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Abstract 

Past research has demonstrated that regular physical activity provides a myriad of physical, 

mental, and emotional benefits. The decision of whether to partake in physical activity (PA) or 

remain sedentary appears to be partially influenced by motivational and emotional systems. 

Research suggests left frontal alpha asymmetry is a neural marker of approach motivation. 

However, studies have not explored whether habitual levels of PA and sedentary behavior relate 

to this neurophysiological signal. Across two studies, individuals completed measures of habitual 

PA and sedentary behavior using the International Physical Activity Questionnaire – Short Form 

(IPAQ-SF). Then, resting electroencephalography (EEG) activity was recorded. Results of Study 

1 (N = 32, 72% women) indicated that more time spent sitting on both weekdays and weekend 

days were associated with less left frontal asymmetry (r = -.45, p = .027, and r = -.55, p = .005, 

respectively). Study 2 recruited a larger sample (N = 96, 31% women) and investigated 

moderators. Greater levels of moderate (r = .27) and total (r = .29) PA were associated with 

greater left frontal asymmetry (ps < .05), and the relationship between sedentary behavior and 

less left frontal asymmetry was moderated by sex (weekday: β = .62, p = .011; weekend day: β = 

.41, p = .034). Our results suggest that left frontal asymmetry may be a novel neurophysiological 

marker for PA and sedentary behavior. 

 Keywords: frontal asymmetry; physical activity; sedentary behavior; approach 

motivation; EEG  



FRONTAL ASYMMETRY AND PHYSICAL ACTIVITY 

3 
 

Frontal Asymmetry: A Novel Biomarker for Physical Activity and Sedentary Behavior  

Regular physical activity offers a broad array of well-established and accepted health 

benefits. There is extensive evidence supporting its role in chronic disease prevention (e.g., heart 

disease, diabetes, and several cancers), and more recently, brain health, by reducing the risk of 

clinical depression, the number and severity of depressive symptoms, and symptoms of anxiety 

(U.S. Department of Health and Human Services, 2018).  In the United States, recent figures 

reported by the Centers for Disease Control and Prevention (CDC) suggest nearly 9% of deaths 

are associated with inadequate levels of physical activity (Carlson, Adams, Yang, & Fulton, 

2018).  From an economic standpoint, over 11% of overall healthcare expenses in the US are 

associated with inadequate levels of physical activity (Carlson, Fulton, Pratt, Yang, & Adams, 

2015).  

Despite the wide-ranging benefits of physical activity, only 26% of men and 19% of 

women meet the public health guidelines for recommended levels of physical activity (U.S. 

Department of Health and Human Services, 2018). In addition to low levels of physical activity, 

high levels of sedentary behavior are associated with increased health risks. Due to the high 

prevalence of  sedentary behavior and low levels of physical activity, the United States 

Department of Health and Human Services recommend both decreasing time spent sitting and 

increasing participation in moderate-to-vigorous physical activity (U.S. Department of Health 

and Human Services, 2018).  

Sedentary behavior is a complex health-related behavior. More specifically, it involves a 

myriad of individual and environmental factors that interact synergistically to promote, 

condition, or prevent sedentary behavior (Chastin et al., 2016). Consistent with other human 

behaviors, sedentary behavior (i.e., any waking behavior characterized by an energy expenditure 
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≤1.5 metabolic equivalents [METs], while in a sitting, reclining or lying posture; Tremblay et al., 

2017) appears to be modulated, at least in part, by emotional and motivational processes 

(Conroy, Maher, Elavsky, Hyde, & Doerksen, 2013; Hogan, Catalino, Mata, & Fredrickson, 

2015).  

Decades of research examining the relationship between emotion, motivation, and neural 

processes has found that approach and withdrawal motivation show different patterns of 

asymmetric frontal cortical activity (for review, see Harmon-Jones & Gable, 2018; Rutherford & 

Lindell, 2011).  By examining the lateralized patterns of electrical activity over the frontal 

cortex, this method has been highly successful at detecting differences in motivation and emotion 

at the neurophysiological level (Allen et al., 2018).  More specifically, research has found that 

greater relative left frontal alpha activity is associated with greater approach motivation (i.e., the 

drive to move towards some goal or object; Harmon-Jones & Allen, 1997; Harmon-Jones & 

Gable, 2018; Sutton & Davidson, 1997; Mechin, Gable, & Hicks, 2016; Neal & Gable, 2016). 

Conversely, greater relative right frontal alpha activity is associated with behavioral inhibition 

exhibited through withdrawal motivation (i.e., the drive to avoid some goal or an object; 

Shackman, McMenamin, Maxwell, Grieischer, & Davidson, 2009; Sutton & Davidson, 1997) or 

motivational control (i.e., the detection and resolution of conflicts between approach and 

withdrawal motivation; Gable, Neal, & Threadgill, 2018; Neal & Gable, 2017, 2019).  

Research has found that individuals with clinical disorders, such as bipolar disorder (Allen, 

Iacono, Depue, & Arbisi, 1993) and depression (Allen, Urry, Hitt, & Coan, 2003; Henriques & 

Davidson, 1991; Jacobs & Snyder, 1996; Schaffer et al., 1983; Thibodeau, Jorgensen, & Kim, 

2006), demonstrate different patterns of resting asymmetric frontal cortical activity than healthy 

populations. For instance, greater left frontal activation is related to manic and hypomanic states 
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(Harmon-Jones, et al., 2002; Harmon-Jones et al., 2008). Manic states are accompanied with high 

levels of activity and movement (Grande et al., 2016). In contrast, depressive states are associated 

with greater right frontal activity (Allen, Keune, Schönenberg, & Nusslock, 2018). These mood 

states are associated with deficits of approach motivation and often are accompanied by “a 

reduction in physical movement,” “fatigue or loss of energy,” and “diminished interest or pleasure 

in all…activities” (DSM-5, 2013). Thus, it seems likely that changes in relative left frontal 

activation might possibly relate to changes in propensity to engage in physical activity or sedentary 

behaviors.   

