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ABSTRACT 

Age-Related Differences in Food-Specific Inhibitory 
Control: Electrophysiological and Behavioral  

Evidence in Healthy Aging 

Whitney D. Allen 
Department of Psychology, Brigham Young University 

Master of Science  

The number of older adults is estimated to double from 52 million to 95 million by 2060. 
Approximately 80-85% of older adults are diagnosed with a chronic health condition. Many of 
these chronic health conditions are influenced by diet and exercise, suggesting improved diet and 
eating behaviors could improve health-related outcomes. One factor that might improve dietary 
habits in older adults is food-related inhibitory control. We tested whether food-related 
inhibitory control, using behavioral (response time, error rate) and scalp-recorded event-related 
potential (ERP; N2 and P3 components) measures of food-related inhibitory control differed 
between younger and older adults over age 55. Fifty-nine older adults (31 females [52.5%], 
Mage=64, SDage=7.5) and 114 younger adults (82 females [71.9%], Mage=20.8) completed two go/
no-go tasks, one inhibiting to high-calorie stimuli and one inhibiting to low-calorie stimuli, 
while electroencephalogram (EEG) data were recorded. Older adults had slower overall response 
times than younger adults, but this was not specific to either food task. There was not a 
significant difference for accuracy between younger and older adults, but both groups’ accuracy 
and response times were significantly improved during the high-calorie task than the low-calorie 
task. For both the N2 and P3 ERP components, younger adults had greater amplitude than older 
adults, but this effect was not food-specific, reflecting overall generalized lower inhibitory 
processing in older adults. Of note, P3 amplitude for the younger adults demonstrated a specific 
food-related effect (greater P3 amplitude for high-calorie no-go) that was not present for older 
adults. Findings support previous research demonstrating age related differences in inhibitory 
control though those differences may not be specific to inhibiting to high-calorie foods.   

Keywords: food-related inhibitory control, cognitive aging, older adults, N2 ERP, P3 ERP
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Age-Related Differences in Food-Specific Inhibitory Control: Electrophysiological and

Behavioral  Evidence in Healthy Aging 

The risk of developing chronic diseases, such as coronary heart disease, cardiovascular 

disease, and cancer, increases with age (Niccoli & Partridge, 2012). Approximately 80-85% of 

older adults (ages 65+) in the United States are living with a chronic health condition, with 

50-60% living with two or more conditions (Dwyer et al., 1991; Wan et al., 2005; Ward et al., 

2014). Many of these chronic health conditions are influenced by diet and exercise, suggesting 

that improved diet and eating behaviors in older adults could improve incidence rates and 

outcomes (Dwyer et al., 1991; Ford & Mokdad, 2001; Joshipura, 1999; Liu et al., 2000; Saffel-

Shrier et al., 2019; Steinmetz & Potter, 1996). Declines in mobility and the ability to perform 

activities of daily living in older adults are also associated with a poor diet (Agarwal et al., 2019; 

Parsons et al., 2019). Despite the connection between diet and physical health, the majority of 

older adults do not adhere to current nutrition and dietary recommendations (Andrés et al., 2008; 

Aschenbrenner & Balota, 2015; Boeckner et al., 2007; Foote et al., 2000; Guenther et al., 2006; 

Larson et al., 2016; Ledikwe et al., 2004; Saffel-Shrier et al., 2019; Vitolins et al., 2007). 

Specifically, older adult diet can be improved by increasing intake of whole grains, fruits, 

vegetables, legumes, and dairy products, while decreasing intake of sodium, solid fats, and added 

sugars (Johnson et al., 1998; Prochaska et al., 2006; Saffel-Shrier et al., 2019; Sahyoun et al., 

2006). 

Poor diet in older adults is also linked to negative cognitive and mental health outcomes 

(Starr et al., 2015). Inadequate consumption of micronutrients, such as choline and Vitamin B2, is 

associated with poorer memory and cognitive functioning (Angeloni et al., 2020; Donini et al., 

2013; Goldberg et al., 2019). Consumption of foods rich in nutrients, such as fruits, vegetables, 

and seeds, help reduce normal age-related cognitive decline and the development of 
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neurodegenerative diseases (e.g., Alzheimer’s disease), potentially by reducing 

neuroinflammation (Angeloni et al., 2020; Donini et al., 2013). Poor nutrition has also been 

connected with low morale and increased depression, loneliness, and bereavement to loss in 

older adults (Starr et al., 2015).   

Of note, the population of older adults in the United States is on the rise, with the 

numbers of older adults estimated to double from 52 million (2018) to 95 million by 2060 (U.S. 

Census Bureau, 2018). Given the rapid growth of the older adult population in the United States 

(Administration for Community Living, 2020), the physical and mental ailments that are related 

to poor dietary practices in older adults will also continue to grow. These ailments affect the 

quality of life for many individuals, but also place a significant economic burden on individuals 

and agencies that pay health care costs associated with treatment, hospitalization, and long-term 

care (Harris-Kojetin et al., 2013; Saffel-Shrier et al., 2019). Thus, there are updated 

recommendations for improving nutrition intake in older adults (Saffel-Shrier et al., 2019), and a 

call to implement preventative diet-based interventions in older adults (Angeloni et al., 2020).  

One factor that may inform researchers and clinicians on improving dietary habits and 

interventions in older adults is cognitive functioning. Although there are many factors that can 

influence diet, research in young and middle-aged adults suggest cognitive functioning and, more 

specifically inhibitory control, may play an important role in managing diet and food intake (e.g., 

Carbine et al., 2017; Guerrieri et al., 2007; Jansen et al., 2009). Given the general cognitive 

decline that can be observed in older adults and the negative impact a poor diet can have on 

cognition (e.g., Angeloni et al., 2020), cognitive functioning may play a key but different role in 

managing food intake in older adults compared to younger adults. Understanding how age-

related changes in cognition for older adults impacts dietary habits may elucidate as to why we 
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see the negative dietary practices we do in older adults and what diet interventions may be more 

effective for older adults than other populations. 

