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Experimental Evaluation of the Joint Effects of Exercise and
Sedentary Behavior on Cognitive Function

Jeremiah Blough and Paul D. Loprinzi*

Department of Health, Exercise Science and Recreation Management, The University of Mississippi, University, MS, USA

Background: The objective of this study was to evaluate the potential joint effects of sedentary behavior and exercise
on cognitive function.

Methods: Participants (Mag. = 20 yrs) were randomly assigned to one of three experimental groups. The No Exercise
Group (n = 19) was instructed to reduce steps to less than 5000/day and were not allowed to exercise for one-week; the
Reduced MVPA (moderate-to-vigorous PA) Group (n = 18) was instructed to reduce steps to less than 5000/day but ex-
ercised for 50% of their previously reported vigorous PA for one-week; and the Control Group (n = 20) maintained normal
activity for one-week. Cognitive functions (via Stroop and Trail Making tasks) were assessed at baseline, post-inter-
vention, and after one week of resumed normal activity for the intervention groups.

Results: Statistically significant main effects for time were observed for Stroop Congruent (Fime = 11.7, p < 0.001, 72,
=0.18), Stroop Incongruent (Fime = 19.4, p < 0.001, 72, = 0.26), Stroop Control (Fime = 54.4, p < 0.001, 72, = 0.50),
Trail Making-A (Fiime = 19.1, p < 0.001, 7 %, = 0.26) and Trail Making-B (Fiime = 13.8, p < 0.001, 7 %, = 0.21) tasks. However,
there were no statistically significant group x time interactions (all p’s > 0.05) for any of the cognitive parameters.
Conclusion: These experimental findings do not suggest an interaction effect between sedentary behavior and physical
activity on cognitive function.

Key Words: Exercise, Executive function, Exercise cessation, Exercise withdrawal, Intervention, Interaction, Mental
health

INTRODUCTION

Emerging experimental work suggests that exercise is as-

sociated with enhanced cognitive function [1-6]. Such bene-
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fits may occur from exercise-induced changes in neuro-
genesis, glialgenesis, angiogenesis, cerebral circulation, and
growth factor production [7-12]. Sedentary behavior is of -
ten considered as any waking behavior characterized by an
energy expenditure < 1.5 metabolic equivalents (METs),
while engaging in a sitting, reclining or lying posture [13].
The effects of sedentary behavior on health is often consid-
ered to be distinct from the effects of exercise on health
[14]. Relatedly, in addition to exercise behavior, emerging
work also suggests that sedentary behavior, independent of
exercise, is detrimentally associated with cognitive function
[15-17]. However, there is some epidemiological evidence to
suggest that exercise may attenuate some of the detrimental

effects of sedentary behavior on cognition [18]. Whether
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similar findings occur from experimental evidence is
unknown. Thus, the purpose of this study (written as a brief
report) was to experimentally examine whether exercise can
attenuate any potential detrimental effects of sedentary be-

havior on cognition.

MATERIALS AND METHODS
1. Study design

As we have described elsewhere [19], a randomized con-
trolled trial was employed, consisting of 3 interventions
arms, including a No Exercise Group (Group 1), a Reduced
MVPA Group (Group 2), and a Control Group (Group 3).
All study procedures were approved by the authors’ institu-
tional review board and consent was obtained from all par-

ticipants prior to data collection.
2. Eligibility criteria

Participants were eligible for participation if they were
aged 18-35 years, sufficiently active by meeting physical
activity guidelines (defined hereafter), did not report severe
depression (i.e., PHQ-9 > 20), and had not been diagnosed
with a psychological disorder within the past 6 months of

the baseline assessment.
3. Participants

The sample involved 57 participants in total with 19 in
Group 1, 18 in Group 2, and 20 in Group 3. The sample
size was selected as it was similar to our previous ex-
perimental research (employing an a-priori power analysis)
on this paradigm [20,21].

4. Recruitment

The participants were students recruited by a con-
venience-based sampling approach (e.g., classroom an-
nouncement at the authors’ University). Recruitment began
in February of 2017 and ended in November of 2017.

