh et al., 2017; Ludyga et al.,
2018) and shortened P3b latency (Chang, Tsai, et al., 2013).
One study (12.5%) demonstrated a dose-response rela-
tionship between physical activity and the P3b-ERP by ob-
serving that increased attendance during a physical activity
intervention was associated with increased P3b amplitude
and decreased P3b latency (Hillman et al., 2014). Notably,
the observed increases in amplitude and decreases in la-
tency of P3b during cognitive control tasks corresponded
with improved behavioral performance (increased accuracy
and/or shorter RT) across studies (Chang, Tsai, et al., 2013;
Chuang et al., 2015; Hillman et al., 2014; Hsieh et al., 2017;
Ludyga et al., 2018; Tsai et al., 2017), with larger increases
in P3b amplitude following the intervention associating
with greater improvements in RT (Ludyga et al., 2018).

3.5 | Experimental studies on the acute
effect of physical activity on P3b

351 |

Twenty of the 29 reviewed studies (69%) reported heart rate
data as the measure of intensity during interventions, while
the remaining nine studies did not provide any physiologi-
cal or self-report data to verify the manipulation of exercise
intensity (31%). Of the 29 studies, 15 (51.7%), 14 (48.3%),
and 7 (22.6%) investigated low, moderate, and high intensity
exercise, respectively. Seven (24.1%) of these studies inves-
tigated at least two exercise intensities.

Intervention efficacy

3.5.2 | P3b modulation during an acute
bout of physical activity

The results from eight studies investigating the effects of
physical activity on P3b during the physical activity bout
were mixed despite all incorporating adult populations.
Four of these eight studies (50%) found that light and/or
moderate intensity exercise increased amplitude (Olson et
al., 2016; Pontifex & Hillman, 2007) and increased latency
(Pontifex & Hillman, 2007) during cognitive control tasks or
decreased amplitude (Yagi, Coburn, Estes, & Arruda, 1999;
Zink, Hunyadi, Van Huffel, & De Vos, 2016) and decreased
latency during attention tasks (Yagi et al., 1999). The other
four studies (50%) showed unchanged P3b indices during ex-
ercise at light or moderate intensities (Bullock, Cecotti, &
Giesbrecht, 2015; Scanlon, Sieben, Holyk, & Mathewson,
2017; Torbeyns et al., 2016; Vogt, Herpers, Scherfgen,
Strueder, & Schneider, 2015). The behavioral findings from
five studies (62.5%) indicated faster (Bullock et al., 2015;
Olson et al., 2016; Torbeyns et al., 2016; Yagi et al., 1999) or
less accurate (Olson et al., 2016; Pontifex & Hillman, 2007)
responding on cognitive control and attention tasks during

IPSYCHOPHYSIOI.OGY K, || store

exercise, while three studies (37.5%) showed unchanged task
performance (Scanlon et al., 2017; Vogt et al., 2015; Zink
et al., 2016). The discrepant findings may be due to differ-
ences in the duration of the exercise relative to when the P3b
assessment began and the dose of exercise across studies as
well as the exposure of virtual (Vogt et al., 2015) or outdoor
environments (Zink et al., 2016).