A specific aspect of cognitive functioning that is particularly relevant for diet 

management in older adults is food-related inhibitory control. Food-related inhibitory control 

refers to the ability to withhold dominant urges to consume palatable or hedonic foods to adhere 

to some food-related goal (such as eating healthier or sticking with a diet; Carbine et al., 2017). 

Higher levels of inhibitory control may help individuals withstand food cravings, withhold from 

emotional eating, and resist eating palatable foods high in fat and sugar (Appelhans et al., 2011; 

Blundell & Gillett, 2001; Davis et al., 2007; Guerrieri et al., 2007; Hall, 2012; Jasinska et al., 

2012). For example, individuals with lower compared to higher levels of inhibitory control (as 

measured by self-report and behavioral data) tend to eat more when presented with a variety of 

foods (Guerrieri et al., 2007; Jansen et al., 2009). 

When measuring general inhibitory control, older adults tend to have longer response 

times and commit more errors when completing inhibition tasks compared to younger adults 

(e.g., Heilbronner & Münte, 2013; Hong et al., 2014; Langenecker & Nielson, 2003; Nielson et 

al., 2002; Vallesi et al., 2010). Functional magnetic resonance imaging (fMRI) studies suggest 

that older adults compared to younger adults tend to show decreased activation in the right 

frontal cortex when inhibiting dominant responses (an area associated with successful inhibition 

in younger adults; Coxon et al., 2016; Nielson et al., 2002; Sebastian et al., 2013). Further, older 

adults compared to younger adults tend to activate additional brain regions in the parietal and left 

frontal lobes during successful inhibition, potentially compensating for the functional deficits 

they experience during inhibition tasks (Cabeza & Nyberg, 1997; Grady, 2012; Nielson et al., 

2002; Sebastian et al., 2013). As general inhibitory control tends to decline with age, it is 
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possible that food-related inhibitory control in particular also declines with age (Andrés et al., 

2008; Andrés & Van der Linden, 2000; Aschenbrenner & Balota, 2015; Healey et al., 2008; S. 

Kim et al., 2007).  

One way to quantify food-related inhibitory control is using event-related brain potentials 

(ERPs). ERPs are scalp recorded changes of the brain’s electrical waveforms that are larger or 

smaller in amplitude depending on how an individual processes or responds to stimuli (Luck, 

2014; Rugg & Coles, 1995). ERPs can reflect a variety of different cognitive functions, such as 

visual processing, emotional processing, or attention (e.g., Folstein & Van Petten, 2008; Hajcak 

et al., 2010; Krolak-Salmon et al., 2001). Two ERP components known as the N2 and P3 reflect 

inhibitory control functioning during go-no-go tasks or similar tasks that require inhibition. The 

N2 is a frontrocentral negative-going ERP component that typically occurs between 200 to 350 

milliseconds (ms) after stimulus presentation (Folstein & Van Petten, 2008). During go/no-go 

tasks, N2 ERP amplitude is larger (i.e., more negative) when withholding a dominant or 

prepotent response, supporting its use as a measurement of inhibitory control (Folstein & Van 

Petten, 2008). In terms of food-related inhibitory control, N2 amplitude is larger (i.e., more 

negative) when withholding responses to food compared to neutral cues (Watson & Garvey, 

2013) and when inhibiting to high-calorie compared to low-calorie food images (Carbine, 

Christensen, et al., 2017; Carbine, Rodeback, et al., 2018), suggesting there is an increased 

recruitment of inhibitory control processes when withholding dominant responses towards 

palatable foods. Larger (i.e., more negative) N2 amplitude when inhibiting towards high-calorie 

foods has also been associated with decreased overall calorie and carbohydrate intake (Carbine, 

Larson, et al., 2017), although this effect has not always been consistent (Carbine, Duraccio, et 

al., 2018).  
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The P3 is a positive-going ERP component that typically occurs between 300 and 600 ms 

after stimulus presentation (Albert et al., 2013; Falkenstein et al., 1999). During go/no-go tasks, 

individuals show a larger (i.e., more positive) frontocentral P3 amplitude when withholding a 

dominant or prepotent response (Kaiser et al., 2003; Wessel & Aron, 2015). However, there is 

some debate as to whether the larger amplitude reflects attention suppression to non-relevant 

stimuli (Polich, 2007), evaluation of an inhibitory response  (Huster et al., 2013), or the 

inhibition of a motor response (Gajewski & Falkenstein, 2013; Smith et al., 2008). Similar to the 

N2 ERP component, P3 amplitude during food go/no-go tasks suggests there is increased 

recruitment of inhibitory control resources (i.e., larger P3 amplitude) when withholding 

responses to food compared to neutral stimuli (Watson & Garvey, 2013) and to high-calorie 

compared to low-calorie food cues (Carbine, Duraccio, et al., 2018).  

Taken together, ERPs are a unique tool that can provide an objective neural index of 

food-related inhibitory control in older adults (Carbine, Duraccio, et al., 2018), opening the door 

to see how differences or deficits in inhibitory control relate to poor eating habits and reduced 

health. The N2 and P3 ERP components have previously been measured in older adults during 

non-food go/no-go and stop signal tasks. Older adults compared to younger adults tend to show 

attenuated P3 amplitudes at frontal, central, and parietal sites when inhibiting dominant 

responses (Barry et al., 2016; Hsieh & Lin, 2017; Kardos et al., 2020; Kropotov et al., 2016; 

Niessen et al., 2017), although this effect has not always been consistent for frontal P3 

amplitudes (Barry et al., 2016; Falkenstein et al., 2002; Kropotov et al., 2016). Similarly, 

frontocentral N2 amplitude during inhibition trials is also attenuated in older adults compared to 

younger adults (Kropotov et al., 2016), although this effect is also not consistent (Falkenstein et 

al., 2002; Kardos et al., 2020; Niessen et al., 2017). In sum, it may be that older adults have 
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attenuated N2 and P3 amplitudes due to general inhibitory control deficits; however, this effect is 

not robust and we do not yet know if there are declines in measures of inhibitory control in older 

adults when specifically recruiting food-related inhibitory control processes.  

