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Physical Therapy, Movement, and Rehabilitation Science, Northeastern University, Boston, MA,

United States

Introduction: Physical activity is known to enhance cognitive functioning across

the lifespan, yet the e�ects of sedentary behaviors on cognitive functioning

remain unclear. The purpose of this study was to determine how an acute daily

bout of prolonged sitting influenced working memory, inhibitory control, and

cerebral oxygenation (HbO2) in a sample of healthy young adults.

Methods: Forty-one young adults (aged between 18–30 years of age)

participated in an exploratory design intended to establish a control standard

for determining how an acute 2-h bout of prolonged sitting influenced

working memory, inhibitory control, and HbO2. The Flanker task, Simon task,

and Delayed Match to Sample were utilized to assess inhibitory control and

working memory, respectively, while functional near-infrared spectroscopy

assessed HbO2. Participants were further subdivided into a physically active

(Active) group and a physically inactive group (Inactive) based on self-reported

physical activity participation. Paired sample t-tests were used to determine any

changes in working memory, inhibitory control, and HbO2 from pre-to-post and

between groups.

Results: There were no di�erences in working memory or inhibitory control

reaction time following prolonged sitting for the entire sample (p > 0.05)

or between activity groups (p > 0.05). There was a significant reduction in

Flanker accuracy post-prolonged sitting for both the congruent (p < 0.05) and

incongruent (p < 0.05) conditions. For those in the Inactive group, there was no

di�erence in HbO2 concentrations post-prolonged sitting. Those in the Active

group exhibited a significant reduction in HbO2 during the Flanker Task following

prolonged sitting (p < 0.05).

Conclusions: An acute bout of daily prolonged sitting significantly reduced

HbO2 in physically active young adults but not in inactive young adults. We

recommend that future studies examining the e�ects of sedentary behaviors on

microvasculature include an objective assessment of physical fitness and a direct

measure of physical activity patterns and consider these values when assigning

participants to the intervention condition.
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Introduction

The technological advances at the turn of the century have led to increased sedentary
behavior (SB), defined as any waking behavior ≤ 1.5 METS done while in a sitting,
reclining, or lying posture (Tremblay et al., 2017). Increased SB is due in part to increases
in screen time (Sandercock et al., 2016; Sallis et al., 2020), as individuals mainly engage

Frontiers inCognition 01 frontiersin.org

https://www.frontiersin.org/journals/cognition
https://www.frontiersin.org/journals/cognition#editorial-board
https://www.frontiersin.org/journals/cognition#editorial-board
https://www.frontiersin.org/journals/cognition#editorial-board
https://www.frontiersin.org/journals/cognition#editorial-board
https://doi.org/10.3389/fcogn.2024.1370064
http://crossmark.crossref.org/dialog/?doi=10.3389/fcogn.2024.1370064&domain=pdf&date_stamp=2024-08-12
mailto:d.castelli@northeastern.edu
https://doi.org/10.3389/fcogn.2024.1370064
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcogn.2024.1370064/full
https://www.frontiersin.org/journals/cognition
https://www.frontiersin.org


Baker and Castelli 10.3389/fcogn.2024.1370064

with digital screens while in a sitting or lying posture. In 2005,
just 5% of adults and 7% of young adults (individuals aged 18–
30) used one social media platform, but today, 79 and 90% report
habitual use, respectively (Media Inquiries, 2023). The streaming
video market has also seen a comparable increase in viewership,
as there was an 842% increase between 2011 and 2020 (Netflix
Revenue and Usage Statistics, 2023).

Lower energy expenditure resulting from more screen time
and SB increases the risk of cardiovascular disease (CVD) (Biddle
et al., 2017). Historically, CVD has been associated with later life;
however, markers of CVD, such as high blood pressure, blood
sugar, blood lipids, and excess abdominal fats, are currently on
the rise, especially among young adults (Benjamin et al., 2018).
Young adults under 30 now have CVD risk profiles similar to what
was previously seen in older adults, partly because they are more
sedentary and obese than their parents at the same age (Saydah
et al., 2013).