5. Study procedures

The intervention groups (Groupl and Group 2) partici-
pated in 4 visits and the control (Group 3) completed 3 vis-
its, with all visits occurring 1 week apart and at approx-

imately the same time of day. All visits were conducted in

the Exercise Psychology Laboratory at the University of
Mississippi. These temporal procedures are also detailed in

the narrative that follows.
6. Baseline physical activity eligibility assessment

As described elsewhere [22], at the first visit (Baseline),
physical activity was subjectively assessed via the two-item
PAVS (Physical Activity Vital Sign) questionnaire (described
below). Participants were eligible for participation if they
were initially sufficiently active (based on self-report), de-
fined as = 150 minutes of MPA (Moderate Physical
Activity) and/or = 75 minutes of VPA (Vigorous Physical
Activity). If eligible based on self-report, an accelerometer
was given to be worn (at the midaxillary line on the right
hip at the level of the iliac crest) until the next visit one
week later. For the following visit (Visit 1), the accel-
erometer data was analyzed, and the participant continued
in the study if he/she was deemed active (= 150 minutes
of MVPA) per the accelerometry data (details on accel-

erometer data reduction are noted below).
7. Pre-intervention assessment

As described elsewhere [22], after the one-week of accel-
erometry assessment to confirm that participants were suffi-
ciently active, they re-completed the PAVS questionnaire as
well the cognitive assessments (described below). After
these assessments, participants were given an accelerometer
(again) and a pedometer and randomly assigned to a group
via a computer-generated random sequence algorithm.
Allocation of the grouping sequence was concealed and the
participants were blinded to their group assignment until the
end of the first visit. If assigned to the No Exercise Group
(Group 1), the instructions for the following week were to
not exercise whatsoever and to reduce daily steps to less
than 5000, hence the pedometer. Participants were only in-
cluded in the Reduced MVPA Group (Group 2) if 75 mi-
nutes or more of VPA was reported via the PAVS at Visit
1. If assigned to Group 2, the instructions for the inter-
vention week were to only exercise at 50% of his/her re-
ported VPA from the PAVS at Visit 1 (e.g., 90 min VPA
reported, thus, 45 min prescribed vigorous exercise) and to
also reduce daily steps below 5000. Participants in the

Control Group (Group 3) were instructed to continue nor-
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mal activity for the following week.
8. Post-intervention assessment

As described elsewhere [22], the next visit (Visit 2) con-
sisted of a re-assessment of cognition. The Control Group
finished the study at this time. However, the intervention
groups (Group 1 and Group 2) were given another accel-
erometer and pedometer and instructed to return to their
normal physical activity patterns. Thus, all exercise re-
strictions were lifted for this final week. At the final visit
for the intervention groups (Visit 3), the same measures
were conducted and the study was then complete for Group

1 and Group 2.
9. Measures

1) Physical activity

Subjective assessment of physical activity was assessed us-
ing the PAVS, indicating the number of minutes per week
engaged in MVPA. This assessment has demonstrated evi-
dence of validity [23-27]. Notably, this self-report MVPA
measure correlates with accelerometer-assessed number of
days = 30 bout-min MVPA (r = 0.52, p < 0.001) [24].

As described elsewhere [22], physical activity was ob-
jectively measured using the ActiGraph GT9X Link accel-
erometer which has been shown to be reliable and valid
[28,29]. Accelerometer-derived step counts were evaluated.
Non-wear was defined as 60 minutes or more of zero activ-
ity counts, with a 1-2 minute tolerance interval [30]. For
participant awareness of their steps during the intervention,
participants wore (hip) a Digi-Walker SW-200 pedometer,
which has shown evidence of reliability and validity in com-

parison with other pedometers [31].
10. Cognition

1) Stroop color word test

As described elsewhere [3], participants were given a 30
second practice period before the Stroop Color Word Test
[32-35] was administered. The Stroop Color Word Test is
a well-documented prefrontal activation task indicative of
components of executive function [36]. Neuropsychological
testing of the Stroop effect was performed using compu-
terized software. Specifically, we used the color word Stroop

testing with keyboard responding. Participants were given
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color words written in color and asked to indicate the color
of the word (not its meaning) by key presses. They were
instructed to accomplish this as quickly and accurately as
possible. There were 84 total trials, consisting of 4 colors
(red, green, blue, black) X 3 color congruency (congruent,
incongruent, control) X 7 repetitions. The stimuli remained
on the screen until the key response, with latencies meas-
ured from the onset of the stimuli. The congruent trials in-
volved the color word and the color it presented being the
same; incongruent trials involved the color word being dif-
ferent than the color it was presented in (e.g., it read
GREEN, but this word was not in the green color); and the
control trials involved colored rectangles. The outcome
measure was the average latency (in milliseconds [ms]) of
the correctly identified congruent, incongruent and control
trials. Lower scores indicate better cognitive functioning.
We intentionally reported the congruent, incongruent and
control results separately, as when considering combined
scenarios (e.g., stroop interference; difference between in-
congruent and control), results were similar.