We aimed to test if food-related inhibitory control, as measured by the N2 and P3 ERP 

components, differed between younger and older adults. Results from our study lay the 

foundation to test how food-related inhibitory control in older adults relates to poor diet and 

health outcomes and better inform potential interventions. Previous studies suggest palatable 

foods require increased recruitment of inhibitory control resources (e.g., Carbine, Christensen, et 

al., 2017), older adults show deficits in inhibitory control (e.g., Nielson et al., 2002), and older 

adults may demonstrate attenuated N2 and P3 amplitudes on go/no-go tasks (e.g., Kardos et al., 

2020; Kropotov et al., 2016). Due to these previous findings, our first hypothesis was that both 

younger- and older-adult groups would show increased inhibitory control towards images of 

high-calorie foods compared to low-calorie foods (i.e., task difference). Our second hypothesis 

was that older adults compared to younger adults would show disproportionately less inhibitory 

control (i.e., smaller N2 and P3 amplitudes) to high-calorie foods (i.e., group difference). Then, 

considering older adults demonstrate longer response times and decreased accuracy during 

inhibition tasks (Hong et al., 2014; Langenecker & Nielson, 2003; Nielson et al., 2002; Vallesi et 

al., 2010), our third hypothesis was that older adults compared to younger adults would have 

longer response times and decreased accuracy during go/no-go tasks, and particularly during a 

task that requires them to inhibit towards high-calorie than low-calorie foods. 
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                      2. Methods

 Our complete dataset, code used for analyses, and study materials are available on a 

study-specific Open Science Framework (OSF) webpage and can be downloaded here: 

https://osf.io/qe3g7/ 

2.1 Participants 

Older adult participants were recruited from the local community using flyers, Facebook 

ads, and newspaper ads for monetary compensation. Young adult participants were recruited 

from undergraduate courses for course credit or monetary compensation. Inclusion/exclusion 

criteria for all participants included: native English speakers, psychiatrically and neurologically 

healthy, no chronic or metabolic diseases, absence of previous head injury resulting in loss of 

consciousness, no current use of recreational drugs, or current pregnancy/lactation. The original 

sample consisted of 85 older adult participants (45 females [52.9%]; Mage=63.9, SDage=7.7) and 

157 younger adult participants (103 females [65.6%]; Mage=20.9, SDage=3.3).  

Of the original sample, three older adults were excluded for previous head injuries with 

loss of consciousness, two were excluded for a previous diagnosis of depression or psychiatric 

illness, and 11 were excluded for other exclusions criteria: vegetarian diet, thyroid concerns, 

metabolic diseases (e.g., diabetes), use of psychotropic medication, and Celiac disease. One older 

adult was subsequently excluded for less than 50% accuracy for the task (go and no-go trials) 

and four were excluded for noisy data or missing data; ERP data from remaining participants 

were then subjected to reliability analyses (see Section 2.2.3). An additional five older adults 

were excluded from analyses due to low reliability. For the younger adults, one was excluded for 

a previous diagnosis of depression or psychiatric illness, and nine were excluded for other 

exclusion criteria: vegetarian diet, thyroid concerns, diabetes, use of psychotropic medication, 
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Guillain-Barre Syndrome, and Celiac disease. Ten younger adults were subsequently excluded 

for less than 50% accuracy for the task (go and no-go trials) and 11 were excluded for noisy data 

or missing data; ERP data from remaining participants were then subjected to reliability analyses 

(see Section 2.2.3). An additional 12 younger adults were excluded from analyses due to low 

reliability. Thus, our final sample for the ERP analyses consisted of 59 older adult participants 

(31 females [52.5%]; Mage=64, SDage=7.5, Mbmi=30.3, SDbmi=8.3) and 114 younger adult 

participants (82 females [71.9%]; Mage=20.8, SDage=3.5, Mbmi=22.9, SDbmi=3.0). The same 

sample of 59 older adult participants and 114 younger adult participants were included for all 

behavioral analyses (e.g., response time and accuracy).  

2.2 Sensitivity Analysis  

We conducted a sensitivity analysis in G*Power (v3.1; University of Dusseldorf; Harris-

Kojetin et al., 2013) for our Group by Task by Trial AVOVAs to determine what size of an 

effect we were powered to detect based on our final sample size. An ANOVA: Repeated 

measures, within-between interaction sensitivity analysis was conducted for 80% power, 134 

participants, 2 groups, and 2 measurements. Correlation of repeated measures was set at the 

conservative level of 0.4 and the non-sphericity correction remained at 1. Based on the 

sensitivity analyses, our current study is powered at 80% to detect a Cohen’s f effect size of at 

least 0.13 (a small effect; Selya et al., 2012).  

2.3 Experimental Protocol  

 A list of all study procedures can be found on the study’s OSF webpage: 

https://osf.io/qe3g7/ For the current manuscript, only the demographic questionnaire, visual 

analog scales (VAS), and inhibitory control data from the go/no-go tasks (behavioral and ERP) 

https://osf.io/qe3g7/
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were analyzed, as decided a priori. The passive viewing ERP data will be presented separately 

elsewhere and are noted here only for transparency. 

Before arriving at the lab, participants were instructed to refrain from vigorous physical 

activity 24 hours before participation to control for potential confounds due to exercise (Hanlon 

et al., 2012). Additionally, participants were asked to refrain from consuming caffeine 24 hours 

before participation. Upon arrival, participants provided written consent and verbally confirmed 

completion of requirements listed above. Written consent and all procedures were approved by 

the local Institutional Review Board and in accordance with the Declaration of Helsinki. After 

consent, participants completed a demographic survey.  