3.5.3 | P3b modulation following an acute
bout of physical activity

Results from 19 of 23 (82.6%) reviewed studies showed
acute physical activity-induced changes in P3b activation
following the cessation of the bout. Fifteen studies (65.2%)
also showed improved behavioral performance on cogni-
tive tasks. These findings were mainly conducted in healthy
weight adults of moderate to high levels of cardiorespiratory
fitness, with the exception of lower fit groups included in
two studies (Tsai, Chen, et al., 2014; Tsai, Pan, et al., 2016).
Specifically, increased P3b amplitude and/or decreased P3b
latency were found across cognitive domains, age, and health
status (Chang, Alderman, et al., 2017; Chu, Alderman, Wei,
& Chang, 2015; Drollette et al., 2014; Hillman, Pontifex et
al., 2009; Hillman, Snook, & Jerome, 2003; Jain, Jain, Jain,
& Babbar, 2014; Kamijo et al., 2009; Kamijo, Nishihira,
Hatta, Kaneda, Kida, et al., 2004; Kamijo, Nishihira, Hatta,
Kaneda, Wasaka, et al., 2004; Kamijo, Nishihira, Higashiura,
& Kuroiwa, 2007; Magnie et al., 2000; O‘Leary, Pontifex,
Scudder, Brown, & Hillman, 2011; Pontifex, Parks, Henning,
& Kamijo, 2015; Pontifex et al., 2013; Scudder, Drollette,
Pontifex, & Hillman, 2012; Tsai, Chen, et al., 2014; Tsai,
Pan, et al., 2016) following acute bouts of aerobic exercise
compared to following a nonexercise control condition (see
example in Figure 5a). Similar effects were observed when
the single bout of physical activity was delivered by interval
(Kao, Westfall, Soneson, Gurd, & Hillman, 2017), resist-
ance (Tsai, Wang, et al., 2014), and coordination exercise
(Ludyga et al., 2017). However, a few studies reported that
the acute effects on P3b following a physical activity bout
were observed in individuals only with higher fitness levels
(Tsai, Chen, et al., 2014; Tsai, Pan, et al., 2016), with lower
cognitive capacity (Drollette et al., 2014) or at younger ages
(Kamijo et al., 2009). Further, the relationship between the
intensity of acute aerobic physical activity and P3b ampli-
tude was described as an inverted U (Kamijo, Nishihira,
Hatta, Kaneda, Wasaka, et al., 2004; Kamijo et al., 2007) or
inverted J (Kao, Westfall, Soneson, et al., 2017) shape dur-
ing inhibitory control tasks, whereas such intensity-depend-
ent effects on P3b amplitude were not observed following
resistance exercise (Tsai, Wang, et al., 2014). Though four
studies (19%) failed to show modulation of P3b or improved
task performance following exercise, no negative effects
were reported either (Popovich & Staines, 2015; Scanlon
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et al., 2017; Stroth et al., 2009; Yagi et al., 1999). Of these
studies, the unchanged P3b from pre- to postexercise test
was difficult to interpret because of the absence of a control
group or condition (Popovich & Staines, 2015; Scanlon et
al., 2017; Yagi et al., 1999) as well as the additional focus on
P3b during exercise (Yagi et al., 1999). Further, one study
(4.8%) observed null effects of acute physical activity on P3b
(Stroth et al., 2009); however, such finding is confounded
due to the assessment of P3b only at lateral electrode (rather
than midline electrode) sites.

4 | DISCUSSION

4.1 |

This systematic review summarizes evidence from studies
investigating acute and chronic physical activity and cardio-
respiratory fitness as they relate to the P3b-ERP component.
The majority (93%) of studies included in this systematic re-
view were deemed high quality based on criteria established
in PRISMA (Moher et al., 2009), indicating a low risk of
bias in the obtained findings. However, it should be noted
that such a criteria rating pertains to study design and meth-
odology but not necessarily task selection, physical activity/
cardio-respiratory fitness assessment, or the method for col-
lecting and analyzing the P3b. As such, detailed information
regarding the characteristics of participants and physical ac-
tivity interventions, as well as assessments of physical activ-
ity, physical fitness, and P3b were extracted for identifying
potential modulators of the relationships of physical activity
and cardio-respiratory fitness with the P3b-ERP.