There is some evidence to suggest that the decision, motivation, or intention to engage in 

physical activity and exercise (or not) is related to frontal cortical activity. For example, one 

study found that greater resting left frontal alpha asymmetry predicted self-selected walking 

speed (Hall et al., 2000).  Indeed, the majority of existing research conducted to date has 

examined affective responses to varying types of exercise or physical activities, with some, but 

not all, studies observing that increased resting left frontal alpha asymmetry predicts post-

exercise affective responses such as increased positive affect and decreased anxiety (Hall, 

Ekkekakis, & Petruzzello, 2007; Hall, Ekkekakis, Van Landuyt, & Petruzzello, 2000; Petruzzello 

& Landers, 1994; Woo, Kim, Kim, Petruzzello, & Hatfield, 2009). The effect of acute aerobic 

exercise on mood and frontal asymmetry has also been investigated, finding that a variety of 

exercise interventions can moderate the relationship between mood and frontal asymmetry 

(Lattari, Portugal, Moraes, Machado, Santos, & Deslandes, 2014). Furthermore, some studies 

have begun to explore neurophysiological activity associated with the act of partaking in 

physical activity or sedentary behavior (Cheval, Boisgontier, Bacelar, Feiss, & Miller, 2019) or 

in response to imagery depicting physical activities or sedentary behaviors (Cheval et al., 2018).  
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However, few studies, if any, have investigated whether frontal cortical activity is a potential 

neurobiological marker related to habitual sedentary or physically active behavior. Thus, the 

present studies seek to fill this important gap by examining the relationship between habitual 

levels of physical activity and sedentary behaviors and resting frontal asymmetry.  

Reduced physical activity likely has neurophysiological substrates correlating with 

reduced approach motivation. Based on past work linking depression with less left frontal 

activity (Allen et al., 2018; Thibodeau, Jorgensen, & Kim, 2006) and more recent work 

examining the association of neurophysiological activity in response to physical activity or 

sedentary behavior stimuli (Cheval et al., 2018, 2019), we undertook a preliminary correlational 

study (Study 1) to explore whether lower levels of physical activity and higher levels of 

sedentary behavior would be related to reduced left frontal activity. To further explore the 

relationships between physical activity, sedentary behavior, and left frontal activity, we 

conducted a follow-up study with a considerably larger sample (Study 2). This larger, more 

diverse sample provided the opportunity to examine potential moderators and their influence on 

these relationships.  

Methods 

In both Study 1 and 2, participants underwent nearly identical experimental procedures. 

Specifically, they underwent the same baseline measures of habitual physical activity, habitual 

sedentary behavior, and resting frontal activity. As such, we report the combined methods for 

Study 1 and Study 2 below, only distinguishing between studies when differences occur.  

Participants and Procedures 

Study 1 had 45 right-handed undergraduate introductory psychology students, and Study 

2 had 109 right-handed undergraduate introductory psychology students, all from the University 
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of Alabama, participate in exchange for partial course credit. After removing participants who 

did not have both valid physical activity or sedentary behavior outcomes and measures of resting 

frontal activity, the final sample included 32 participants in Study 1 and 96 participants in Study 

2. This number varied slightly in analyses, depending on the outcome of interest, due to missing 

or incomplete data for the specific physical activity or sedentary behavior in question.  

Informed consent was obtained prior to each study. Handedness was assessed by having 

participants report with which hand they performed 13 tasks (e.g., throw a snowball, write, etc.; 

Chapman & Chapman, 1987). Right-handedness was defined as performing no more than one 

item with their left hand. All participants were right-handed. 

Participants came into the laboratory and completed measures of handedness, a health 

screening questionnaire, and the short form of the International Physical Activity Questionnaire 

(IPAQ-SF). Upon completion of these measures, EEG electrodes were applied, and 8 minutes of 

resting baseline activity was recorded (4 minutes with eyes open [O] and 4 minutes with eyes 

closed [C]). Two sequences were used and alternated between participants: C-O-O-C-O-C-C-O 

and O-C-C-O-C-O-O-C (Gable, Mechin, Hicks, & Adams, 2015). 

Measures 

Health Screening Questionnaire. 

Participants completed a health screening questionnaire prior to any experimental 

procedures. The questionnaire gathered information regarding participant demographics (e.g., 

age, sex,  race, height, and weight), pertinent medical history (e.g., history of or current 

medication use for anxiety, depression, attention-deficit/hyperactivity disorder [ADHD] as these 

health conditions can influence frontal asymmetry; Nelson et al., 2012, Reznik & Allen, 2018),  

and exposure to other stressors that could influence their affective state (e.g., recent consumption 
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of caffeine or food, participation in physical activity or exercise, hours slept before reporting to 

the laboratory, and current stress level). Participants were also asked to rate their current level of 

physical activity using a five-point rating scale: sedentary (< 1 day/week), low (1-2 day/week), 

moderate (3 day/week), recreationally active (3-4 day/week), and highly active/athlete (5-7 

day/week), as well as report how long (in months) they have maintained their current level of 

physical activity. Last, body mass index (BMI) was calculated from self-reported height and 

weight.  

Physical Activity and Sedentary Behavior.  

Self-reported physical activity and sedentary behaviors were assessed using a modified 

version of the IPAQ-SF, a self-report questionnaire that has demonstrated to be a valid and 

reliable measure of habitual physical activity and sedentary behavior in diverse adult populations 

(Celis-Morales et al., 2012; Cerin et al., 2016; Craig et al., 2003; Dyrstad, Hansen, Holme, & 

Anderssen, 2014; Healy et al., 2011; Kim, Park, & Kang, 2013; Rosenberg, Bull, Marshall, 

Sallis, & Bauman, 2008), as well as in college student populations (Dinger, Behrens, & Han, 

2006; Moulin, Truelove, Burke, & Irwin, 2019; Murphy et al., 2017; Nelson, Taylor, & Vella, 

2019). The IPAQ-SF documents the amount of time (minutes per day and number of days per 

week) spent in three physical activity domains––vigorous-intensity, moderate-intensity, and 

walking––during the last seven days. Time spent in vigorous-, moderate-, and walking physical 

activity domains were then weighted by standard MET estimates (8.0, 4.0, and 3.3 METs, 

respectively) and expressed in terms of weekly physical activity volume using the following 

calculation:  

volume (MET-minutes/week) = intensity (MET) × 
days of  activity

week
 × 

minutes of activity

day
 

A measure of participants’ total physical activity volume was calculated as the sum of vigorous, 
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moderate, and walking activities expressed in MET-minutes per week. Total physical activity 

volume was then converted to a categorical variable to describe one’s physical activity level 

(‘‘Low,’’ ‘‘Moderate,’’ or ‘‘High’’) per IPAQ guidelines (Craig et al., 2003).  