After the completion of the demographics survey, VAS questionnaires that focused on 

hunger and sleep were administered. For sleep, participants were asked when they went to sleep, 

when they woke up, and given a single VAS item that asked what their quality of sleep was, 

anchored from very low to very high. Hunger was assessed using six VAS items, which asked 

about current levels of hunger, fullness, desire to eat, how much you could eat, urge to eat, and 

preoccupation with thoughts of food (see https://osf.io/qe3g7/). Each VAS consisted of a 100-

millimeter line, anchored from “Not at all” to “Extremely” (Blundell & Gillett, 2001; Stratton et 

al., 1998) and participants were asked to indicate their response with a vertical mark. VAS scores 

reliably predict the initiation of food intake, quantity of food consumed, and are sensitive to 

experimental manipulations (Stubbs et al., 2000). To score the VAS, the distance from the 

bottom anchor to the participant’s mark was measured to the nearest millimeter. The fullness 

question was then reversed scored, and the six questions were averaged together for an overall 

hunger score. After completing the VAS, participants were then fitted with a 128-channel 

electroencephalogram (EEG) sensor net and completed two food go/no-go tasks and a passive 
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viewing task in a counterbalanced fashion, which concluded study participation. The results of 

the passive viewing task were not included in the current study due to our primary interest in 

measuring inhibitory control processes.  

2.3.1 Inhibitory Control Tasks. For both go/no-go tasks, participants completed two 

blocks of 100 trials each, 70 of which were go trials (where they were asked to make a response) 

and 30 of which were no-go trials (where they were asked to withhold their response). A 70/30 

ratio was used to establish a prepotency to responding to go trials and elicit an inhibitory 

response during no-go trials (e.g., Benikos et al., 2013; Ramos-Loyo et al., 2013). For the high-

calorie go/no-go task, participants were asked to respond with a button press when they saw a 

low-calorie food (go stimuli) and withhold their response when they saw a high-calorie food (no-

go stimuli). For the low-calorie go/no-go task, participants were asked to respond with a button 

press when they saw a high-calorie food (go stimuli) and withhold their response when they saw 

a low-calorie food (no-go stimuli). Using both tasks allowed measurement of inhibitory control 

to both high- and low-calorie foods. For both tasks, stimuli were shown for 500 milliseconds, 

with a random inter-stimulus interval fixation cross that varied between 1200 and 1400 

milliseconds.  

For both go/no-go tasks, stimuli were presented using E-prime 2.0 (Psychology Software 

Tools, Inc., 2012). The food stimuli were taken from the Food-Pics database, a large normed 

picture database that contains food and non-food items (Blechert et al., 2014). In the database 

there are 568 food pictures with provided calorie content. In a previous study sample collected 

from Brigham Young University undergraduates, food pictures from the Food-Pics database 

were quantified as high-calorie foods if they had a caloric density of at least 3 kcal/g (e.g., 

chocolate, donuts, cake) or as low-calorie foods if they had a caloric density of 1 kcal/g or less 
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(e.g., apples, celery, carrots; Carbine et al., 2021). This resulted in 180 “high-calorie” foods and 

200 “low-calorie” foods. A group of 100 undergraduates then rated each of the 380 pictures as a 

high- or low-calorie food. Of these pictures, 112 were classified at a 95% accuracy rate or better 

as a high-calorie food, and 114 pictures were classified at a 95% accuracy rate or better as a low-

calorie food. From these pictures, 100 high-calorie foods and 100 low-calorie foods were 

randomly selected to be used as food stimuli in the go/no-go tasks (Carbine et al., 2021). The list 

of the specific images used in each of the tasks are located on the study specific OSF page: 

https://osf.io/qe3g7/ 

2.3.2 EEG Data Acquisition and Analyses. EEG data collection and reporting 

procedures follow the EEG/MEG reporting guidelines (Clayson et al., 2019; Keil et al., 2014). 

Specifically, EEG data were recorded using a high-density, equidistant 128-channel EEG sensor 

net with passive Ag/AgCl electrodes and an Electrical Geodesics, Inc. amplifier system (20K 

nominal gain, bandpass = 0.10-100 Hz). EEG data were referenced online to the vertex electrode 

(Cz) and digitized continuously at 250 Hz during data collection. Electrode impedance was 

maintained at 50kΩ or less per manufacturer recommendations. Offline using NetStation v.5.3, 

data were first high-pass filtered at .1 hz Butterworth FIR 12db/octave filter with a .3 hz roll off 

and then low-pass filtered at 15 hz (Butterworth FIR 12db/octave filter with a 2 hz roll off). 

After, ERP data were segmented into epochs from 200 milliseconds prior to stimulus onset to 

1000 milliseconds after stimulus onset for both go/no-go tasks. All epochs were then baseline 

adjusted using the 200 milliseconds pre-stimulus window.  

After baseline correction, eye blinks were removed using independent components 

analysis (ICA) in the ERP PCA Toolkit (Dien, 2010). If ICA components correlated at .9 or 

higher with two blink templates (one generated from previous data collected by the authors and 

https://osf.io/qe3g7/
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one provided by ERP PCA Toolkit), they were removed from the data (Dien et al., 2010). 

Channels were also identified as bad if the fast average amplitude exceeded 100 microvolts (μV) 

or if the differential average amplitude exceeded 50μV, as recommended by the author and 

creator of the ERP Toolkit (Dien, 2010). If a bad channel was identified, the nearest neighbor 

method (consisting of the six nearest electrodes) was used to interpolate data. Epochs were then 

classified by their trial type in each task and were averaged accordingly. Finally, data was re-

referenced offline to the average signal.  

As decided a priori, we extracted N2 amplitude using an adaptive mean approach, 

averaging from 16 ms before to 16 ms after the most negative peak in the 200 to 300ms post-

stimulus time window (Folstein & Van Petten, 2008). N2 amplitude was averaged across four a 

priori selected fronto-central electrode cites (6 [FCz], 7, 106, and 129 [Cz]), consistent with 

previous research (Carbine, Christensen, et al., 2017; Carbine, Duraccio, et al., 2018; Clawson et 

al., 2013; Clayson et al., 2011; Clayson & Larson, 2012, 2013; Larson et al., 2011) for electrode 

montage). For high-density EEG, averaging over multiple electrodes improves the reliability of 

the signal relative to using only a single electrode (Clayson & Larson, 2013). It was also decided 

a priori to extract the P3 amplitude using an adaptive mean approach, averaging from 16 ms 

before to 16 ms after the most positive peak in the 300 and 600ms post-stimulus time window 

(Falkenstein et al., 1999). The P3 amplitude was averaged across the same four a priori selected 

fronto-central electrodes (6 [FCz], 7, 106, and Cz), consistent with previous food go/no-go 

research (Carbine, Rodeback, et al., 2018).   