Summary of the search results

42 |

According to the present review, 56 (78.9%) of 71 re-
viewed studies (excluding Higuchi, Liu, Yuasa, Maeda, &
Motohashi, 2000, on muscular fitness) showed associations
of physical activity or cardiorespiratory fitness with P3b
amplitude. Chronic physical activity engagement and supe-
rior cardiorespiratory fitness were associated with increased
P3b amplitude (Chang, Chu, et al., 2017; Chang, Huang,
et al., 2013; Dai et al., 2013; Fong et al., 2014; Hawkes et
al., 2014; Hillman et al., 2004, 2005, 2006; Hillman, Buck,
et al., 2009; Kamijo & Masaki, 2016; Luque-Casado et al.,
2016; Polich & Lardon, 1997; Pontifex et al., 2009, 2011;
Tsai, Chen, et al., 2014; Tsai & Wang, 2015; Tsai, Pan, et
al., 2016; Wang & Tsai, 2016) or enhanced efficiency in the
modulation of P3b amplitude in response to the upregula-
tion of cognitive demands (Gajewski & Falkenstein, 2015;
Kamijo & Takeda, 2010; Moore et al., 2014; Wu & Hillman,
2013) throughout the lifespan. Specifically, physical activ-
ity-related topographic shifts in P3b amplitude were found,
suggesting compensatory brain activation in aging adults to

Physical activity and P3b amplitude

support cognitive control and attention processes (Hillman et
al., 2004, 2006; Huang et al., 2014; McDowell et al., 2003; a
wider topographical distribution of P3b amplitude as shown
in Figure 5b). Further, P3b amplitude differentiated physical
activity and cardiorespiratory fitness-related changes in cog-
nition among individuals with different characteristics (i.e.,
age, weight status, preferred physical activity type) (Chang,
Chu, et al., 2017; Huang et al., 2014; Pontifex et al., 2009;
Song et al., 2016; Tsai & Wang, 2015; Tsai, Wang, et al.,
2016). Longitudinal studies designed to increase physical ac-
tivity or cardiorespiratory fitness further demonstrated that
chronic physical activity interventions resulted in increases
in P3b amplitude (Chang, Tsai, et al., 2013; Hillman et al.,
2014; Hsieh et al., 2017; Ludyga et al., 2018; Ozkaya et al.,
2005; Tsai et al., 2017), and such effects were found to be
positively associated with the dose of physical activity de-
livered through a moderate-to-vigorous intensity after-school
physical activity intervention in children (Hillman et al.,
2014). According to the available evidence to date, P3b am-
plitude may serve as a neuroelectric index, which affords the
understanding of positive changes in attentional processes in
relation to physical activity.

Similarly, even a single bout of light-to-moderate physical
activity was associated with increased P3b amplitude follow-
ing the cessation of the exercise bout (Chang, Alderman, et
al., 2017; Chu et al., 2015; Drollette et al., 2014; Hillman et
al., 2003; Hillman, Pontifex et al., 2009; Jain et al., 2014;
Kamijo et al., 2009, 2007; Kamijo, Nishihira, Hatta, Kaneda,
Wasaka, et al., 2004; Magnie et al., 2000; O‘Leary et al.,
2011; Pontifex et al., 2015, 2013; Scudder et al., 2012; Tsai,
Chen, et al., 2014; Tsai, Pan, et al., 2016), with a few stud-
ies indicating that these effects may be moderated by car-
diorespiratory fitness and cognitive capacity (Drollette et al.,
2014; Tsai, Chen, et al., 2014; Tsai, Pan, et al., 2016). Similar
exercise-induced increases in P3b amplitude were also ob-
served after a long delay (i.e., 48 min) following vigorous
exercise (Hillman et al., 2003); however, such effects might
be attenuated or reversed when P3b was assessed only after
a short delay following exercise at high intensities (Kamijo,
Nishihira, Hatta, Kaneda, Wasaka, et al., 2004; Kamijo et al.,
2007; Kao, Westfall, Soneson, et al., 2017). The findings for
the modulation of P3b amplitude during exercise were much
more equivocal, likely due to considerable heterogeneity in
study methodology. Thus, the available evidence suggests
that future research investigating the influence of exercise
parameters such as intensity, duration, or dose on exercise-in-
duced modulation of P3b amplitude both during and follow-
ing bouts of physical activity is warranted.