In older adults, CVD risk factors are associated with cognitive
dysfunction, higher risks of dementia (Schmidt et al., 2002), and
poorer cognitive performance on inhibitory control tasks (Santos
et al., 2017). Young adults with higher aerobic fitness outperform
lower-fit individuals on executive function tasks (Liu et al., 2022;
Loprinzi et al., 2023). The current context has raised concerns about
SB’s deleterious health outcomes and potential adverse effects on
young adults’ cognitive productivity.

Individuals between 18 and 30 are approaching or at their
cognitive processing peak, marked by superior executive functions
(Salthouse and Davis, 2006; Themanson et al., 2008). Executive
functions are a group of higher-order cognitive processes that
include planning, attention, inhibitory control, working memory,
and cognitive flexibility (Chan et al., 2008) Executive functions are
crucial in everyday life, as individuals constantly need to inhibit
certain actions and store information for later use.

The young adult developmental stage of the lifespan and
the effectiveness and efficiency of cognitive processing can mask
the symptomology resulting from participation in risky behaviors
(Åberg et al., 2009). However, according to cohort research by
Salthouse (2009), age-related declines in reasoning and spatial
orientation begin as early as the third decade of life (Salthouse,
2009). It is well-known that acute and chronic physical activity
(PA) induces positive cognitive benefits, both functionally and
structurally (Tomporowski, 2003; Colcombe et al., 2006; Ogoh
and Ainslie, 2009; Voss et al., 2014). However, the acute and
independent effects of prolonged sitting-based SB on cognitive
processing and executive functions vary according to research
methodology and study sample.

Using functional near-infrared spectroscopy (fNIRS) and the
Stroop task to measure cerebral oxygenation (HbO2) and executive
function respectively, Stoner et al. (2019) found that a 3 h bout
of prolonged sitting based-SB did not change HbO2 or executive
function performance. In contrast, Horiuchi et al. (2023) found
that an acute bout of prolonged sitting significantly reduced Stroop
task performance. Further, Perdomo et al. (2019) found no effect
of acute prolonged sitting on cerebral blood flow velocity while
Carter et al. (2018) found a significant reduction in cerebral blood
flow velocity following an acute bout of prolonged sitting. The
generalizability of these studies is limited by low sample sizes (n
= 15 and 25, respectively), the use of middle-aged pre-hypertensive

samples, and no control for the cognitive activity of the individuals
during the prolonged sitting condition of the experiments. This
study addresses these limitations by having a larger sample size, a
healthy sample of young adults free of overt diseases and controls
the cognitive environment of all individuals.

With the increasing evidence that SB is linked to CVD and
CVD is linked to cognitive dysfunction, we must determine if
prolonged sitting based-SB can attenuate brain function during a
portion of the lifespan when we subjectively believe individuals are
cognitively and physically healthy. Further, possible degradation of
working memory prohibits the holding of information, and a lack
of inhibitory control reduces workplace and school productivity.
As such, the purpose of this study was to determine the effects
of prolonged sitting on working memory, inhibitory control, and
prefrontal cortex HbO2 to establish a control standard for a
second study phase that assigned participants to an all-sitting-
SB or intermittently PA interrupted sitting-SB. Only phase one is
reported in this paper.

The following research questions guided this study:

• Do working memory and inhibitory control significantly
change after a common daily bout of prolonged sitting among
young adults? We anticipated that as little as 2 h of prolonged
sitting would reduce working memory and inhibitory control.
Specifically, the error rate would be higher and reaction time
would be slower posttest than at baseline.

• Does the concentration of prefrontal cortex HbO2

significantly change after a common daily bout of prolonged
sitting among young adults? It was anticipated that HbO2

would decline posttest compared to baseline.
• Are there differences in working memory, inhibitory control,

and HbO2 concentrations due to a common daily bout of
prolonged sitting by the amount of time individuals spent in
PA during the week? We hypothesized that individuals who
regularly exercise would have lower error rates, faster reaction
times and elevated HbO2 following a bout of sitting when
compared to individuals who do not regularly exercise.