2.3.3 ERP Reliability Analyses. To be included in our final analyses, reliability analyses 

were conducted on the final set of EEG data (Clayson & Miller, 2017a, 2017b). Reliability 

analyses were conducted via the ERA Reliability Analysis (ERA) Toolkit v 0.4.4 (Clayson & 
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Miller, 2017a), which uses CmdStan v 2.0.1 (Stan Development Team, 2016) to implement the 

statistical models in Stan (Carpenter et al., 2017). The formulas used 6 chains and 6000 iterations 

to calculate dependability estimates for each group, condition, go/no-go task, and ERP, and 

participants were excluded if their data lacked the required number of trials necessary to meet a 

0.7 reliability threshold cutoff set a priori (Baldwin et al., 2015; Clayson & Miller, 2017a, 

2017b).   

Dependability estimates, 95% credible intervals for dependability estimates, trial cut offs, 

and the average and range of final trial numbers are reported in Table 1. Dependability estimates 

were consistently high across groups, tasks, and trials (all dependabilities > .89). The minimum 

number of trials required for each ERP per group, task, and trial category ranged from 23 to 79 

(see Table 1). Average number of trials ranged from 46 to 123 (see Table 1). Five older adult and 

12 older adults were excluded from the analysis due to not meeting the required minimum 

number of trials for dependability.  

2.4 Statistical Analyses Plan 

2.4.1 Demographic Information. Group differences in body mass index and education 

level were analyzed using independent samples t-tests. We used a chi-square test to assess for 

any male/female ratio differences between the two groups.  

2.4.2 Manipulation Check: Visual Analog Scales. Separate independent samples t-tests 

were completed for self-reported time asleep (e.g., individuals were asked to report when they 

went to bed and when they woke up the previous night), VAS sleep quality, and average VAS 

hunger to determine any differences between older and younger adults.  

2.4.3 Behavioral Data and Event-Related Potentials. To analyze accuracy, a 2-Group 

(Older, Younger) by 2-Task (High-calorie, Low-calorie) by 2-Trial Type (Go, No-go) repeated 
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measures ANOVA was conducted. Since correct no-go trials do not have a response time (the 

response is withheld for no-go trials), response time data were only analyzed for correct go trials 

using a 2-Group (Older, Younger) x 2-Task (High-calorie, Low-calorie) repeated measures 

ANOVA. To test whether there was a difference between older adults and younger adults on 

ERP measures of food-related inhibitory control processes, a 2-Group (Older, Younger) by 2-

Task (High-calorie, Low-calorie) by 2-Trial Type (Go, No-go) repeated measures ANOVA was 

conducted separately on N2 and P3 amplitude. Generalized eta-squared was reported as a 

measure of effect size for all ANOVAs. Follow-up tests of simple effects were used to 

decompose any significant interactions. If there was a significant three-way interaction, separate 

2-Task by 2-Trial Type ANOVAs with corresponding tests of simple effects (noted above) were

used to decompose the interactions. 

3. Results

3.1 Demographic Information 

Demographic information for both older adult and younger adult participants are 

presented in Table 2. There was a significant difference between older and younger adults for 

years of education, t(171) = 9.48, p < .001, with older adults reporting more years of education. 

There was also significant difference between younger and older adults for proportion of 

participants for each biological sex, X2(1, 173) = 5.6, p = .02, with males making up 53% of the 

older adult sample and males making up 28% of the younger adult sample (see Table 2). 

Additionally, older adults had significantly higher BMI (Mbmi=30.3, SDbmi=8.3) than younger 

adults (Mbmi=22.9, SDbmi=2.98), t(171) = 8.52, p < .001.  

3.2 Manipulation Check: Visual Analog Scales  
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Means and standard deviations for sleep and hunger VAS are reported in Table 3. The 

independent samples t-test for the hunger VAS showed no significant difference between older 

and younger adults, t(101.2) = 1.65, p = .10. There was also no significant difference for the 

VAS of previous night’s sleep quality between older and younger adults, t(108) = .32, p = .75. 

There was, however, a significant difference in self-reported hours of sleep between older and 

younger adults, t(99) = -3.45, p < .001, with older adults self-reporting an average of 7.4 (SD = 

1.09) hours of sleep and younger adults self-reporting an average of 8.0 (SD = .88) hours of 

sleep.  

3.3 Behavioral Results 

Means and standard deviations for accuracy and for correct go-trial response times by 

trial type, task, and group are reported in Table 4. The 2-Group (Older, Young) by 2-Task (High-

calorie, Low-calorie) repeated measures ANOVA on go-correct response times showed a 

significant main effect of group, F(1,171) = 42.03, p < .001, ηg 2 = .18, with older adults having 

significantly slower response times than younger adults. There was also a main effect of task, 

F(1,171) = 40.95, p < .001, ηg2 = .03, with significantly faster response times overall during the 

high-calorie task than the low-calorie task. There was not a significant interaction between group 

and task, F(1,171) = .27, p = .60, ηg2 < .001.  

The 2-Group (Older, Younger) by 2-Task (High-calorie, Low-calorie) by 2-Trial Type 

(Go, No-go) repeated measures ANOVA for accuracy revealed a main effect of trial type, F(1, 

171) = 83.45, p < .001, ηg 2 = .15, with go trials having significantly higher accuracy than no-go

trials, as expected. There was also a main effect of task, F(1, 171) = 9.02, p = .003, ηg 2 = .008, 

with greater accuracy for the high calorie task. There was not a significant main effect of group, 

F(1, 171) = .006, p = .94, ηg 2 < .001. There was a significant interaction between group and trial 
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type, F(1, 171) = 5.12, p = .02, ηg 2 = .01. There was not a significant interaction between group 

and task, F(1, 171) < 0.001, p = .994, ηg 2 < .001, or between task and trial type, F(1, 171) = 

0.22, p = .64, ηg 2 < .001. There was also not a significant three way interaction between group, 

task, and trial type, F(1, 171) = 0.16, p = .69, ηg 2 < .001.  