The IPAQ-SF also includes an estimate of sedentary behavior during the last seven days, 

based on the time spent sitting (minutes per day) on a typical weekday. We did not calculate 

weekly volume for sitting per IPAQ-SF recommendations (Craig et al., 2003). We did, however, 

include an additional question from the long version of the IPAQ to capture the time spent sitting 

on a typical weekend day (During the last seven days, how much time did they spend sitting on a 

weekend day?).  

Both physical activity and sedentary behavior data were collected using the IPAQ-SF, 

and all data cleaning and scoring processes were in accordance with standard IPAQ procedures, 

when applicable (Craig et al., 2003). It should be noted that instructions for cleaning and scoring 

sitting data were not provided by the IPAQ-SF. Hence, the IPAQ protocol for physical activity 

was used as a guide. Briefly, we truncated and re-coded vigorous-intensity, moderate-intensity, 

and walking levels of physical activity that exceeded 3 hours (180 minutes) as “180 minutes” 

(Study 1: n = 2, Study 2: n = 5). We re-coded physical activity or sitting time responses of less 

than 10 minutes as “0 minutes” (Study 1: n = 4, Study 2: n = 9). Finally, we excluded any invalid 

or missing data (Study 1: n = 9, Study 2: n = 11) and physical activity or sitting time responses 

(reported on the IPAQ-SF) exceeding 16 hours (960 minutes) per day (n = 2 excluded based on 

sitting time reported on a typical weekend day in Study 1 only) from analyses.  

Electroencephalography Assessment and Processing.  

Electroencephalography (EEG) was recorded from 64 tin electrodes mounted in a stretch 

lycra Quick-Cap (Electro-Cap, Eaton, OH; Study 1 and Study 2) or a 64-channel actiCap (Brain 
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Products GmbH, Gilching, Germany; Study 2 only) and referenced online to the left earlobe. A 

ground electrode was mounted midway between FPz and Fz (Quick-Cap) or at site FPz 

(actiCap). Electrode caps were based on the 10-20 system, and a sodium chloride-based 

conductance gel was used to assist in the decrease of impedances. Electrode impedances were 

kept under 5000 Ω (Quick-Cap) or 30,000 Ω (actiCap). Electro-Cap recordings were amplified 

with NeuroScan SynAmps RT amplifier units (El Paso, TX). Brain Products recordings were 

amplified with a Brain Vision actiCHamp amplifier (Brain Products GmbH, Gilching, Germany).  

All data were digitized at 500 Hz. 

 All recordings were analyzed offline using BrainVision Analyzer 2.1 (Brain Products, 

Gilching, Germany). Data were re-referenced to the average of the mastoid sensors. Data were 

then low-pass filtered at 100 Hz, high-pass filtered at 0.05 Hz, and notch filtered at 60 Hz 

(Butterworth zero phase filters). A filter slope was set at 12 dB per octave. Eye-blinks were 

corrected by using an ICA-based ocular artifact rejection function within the Brain Vision 

Analyzer software (electrode FP1 served as the VEOG channel). In both studies, individual 

channels were then rejected using an automated procedure, with artifacts defined as a step of 50 

μV in a 100-ms interval, a 200 μV change within a 160-ms interval, a change < 0.5 μV within a 

100-ms interval, and signals exceeding ±180 μV. After automatic artifact rejection, data were 

visually inspected again to ensure proper correction. 

For both Study 1 and Study 2, epochs 1.024 seconds in duration were extracted using a 

sinusoidal-shaped Hamming window to reduce spectral leakage (50% taper of distal ends; 

Davidson, Jackson, & Larson, 2000). Consecutive epochs were overlapped by 50% to avoid data 

loss. Next, power values corresponding to alpha (8-13 Hz) were extracted using a Fast Fourier 

Transformation and averaged across epochs. An asymmetry difference score was created by 
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subtracting log left from log right for homologous sites. Alpha activity was examined at frontal 

sites F6 and F5 (Allen & Cohen, 2010; Neal & Gable, 2016), since that is where left frontal 

alpha asymmetry was greatest across frontal sites. Because alpha power is inversely related to 

cortical activation (Laufs et al., 2003), higher scores reflect greater relative left frontal activity.  

Data Analysis 

Study 1  

To examine the relationship between relative left frontal activity and our main outcomes 

of interest, (1) physical activity (expressed as MET-minutes per week), i.e., vigorous-intensity, 

moderate-intensity, walking, and total, and (2) sedentary behavior (expressed as minutes per 

day), i.e., time spent sitting on a typical weekday and weekend day, we ran a series of Pearson 

correlations. We also included select sample demographics (e.g., sex, age, BMI, and diagnosis of 

depression and/or anxiety) in our correlation matrix as we were interested in the associations of 

these variables with left frontal activity and our measures of habitual physical activity and 

sedentary behavior. Further exploration of how these covariates may modulate the relationship 

between relative left frontal activity and physical activity and sedentary behavior was precluded 

due to our small sample.   