As described elsewhere [3], previous research demon-
strates adequate psychometric properties of this task. The
10-12 day test-retest reliability for this measure among
young adults is 0.78 and 0.92, respectively, for congruent
and incongruent trials [37]. In a separate sample of young-
to middle-age adults, the one-week test-retest reliability of
this measure is 0.91 [38]. This is similar to a two-week
test-retest reliability assessment among older adults (ICC =
0.80) [39]. Additionally, this Color Word Stroop task did
not demonstrate evidence of a practice effect over a
two-week period (F = 0.22; p > 0.05) [39]. Evidence of
validity for this task has been demonstrated by performance
scores on this task associating with other versions of this
task (r = 0.79, r = 0.73, respectively, for congruent and in-

congruent) [37].

2) Trail Making A and B

Both Trail Making A and B [40-44] included brief prac-
tice sessions of an abbreviated version of this test. Identical
tests were utilized for cognitive testing at visits one and two.
As described elsewhere [3], Trail Making A has the partic-
ipant draw lines between connecting circles from one to 25

in sequential order without lifting the pencil as rapidly as
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possible. Trail Making B involves alternating these tracings
between numbers and letters in ascending order (e.g.
1-A-2-B-3-C-4-D) as rapidly as possible, requiring partic-
ipants to rapidly shift mental set. Scores on these tests were
the times taken to complete them, with faster times (lower
numbers) indicating better functioning. Test is a measure of
various cognitive processes, including psychomotor speed,
fluid cognitive ability, attention, visual search and scanning,
sequencing and shifting, working memory, cognitive flexi-
bility, and ability to execute and modify a plan of action
[45,46]. A functional neuroimaging analysis of the Trail
Making B test indicated that the calcarine cortex and intra-
parietal sulcus are primary brain regions activated during
this test [47].

As described elsewhere [3], and although a potential
learning effect is possible, it is likely this is minimized with
the one-week period between our visits. In support of this,
previous research among healthy young- to middle-age
adults reports a 1-week test-retest reliability (ICC) of 0.61
and 0.45, respectively, for Trail Making A and Trail Making
B [38]. Similarly, there was no significant difference in
Trail Making A (p = 0.21) or Trail Making B (p = 0.22)
across the 1-week washout period [38], suggesting a 1-week
washout period may be sufficient to remove a potential

learning effect. Regarding the validity of the trail making

tasks, previous research suggests evidence of construct val-
idity with other tasks that measure perceptual processing
and visual search (Digit Symbol) and working memory
(DBack). Trail Making A performance has been shown to
inversely associate with the Digit Symbol task (8 = -0.50;
p = 0.002) [46]. Similarly, Trail Making B performance is
inversely associated with the DBack task (8 = -6.0; p =
0.01) [46].

11. Statistical analysis

Statistical Analyses were computed using SPSS (version
22.0) software. Repeated measures analysis of variance
(RM-ANOVA) were conducted for all measures. Based on
the comparisons, either a 3 (time) X 2 (group) RM-ANOVA
or a 2 (time) X 3 (group) RM-ANOVA was computed
Effect size was calculated using Partial Eta Square (772p).
Statistical significance was set at a two-tailed nominal @ of
0.05.

RESULTS

Table 1 displays the demographic characteristics for each
of the 3 groups. There were no statistically significant dif-
ferences between the groups at baseline.