Follow-up tests of simple effects on the interaction between group and trial type showed 

that accuracy was greater for go trials than no-go trials for both the younger, p < .001, and older 

adults, p < .001. There was also a significant difference for go-trial accuracy between older and 

younger adults, with younger adults having greater go-trial accuracy than older adults, p < .001. 

Of note, the same pattern was not statistically significant for no-go trials, p = .10.  

Overall, for response times, older adults responded slower than younger adults regardless 

of task. Additionally, all participants responded faster to the high-calorie task than the low-

calorie task. For accuracy, the main effect of task indicated that participants performed with 

higher accuracy during the high-calorie task than the low-calorie task. Additionally, younger 

adults had greater accuracy on go trials than the older adults which was not present for the no-go 

trials.  

3.4 Event-Related Potentials  

N2 ERP Component. N2 and P3 ERP waveforms by trial, task, and group are shown in 

Figure 1. Means and standard deviations for N2 and P3 amplitude by trial, task, and group are 

reported in Table 5. The 2-Group (Older, Younger) by 2-Task (High-calorie, Low-calorie) by 2-

Trial Type (Go, No-go) repeated measures ANOVA on the N2 component demonstrated a 

significant main effect for trial type, F(1, 171) = 40.0, p < .001, ηg2 = .005, with no-go trials 

having larger N2 amplitude than the go trials, as expected. There was also a main effect of group, 

F(1, 171) = 13.86, p < .001, ηg2 = .06, with younger adults having larger (i.e., more negative) N2 
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amplitude than older adults. There was no main effect of task, F(1, 171) = 2.59, p = 0.11, ηg2 = 

.002. 

There were also two significant interactions: a two way interaction between group and 

trial type, F(1, 171) = 5.7, p = .02, ηg2 < .001, and a three way interaction between group, task, 

and trial type, F(1, 171) = 13.9, p < .001, ηg2 = .001. There was not a significant interaction 

between group and task, F(1, 171) = 3.3, p = .07, ηg2 = .002, or task and trial type, F(1, 171) = 

2.46, p = .12, ηg2 < .001.  

Follow-up tests of simple effects for the Group by Trial Type interaction revealed that 

no-go N2 amplitudes were significantly larger (i.e., more negative) than go trials in both older 

adults, p = .005, and younger adults, p < .001, as reflected in the trial main effect. When 

comparing between groups, the younger adults’ no-go N2 amplitudes were significantly larger 

than the older adults, p < .001, and the same relationship was significant for the go trials, p < 

.001, with the younger adults having a larger go N2 amplitude, as reflected in the group main 

effect. When looking at the means for each group and trial type, the significant interaction 

suggests that the difference between go and no-go trials was larger in younger adults (go = -2.47 

microvolts [SD = 2.49], no-go = -2.94 microvolts [SD = 2.51]) than older adults (go = -1.36 

microvolts [SD = 1.75], no-go = -1.56 microvolts [SD = 1.80]).  

To decompose the three-way interaction between the three factors, a 2-Task (High-

calorie, Low-calorie) by 2-Trial Type (Go, No-go) ANOVA was ran separately for the older and 

younger adult N2 amplitudes. The older adult ANOVA revealed a main effect of trial type, F(1, 

58) = 8.58, p = .005, ηg2 = .003, but no significant main effect for task, F(1, 58) = 3.17, p = .08,

ηg2 = .01, or task by trial interaction, F(1, 58) = 2.40, p = .13, ηg2 < .001. The main effect of trial

type indicated no-go trials had a significantly larger N2 amplitude than the go trials, as expected. 
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The younger adults 2-Task (High-calorie, Low-calorie) by 2-Trial Type (Go, No-go) 

ANOVA revealed a significant main effect of trial type, F(1, 113) = 39.76, p < .001, ηg2 = .01, 

with no-go trials eliciting a larger N2 amplitude than go trials, as expected. Like the older adults 

ANOVA, there was not a significant main effect for task, F(1, 113) = 0.04, p = .84, ηg2 < .001. In 

addition, the younger adults ANOVA demonstrated a significant interaction between task and 

trial type, F(1, 113) = 18.1, p <.001, ηg2 = .003, which was not present in the older adult 

ANOVA. Follow-up tests of simple effects on this interaction demonstrated that for both the 

high-calorie, p < .001, and low-calorie task, p = .02, the no-go trials elicited a larger N2 

amplitude than the go trials. Additionally, the low-calorie tasks’ go amplitude was significantly 

larger than the high-calorie tasks’ go amplitude, p = .03, while there was no significant 

difference between the two tasks on no-go trials, p = .13.  

P3 ERP Component. The 2-Group (Older, Younger) by 2-Task (High-calorie, Low-

calorie) by 2-Trial Type (Go, No-go) repeated measures ANOVA on the P3 component 

demonstrated a significant main effect for trial type, F(1, 171) = 148.77, p < .001, ηg2 = .05, with 

no-go trials eliciting a larger (i.e., more positive) P3 amplitude than the go trials. There was also 

a significant main effect of group, F(1, 171) = 30.08, p < .001, ηg2 = .12, with younger adults 

demonstrating a larger (i.e., more positive) P3 amplitude than older adults. The main effect of 

task was not significant F(1, 171) = 1.39, p = .24, ηg2 = .001.  

The 2-Group (Older, Younger) by 2-Task (High-calorie, Low-calorie) by 2-Trial Type 

(Go, No-go) repeated measures ANOVA on the P3 component also demonstrated three 

significant interactions; a two way interaction between group and trial type, F(1, 171) = 24.16, p 

< .001, ηg2 = .01, a two way interaction between task and trial type, F(1, 171) = 5.41, p = .02, ηg2 

< .001, and a three way interaction between group, task, and trial type, F(1, 171) = 5.13, p = .03, 
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ηg2 < .001. There was not a significant interaction for group and task, F(1, 171) = .13, p = .72, 

ηg2 < .001. 