Study 2 

Consistent with Study 1, we first investigated the relationship between relative left frontal 

activity and our main outcomes of interest, (1) physical activity (expressed as MET-minutes per 

week), i.e., vigorous-intensity, moderate-intensity, walking, and total, and (2) sedentary behavior 

(expressed as minutes per day), i.e., time spent sitting on a typical week day and weekend day, in 

our larger and more diverse sample, by way of Pearson correlations. Second, we wanted to 

explore the potential moderating effect of several sample demographics identified a priori (e.g., 
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sex, age, BMI, and diagnosis of depression and/or anxiety) on the relationship between relative 

left frontal activity and physical activity and sedentary behavior. Consistent with our exploratory 

approach to data analysis (Velleman & Hoaglin, 2012; Jebb, Parrigon, & Woo, 2017; Behrens, 

DiCerbo, Yel, & Levy, 2013), we conducted several linear regressions (also decided a priori) for 

each physical activity and sedentary behavior outcome that controlled for sex (coded -1 = 

women, 1 = men), age, BMI, diagnosis of depression and/or anxiety (coded -1 = no, 1 = yes), and 

their interaction with the physical activity or sedentary behavior outcome. Multiple regressions 

that had significant interactions were further explored using simple slopes analysis. 

Results 

Study 1  

Descriptive data for study participants are shown in Table 1. On average, our sample 

included young adults (18.9 years of age), mainly women (71.9%), of normal weight (BMI of 

23.5 kg/m2). Using the self-reported physical activity question, a large proportion of participants 

in our sample (43.8%) rated their current physical activity level as being recreationally active 

(engage in physical activity 3-4 days/week), while only 15.6% reported being highly 

active/athletic (engage in physical activity 5-7 days/week). Based on the IPAQ-SF categorical 

physical activity rating (derived from weekly total physical activity volume), exactly half of our 

sample (50.0%) were considered moderately active and 37.5% were considered highly active. In 

terms of sedentary behavior, participants reported, on average, sitting for 4 hours on a typical 

weekday and 3 hours on a typical weekend day (Table 1).  

 Bivariate correlational analyses revealed that the volume of physical activity, expressed 

as MET-minutes per week, spent in vigorous-intensity (r(29) = -.24, p = .204), moderate-

intensity (r(29) = -.22, p = .229), and walking (r(29) = -.17, p = .358) activities was unrelated to 
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relative left frontal activity. Total physical activity volume (the sum of vigorous, moderate, and 

walking activities) was also unrelated to left frontal activity (r(29) = -.30, p = .100; see Table 2 

for correlations among study variables of interest). Time spent in vigorous-intensity activity was 

positively related to age, r(29) = .41, p = .023. 

Bivariate correlational analyses revealed that time spent sitting, expressed as minutes per 

day, on a typical weekday was associated time spent sitting on a weekend day, r(22) = .79, p < 

.001. Time spent sitting on a weekday was also associated with less relative left frontal activity, 

r(22) = -.45, p = .027 (see Table 2 and Figure 1). Time spent sitting on a typical weekend day 

was associated with less relative left frontal activity, r(22) = -.55, p = .005 (see Table 2 and 

Figure 2), suggesting that less relative left frontal activity is related to time spent engaging in 

sedentary behaviors. Less relative left frontal activity was also related to BMI, r(30) = -.36, p = 

.041. 

Study 2. 

On average, our sample (n = 96) included young adults (19.0 years of age), mainly men 

(68.8%), and of normal weight (BMI of 23.3 kg/m2). Using the self-reported physical activity 

question, a large proportion of participants in our sample (39.6%) rated their current physical 

activity level as being moderately active (engage in physical activity 2-3 days/week), compared 

to only 14.6% reporting being recreationally active (engage in physical activity 3-4 days/week) 

and 16.7% reporting being highly active/athletic (engage in physical activity 5-7 days/week). 

Based on the IPAQ-SF categorical physical activity rating (derived from weekly total physical 

activity volume), nearly half of our sample (47.9%) were considered moderately active and 

43.8% were considered highly active. In terms of sedentary behavior, participants reported, 
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sitting for an average of 4.21 hours on a typical weekday and 3.86 hours on a typical weekend 

day (see Table 3).  

Bivariate correlations revealed that greater relative left frontal activation was positively 

related to physical activity volume (expressed as MET-minutes per week; see Table 4 for 

correlations among study variables of interest).  Specifically, greater left frontal activation was 

positively related to moderate-intensity (r(94) = .27, p = .007) and total physical activity (r(94) = 

.29, p = .005) volume.  Vigorous-intensity physical activity volume also followed a trend in the 

same direction, but did not reach significance (r(94) = .19, p = .060). Greater left frontal activity 

was also positively related to age (r(91) = .22, p = .037). 

Bivariate correlations revealed that left frontal activation was not significantly related to 

sedentary behaviors, i.e., time spent sitting on a typical weekday or weekend day (ps > .10). 

Sedentary behavior on a weekday was positively related with sedentary behavior on a weekend 

day (r(76) = .59, p < .001) and followed a similar, but non-significant, trend with walking (r(77) 

= .19, p = .095).  Sedentary behavior on a weekday was also related to sex (r(78) = -.30, p = 

.007, indicating greater sitting time among women).  Sedentary behavior on a weekend day was 

positively related with moderate-intensity physical activity (r(91) = .22, p = .031) and BMI 

(r(91) = .27, p = .009).  

In light of the results of Study 1, we sought to probe our initial findings more deeply and 

attempt to identify potential moderators on the relationship between frontal asymmetry and 

sedentary behavior as well as physical activity. Consistent with exploratory research methods, 

several regression analyses were performed for each of our independent variables of interest (i.e. 

sitting on a week day, sitting on a weekend day, total, vigorous-intensity, moderate-intensity, and 

walking physical activity), controlling for different combinations of our covariates (e.g., sex, age, 
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BMI, diagnosis of depression and/or anxiety), and habitual physical activity and sedentary 

behavior, and their interaction terms (we examined approximately 4-6 covariates for each of our 

independent variables). Given our interest in identifying potential moderators of these 

relationships, we report only the results of regression models with significant (or trending, p < 

.10) interaction effects with the sedentary behavior or physical activity outcome of interest.  

For sedentary behavior, we first entered sex, time spent sitting on a weekday, and their 

interaction, with frontal activity as the dependent variable.  This regression model was 

marginally significant, F(3, 76) = 2.49, p = .067, R2 = .09. Importantly, the interaction between 

sex and sedentary behavior on a weekday was significant, β = 0.62, t = 2.61, p = .011.  Simple 

slopes analysis indicated that that decreased left frontal activity was observed mainly among 

women exhibiting increased amounts of sedentary behavior, t = -2.04, p = .045, while men did 

not show a relationship between left frontal activity and sedentary behavior, t = 1.64, p = .106 

(see Figure 3). 