The intervention groups (Group 1 and Group 2) de-

Table 1. Characteristics of the analyzed sample (proportion/mean + SD)

Variable Group 1 (No Exercise) (Reduced ﬁ\rfplf litervention) Group 3 (Control)

N 19 18 20
Age, mean years 21.0 + 1.5 20.6 + 1.0 204 + 1.6
Gender, % male 31.6 22.2 35.0
Race-ethnicity, %

Non-hispanic white (n = 47) 84.2 83.3 80.0

Non-hispanic black (n = 5) 10.5 5.6 10.0

Other hispanic (n = 1) 5.3 0 0

Other/multi-race (n = 4) 0 11.1 10.0
Highest level of education, %

Some college (n = 50) 84.2 94.4 85.0

Bachelor’s degree (n = 6) 15.8 5.6 10.0

Master’s degree or higher (n = 1) 0 0 5.0
Height, mean cm 169.0 + 10.1 165.8 + 6.1 1713 + 9.8
Weight, mean kg 71.5 + 145 674 + 10.9 72.6 + 15.3
BMI, mean (kg/m?) 249 + 3.5 244 + 3.3 24.6 + 3.8

BMI: body mass index, MVPA: moderate to vigorous activity, SD: standard deviation.
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creased their mean daily steps from Visit 1 to Visit 2 then
increased back to near baseline at Visit 3. The mean daily
steps for the Control Group (Group 3) were similar at both
time points. Specifically, for the No Exercise Group, the
mean (SD) daily step count estimates across the 3 respective
time points were: 8808.2 (2157.0), 5994.8 (2148.6), and
8323.0 (2287.7). For the Reduced MVPA Intervention

Table 2. Cognitive function scores (mean + SD)

Group, the mean (SD) daily step count estimates across the
3 respective time points were: 10129.7 (2383.8), 6904.5
(2246.6), and 9160.8 (2938.5). For the Control Group, the
mean (SD) daily step count estimates across the 2 respective
time points were: 9286.7 (3105.0) and 9854.1 (2855.9).
The main results of this experiment are displayed in Table
2. For the Stroop Congruent (Fime = 10.0, p < 0.001, 77 =

2 (group) x 3 (visits) 3 (group) x 2 (visits)

Variable Visit 1 Visit 2 Visit 3 RM-ANOVA RM-ANOVA
F-value, pvalue, 77,
Stroop, Congruent (ms) Frime = 10.0, p < 0.001, Frime = 11.7, p <
7% = 0.22, Finewcion = 0.001, 72, = 0.18,
0.37, p = 0.68, 772p = Finteraction = 0.52, p =
0.01 0.59, 7%, = 0.01
Group 1 (No Exercise) 806.6 + 232.4 733.0 + 114.7 704.6 + 100.1
Group 2 (Reduced 828.3 + 312.1 7559 + 1367 6854 + 116.8
Activity)
Group 3 (Control) 941.7 + 3759 8105 + 2173 N/A
Stroop, Incongruent (ms) Frime = 15.5, p < Frime = 194, p <
0.001, 7% = 030,  0.001, 7% = 0.26,
Flnteraction = 1-07/ p = Flmeraction = ]-24/ p =
0.34, 7% = 0.03 0.29, 7% = 0.04
Group 1 (No Exercise) 969.2 + 221.5 906.9 + 190.1 8413 + 171.1
Group 2 (Reduced 1047.7 + 380.5 914.5 + 239.8 837.3 + 219.3
Activity)
Group 3 (Control) 1115.0 + 3879 949.7 + 277.8 N/A
Stroop, Control (ms) Frime = 28.8, p < 0.001, Frime = 54.4, p <
772p = 045, Flnteranion = OOO]/ 772[«7 = 050/
0.18,p = 082, 7% = Fineracion = 0.74, p =
0.005 0.47, 7% = 0.02
Group 1 (No Exercise) 825.1 + 1554  717.5 + 98.2 708.6 + 120.3
Group 2 (Reduced 8489 + 213.8 741.2 + 149.2 713.3 + 114.6
Activity)
Group 3 (Control) 945.9 + 322.6 797.7 + 2135 N/A
Trail Making-A (sec) Frime = 24.6, p < Frime = 19.1, p <
0.001, 7%, = 041,  0.001, 7% = 0.26,
Flnteraction = 060, p = Flnteraction = 086, p =
0.54, 7%, = 0.02 0.42, 7% = 0.03
Group 1 (No Exercise) 18.7 + 5.7 16.1 + 3.6 13.7 + 2.7
Group 2 (Reduced 19.0 + 5.1 15.4 + 4.7 145 + 3.3
Activity)
Group 3 (Control) 183 + 4.4 16.6 + 3.4 N/A
Trail Making-B (sec) Frime = 12.8, p < Frime = 13.8, p <
0.001, 7% = 0.28,  0.001, 7%, = 0.21,
F[nteraction = 187, p = Flnteraction = 187, p =
0.16, 7% = 0.05 0.16, 7%, = 0.06
Group 1 (No Exercise) 39.2 + 16.7 36.6 + 14.8 28.5 + 8.0
Group 2 45.3 + 25.7 33.1 + 11.6 30.7 + 9.3
(Reduced Activity)
Group 3 (Control) 442 + 13.1 369 + 9.6 N/A
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0.22), Stroop Incongruent (Fime = 15.5, p <0.001, 772p =
0.30), Stroop Control (Fime = 28.8, p < 0.001, 77, = 0.45),
Trail Making-A (Fyme = 24.6, p < 0.001, 77, = 0.41) and
Trail Making-B (Fime = 12.8, p < 0.001, 77, = 0.28) tasks,
there were statistically significant main effects for time for
the 2 (groups) X 3 (visits) RM-ANOVA. Similarly, for the
3 (groups) X 2 (visits) RM-ANOVA, there were statistically
significant main effects for time for Stroop Congruent (Fime =
11.7, p < 0.001, 772p = 0.18), Stroop Incongruent (Fime =
19.4, p < 0.001, 77, = 0.26), Stroop Control (Fine = 54.4,
p < 0001, 7% = 0.50), Trail Making-A (Fume = 19.1,
p < 0.001, 772p = 0.26) and Trail Making-B (Fine = 13.8,
p < 0.001, 772p = 0.21) tasks. However, for both the 2
(groups) X 3 (visits) RM-ANOVAs and 3 (groups) X 2
(visits) RM-ANOVAs, there were no statistically significant
group X time interactions (all p’s > 0.05) for any of the