The follow-up tests of simple effects for the Group by Trial type interaction revealed that 

no-go trials had significantly larger (i.e., more positive) P3 amplitudes than go trials in both older 

adults, p < .001, and younger adults, p < .001, as reflected in the trial main effect. When 

comparing between the two groups, the younger adults’ no-go trials P3 amplitudes were 

significantly larger than the older adults’ no-go trials, p < .001, and the same relationship was 

statistically significant with the go trials, p < .001, with the younger adults having a larger go P3 

amplitude, as reflected in the group main effect. The means for the two groups suggest that a 

larger difference exists between the younger adults (go = 2.24 microvolts [SD = 2.48], no-go = 

3.96 microvolts [SD = 3.07]) for the two trial types than for the older adults (go = 0.68 

microvolts [SD = 2.10], no-go = 1.41 microvolts [SD = 2.91]). The tests of simple effects for the 

Task by Trial type interaction revealed that no-go trials had a larger P3 amplitude than go trials 

for both the high-calorie, p < .001, and low-calorie task, p < .001. When comparing tasks, there 

was not a significant difference between the high-calorie and low-calorie tasks for no-go trials, p 

= .08, or for go trials, p = .77.  

To decompose the three-way interaction between the three factors, a 2-Task (High-

calorie, Low-calorie) by 2-Trial Type (Go, No-go) ANOVA was completed for both the older 

and younger adult P3 amplitudes separately. The older adult ANOVA revealed a main effect for 

trial type, F(1, 58) = 26.76, p < .001, ηg2 = .02, with no-go trials eliciting a larger (i.e., more 

positive) P3 amplitude than go trials. There was no significant main effect for task, F(1, 58) = 

.16, p = .69, ηg2 < .001, or significant interaction between task and trial type, F(1, 58) = .002, p = 

.96, ηg2 < .001.  
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The younger adults 2-Task (High-calorie, Low-calorie) by 2-Trial Type (Go, No-go) 

ANOVA revealed a significant main effect of trial type, F(1, 113) = 190.42, p < .001, ηg2 = .09, 

with no-go trials eliciting a larger (i.e., more positive) P3 amplitude than go trials. There was no 

significant main effect for task, F(1, 113) = 2.52, p = .15, ηg2 = .003. However, unlike the older 

adults, the younger adult ANOVA demonstrated a significant interaction between task and trial 

type, F(1, 113) = 13.35, p < .001, ηg2 = .003. The follow-up tests of simple effects on this 

interaction demonstrated that no-go trials elicited a larger P3 amplitude than go trials for both the 

high-calorie, p < .001, and low-calorie task, p < .001. When comparing tasks, there was a 

significant difference in P3 amplitude between the high-calorie and low-calorie task for no-go 

trials with the high-calorie tasks’ no-go trials having a larger P3 amplitude, p = .004, but not for 

the go trials, p = .83.  

In summary, both the N2 and P3 showed a main effect of trial type with no-go trials 

eliciting a larger amplitude than go-trials. Additionally, both the N2 and P3 showed a main effect 

of group with younger adults having larger amplitudes than older adults. Of note, for N2 the 

younger adults demonstrated a task by trial interaction that was driven by the go trials (e.g., low-

calorie task had larger go trials than high-calorie task). For the P3, there was a task by trial 

interaction demonstrating that for both tasks the no-go trials had a larger P3 amplitude than go 

trials. Of note, for the younger adults the task by trial type interaction demonstrated that the high-

calorie no-go trials had a larger amplitude than the low-calorie no-go trials.  

3.5 Role of Biological Sex and Body Mass Index  

We did not have an a priori hypothesis regarding body mass index (BMI) or biological 

sex; however, the older-adult and younger-adult samples were significantly different for BMI 

and biological sex ratio (older adults [52.5% female, Mbmi=30.3, SDbmi=8.3]; younger adults 
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[71.9% female, Mbmi=22.9, SDbmi=2.98]). Due to the potential impact of BMI and biological sex 

on inhibitory control processes (Barrington et al., 2014; Houben et al., 2014), we conducted a 

post-hoc analyses to see if any of our primary results (e.g., N2, P3, accuracy, and response time) 

were consistent in groups balanced for BMI and biological sex between older and younger 

adults.  

ANCOVA is not appropriate for equalizing groups on differing baseline or demographic 

variables (Miller & Chapman, 2001). Thus, we created a matched subset between the older-adult 

and younger-adult groups on BMI and biological sex using the SPSS case-control matching 

function.  The case-control function picks the matched participants based on input variables (in 

this case BMI and biological sex) rather than incorporating potential experimenter biases with 

the experimenter hand-picking matched groups. The matched sample included a total of 72 

participants, 36 in each group (older adults [Mbmi=25.7, SDbmi=4.04] and younger adult 

participants [Mbmi=24.6, SDbmi=3.7]) with equal number of males and females in each group (19 

males and 17 females in each group). There was no longer a significant difference for BMI 

between the two groups, p = .24.  

In analyses of this matched sample, the primary main effects remained consistent across 

all primary variables (N2, P3, accuracy, and response time) for the BMI and biological sex 

matched data set, Fs > 4.33, ps < .04, ηg2 < .08. Of note, there were a few differences in the 

interaction effects for the N2 and accuracy. For the N2, there was no longer a significant 

interaction for group and trial type F(1, 70) = 0.17, p = .68, ηg2 < .001, but there was now a 

significant interaction between group and task, F(1, 70) = 6.25, p = .02, ηg2 = .001. Follow-up 

tests of simple effects on the group by task interaction showed that for the older adults, the N2 
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amplitude for the high calorie task was significantly larger than the low-calorie task, p = .001, 

but this was not the case for the younger adult participants, p = .41. 

 Most importantly, the significant three-way interaction between group task and trial type 

was still present with consistent findings and directions for the younger adults but not the older 

adults. For the older adults, there was now a main effect of task, F(1, 35) = 5.8, p = .02, ηg 2 

= .05, with the high calorie task eliciting a larger N2 than the low-calorie task which was not 

present for either samples of younger adults F(1, 35) < .54, p < .47, ηg 2 < .001. For accuracy, 

there was no longer an interaction between group and trial type, F(1, 70) = 1.17, p = .28, η g2 

= .006, which was present in the non-matched data set.  