For the second multiple regression analysis involving sedentary behavior, we entered sex, 

time spent sitting on a weekend day, and their interaction, with frontal activity as the dependent 

variable.  A marginal regression equation was found, F(3, 89) = 2.06, p = .11, R2 = .07.  Similar 

to the interaction between sex and sedentary behavior on a weekday, the interaction between sex 

and sedentary behavior on a weekend day was significant, β = 0.40, t = 2.16, p = .034. Simple 

slopes analysis failed to show any significant trends in women, t = -1.34, p = .182. However, 

increased left frontal activity tended to occur among men exhibiting increased amounts of 

sedentary behavior, t = 1.88, p = .063 (see Figure 4).  

Finally, when total physical activity and sitting on a weekday were regressed on frontal 

asymmetry, an interaction involving physical activity and sitting on a weekday emerged, 
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approaching statistical significance (p = 0.056). In essence, those individuals with higher levels 

of total physical activity exhibited higher levels of left frontal activity but only if they also 

exhibited low levels of sitting. That is, in these individuals, higher levels of sitting attenuated the 

positive relationship between total physical activity and frontal asymmetry.   

No other multiple regression analyses revealed any significant models that encompassed 

any other interactions of interest (e.g., age, BMI, sex, depression, and/or anxiety), even when 

including up to all five health variables of interest as predictors.   

Discussion 

Results from two studies indicate relationships between sedentary behavior and reduced 

left frontal activity, as well as between physical activity and increased left frontal activity. To our 

knowledge, our data are the first to find a link between neurobiological markers of approach 

motivation and both sedentary and physical activity behavior, suggesting that frontal activity 

might be a novel neurological indicator for both of these important health-related behaviors. In 

Study 1, the relationship between sitting and frontal asymmetry was strong for both time spent 

sitting during the week and time spent sitting during the weekend. Presumably, this distinction 

suggests that the relationship between frontal asymmetry and time spent sitting was not driven by 

obligatory sitting (e.g., time spent in class or working), but also occurred during the weekend, 

when participants were free to spend their time doing whatever activity they desired. Time spent 

in sedentary behavior during the weekend suggests that this was the preferred activity when 

participants were free to engage in this behavior. Individual differences in frontal asymmetry 

appear to be a strong predictor of this behavior.  

Although we found a relationship between less left frontal asymmetry and sedentary 

behavior in Study 1, given that it was a small and fairly homogenous sample, we were not 
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confident that we had captured a sample that was truly representative of young, college-aged 

adults. To provide additional support for our exciting, but preliminary, findings between frontal 

asymmetry and sedentary behavior, we recruited a larger and more diverse sample for Study 2. 

We were also interested in exploring the potential influence of moderators (e.g., sex) on the 

relationship between frontal asymmetry and both physical activity and sedentary behavior. In 

Study 2, we observed a positive relationship between greater left frontal activity and physical 

activity. These relationships were consistent with both moderate-intensity and total physical 

activity. This is similar to other research that found that greater relative left frontal activation 

predicted greater self-selected walking speeds (Hall et al., 2000).  

It is uncertain why greater left frontal activity was not significantly related to vigorous-

intensity physical activity and walking in Study 2. The correlation with vigorous-intensity 

physical activity (r = .19) approached statistical significance (p = .060), and both vigorous-

intensity physical activity (r = .73) and walking (r = .51) were significantly related to total 

physical activity (ps < .001). Finally, the interaction that emerged in our multiple regression 

model between total physical activity and sitting on a weekday in relation to frontal asymmetry 

(approaching statistical significance, p < .06) is noteworthy.1 

Investigation of moderators of the relationship between frontal asymmetry and sedentary 

behavior in Study 2 revealed sex as a moderator. Two significant interaction terms emerged in 

the prediction of frontal asymmetry during multiple regression analyses (sex × sitting on a 

weekday and sex × sitting on a weekend day). That is, the relationship between sitting and 

 
1 To understand this interaction better, we dichotomized total physical activity and sitting on a weekday into those 

engaging in higher versus lower levels of physical activity and sedentary behavior (based on the median values in 

our sample), respectively, and graphed sitting versus asymmetry for both the most and least active groups 

(Supplemental Figure S1). In essence, those individuals with higher levels of total physical activity exhibited higher 

levels of frontal asymmetry only if they exhibited low levels of sitting. That is, in these individuals, higher levels of 

sitting attenuated the positive relationship between total physical activity and frontal asymmetry. In contrast, for the 

least active group, frontal asymmetry was lower in general, and sitting was less related to asymmetry. 
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frontal asymmetry was different in men and women, with women more clearly demonstrating an 

inverse relationship between frontal asymmetry and time spent sitting. These interactions 

involving sex and sedentary behavior are consistent with the results of Study 1. Specifically, 

Study 2 revealed that sex may be a moderator to the degree and direction that frontal asymmetry 

relates to sedentary behaviors. Study 2 revealed that, in addition to those exhibiting higher levels 

of total physical activity across the entire sample, women were driving the negative relationship 

between frontal asymmetry and sedentary behavior on weekdays, while men were driving the 

positive relationship between frontal asymmetry and sedentary behavior on weekend days. 

Consistent with this finding, the sample in Study 1 was 72% female (23 women, 9 men) for 

analyses between frontal asymmetry and sitting behavior. Interestingly, this is reversed in Study 

2 where the sample is predominantly male. To summarize, the relationship between less left 

frontal activity and increased sedentary behavior appeared to manifest among women in general, 

whereas greater left frontal activity manifested in both men and women who were more 

physically active. Nevertheless, because these are the first studies linking frontal asymmetry with 

physical activity and sedentary behavior, our results should be viewed as hypothesis generating 

and be interpreted with caution.  

