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Abstract
Background: No study has evaluated the effects of executive function on follow-up 
sedentary behavior, which was this study’s purpose. 
Methods: A longitudinal design was employed among 18 young adult college students 
(Mage = 23.7 years; 88.9% female). Accelerometer-determined sedentary behavior and 
physical activity, along with executive function, were assessed at baseline. Approximately 
8 weeks later, re-assessment of accelerometer-determined sedentary behavior and physical 
activity occurred. Executive function was assessed using the Parametric Go/No-Go 
(PGNG) computer task. From this, 2 primary executive function outcome parameters were 
evaluated, including the Simple Rule and Repeating Rule. 
Results: After adjusting for baseline sedentary behavior, age, gender, body mass index and 
baseline moderate-to-vigorous physical activity (MVPA), for every 25% increase in the 
number of correctly identified targets for the Repeating rule at the baseline assessment, 
participants engaged in 91.8 fewer minutes of sedentary behavior at the follow-up 
assessment (β = -91.8; 95% CI: -173.5, -10.0; P = 0.03). Results were unchanged when also 
adjusting for total baseline or follow-up physical activity. 
Conclusion: Greater executive function is associated with less follow-up sedentary 
behavior. 
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Introduction
Various theoretical models have been developed, im-
plemented and evaluated to help guide physical activity 
promotion among all ages. Some of the commonly used 
theoretical models include the Transtheoretical Model, 
Health Belief Model, Social Cognitive Theory, and Theory 
of Planned Behavior (TPB). For a detailed review of these 
models, the reader is referred elsewhere.1

Here, we take a closer look at the TPB. The TPB pos-
tulates that behavioral intention is the most proximal 
predictor of behavioral engagement, with behavioral in-
tention influenced by three antecedents, namely attitude, 
perceived social normal and perceived behavioral control. 
Previous research demonstrates utility for the TPB in ex-
plaining current physical activity,2 maintenance of physi-
cal activity,3 and sedentary behavior4 among adults. Like 
all theoretical models, however, the TPB is not without its 
shortcomings, which have been thoroughly discussed else-
where.5 Among others, one potential limitation of the TPB 
is the reliance of a direct relationship between behavioral 

intention and behavioral engagement. There is some evi-
dence to suggest that the relationship between behavioral 
intention and behavioral engagement may be moderated 
by several factors, such as gender.2 For example, the TPB 
constructs explained more variance in physical activity for 
women than men, and baseline intention demonstrated a 
stronger association with follow-up physical activity for 
women compared to men.2

Interestingly, there is also some emerging work demon-
strating that an individual’s level of executive function 
may moderate the intention-behavior relationship.6 Ex-
ecutive function is often defined as “higher level” cogni-
tion that is used to describe subcomponents of cognitive 
function (e.g., attention). These subcomponents help to 
manage basic cognitive function to perform purposeful 
and goal-directed behaviors that are mediated by frontal 
lobe activity. Stated differently, individuals with optimal 
executive function have the ability to maintain an appro-
priate mental state to fulfill a future goal, which involves 
planning, filtering competing information, maintaining 
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a goal despite distraction, and inhibiting goal-inconsis-
tent responses.7 This suggests that a greater strength of 
association between intention and behavior may be ob-
served among those with greater executive function.6 Not 
accounting for an individual’s level of executive function 
may be one reason for the relatively limited explained 
physical activity variance (~10%-20%) in the TPB.2 Of 
course, there likely are many other potential factors that 
may contribute to the relatively limited explained vari-
ance, such as the subjective assessment of physical activity 
in most of the TPB studies.

To our knowledge, only 1 study6 has examined the po-
tential moderating role of executive function on the in-
tention-behavior relationship and showed that intention 
was a stronger predictor of self-reported physical activi-
ty among young adults (N = 62) with greater executive 
function, as measured by the Go/No-Go test. The present 
study, written as brief study, is an extension of this study 
by evaluating whether executive function influences fol-
low-up sedentary behavior among those with an intention 
to become more active in the future. Sedentary behavior 
is the outcome of interest in the present study given 1) 
the emerging research showing that sedentary behavior, 
independent of physical activity, is detrimentally associat-
ed with various health outcomes,8-13 and 2) that sedentary 
behavior has not been evaluated within the context of this 
topic (i.e., executive function and movement-related be-
haviors).