Materials and methods

Participants

Once approved by the Institutional Review Board of the
University of Texas at Austin, 41 young adults (29 female, 12 males;
average age= 22± 3 years) were recruited through flyers and word
of mouth. A power analysis computed a required sample size of
40 individuals (G∗Power, v3.19.6). Individuals were excluded from
participating if they were not between the ages of 18–30 or had self-
reported CVD or cognitive impairment. Participants were given a
$35 gift card for completing the study protocol. Informed consent
was obtained from all participants in this study.

Study design

This study was conducted in two phases: (a) part one was a
pre/post exploratory design in which participants were exposed
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to 2 h of uninterrupted prolonged sitting to establish a control
standard, and (b) participants were randomly assigned to 30min of
additional prolonged sitting-SB or 30min of planned intermittent
PA. The results for phase two are reported elsewhere while this
study reports the results of part one.

Since sitting for 2 h is a common behavior among young
adults (e.g., watching a movie, attending class), we wanted to
quantify how an acute 2-h bout of prolonged sitting influenced
working memory, inhibitory control, and HbO2 while controlling
for caloric consumption, caffeine, and the environment. This study
was completed across two study visits on back-to-back days. Study
visit one was a familiarization visit, while study visit two was the
primary data collection.

During familiarization, participants completed a consent form,
a health history questionnaire, and the International Physical
Activity Questionnaire (IPAQ) (Hagströmer et al., 2006). Brachial
artery blood pressure was measured using an automated blood
pressure cuff (Omron 3 Series, Model BP7100), and participants
performed familiarization tests of working memory and inhibitory
control; each test was completed four times to minimize the
learning effect the next day.

During the experimental visit, participants came to the lab the
morning after the familiarization visit following an overnight fast.
At baseline, participants placed a FitBit (FitBit Sense) on their wrist
to continuously monitor activity. They rated their subjective level
of sleepiness and mental effort using the Karolinska Sleepiness
Scale (Young et al., 2016) and the Paas Mental Effort Scale (Paas
et al., 1994), respectively.Workingmemory, inhibitory control, and
cerebral HbO2 were measured at rest to represent their baseline.

As directed by a registered dietician, the participants were given
an organic meal replacement shake (Orgain Organic Nutritional
Protein Shake) as breakfast. Each shake was 250 calories with
macronutrient breakdown as follows: 8 g fat, 28 g carbs., and 16 g
protein. Following, participants completed a 2-h bout of prolonged
sitting. We recognize that bouts of prolonged sitting can range
from 60min to 12 h. The duration of sitting in this experiment
was chosen to replicate a typical duration that young adults
remain sedentary without significant energy expenditure, either in
a classroom setting or while watching a movie or two episodes
of a streaming video series. Participants sat in a recliner during
these 2 h while watching episodes of Modern Marvels (History
Channel);ModernMarvels was chosen as a non-stimulating history
documentary. Importantly, all participants watched the same
episodes in the same order. After 2 h of prolonged sitting, working
memory, inhibitory control, and cerebral HbO2 were assessed.

Physical activity

To ensure that participants were as sedentary as possible and
to account for any postural change during the protocol, they wore
FitBit Senses to assess movement.

Alertness and mental e�ort

Participants subjectively rated their mental alertness and
mental effort before and after prolonged sitting by using the

Karolinska Sleepiness Scale and the Paas et al. (1994) subjective
rating scale, respectively. Values for the Karolinska Sleepiness Scale
range from 1 to 9 (e.g., 1= extremely alert. . . 9= extremely sleepy),
with lower values representing greater mental alertness, or less
sleepiness. Values for the Paas subjective mental effort scale range
from 1 to 9 (e.g., 1 = very, very low mental effort. . . 9 = very, very
high mental effort) with lower values representing lower levels of
cognitive mental effort. These scales are valid and reliable (Paas
et al., 1994; Kaida et al., 2006; Young et al., 2016) and were utilized
to measure any changes in sleepiness and mood that could affect
our outcome variables.

Working memory and inhibitory control

Computer-based tests of working memory and inhibitory
control were obtained from the Psychology Experiment Building
Language (PEBL), an open-source software program. The cognitive
tests were administered in a quiet indoor lab space, free of auditory
and visual distractions.