43 |

The association of physical activity with P3b latency was less
consistent, as only 25 of 71 (35.2%) reviewed studies showed

Physical activity and P3b latency
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a significant relationship. This relationship was primarily
characterized by negative associations of chronic physical ac-
tivity engagement and cardio-respiratory fitness with P3b la-
tency across age groups (Chang, Huang, et al., 2013; Hillman
et al., 2005, 2006, 2002; Pontifex et al., 2011; Wang et al.,
2016). Specifically, chronic physical activity and cardio-res-
piratory fitness may play a role in counteracting age-related
slowing in processing speed (Dustman et al., 1990; Emmerson
et al., 1989; Fong et al., 2014; Hillman et al., 2002, 2004).
Such beneficial effects were further corroborated by findings
of decreased P3b latency following chronic physical activ-
ity interventions designed for improving cardio-respiratory
fitness during late adulthood and childhood, suggesting that
the modulation of P3b latency may reflect the protective and
facilitating effects of physical activity on processing speed in
aging (Cetin et al., 2010; Chuang et al., 2015) and maturing
(Chang, Tsai, et al., 2013; Hillman et al., 2014) populations,
respectively. Negative associations between physical activ-
ity and P3b latency were also found following acute bouts
of exercise (Drollette et al., 2014; Hillman et al., 2003; Jain
et al., 2014; Kamijo et al., 2009; Kao, Westfall, Soneson, et
al., 2017; Magnie et al., 2000; Pontifex et al., 2013), imply-
ing transient benefits on processing speed. During exercise,
only two studies found effects on P3b latency with changes
in divergent directions (Pontifex & Hillman, 2007; Yagi et
al., 1999), making it challenging to conclude the relationship
between exercise and concurrent processing speed.

Taken together, although one third of reviewed studies
suggest that P3b latency may be associated with physical ac-
tivity, the consistency of such an effect appears low because
null associations were found across 46 (64.8%) cross-sec-
tional and intervention studies. The less frequent observation
of relationships between physical activity and P3b latency
may be the result of quantifying P3b latency using the peak
measure, which is thought to be less robust against noise
(Luck, 2014). Thus, future research should investigate P3b
latency using other quantification methods (i.e., fractional
peak/area latency) that have been shown to be more resistant
to unwanted variances when measuring latency of a larger
ERP component such as P3b (Luck, 2014).

For the latency measures, the peak latency measure will
likely not be robust against increases in noise because noise
will distort the latency of the true ERP peak; the noise will
be superimposed on the true peak thus altering the minimum
or maximum amplitude of the peak and subsequently biasing
the peak latency measure.

4.4 | Physical activity and behavior

Although the focus of the current review was on the P3b,
the consideration of behavioral outcomes during neuro-
electric assessments is complementary to the interpretation
of changes in the P3b-ERP component. In our review, the
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majority of studies coupled P3b findings with behavioral
outcomes (Figure 4); however, specific relationships be-
tween physical activity-related changes in P3b and behavior
were less frequently investigated. That is, although increased
P3b amplitude and/or decreased P3b latency were frequently
paralleled by improved behavioral performance, limited
evidence exists to determine the potential mechanistic link
between the physical activity-related changes in P3b and
behavioral performance. To date, only two studies demon-
strated associations of P3b with task performance in relation
to physical activity and cardio-respiratory fitness (Ludyga et
al., 2018; Wang et al., 2016), providing preliminary evidence
to support the notion that P3b may play a role in the relation-
ship between physical activity, cardio-respiratory fitness, and
cognitive performance.