cognitive parameters.

DISCUSSION

Previous epidemiological evidence suggests that exercise
is favorably associated with cognitive function [48]. Research
also suggests that higher levels of sedentary behavior are as-
sociated with worse cognitive function, even independent of
exercise [15-17]. However, emerging epidemiological evi-
dence suggests that exercise engagement may help attenuate
some of the negative effects of prolonged sedentary behav-
ior on cognition [18]. We extend this epidemiological work
with an experimental evaluation of the potential joint ef-
fects of sedentary behavior and exercise on cognitive
function. Our findings do not provide evidence of such an
exercise-induced attenuation effect, and in fact, our experi-
ment did not demonstrate any evidence of a sedentary-in-
duced detrimental effect on cognitive function, which aligns
with our other experimental work [49].

There is biological plausibility through which prolonged
sedentary behavior may negatively influence cognition. As
detailed elsewhere [16], prolonged sedentary behavior may
alter glycemic control and cerebral blood flow, and in theo-
ry, some exercise engagement may offset these negative
effects. Our null findings may have been a result of several
factors. Our employed sample were young adults, which

were intentionally recruited as, per our evaluated paradigm,

it was of interest to recruit physically active participants.
It is possible that our observations would have been differ-
ent if we employed an older adult sample, with greater vari-
ability in cognitive functioning. Additionally, our experi-
ment was not a bed-rest study, which was intentional in an
effort to be as ecologically valid as possible. However, it is
possible that the daily ambulatory activity (6,000-7,000
steps/day) were sufficient to stave off any potential detri-
mental effects of reduced activity on cognition. Relatedly,
it is possible that the degree of reduced activity (an approx-
imate 3,000 step/day reduction) was not sufficient enough
to induce changes in cognition. Further, a limitation of our
study was the use of only two cognitive function tests, and
thus, it is uncertain if results would have been different if
other cognitive parameters were evaluated. It is also un-
known if a longer period of inactivity (e.g., 2-week reduced
activity vs. 1-week) would have induced different findings.
Importantly, though, it is also possible that sedentary behav-
ior is not causally related to changes in cognition.

In conclusion, our experimental results did not demon-
strate any negative effects of sedentary behavior on cogni-
tion, nor any attenuation effects with exercise engagement.
Future lifestyle-based experimental work is needed to fur-

ther evaluate this important line of inquiry.
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