We chose to utilize working memory and inhibitory control
as our executive function measures as they are heavily researched
and relevant functions. Every day, individuals need to consistently
update and store information for future tasks and inhibit certain
actions and behaviors to respond accurately and efficiently. We
utilized two inhibitory control tests instead of measuring another
executive function to measure the depth of a particular executive
function rather than the breadth of all executive functions. For
all cognitive tasks, accuracy and reaction time were the variables
of interest.

The Delayed Match to Sample Task (DMS) measured working
memory (Perez et al., 1987; Ahonen et al., 2012). In the DMS task,
participants are shown one 4× 4 matrix with yellow and red boxes.
After 1 s, the matrix disappears, followed by a 6-s delay. After 6 s,
two matrices appear, and participants must correctly select which
matrix was previously displayed.

The Simon Task was used to measure inhibitory control,
which requires individuals to suppress prepotent responses when
presented with particular stimuli (Guiney and Machado, 2013).
In the Simon task, participants are shown either a blue or a red
circle on the screen. They are instructed to select the right shift
key when the red circle appears and the left shift key when the blue
circle appears.

The Flanker Task (Eriksen and Schultz, 1979) was also utilized
to measure inhibitory control and requires individuals to specify a
central stimulus’s direction while ignoring other stimuli located on
the periphery of the central stimulus. Participants were shown five
arrowheads and asked to specify the central arrowhead’s direction
while pressing the left or right shift key.

Prefrontal cortex oxygenation

Functional near-infrared spectroscopy (fNIRS) (NIRScout;
NIRx) was used to determine prefrontal cortex HbO2

concentrations during the working memory and inhibitory
control tasks before and after prolonged sitting. We utilized a
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FIGURE 1

Prefrontal cortex fNIRS montage.

fNIRS system consisting of eight sources emitting light from two
wavelengths, 760 and 850 nm, and seven detectors. The eight
sources and seven detectors were placed on a fabric cap, like a swim
cap, forming an array of 20 channels centered on the prefrontal
cortex area (Figure 1). The prefrontal cortex was chosen as this
brain region is known to be involved in executive functions. The
head circumference of the participant determined the cap used.
The optode for source five was placed at 10% of the nasion-inion
distance with detectors 3 and 6 located adjacent. These positions
correspond to the Fpz, Fp1 and Fp2, respectively, according to the
international EEG 10-10 system. The overhead lights in the room
were turned off to shield the optodes from ambient light.

Near-infrared light was emitted into the skull through the
sources and was absorbed by hemoglobin chromophores, HbO2

and deoxygenated hemoglobin (HHb). As each chromophore has
different absorption wavelengths, it was possible to determine the
concentration of each chromophore from the volume of light
absorbed. An indirect measure of neuronal activity, an increase in
HbO2 and a corresponding decrease in HHb is used to describe an
increase in cerebral oxygenation due to cortical activation (Obrig
et al., 2000).

Data preprocessing for HbO2 concentrations was completed
using the Homer3 package (v1.29.8) in MATLAB (v2017b)
(Huppert et al., 2009). The data preprocessing steps were
performed in the following order: (1) the raw signals were
converted into optical densities using the hmrR_Intensity2OD
function, (2) motion artifacts were detected using the
hmrR_MotionArtifactByChannel function (time window set to
0.5 s, masked time range set to 3.0 s, standard deviation threshold
set at 10, and amplitude threshold set at 5.0), (3) detected motion
artifacts were corrected using the hmrR_MotionCorrectSplineSG
function (parameter set at 0.99 with frame set at 10 s), (4) a
bandpass filter was applied to the optical densities (set at 0.01–
0.5Hz), and (5) the artifact-corrected data were converted into
micromolar changes of HbO2 using the hmrR_OD2Conc function
(Obrig et al., 2000).

Statistical analysis

All statistical analyses were conducted in SPSS (IBM SPSS
Statistics, 29.0). Accuracy and reaction time data from the cognitive
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tests was transferred from PEBL to SPSS and HbO2 data from
fNIRS were transferred from MATLAB to SPSS. Normality plots
with tests were run to ensure all data were normally distributed.
We used an alpha level of 0.05 for all statistical tests.