Logically, individual differences in reduced approach motivation may underlie sedentary 

behavior, because a reduced drive to approach would facilitate engagement in sedentary 

behavior. By decreasing neural activity associated with increased approach motivation, the 

likelihood of engaging in sedentary activities increases (Cheval et al., 2018). This occurs because 

the organism is not in a motivational state to overcome the tendency to be sedentary. Thus, by 

decreasing approach motivation, the likelihood of sedentary behavior increases. In contrast, 

increasing neural activity associated with approach motivation relates to increases in physical 
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activity. This occurs because the organism is in a heightened motivational state. By increasing 

approach motivation, the likelihood of physical activity increases.  

The results of the current studies suggest a neurophysiological correlate as to why some 

individuals are inherently more or less physically active and more or less sedentary. It may be 

the case that, as left frontal activity decreases, individuals are more likely to engage in sedentary 

behavior. In turn, people may then develop health conditions which prevent them from engaging 

in physical activity or increase sedentary activity, because individuals who participate in less 

physical activity and more sedentary activity are at greater risk for developing adverse physical 

and mental health conditions (U.S. Department of Health and Human Services, 2018). For 

example, low levels of physical activity increase the risk for developing depression (Camacho, 

Roberts, Lazarus, Kaplan, & Cohen, 1991; Strawbridge, Deleger, Roberts, & Kaplan, 2002).  

Because they are unable to engage in physical activity or exhibit more habitual sedentary 

behavior due to increased symptoms of depression, it might be the case that individuals exhibit a 

reduction in left frontal activity, as compared to before the development of depression (since 

reduced left frontal activity relates to depression; Allen et al., 2018). This perpetuates a cycle 

between less motivation to participate in physical activity and greater likelihood to develop 

health risks that preclude the inability to participate in physical activity or increase sedentary 

behaviors. 

Greater left frontal activity was related to increased physical activity levels in Study 2.  

The reason for a lack of relationship between frontal asymmetry and physical activity in Study 1 

remains uncertain. Interestingly, Study 1 (predominately female) demonstrated univariate 

relationships between asymmetry and sitting, while Study 2 (predominately male) demonstrated 

univariate relationships between asymmetry and physical activity. Although Study 2 indicated a 
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significant interaction between sitting and sex in relation to asymmetry, it did not indicate any 

such interaction between physical activity and sex. Also, Study 2 indicated a potential interaction 

between physical activity and sitting in relation to asymmetry. Unfortunately, the sample size of 

Study 1 precludes any meaningful analysis of potential moderators. As such, any potential sex 

differences in the relationship between asymmetry and both sedentary and physical activity 

should be interpreted with caution. Future investigations with larger and more diverse study 

samples are warranted to confirm our exploratory findings.   

It should be appreciated that the smaller sample in Study 1 may have been more 

influenced by the inherent measurement error associated with self-report measures of physical 

activity (Shephard, 2003). While the IPAQ-SF has demonstrated acceptable reliability and 

validity as a measure of habitual physical activity and sedentary behavior in diverse adult 

populations (Celis-Morales et al., 2012; Cerin et al., 2016; Craig et al., 2003; Dyrstad et al., 

2014; Healy et al., 2011; Kim et al., 2013; Rosenberg et al., 2008) and among college student 

populations (Dinger et al., 2006; Moulin et al., 2019; Murphy et al., 2017; Nelson et al., 2019), 

like other self-report measures, it is subject to different biases, i.e., response bias (social 

desirability) and recall bias (Kozey-Keadle, Libertine, Lyden, Staudenmayer, & Freedson, 2011; 

Sallis & Saelens, 2000). Indeed, adults (including college students), consistently underreport 

time spent in sedentary behaviors and overreport time spent in moderate-to-vigorous physical 

activity when measured using questionnaires compared to more objective measures (i.e., 

accelerometers; Healy, 2011; Moulin, 2019; Nelson, 2019; Rosenberg, 2008).  It should also be 

noted that our sample in Study 2, regardless of the potential measurement biases, self-identified 

as being somewhat less physically active than our sample in Study 1, with more representation of 

individuals engaging in low levels of physical activity and higher levels of sedentary behavior.  
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Another potential limitation is that our samples included college students exclusively. 

Additionally, the participants in our sample generally met the recommended levels of physical 

activity as put forth by the U.S. Department of Health and Human Services (2018). By focusing 

on college students, we are limited in our ability to generalize our results to other adult 

populations, such as working adults and older adults, who also tend not to meet the 

recommended levels of physical activity. In order to better understand the relationship between 

asymmetric cortical activity, physical activity, and sedentary behavior, future research should 

investigate whether these relationships also exist among individuals who engage in lower than 

recommended levels of physical activity.  

The exploratory data analysis techniques used in the current studies aimed to inspire and 

generate data-driven hypotheses that will subsequently undergo rigorous and structured testing in 

future confirmatory studies (Goeman & Solari, 2011; Velleman & Hoaglin, 2012; Behrens et al., 

2013; Wang, Sparks, Gonzales, Hess, & Ledgerwood, 2017; Jebb et al., 2017). With this 

flexibility (i.e., examining multiple independent variables in multiple comparisons) also comes 

increased risk of one or more Type I errors. However, because of the novel and exploratory 

nature of this research, we decided to examine multiple possible relationships, rather than take a 

more conservative approach. To that point, our study also included multiple independent 

variables as measures of physical activity (n = 4) and sedentary behavior (n = 2), which could 

possibly lead to overconfidence in the meaning of the results. While our independent variables 

represented related behaviors, each variable measured a distinct aspect of that behavior (for 

example, walking vs. vigorous-intensity physical activity and sedentary behavior on week days 

vs. weekend days). Given that there are likely distinct psychological processes associated with 

each measurement (Ekkekakis, Hall, & Petruzzello, 2005), and that we observed a similar pattern 
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of relationships across two distinct samples, we are confident that our current results provide the 

first evidence of a relationship between resting left frontal activity, physical activity, and 

sedentary behavior. 

Across two studies, results suggest a link between frontal asymmetry and both sedentary 

and physical activity.  Past work has linked increased left frontal activity with greater approach-

motivated behaviors and reduced left frontal activity with less approach-motivated behaviors 

(Harmon-Jones & Gable, 2018). The relationships between frontal asymmetry and levels of 

sedentary and physical activity may stem from the theoretical foundation that reduced left frontal 

activity is related to reduced approach motivation, but increased left frontal activity is related to 

greater approach motivation. 