Material and Methods
Study design and participants
Consistent with our other related longitudinal work,14 24 
participants were recruited to participate in the present 
pilot longitudinal study. Among these 24, 6 did not return 
for the follow-up accelerometer assessment, resulting in 
an analyzed sample of 18 participants. As noted below, 
participants were eligible to participate if they had an 
intent to engage in more physical activity over the next 
9 weeks and did not self-report engagement in regular, 
structured exercise at baseline (i.e., not currently active). 
All study procedures were approved by the authors’ insti-
tutional review board. Participant written consent was ob-
tained prior to any data collection. 

Assessments occurred at three time periods:
1) At baseline, participants completed a demographic 

questionnaire, the Go/No-Go computerized test to 
assess executive function (details below), self-re-
ported assessment of physical activity (IPAQ-SF) 
and a questionnaire to assessed future intention to 
become more active. At this time, participants were 
also fitted with an ActiGraph GT9X accelerometer 
to wear for the subsequent 7 days.

2) One week after the baseline assessment, partic-
ipants returned to the laboratory to hand in the 
accelerometer.

3) Eight weeks after returning the accelerometer, par-
ticipants returned to the laboratory. At this time, 
they re-wore the accelerometer for another 7 con-
secutive days. 

Measurement of executive function
The Parametric Go/No-Go (PGNG) computer task 
was used to measure individual differences in executive 
function.15 This measure requires individuals to actively 
regulate responses to presented stimuli and either initi-
ate responses quickly or inhibit their response. The ex-
ecutive function construct is multi-dimensional,16 and 
PGNG measures predominantly tap one facet of executive 
function that may be particularly pertinent to behavioral 
self-regulation: the ability to suspend prepotent responses 
to external cues. Functional imaging studies have docu-
mented associations between PGNG performance and ac-
tivation in the prefrontal and anterior cingulate regions of 
the brain17,18; both structures have been implicated in be-
havioral self-regulation in humans.19 Detailed discussion 
of the factor structure and construct validity of the PGNG 
test is published elsewhere.15,20 

As described elsewhere,15 there are three levels of the 
PGNG task, with the present study utilizing level 3, which 
is important for young healthy adult populations (consis-
tent with the present sample) in order to remove potential 
ceiling effects.15 Utilizing computerized software, for level 
three, participants are presented with a series of 3 flashing 
letter targets (e.g., “r”, “s”, and “t”) intermixed with other 
letters (e.g., “a”, “c”, etc.), with each presented letter occur-
ring at a rate of 500 ms. Within the 3 target level of PGNG, 
herein we evaluated 2 primary outcome parameters, in-
cluding the Simple Rule and Repeating Rule. For the Sim-
ple Rule, participants are asked to press the space bar every 
time the target letter (e.g., “r”, “s”, or “t”) appears, with our 
evaluated outcome of this rule being the percent of correct 
target detection. For the Repeating Rule, participants are 
asked to press the space bar every time they see the target 
letter (e.g., “r”, “s”, or “t”), but only if the target letter is not 
repeating the previous target; our evaluated outcome for 
this rule was the percent of correct (non-repeating) target 
detection. For example, if the following letter sequence oc-
curred, they would not press the space bar for the second 
“r” (a, t, r, p, d, r), but they would press the space bar twice 
(at “r” and “s”) during this sequence (a, t, r, p, d, s). 

Measurement of physical activity intention
At baseline, participants answered the following item21 us-
ing a paper-and-pencil survey; 1) I intend to be physically 
active on a regular basis (≥ 5 days/wk, 30 min/day of mod-
erate-to-vigorous physical activity, MVPA) over the next 
9 weeks. Notably, a “9 week” timeframe was used in this 
question because, as noted above, baseline accelerometry 
took 1-week to complete and then participants returned 
to the lab for re-assessment approximately 8-weeks later 
(8+1=9). Response options were: strongly disagree, dis-
agree, neither disagree nor agree, agree, strongly agree. Only 
those answering “strongly agree” or “agree” were eligible 
to participate in this study. Notably, a sedentary behavior 
intention assessment was not evaluated given that such a 
psychometrically-robust assessment does not currently 
exist. 

Measurement of physical activity
Self-Report. Participants completed the short-form of the 
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International Physical Activity Questionnaire (IPAQ). 
Specifically, they were asked, “During the last 7 days, on 
how many days did you do moderate or vigorous physical 
activity (response options: 0-7 days). On a typical one of 
these days, how much time in total did you usually spend 
engaging in moderate-to-vigorous physical activities?” 
This IPAQ Questionnaire has demonstrated evidence of 
reliability and validity in the adult population.22 Number 
of weekly minutes engaging in MVPA was calculated by 
multiplying the number of days by minutes of MVPA. 
Only participants who self-reported <75 min/wk of 
MVPA were eligible to participate in this study. Notably, at 
the time of this writing, there are no established guidelines 
for sedentary behavior for adults, and thus, we did not use 
baseline sedentary behavior as an exclusionary criteria. 