To confirm the fidelity of the treatment that participants were
sedentary and were not ambulatory during the protocol, paired
sample t-tests analyzed the step counts recorded before and after
the acute bout of SB. To account for any changes in mental
alertness and mental effort, paired sample t-tests were performed
on participants’ subjective rating of the Karolinska Sleepiness scale
and the Paas mental effort scale, respectively.

To test the hypothesis that an acute 2-h bout of prolonged
sitting significantly changed working memory and inhibitory
control performance, paired sample t-tests were performed with
reaction time and accuracy as the dependent variables.

To determine if an acute bout of prolonged sitting significantly
affected cerebral oxygenation, the micromolar concentrations of
HbO2 from each quality channel were analyzed by paired sample
t-tests for each cognitive task.

To determine if there were differences in working memory,
inhibitory control performance and HbO2 concentrations due to
prolonged sitting by the amount of time individuals spent in PA
during the week, we stratified all participants into one of two groups
based on their time spent in moderate-to-vigorous physical activity
(MVPA). The time participants spent in MVPA was determined by
their responses to questions 22–25 on the IPAQ. Briefly, questions
22 & 23 address the frequency and time in which someone engaged
in vigorous PA (e.g., aerobics, running, fast cycling) while questions
24 & 25 address the frequency and time in which someone engaged
in moderate PA (e.g., regular cycling, swimming, doubles tennis).
Individuals who met the MVPA guidelines over the past week were
categorized into the Active group, while participants who did not
were categorized into the Inactive group. Paired sample t-tests were
performed to determine differences in working memory, inhibitory
control, and HbO2 concentrations between groups.

Results

There were 41 young adults who participated in this study.
Complete participant characteristics can be seen in Table 1 while
the characteristics for activity groups can be seen in Table 2.

Movement analysis, mental e�ort, and
mental alertness

No differences in step count, mental alertness or mental effort
were observed in the total sample or between activity groups
(Table 3).

Working memory and inhibitory control

There were no differences in reaction time on any cognitive task
either in the entire sample or by activity group (Table 4). There
were no differences in accuracy performance on the Simon Task
or Delayed Match to Sample task in the entire sample or between

TABLE 1 Participant characteristics.

Variable Mean±SD or n (%)

Age, years 22± 3

Sex

Female 29 (63)

Male 12 (27)

Race

White 11 (27.5)

Black 2 (5)

Latino 8 (20)

Asian 18 (45)

Other 1 (2.5)

Education, years 15± 2

BMI 23.39± 5.11

Weekday sit minutes 442.1± 194.5

MVPA-min./week 129.1± 248.1

TABLE 2 Participant characteristics by activity group.

Variable Mean ± SD or n (%)

Inactive Active

Age, years 21± 3 22± 3

Sex

Female 18 (75) 11 (64.71)

Male 6 (25) 6 (35.29)

Race

White 2 (8.33) 9 (52.94)

Black 2 (8.33) 0 (0)

Latino 5 (20.83) 3 (17.65)

Asian 15 (62.50) 4 (23.53)∗

Other 0 (0) 1 (5.88)

Education, years 15± 3 15± 1

BMI 24.40± 6.40 21.73± 1.68

Weekday sit minutes 460.00± 210.03 414.71± 179.50

MVPA-min./week 0.0± 0.0 311.20± 74.20∗

∗p-value < 0.05 between groups.

activity groups (Table 4). Accuracy performance on the Flanker
Task was significantly worse than at baseline for both the Congruent
and Incongruent conditions in the entire sample (Table 4).

Prefrontal cortex oxygenation

The analysis included 18 channels, with two channels
eliminated due to poor signal quality. There was no difference in
HbO2 values during the Simon or DMS task following prolonged
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TABLE 3 Mean and standard deviation of step count, mental alertness, and mental e�ort.

Total sample Active individuals Inactive individuals

Pre Post Pre Post Pre Post

Step count 4.0± 6.5 4.6± 6.9 4.6± 7.6 5.5± 7.9 3.7± 5.8 4.0± 6.3

Mental alertness 4.8± 1.5 5.2± 1.9 5.0± 1.1 5.6± 1.9 4.7± 1.6 4.9± 1.9

Mental effort 3.7± 1.8 3.8± 1.6 3.8± 1.7 3.5± 1.2 3.7± 1.8 4.0± 1.8

TABLE 4 Mean and standard deviation of working memory and inhibitory control tests.