The current findings have implications for promoting increased physical activity and 

decreased sedentary behavior. Perhaps individuals with reduced left frontal activity may be more 

responsive to interventions to enhance physical activity if they participate in methods that have 

been found to increase left frontal activity. For example, individuals with reduced left frontal 

activity might be responsive to brain stimulation techniques (such as transcranial direct current 

stimulation or transcranial magnetic stimulation) that are able to increase left frontal activity 

(Kelley, Gallucci, Riva, Lauro, & Schmeichel, 2019; Lucchiari, Kelley, Vanutelli, & Ferrucci, 

2019).  Alternatively, individuals with reduced left frontal activity may also use non-invasive 

methods such as neurofeedback (Allen, Harmon-Jones, & Cavender, 2001) or hand contractions 

(Gable, Poole, & Cook, 2013) to increase left frontal activity, all of which might lead to 

increases in physical activity and decreases in sedentary activity. Given the correlational and 

exploratory nature of the present work, future research should examine the causal relationship 

between left frontal activity, physical activity and sedentary behavior. The ability to increase 
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relative left frontal asymmetry might be a predictor for responsiveness to interventions aimed at 

decreasing sedentary behavior and increasing physical activity.   
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Table 1  

Descriptive Statistics of Study 1 Participants  

Variables 

Mean /  

% (n) SD Min Max 

Age (in years) 18.94 0.95 18 22 

Gender, % (n) women  71.9 (23) 
   

Race, % (n) 
    

African American 18.8 (6) 
   

White 78.1 (25) 
   

Asian 3.1 (1) 
   

Anxiety, % (n) 9.4 (3)    

Depression, % (n) 9.4 (3)    

Body mass index (kg/m2) 23.54 3.34 18.31 32.89 

Alpha_F56 0.04 0.28 -0.61 0.65 

PA Level Rating, % (n) a 
    

Low (< 1 d/wk) 12.5 (4) 
   

Moderately active (3 d/wk) 18.8 (6) 
   

Recreationally active (3-4 d/wk) 43.8 (14) 
   

Highly active/Athlete (5-7 d/wk) 15.6 (5) 
   

PA Level Duration (months) b 84.31 77.45 2 246 

IPAQ-SF PA (MET-min/wk)      

Total 3238.79 2651.81 396 10965 

Vigorous-intensity  1793.55 2243.21 0 10080 

Moderate-intensity  514.32 568.96 0 2520 

Walking  930.82 890.61 0 4158 

IPAQ-SF: PA Level, % (n) 
    

Low 9.4 (3) 
   

Moderate 50.0 (16) 
   

High 37.5 (12) 
   

IPAQ-SF: Sitting (min/d)     

Sitting on a Weekday  161.88 128.95 30 550 

Sitting on a Weekend Day c 188.33 153.54 30 600 

Note. Total n = 32; IPAQ-SF, International Physical Activity Questionnaire-Short Form; PA, 

physical activity; MET, Metabolic equivalent.  
a Self-reported; participants were asked to rate their current PA level. 
b Self-reported; participants were asked how long they had been at their current PA level rating.  
c Added to IPAQ-SF to obtain time spent sitting on a weekend day.  
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Table 2 

Study 1: Correlations Between Variables of Interest. 

Variables  1 2 3 4 5 6 7 8 9 10 11 12 

1. Frontal Asymmetry a —            

              

2. Sex b .26 —           

 (n = 32)            

3. Age (y) .00 -.19 —          

 (n = 32) (n = 32)           

4. BMI (kg·m-2) -.36* .06 .09 —         

 (n = 32) (n = 32) (n = 32)          

5. Depression c .03 -.07 -.22 -.03 —        

  (n = 29) (n = 29) (n = 29) (n = 29)         

6. Anxiety c -.06 -.07 -.22 -.29 .63*** —       

 (n = 29) (n = 29) (n = 29) (n = 29) (n = 29)        

7. Total PA d -.30† -.24 .35† .30 -.19 -.16 —      

  (n = 31) (n = 31) (n = 31) (n = 31) (n = 29) (n = 29)       

8. Vigorous-intensity PA d -.24 -.16 .41* .19 -.18 -.18 .88*** —     

  (n = 31) (n = 31) (n = 31) (n = 31) (n = 29) (n = 29) (n = 31)      

9. Moderate-intensity PA d -.22 -.21 .26 .22 .14 .19 .48** .15 —    

  (n = 31) (n = 31) (n = 31) (n = 31) (n = 29) (n = 29) (n = 31) (n = 31)     

10. Walking PA d -.17 -.17 -.14 .26 -.20 -.12 .44* .02 .43* —   

  (n = 31) (n = 31) (n = 31) (n = 31) (n = 31) (n = 29) (n = 31) (n = 31) (n = 31)    

11. Sitting – Weekday e -.45* -.32 .03 -.09 .42† .63** .19 .13 .22 .09 —  

  (n = 24) (n = 24) (n = 24) (n = 24) (n = 22) (n = 22) (n = 23) (n = 23) (n = 23) (n = 23)   

12. Sitting – Weekend day e -.55** -.22 .11 .08 .01 .13 .22 .20 .14 .08 .79*** — 

  (n = 24) (n = 24) (n = 24) (n = 24) (n = 22) (n = 22) (n = 23) (n = 23) (n = 23) (n = 23) (n = 24)   

Note. BMI = Body mass index. PA = Physical activity.  
a Frontal alpha asymmetry (F6-F6); higher values indicate greater relative left frontal activity. b Sex: -1 = Women, 1 = Men. c Depression/Anxiety: -1 

= No, 1 = Yes. d PA outcome; reported as metabolic equivalent (MET)-minutes per week. e Sedentary behavior outcome; reported as minutes per day. 
† p <  .10. * p < .05. ** p < .01. *** p < .001. 
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Table 3 

  

Descriptive Statistics of Study 2 Participants 

  