However, some studies showed physical activity-related

modulation of P3b activation in support of cognition without
changes in behavioral performance during simple discrimi-
nation tasks (e.g., oddball or choice RT tasks, Cetin et al.,
2010; Dustman et al., 1990; Emmerson et al., 1989; Hillman
et al., 2002; McDowell et al., 2003; Ozkaya et al., 2005;
Polich & Lardon, 1997; Pontifex et al., 2015; Zink et al.,
2016), suggesting that P3b may be a more sensitive measure
for detecting the positive effect of physical activity on simple
discrimination processing. In contrast, two studies showed
physical activity-related benefits to RT without accompa-
nying modulations of P3b (Bullock et al., 2015; Getzmann
et al., 2013). Instead, the improved behavioral performance
observed in these studies was paralleled with decreased la-
tency (Bullock et al., 2015) and amplitude (Getzmann et al.,
2013) of P3a, a subcomponent of P3 complex elicited by in-
frequent distractors embedded in a two-stimulus discrimina-
tion task. P3a reflects a neuroelectrical mechanism that can
be dissociated from P3b, as its neural origin has been linked
to the frontal regions and its functional significance has been
related to attentional orienting or involuntary shifts to the
changes in the environment (Polich, 2007). Accordingly,
physical activity may be associated with early shifts in at-
tentional orienting when their influence on subsequent up-
dating of working memory is not observed. Further, a few
studies showed that physical activity and cardiorespiratory
fitness were associated with improved task performance but
patterns of P3b indicative of suboptimal cognitive operations
(i.e., decreased P3b amplitude, increasd P3b latency; Chu et
al., 2015; Moore et al., 2014; Kamijo & Takeda, 2009; Wu &
Hillman, 2013). These unexpected associations were thought
to be the result of the use of unique P3b assessment or an-
alytical approach. Taken together, although these existing
findings in uncoupled P3b and behavioral indices in relation
to physical activity may be attributed to discrepancies in
methodologies across studies, they also suggest that phys-
ical activity may affect P3b and behavior through different
mechanisms.
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4.5 | Potential mechanisms underlying
physical activity effects on P3b

Although several mechanisms including neurogenesis, an-
giogenesis, neural plasticity, as well as acute changes in
central nervous system activation such as neurotransmission
and cerebral metabolism have been proposed to account for
the chronic and acute effects of physical activity on cogni-
tion (for a review, see McMorris et al., 2016; Voss et al.,
2013), the direct mechanisms underlying the associations be-
tween physical activity and P3b remain unclear. In Polich's
(2007) seminal review, P3b was proposed as a neuroelectric
marker of memory updating and storage processes follow-
ing the reorienting of attentional focus. In this theoretical
framework, P3b is the dominant positive brain potential that
is the neuroelectric consequence of facilitating memory pro-
cesses via inhibiting task-irrelevant brain activation (Polich,
2012). This hypothesis is well supported by the majority of
research showing the associations of physical activity and
cardio-respiratory fitness with P3b during inhibition tasks,
especially in children and older adults who are experienc-
ing rapid age-related development in brain structure and
function related to inhibitory control processes (Cabeza,
Anderson, Locantore, & Mclntosh, 2002; Coxon, Van
Impe, Wenderoth, & Swinnen, 2012; Durston et al., 2002;
Sweeney, Rosano, Berman, & Luna, 2001; Tamm, Menon,
& Reiss, 2002; Williams, Ponesse, Schachar, Logan, &
Tannock, 1999). Such associations of physical activity with
P3b and neuroinhibition may be attributed to the changes in
arousal, a blended state of physiological and psychological
activation that is regulated by reticular activating system
(Steriade, 1996). As part of this system, it has been hypoth-
esized that exercise-induced increases in NE (McMorris
et al.,, 2016) modulate arousal levels that are responsible
for improved attention and vigilance (Kinomura, Larsson,
Gulyas, & Roland, 1996) as well as modulation of higher-
order cognitive functioning (Berridge & Waterhouse, 2003).
Specifically, research has proposed that the LC-NE system
modulates the P3b to titrate attentional processes to meet en-
vironmental demands (Chmielewski, Miickschel, Ziemssen,
& Beste, 2017; Nieuwenhuis et al., 2005; Nieuwenhuis, De
Geus, & Aston-Jones, 2011), with intermediate levels of LC-
NE activation associated with increases in P3b amplitude
(Murphy et al., 2011). Such findings are in agreement with
increased P3b amplitude following acute bouts of exercise
at moderate compared to low and high intensities (Kamijo
et al., 2007; Kao, Westfall, Soneson, et al., 2017), suggest-
ing that the tonic LC-NE activation underlying a moderate
arousal level may mediate neuroinhibition to support atten-
tional processes required to perform the cognitive task. The
role of the LC-NE system in P3b modulation in relation to
physical activity may go beyond the acute bout, as the ac-
cumulation of physical activity and cardio-respiratory fitness