Total sample Active individuals Inactive individuals

Reaction time (ms) Pre Post Pre Post Pre Post

Flanker congruent 446.7± 41.3 447.5± 45.8 444.7± 45.4 440.0± 33.2 448.2± 39.1 453.0± 53.3

Flanker incongruent 481.1± 39.3 484.2± 50.1 477.2± 42.1 480.7± 50.9 484.0± 37.8 486.8± 50.4

Simon congruent 400.7± 42.5 402.4± 44.1 391.2± 42.3 400.0± 43.0 407.4± 42.2 404.0± 45.8

Simon incongruent 430.4± 42.6 427.4± 56 424.3± 51.8 430.7± 60.5 435.3± 34 424.7± 53.4

Delayed match to sample 1355.3± 445.1 1325.5± 354.3 1380.7± 565.7 1257.2± 386.4 1337.3± 347.9 1374.0± 329.4

Accuracy (%correct) Pre Post Pre Post Pre Post

Flanker congruent 98.9± 2.4 97.7± 3.5∗ 98.2± 2.9 97.8± 2.3 99.4± 1.7 97.8± 4.1

Flanker incongruent 96.0± 3.5 94.6± 5.4∗ 96.1± 4.1 93.7± 5.3 96.3± 3.0 94.8± 5.9

Simon congruent 98.3± 2.7 97.8± 3.5 97.4± 3.0 97.6± 3.3 98.8± 2.4 97.9± 3.8

Simon incongruent 93.8± 4.8 94.9± 4.8 93.5± 4.8 94.7± 4.6 94.0± 4.9 95.0± 5.1

Delayed match to sample 93.2± 5.1 93.4± 6.7 92.4± 5.3 92.9± 6.6 93.8± 4.9 93.8± 7.0

∗p-value < 0.05 pre compared to post.

sitting for the entire sample (p > 0.05) or between activity groups
(p > 0.05). Paired sample t-tests revealed a significant reduction
in cerebral oxygenation for 4 channels during the Flanker task
following prolonged sitting (Figure 2).

Additionally, there were differences in HbO2 concentrations
following prolonged sitting by activity group. For the Inactive
group, there was no difference in HbO2 concentrations for any
channel during any task. However, for the Active group, there was
a significant reduction in cerebral oxygenation for 13 channels
during the Flanker Task (Figure 3). There were also differences in
HbO2 between activity groups. Compared to the Inactive group, the
Active group exhibited significantly lower HbO2 values following
2 h of prolonged sitting than the Inactive group in seven channels
(p < 0.05) (Figure 4).

Discussion

The present study aimed to determine how an acute bout of
prolonged sitting based-SB influenced working memory, inhibitory
control andHbO2 in a population of young adults. This exploratory
study would then allow us to identify potential strata for
randomization assignment into different conditions in the second
phase of our study. We feel the findings are worth sharing given the
potential for confounding effects for future studies.

We hypothesized that an acute bout of prolonged sitting would
reduce executive function performance and HbO2; however, the
dose of 2 h of sitting—which we chose to replicate the typical

duration of time that undergraduates remain seated in class or
at home—in the recliner did not result in the anticipated losses
in reaction time, but did result in the anticipated reductions of
Flanker accuracy andHbO2 during the Flanker Task. Also, contrary
to our original hypothesis, physically active individuals did not
demonstrate elevated HbO2 following 2 h of prolonged sitting but
exhibited a significant reduction in HbO2.

The lack of a slowed reaction time on the cognitive tasks and
a detrimental decrease in DMS and Simon task accuracy likely
occurred for three reasons: (a) this was a healthy sample of young
adults who are used to sitting for 2 h at a time, (b) the DMS did
not produce enough variability in the responses (most participants
did well), (c) the Simon Task may be an easier inhibitory control
test than the Flanker Task due to design of the Simon Task in
which there are no “distractors” or “flankers” as in the Flanker
Task. Healthy young adults are at their cognitive peak and will
likely respond faster or more accurately at no other time. In
hindsight, using a 2 or 3 n-back task and the Stroop Task might
have been more demanding and likely would have produced more
significant score variability than theDMS and SimonTask we chose.
Although we anticipated that the behaviors might be significantly
different after 2 h of sitting, the sedentary time is equivalent to
the screen time of watching a movie or multiple episodes of a
TV show. In this age group, individuals may have unknowingly
trained themselves to adapt to 2 h of sitting without any negative
cognitive ramifications. Only two other studies have investigated
the acute effects of prolonged sitting on executive function in young
adults (Stoner et al., 2019; Horiuchi et al., 2023). Both studies
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FIGURE 2