Accelerometry. Physical activity was objectively mea-
sured using the ActiGraph GT9X accelerometer over a 7 
day monitoring period, at both baseline and during the 
follow-up assessment (8 weeks after baseline). Partici-
pants were fitted with the accelerometer and worn on the 
mid-axillary line of the right hip at the level of the iliac 
crest. Accelerometers were initialized to a 1-minute epoch 
length. Sedentary behavior was defined as <100 counts/
min.23 Light-intensity physical activity was defined as 100-
1951 counts/min. MVPA was defined as ≥1952 counts/
min.24 To monitor the amount of time the device was 
worn, nonwear was defined by a period of a minimum of 
60 consecutive minutes of zero activity counts, with the 
allowance of 1-2 minutes of activity counts between 0 and 
100.25 A valid day was considered as ≥10 h/day of wear 
time. Mean estimates of MVPA was determined by aver-
aging the estimates from the valid days. Participants had 
to have at least 1 valid day of monitoring to be included in 
the analyses.26 Notably, all participants met this criteria. 

Statistical analyses 
Multivariable linear regression was used to examine the 
association between PGNG and sedentary behavior. As 
noted previously, the outcomes included the percent of 
correct target detection for the Simple Rule and Repeating 
Rule. For each of these outcomes, nested linear regression 
models were computed; Model 1: examining the associ-
ation between PGNG and follow-up sedentary behavior 
(outcome variable); Model 2: same as Model 1 but con-
trolling for baseline sedentary behavior; and Model 3: 
same as Model 2, but also controlling for age, gender, mea-
sured BMI and baseline MVPA. Statistical significance 
was established as P < 0.05. All analyses were computed in 
Stata (v. 12; College Station, TX). 

Results
Table 1 displays the characteristics of the analyzed sam-
ple. The mean age of the sample was 23.7 years and the 
majority were female (88.9%) and undergraduate students 
(61.1%). The mean follow-up period was 71 days.

Table 2 displays the regression analyses examining 
the association between baseline executive function (via 
PGNG) and follow-up sedentary behavior. Simple rule 
PGNG was not associated with follow-up sedentary be-
havior for any of the three evaluated regression models 

(unadjusted, minimally or extended adjust model); how-
ever, associations were in the expected (inverse) direc-
tion. Repeating rule PGNG were, however, statistically 
significantly inversely associated with follow-up seden-
tary behavior. For example, as shown in Model 3 for the 
Repeating rule, after adjusting for baseline sedentary be-
havior, age, gender, BMI and baseline MVPA, for every 
1% increase in the number of correctly identified targets 
for the Repeating rule at the baseline assessment, partici-
pants engaged in 3.6 fewer minutes of sedentary behavior 
at the follow-up assessment (β = -3.6; 95% CI: -6.9, -.4; 
P = 0.03). Notably, results were similar when, instead of 
including baseline MVPA as a covariate, the model was 
adjusted for baseline counts per minute in the vertical 
axis (β = -3.5; 95% CI: -7.1, -.01; P = 0.04), light-intensity 
physical activity (β = -3.7; 95% CI: -6.9, -.4, P = 0.03), or 
total physical activity (light plus MVPA) (β = -3.5; 95% 
CI: -6.8, -.2, P = 0.03). Similarly, for Model 3 of the Repeat-
ing rule, results regarding the relationship between PGNG 
and follow-up sedentary behavior was similar when re-
placing the baseline MVPA covariate with the follow-up 

Table 1. Study variable characteristics of the analyzed sample 
(N = 18)

Variable Point estimate SD
Age, mean years 23.7 6.2
Female, % 88.9
Education, %
   Undergraduate Student 61.1
   Graduate Student 38.9
Race-Ethnicity, %
   White 77.8
   Black 16.7
   Other 5.6
Body mass index, mean kg/m2 26.5 6.6
Sedentary behavior at baseline, mean 
min/day

591.6 169.7

Sedentary behavior at follow-up, mean 
min/day

534.7 96.4

Light-intensity activity at baseline, mean 
min/day

208.7 63.4

Light-intensity activity at follow-up, 
mean min/day

235.0 81.3

MVPA at baseline, min/day 29.2 18.0
MVPA at follow-up, min/day 23.9 18.1
Vigorous-intensity activity at baseline, 
mean min/day