are associated with structural and functional adaptations in
the central nervous system (Voss et al., 2013), which may
further include chronic changes in LC-NE activation (Polich,
2012; Polich & Kok, 1995). Further, enhancements in struc-
tural and functional integrity of medial temporal lobe asso-
ciated with chronic physical activity and cardio-respiratory
fitness may contribute to the changes in P3b activation, as
the size of the hippocampus and temporal/parietal activation
were found to be associated with P3b (Polich, 2007, 2012).
However, limited evidence exists to directly investigate the
role of LC-NE and hippocampal networks in the associations
of physical activity and cardio-respiratory fitness on P3b.
Clearly, further research is needed to empirically determine
these potential mechanisms.

4.6 |

Although the findings from this review suggest that physi-
cal activity engagement and cardio-respiratory fitness have
beneficial associations with brain function, as indexed by
modulation of the P3b component, limitations exist in the
literature.

Limitation and future directions

4.6.1 | Assessment of physical activity and
physical fitness

The findings from cross-sectional studies were limited due
to the collected physical activity and physical fitness out-
comes. The inconsistent operational definitions or hetero-
geneity in assessments of cardio-respiratory fitness (i.e., 13
studies using a direct measure of VO,,, or VOypey vs. 7
studies using indirect estimate such as PACER or YMCA
submaximal exercise protocols) and physical activity (i.e.,
various versions of self-reported questionnaires) may have
contributed to some of the discrepant findings across stud-
ies. Specifically, none of the reviewed studies used objective
measures of physical activity, such as accelerometers to ex-
amine the associations between chronic physical activity and
P3b. Given that self-reported physical activity affords limited
ability to characterize the patterns of physical activity such
as the intensity, duration, and frequency of physical activity
(Troiano et al., 2008), the findings from the existing litera-
ture can only provide generalized support for a relationship
between chronic physical activity and P3b. That is, a dearth
of literature regarding how the characteristics of the physical
activity exposure may relate to P3b cannot be determined at
this time.

Despite accumulating evidence indicating the negative
impact of sedentary behavior on cognition (Carson et al.,
2015; Falck, Davis, & Liu-Ambrose, 2017), our search did
not find any qualified studies for the current review, sug-
gesting the necessity of determining the associations of this
unhealthy behavior with P3b. Moreover, although emerging
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evidence has demonstrated the beneficial associations of
muscular (Firth et al., 2018; Kao, Westfall, Parks, et al.,
2017) and motor (Aadland et al., 2017; Voelcker-Rehage
et al., 2010) fitness with behavioral performance using a
variety of cognitive tasks, research on the relationship
between physical fitness and P3b has been limited to the
cardio-respiratory domain. To date, only one study has in-
vestigated muscular fitness using a measure of hand grip
strength (Higuchi et al., 2000). Accordingly, future research
is needed to provide more precise assessments of physical
activity patterns and comprehensive measures of multiple
domains of physical fitness to better understand the nature
of the relationship between physical activity and physical
fitness with neural processes captured by the P3b-ERP
component.

4.6.2 | Assessment of P3b

The findings of this review revealed that acute and chronic
physical activity interventions were related to changes in P3b
activation during cognitive tasks; however, none of the ex-
isting studies conducted follow-up assessments to determine
how long physical activity-induced changes in P3b were sus-
tained. Further, no studies conducted multiple assessments of
P3b throughout the course of chronic physical activity inter-
ventions to determine the minimal physical activity dose for
inducing changes in the P3b-ERP component. Understanding
such dynamics over the period of a physical activity inter-
vention is of great importance, as it could provide empirical
evidence to characterize the temporal progress of functional
adaptations in the brain in response to physical activity, which
in turn may guide the development of physical activity inter-
ventions targeting cognitive and brain health. Accordingly,
future research should aim to characterize changes in P3b
across, as well as maintenance of such changes following,
physical activity interventions.