Total sample di�erences in HbO2 concentrations. Means ± SE

showing (A) significant HbO2 concentration changes during the

Flanker Task before and after 2 h of SB and (B) significant HHb

concentration changes during the Flanker Task before and after 2 h

of SB. From left to right, Cohen’s d e�ect sizes for (A): 0.32, 0.41,

0.31, 0.42 and (B): 0.42, 0.41, 0.33, 0.59.

used a 3-h bout of prolonged sitting to determine changes in the
Stroop task and Trail-Making Test. Stoner et al. (2019) found no
change in Stroop Task performance following prolonged sitting
while Horiuchi et al. (2023) found a significant reduction in both
Stroop task and Trail-Making Test performance.

In line with our hypothesis, HbO2 was significantly reduced
during the Flanker task following prolonged sitting. This finding
is similar to that of Carter et al. (2018) and Perdomo et al. (2019),
who observed significant reductions in cerebral blood flow velocity
following acute bouts of sitting. However, their participants were
middle-aged (Carter et al., 2018) and pre-hypertensive individuals
(Perdomo et al., 2019), whereas our population was healthy young
adults without any reported incidences of disease. In addition,
Carter et al. (2018) and Perdomo et al. (2019) had individuals
sit uninterrupted for 3 h and 40min and 4 h, respectively. In our
study, individuals sat uninterrupted for 2 h, thus signifying that an
acute bout of sitting of only 2 h is enough to significantly affect the
cerebral circulation in young adults.

Our study took place in the morning, and the importance of
breakfast on cognition must be mentioned. As glucose is the main
energy source for the brain, carbohydrate consumption is suspected
to result in short-term improvements in cognitive functioning.
Further, breakfast reduces cognitive decline throughout the
morning when compared to fasting or skipping breakfast (Pollitt,

1995; Liu et al., 2013). Related, it is thought that the post-
prandial declines in glucose after 2–3 h of ingestion could lead
to cognitive decline as noted in our study (Cooper et al., 2012).
However, a recent systematic review (Philippou and Constantinou,
2014) and a randomized crossover trial (Marchand et al., 2020)
found mixed reviews and no effect of postprandial glycemia on
cognition, respectively. As each individual in our study had a
unique breakfast routine, it is unknown how consuming a meal
replacement shake in place of that may have influenced their
metabolism and thus cognition.

Sitting-induced vascular dysfunction and
cognitive functioning

Researchers have recently demonstrated that acute bouts of
prolonged sitting lasting between 1 and 3 h significantly increase
vascular dysfunction measured by decreased lower extremity shear
stress and blood flow (Ballard et al., 2017; Morishima et al., 2017;
Climie et al., 2018; Credeur et al., 2019). Although notmeasured, we
hypothesize that calf blood pooling and the subsequent decreased
venous return, decreased cardiac output, and decreases in shear
stress-induced blood flow contributed to the significant decline
in HbO2 found in our study and the decline in cerebral blood
flow velocity found in others (Carter et al., 2018; Perdomo et al.,
2019). In our study we controlled for lower limb movements
by ensuring all participants did not move from the recliner and
encouraged participants to refrain from fidgeting by keeping feet
flat on the floor.

We believed a decline in HbO2 would negatively affect working
memory and inhibitory control. If HbO2 declines, the amount
of neuronal resources available for cognitive tasks and demands
is decreased due to the decline in oxygen. Yet, the significant
reduction in HbO2 during the Flanker task was not associated
with the significant decrease in Flanker accuracy. As there were
no changes in subjective measures of sleepiness and mental effort
by the participants, we presume the attention levels of participants
decreased due to the watching of documentaries, although we have
no objective measure for this. Only two other studies have also
investigated the effects of an acute bout of sitting on both HbO2

and executive function. However, Stoner et al. (2019) found no
differences on Stroop Task performance following 3 h of prolonged
sitting, while Horiuchi et al. (2023) found significant reductions in
Stroop Task performance.