0.89 1.6

Vigorous-intensity activity at follow-up, 
mean min/day

1.04 2.1

Counts per minute (vertical axis) at 
baseline, mean 

259.4 107.2

Counts per minute (vertical axis) at 
follow-up, mean 

258.5 93.5

Accelerometer wear time at baseline, 
mean min/day

829.6 149.5

Accelerometer wear time at follow-up, 
mean min/day

799.5 69.9

Valid days (10+ h/day) at baseline, mean 6.1 1.1
Valid days (10+ h/day) at follow-up, 
mean

4.6 1.5

3 Target Simple Rule, mean % correct 65.8 13.4
3 Target Repeating Rule, mean % 
correct

42.3 19.8

Follow-up period, mean days 71 13.9

Abbreviation: MVPA, moderate-to-vigorous physical activity.
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MVPA covariate (β = -3.7; 95% CI: -7.6, .07, P = 0.05) or 
follow-up total physical activity (β = -2.6; 95% CI: -5.1, 
-.07, P = 0.04). When expressed as a larger interval change 
in the fully adjusted model, for every 25% increase in the 
number of correctly identified targets for the Repeating 
rule at the baseline assessment, participants engaged in 
91.8 fewer minutes of sedentary behavior at the follow-up 
assessment (β = -91.8; 95% CI: -173.5, -10.0; P = 0.03).

Discussion
Research consistently demonstrates that physical activity 
is favorably associated with cognitive function,27-30 with 
mechanisms discussed elsewhere.31 Notably, recent evi-
dence supports the association of sedentary behavior, in-
dependent of physical activity, on various health-related 
outcomes in adults, mostly cardiometabolic parameters,9,10 
but also psychological8 and cognitive function32 outcomes 
as well. Interestingly, recent work6 suggests that, among 
other factors, an individual’s degree of executive function 
may be an important factor influencing whether behav-
ioral intentions translate into behavioral initiation and 
maintenance. And previous work also demonstrates that 
the intention-behavior relationship is stronger for wom-
en compared to men, with the present study comprised 
of predominately women (88.9%). A potential greater 
strength of association between intention and behavior 
for women may be that women, compared to men, tend 
to utilize more behavioral (e.g., goal-setting, self-mon-
itoring) and experiential (e.g., knowledge acquisition) 
processes of change.33 Within the context of the present 
study, a key component of executive function is behavioral 
self-regulatory ability, which is characteristic of behavioral 
processes of change. Taken together, future work would 
benefit by evaluating whether behavioral processes of 
change mediates the relationship between executive func-
tion and sedentary behavior. 

The present study, to our knowledge, is the first to eval-
uate whether executive function influences sedentary be-
havior. The major finding of this pilot longitudinal study 
was that, indeed, young adults with greater executive 
function, as measured by the PGNG, had less follow-up 
sedentary behavior. This collective body of work suggests 
that the physical activity/sedentary behavior-cognitive 
function relationship is likely bi-directional. This poten-

tial bi-directional relationship has been highlighted in a 
recent review paper.31

Executive function is a central cognitive process, pre-
dominately influenced by frontal lobe activity, which 
may help to facilitate purposeful, goal-directed behavior 
and the inhibition of goal-inconsistent behaviors and re-
sponses. Further, executive function is often described as 
a process involving shifting between tasks or mental sets, 
updating and monitoring working memory, inhibition of 
prepotent responses, planning, and the coordination of 
multiple tasks.16,34 These descriptors provide plausibility 
for our observed association of executive function on fol-
low-up sedentary behavior. That is, and as an example, in-
dividuals with greater executive function may have an in-
creased cognitive flexibility to schedule, plan and execute 
activities that minimize prolonged sedentary behavior, 
while concurrently coordinating and managing multiple 
tasks (e.g., school, work) that may, via non-discretional 
time, inhibit inactivity and facilitate activity.

Limitations of this study include the small sample size 
and reliance on a singular cognitive task as a measure of 
executive function. Major strengths include the study nov-
elty, longitudinal study design, and objective assessment 
of sedentary behavior. Future work, employing a larger, 
and more heterogeneous sample, is warranted. 

In conclusion, the present pilot longitudinal study pro-
vides suggestive evidence that, among young adults, great-
er executive function is associated with less follow-up sed-
entary behavior. If confirmed by future research, then im-
plementation of strategies to facilitate executive function 
may be an important strategy to minimize unfavorable 
changes sedentary behavior. 
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