Although convergent findings indicated the beneficial
associations of cardio-respiratory fitness and physical ac-
tivity with the P3b-ERP, the domains of cognitive function
and the tasks used to assess P3b vary considerably in the
literature. Cognitive control can be parsed into three inde-
pendent, yet inter-related, components, including inhibitory
control, working memory, and cognitive flexibility (Miyake
& Friedman, 2012). The majority of studies focused on the
relationship of physical activity and cardio-respiratory fit-
ness with P3b during inhibitory control tasks (see Table 4),
with working memory and cognitive flexibility less studied.
Further, given that most studies included only one aspect of
cognitive control in relation to physical activity and cardio-
respiratory fitness, it is difficult to conclude whether different
domains of cognitive control have differential sensitivities to
physical activity and cardio-respiratory fitness. Thus, future
research should determine the specificity of the association
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between physical activity and cardio-respiratory fitness with
P3b across subdomains of cognitive control.

Even when P3b was assessed within each subdomain of
cognitive control and attention, considerable variability in
methodology existed. In most cases, increased amplitude
and decreased latency of P3b are indicative of enhanced
cognitive processes, but exceptions exist due to the dif-
ferential nature of each task. For instance, increased P3b
amplitude during an attentional blink task may indicate
ineffective attentional resources allocation to achieve the
task goals (Wu & Hillman, 2013). A larger increase in P3b
latency from negative priming to a nonpriming task condi-
tion may indicate more effective top-down attentional con-
trol (Kamijo & Takeda, 2009). When evaluating findings
across studies, differences in the procedures for measuring
P3b amplitude and latency may create challenges, which
can be exemplified by the different patterns of associations
between chronic physical activity and P3b amplitude due to
the use of peak and mean measurement (McDowell et al.,
2003). Indeed, a large proportion of the reviewed studies
did not report the minimum numbers of artifact-free EEG
segments for obtaining P3b measures, making the signal-
to-noise ratio of the observed P3b-ERP unclear (Keil et al.,
2014). Moreover, most of the null findings in the literature
base were associated with at least some aspects of meth-
odology that deviated from the majority of the literature,
such as the lack of a control group or condition (Popovich
& Staines, 2015; Scanlon et al., 2017; Yagi et al., 1999),
exposure of novel environments or equipment (Torbeyns
et al., 2016; Vogt et al., 2015; Zink et al., 2016), hybrid
cognitive paradigms (Berchicci et al., 2014; Bullock et al.,
2015; Getzmann et al., 2013; Pontifex et al., 2009; Stroth et
al., 2009; Zink et al., 2016), or a lesser used approach for
evaluating the P3b component (Hawkes et al., 2014; Moore
et al., 2013; Scisco et al., 2008; Stroth et al., 2009). For
example, the exclusion of midline electrodes from analysis
may substantially reduce the effect of physical activity or
cardio-respiratory fitness on the P3b (Stroth et al., 2009).
Thus, to minimize the potential for assessment-related vari-
ance to obscure the understanding of physical activity and
cardio-respiratory fitness effects on P3b, future research
should focus on building out of standard methodological
approaches (Keil et al., 2014).

47 |

The existing body of evidence suggests that cardio-respira-
tory fitness and physical activity are positively associated
with changes in the P3b potential, suggesting modulations
of neuroinhibition underlying more effective attentional re-
source allocation and, to a lesser extent, faster processing
speed. However, these associations may be dependent on
the assessment of physical activity, fitness, P3b, individual

Conclusions
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differences in the participants’ population, and exercise pa-
rameters. Nonetheless, our findings suggest that P3b may
serve as a useful biomarker to elucidate the acute and chronic
effects of physical activity on adaptations of neural electro-
physiology beyond the overt changes in behavioral perfor-
mance during cognitive task engagement. Future research
in the field of physical activity and cognition are needed to
advance our understanding of the mechanism underlying the
physical activity-P3b relationship and the potential applica-
tion of physical activity for enhancing cognitive and brain
health.
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