Contrary to our hypothesis, physically active individuals had
attenuated HbO2 following an acute bout of prolonged sitting;
physically inactive individuals did not experience any changes in
HbO2. As aerobic exercise is known to increase vascular health
(Spence et al., 2013; Groot et al., 2016), our results—that the active
individuals had a decline in HbO2–are noteworthy. Prolonged
sitting has been shown to significantly reduce lower extremity blood
flow in both active and inactive young adults (Garten et al., 2019;
Morishima et al., 2020; Liu et al., 2021). Liu et al. (2021) noticed
a significant difference in the extent of reduction of lower limb
blood flow between groups. Although an acute bout of prolonged
sitting significantly reduced lower limb blood flow in both groups,
as the active group had a significantly larger lower limb blood flow
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FIGURE 3

Active group di�erences in HbO2. Means ± SE showing (A) significant HbO2 concentration changes during the Flanker Task before and after 2 h of SB

and (B) significant HHb concentration changes during the Flanker Task before and after 2 h of SB. From left to right, Cohen’s d e�ect sizes for (A):

0.56, 0.64, 0.80, 0.69, 1.19, 0.68, 0.47, 0.62, 0.82, 0.63, 0.73, 0.62, 1.18 and (B): 0.69, 0.69, 0.59, 0.74, 0.75, 0.83, 0.51, 0.56, 0.50, 0.94, 0.56, 0.62, 0.84.

FIGURE 4

Group di�erences in HbO2 concentrations. Means ± SE showing significant HbO2 concentration di�erences between activity groups before and

after 2 h of SB. From left to right, Cohen’s d e�ect sizes are: 0.71, 0.66, 0.85, 0.70, 0.80, 1.27, 0.98.

at baseline, they had a greater capacity to decrease after sitting (Liu
et al., 2021). We speculate something similar occurred between our
Active and Inactive groups as well. As physical activity is known to
increase lower limb blood flow, our Active individuals had a greater

capacity, or a higher ceiling, for lower limb blood flow to diminish
compared to Inactive individuals. Although not measured, lower
limb blood flow would be reduced to a greater extent in the Active
group due to their higher baseline values. We hypothesize that
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the importance of the reduction of lower limb blood flow in this
group due to venous pooling in the lower extremities allowed
for a significant reduction in HbO2, which was not seen in the
Inactive group.

Limitations and strengths

Our study is not without limitations. First, the DMS and Simon
Task may not have been difficult enough to elicit any variation
in scores following prolonged sitting. Second, we did not have
any measure for lower limb blood flow and shear stress which
we hypothesize is responsible for the changes we observed in
HbO2. Third, we used a self-report MVPA measure to identify our
activity groups rather than an objective assessment of fitness, such
as VO2max. Fourth, female participants’ menstrual cycle was not
controlled which may affect vascular function and cerebral blood
flow. And fifth, we realize this study’s findings are only generalizable
to other similar indoor prolonged sitting-based SBs.

Only two other studies have investigated how an acute bout
of sitting influences both executive function and HbO2 in young
adults (Stoner et al., 2019; Horiuchi et al., 2023). However,
their fNIRS device only included one optode. Comparatively, the
strengths of this study are numerous. We had a larger sample size
(n = 41), measured HbO2 across fifteen optodes, and ensured that
each individual had the same cognitive workload. To the best of
our knowledge, ours is the first study to investigate the differential
effects an acute bout of prolonged sitting has on physically active
and physically inactive individuals.

Conclusions

An acute bout of daily prolonged sitting significantly reduced
HbO2 in active young adults but not in inactive young adults.
Future studies should (1) determine if prolonged sitting affects
active and inactive individuals differently using an objective
assessment of fitness, (2) employ more cognitively demanding
tasks, and (3) investigate how an acute bout of prolonged sitting
affects both peripheral and cerebral microvasculature function
through lower limb blood flow and cerebral HbO2, respectively.
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