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Synopsis 

We examined how walking after prolonged sitting affects prefrontal cortex (PFC) oxygenated 
hemoglobin (HbO2) and inhibitory control in healthy young adults using functional near-infrared 
spectroscopy (fNIRS). Participants sat in a recliner for two hours before being randomized to a 
condition of continued sitting or walking. The MANCOVA revealed a significant difference in 
inhibitory control for both reaction time and accuracy in the walking group compared to the 
additional sitting group. The walkers demonstrated lower HbO2 than the sedentary group, 
though the group difference trended rather than reached significance (p = .086), likely due to the 
delay of return to homeostasis.  

Background 
Sedentary behavior, any activity of less than 1.5 METs while in a seated or reclining posture, is 
an independent health risk across age, sex, and clinical conditions [1-3]. Adults spend a high 
proportion of their waking hours sitting or reclining, which is adversely associated with chronic 
disease, poor metabolic health, and premature mortality [1]. Sitting for extended periods is 
further linked to increased risk for metabolic syndrome and cardiovascular disease [4], and 
sedentary behavior functions as an independent risk marker regardless of overall physical 
activity levels, underscoring the need for regular movement breaks [1,2]. Despite this evidence, 
the neurophysiological consequences of prolonged sitting and the effects of disrupting it with 
acute exercise are poorly understood. The purpose of this study was to determine how 
disrupting prolonged sitting with walking affects PFC HbO2 and inhibitory control in healthy 
young adults. 

Methods 
Forty-one young adults (29 females; Mage = 21.31 ± 2.57 years; MBMI = 23.31 ± 5.01) free from 
cardiovascular disease or cognitive impairment were recruited in Central Texas. A repeated-
measures design was employed across two study visits while controlling for aerobic fitness, 
caloric consumption, caffeine, and sleep. Visit one served as familiarization, including health 
history questionnaires, blood pressure and head circumference measurements, and four practice 
trials of the cognitive task to minimize learning effects. Aerobic fitness was estimated via the 
Queens College Step Test. 
During the experimental visit, participants arrived 12-hour fasted and completed baseline 
measures of sleepiness (Karolinska Sleepiness Scale), mental effort (Paas Mental Effort Scale), 
and HbO2. After consuming a standardized meal replacement shake, participants sat 
uninterrupted in a recliner for two hours watching a non-stimulating history program. Post-movie 
measures of HbO2 and inhibitory control (Flanker’s Task) were then repeated, after which 
participants were randomized to either sit for an additional 30 minutes or walk. A Fitbit Surge 
verified sedentary behavior throughout via step count, stairs climbed, and caloric expenditure. 
PFC HbO2 was measured using fNIRS (NIRScout, NIRx), a non-invasive neuroimaging modality 
detecting changes in oxygenated and deoxygenated hemoglobin via light absorption at 760 nm 
and 850 nm. A montage of 8 sources and 8 detectors yielded 20 channels covering the PFC. 
HbO2 was recorded at baseline, post-movie, and post-condition. The fNIRS cap was removed 
and repositioned between assessments to maximize comfort. 



A MANCOVA was conducted using post-movie HbO2 and post-condition HbO2 as dependent 
variables, group (Exercise vs. Sedentary) as the between-subjects factor, and baseline HbO2 
and BMI as covariates. A second MANCOVA examined Flanker task reaction and accuracy. 
Assumptions of multivariate normality and homogeneity of covariance were evaluated using 
Box's M test and Levene's test, respectively (7). 

Results 
Assumptions of covariance homogeneity (Box's M = 7.524, F = 2.351, p = .070) and equality of 
error variances (Levene's: post-movie p = .170; post condition p = .063) were satisfied, 
supporting the validity of the MANCOVA. The model was significant for HbO2 post-condition 
(F(2, 35) = 3.493, p = .042, η²p = .170). The interaction effect of the group trended toward 
significance at the sit and exercise condition timepoint (F = 3.125, p = .086, η²p = .084). 
Estimated marginal means indicated the Sedentary group exhibited significantly higher post- 
condition HbO2 (M = 1.495 E⁻6) than the Exercise group (M = -1.731 E-5) (p = 0.04). Multivariate 
group interaction effects were non-significant (p = .150, η²p = .109). Flanker’s task demonstrated 
a significantly better accuracy for the exercising group compared to the sitting group for both the 
congruent (F(1,39) = 11.891, p = .001, η²p = .234) and incongruent conditions (F(1,39) = 4.205, 
p = .047, η²p = .097). Flanker Task reaction time was significantly lower (e.g., faster) post 
exercise for exercising group during both the congruent (t(20) = 2.350, p= .015) and incongruent 
conditions (t(20) = 2.765, p=.006). However, reaction time was not significantly different 
compared to the sitting group.  

Discussion 
These findings offer preliminary evidence that acute walking influences inhibitory control, and 
PFC oxygenation following prolonged sitting (5,6), with the Exercise group demonstrating lower 
HbO2, but more accurate and faster responses on the Flanker’s task. The significant model 
suggests that the condition after the movie resets the established homeostasis and improves 
inhibitory control. Future research should extend fNIRS channel coverage beyond the PFC to 
better characterize the broader cortical networks involved. Collectively, these findings advance 
understanding of the neurophysiological relationship between prolonged sitting and walking, 
supporting the value of movement breaks for cognitive performance. 
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Figure 2. MACOVA for HbO2 for Conditions of Sitting and Exercise 

 