Variables 

Mean /  

% (n) SD Min Max 

Age (in years) 18.99 1.70 18 31 

Gender, % (n) women  31.3 (30) 
   

Anxiety, % (n) 27.1 (26)    

Depression, % (n) 16.7 (16)    

Body mass index (kg/m2) 23.31 4.08 17 40 

Alpha_F56 0.05 0.41 -1.04 1.37 

PA Level Rating, % (n) a 
    

Sedentary (<1 d/wk) 8.3 (8)    

Low (1-2 d/wk) 20.8 (20) 
   

Moderately active (3 d/wk) 39.6 (38) 
   

Recreationally active (3-4 d/wk) 14.6 (14) 
   

Highly active/Athlete (5-7 d/wk) 16.7 (16) 
   

PA Level Duration (months) b 30.14 39.10 1 180 

IPAQ-SF PA (MET-min/wk)      

Total 2763.83 2285.78 0 12333 

Vigorous-intensity  1046.88 1523.23 0 8640 

Moderate-intensity  732.71 966.01 0 5040 

Walking  1005.18 1027.46 0 4950 

IPAQ-SF: PA Level, % (n) 
    

Low 8.3 (9) 
   

Moderate 47.9 (46) 
   

High 43.8 (42) 
   

IPAQ-SF: Sitting (min/d)     

Sitting on a Weekday  252.69 139.86 45 720 

Sitting on a Weekend Day c 231.55 165.26 20 720 

Note. Total n = 96; IPAQ-SF, International Physical Activity Questionnaire-Short Form; PA, physical activity; 

MET, Metabolic equivalent.  
a Self-reported; participants were asked to rate their current PA level. 
b Self-reported; participants were asked how long they had been at their current PA level rating.  
c Added to IPAQ-SF to obtain time spent sitting on a weekend day.  
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Table 4 

Study 2: Correlations between variables of interest. 

 Variables 1 2 3 4 5 6 7 8 9 10 11 12 

1. Frontal asymmetry a —            

             

2. Sex b .09 —           

 (n = 96)            

3. Age (y) .22* -.22* —          

 (n = 93) (n = 93)           

4. BMI (kg·m-2) .03 -.17† .06 —         

 (n = 96) (n = 96) (n = 93)          

5. Depression c -.15 .24* .00 -.13 —        

 (n = 96) (n = 96) (n = 93) (n = 96)         

6. Anxiety c .02 .21* .06 -.05 .55*** —       

 (n = 96) (n = 96) (n = 96) (n = 96) (n = 96)        

7. Total PA d .29** -.07 -.11 .11 -.21* -.17† —      

 (n = 96) (n = 96) (n = 93) (n = 96) (n = 96) (n = 96)       

8. Vigorous-intensity PA d .19† -.16 -.04 .05 -.13 -.16 .71*** —     

 (n = 96) (n = 96) (n = 93) (n = 96) (n = 96) (n = 96) (n = 96)      

9. Moderate-intensity PA d .27** .06 -.13 .21* -.18† -.12 .69*** .21* —    

 (n = 96) (n = 96) (n = 93) (n = 96) (n = 96) (n = 96) (n = 96) (n = 96)     

10. Walking PA d .11 .04 -.06 -.03 -.13 -.05 .52*** -.09 .33** —   

 (n = 94) (n = 94) (n = 91) (n = 94) (n = 94) (n = 94) (n = 94) (n = 94) (n = 94)    

11. Sitting - Weekday e -.05 -.30** -.13 .14 -.18 -.14 .16 .10 -.01 .19† —  

 (n = 80) (n = 80) (n = 77) (n = 80) (n = 80) (n = 80) (n = 80) (n = 80) (n = 80) (n = 79)   

12. Sitting - Weekend Day e .07 -.13 -.13 .27** .00 -.07 .12 -.04 .22* .12 .59*** — 
 (n = 93) (n = 93) (n = 90) (n = 93) (n = 93) (n = 93) (n = 93) (n = 93) (n = 93) (n = 92) (n = 78)  

Note. BMI = Body mass index. PA = Physical activity.  
a Frontal alpha asymmetry (F6-F6); higher values indicate greater relative left frontal activity. b Sex: -1 = Women, 1 = Men. c Depression/Anxiety: -1 

= No, 1 = Yes. d PA outcome; reported as metabolic equivalent (MET)-minutes per week. e Sedentary behavior outcome; reported as minutes per day. 
† p <  .10. * p < .05. ** p < .01. *** p < .001. 
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Figure 1. The Relationship Between Frontal Alpha Activity (F6-F5) and Sedentary Behavior In Study 1: 

Time Spent Sitting on a Typical Weekday (N = 24). Higher frontal asymmetry values indicate greater relative 

left frontal activity. 
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Figure 2. The Relationship Between Frontal Alpha Activity (F6-F5) and Sedentary Behavior in Study 1: 

Time Spent Sitting on a Typical Weekend Day (N = 24). Higher frontal asymmetry values indicate greater 

relative left frontal activity. 
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Figure 3. The Relationship Between Frontal Alpha Activity (F6-F5) and Sedentary Behavior in Study 2: 

Time Spent Sitting on a Typical Weekday Through an Interaction with Sex (N = 80). Higher frontal 

asymmetry values indicate greater relative left frontal activity. 
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Figure 4. The Relationship between Frontal Alpha Activity (F6-F5) and Sedentary Behavior in Study 2: 

Time Spent Sitting on a Typical Weekend Day Through an Interaction with Sex (N = 92). Higher frontal 

asymmetry values indicate greater relative left frontal activity. 
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Figure S1. The Relationship between Frontal Alpha Activity (F6-F5) and Sedentary Behavior in Study 2: 

Time Spent Sitting on a Typical Weekday Through an Interaction with Total Physical Activity (N = 81). 

Higher frontal asymmetry values indicate greater relative left frontal activity. Low versus high total PA (MET-

min/wk): 1,107 ±  604 (n = 40) vs. 3,542 ±  2,189 (n = 41). Low versus high sedentary behavior (min/d): 160 ±  

68 (n = 47) vs. 385 ±  104 (n = 34). 

 

 

 