In conclusion, many of the primary findings hold in the matched subsample. Overall, the 

differences that were statistically significant for the BMI and biological sex matched 

participants reside in the N2 (e.g., older adult’s high-calorie task elicited a greater N2 than the 

low-calorie task). Additionally, there was no longer an interaction between group and trial type 

for the N2 which was present in the original data set (e.g., no-go amplitudes greater than go for 

both older and younger adults). Additionally, for accuracy younger adults no longer had greater 

go trials accuracy than older adults. Of note, the P3 three-way interaction directions were 

consistent across both data sets. The BMI and biological sex matched data set is also available 

on OSF: https://osf.io/qe3g7/  

4. Discussion

 We used ERP (N2 and P3 components) and behavioral measures (response time and 

accuracy) to test whether food-related inhibitory control differed between older adult and 

younger adult samples. Behaviorally, we expected that younger adults would have faster 

response times and greater accuracy compared to older adults on both high-calorie and low-

https://osf.io/qe3g7/
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calorie tasks. Previous research supports the notion that older adults tend to have slower response 

times and lower accuracy than younger adults on inhibitory control tasks (Hong et al., 2014; 

Langenecker & Nielson, 2003; Vallesi et al., 2010). For the N2 and P3, we expected there to be a 

calorie effect, with both younger and older adults recruiting increased inhibitory control 

processes (i.e., greater N2 and P3 amplitude) towards high-calorie food when compared to low-

calorie food. Due to previous evidence of decreased inhibitory control processes in older adults, 

we expected older adults to recruit a disproportionate amount of cognitive resources (i.e., smaller 

difference between go and no-go trials) to high calorie foods when compared to younger adults 

(Andrés et al., 2008; Andrés & Van der Linden, 2000; Aschenbrenner & Balota, 2015; Healey et 

al., 2008; S. Kim et al., 2007).   

In support of our original hypothesis, older adults had slower overall response times than 

younger adults regardless of task reflecting generalized slowing in the older adult sample. 

Previous research supports this trend of generalized slowing that occurs as older adults age 

(Heilbronner & Münte, 2013; Hong et al., 2014; Langenecker & Nielson, 2003; Larson et al., 

2016; Nielson et al., 2002; Vallesi et al., 2010). Functional declines in the prefrontal cortex 

(PFC) and the dopamine system have been suggested as a mechanism underlying the general 

performance differences seen when comparing an older adult and younger adult sample (Braver 

et al., 2001). Overall, older adults had slower response times, most likely due to typical slowing 

that occurs with aging (Heilbronner & Münte, 2013; Hong et al., 2014; Langenecker & Nielson, 

2003; Larson et al., 2016; Nielson et al., 2002; Vallesi et al., 2010). 

Our original hypothesis that response times would be slower for the high-calorie task 

than the low-calorie was not supported. Instead, response times faster for the high-calorie task 

than the low-calorie task. Our original hypothesis was based on previous research and assumed 
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that inhibiting to palatable foods would result in increased response times due the salient nature 

of high calorie food and the expected increase difficulty inhibiting to more palatable foods 

(Carbine, Christensen, et al., 2017; Guerrieri et al., 2007; Jansen et al., 2009). The opposite 

finding might indicate that both younger and older adults were more engaged during the high-

calorie task than during the low-calorie task resulting in decreased response time (Weissman et 

al., 2009). Of note, previous EEG research has shown increased response times during high-

calorie inhibitory task (Carbine, Christensen, et al., 2017). The decreased response times when 

inhibiting to high calorie stimuli seen in the current study might indicate increased attention 

when inhibiting to high calorie food (Meule & Kübler, 2014).  

As expected, go trials had greater accuracy than no-go trials regardless of age or task. 

Regardless of group status (i.e., older or younger), participants performed with greater accuracy 

during the high-calorie task than the low-calorie task. Other food-related studies have 

demonstrated greater accuracy on high-calorie tasks compared to the lower-calorie tasks 

(Carbine, Christensen, et al., 2017; Smith et al., 2021). For the current study, there was greater 

accuracy and faster response times for the high-calorie task, supporting the idea of increased 

engagement to the high-calorie task and not a speed-accuracy trade-off.  

Unlike response times, younger adults did not have greater accuracy than older adults. 

Previous research looking at accuracy differences between older and younger adults have shown 

evidence of older adults performing with greater accuracy during go/no-go tasks (Heilbronner & 

Münte, 2013). Yet other findings demonstrate the opposite pattern of younger adults having 

greater accuracy (Hong et al., 2014). Previous studies have also suggested a speed-accuracy trade 

off which seems to be present in the older adults as they performed with similar accuracy to the 

younger adults but demonstrated slower response time (Heitz, 2014; van Maanen, 2016). In the 
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current study, the younger adult sample demonstrated greater accuracy for the go trials than the 

older adults, which was not present for the no-go trials. The lack of difference between the go 

and no-go trials for older adults’ accuracy supports the notion that cognitive decline tends to be 

generalized (Andrés et al., 2008; Aschenbrenner & Balota, 2015; Larson et al., 2016). The 

relationship between go trials for accuracy was not present in the BMI matched sample, therefore 

the difference seen for younger adults for go trials might only exist with larger sample sizes and 

unlikely reflects a difference in inhibitory control processes (Meule, 2017). 

As expected, both the N2 and P3 ERPs demonstrated the expected trial effect with the no-

go trials eliciting a larger N2 and P3 amplitude--indicating that both tasks were successful at 

measuring the expected neurophysiological processes underlying inhibitory control (Carbine, 

Duraccio, et al., 2018; Folstein & Van Petten, 2008; Watson & Garvey, 2013). When considered 

by group, younger adults had a larger N2 and P3 amplitude than older adults, supporting part of 

our initial hypothesis that older adults would show disproportionately less inhibitory control. 

Previous EEG research measuring inhibitory control processes in older adults has demonstrated a 

pattern of decreased neurophysiological processes when compared to a younger adult sample 

(Andrés et al., 2008; Andrés & Van der Linden, 2000; Aschenbrenner & Balota, 2015; Healey et 

al., 2008; C. Kim et al., 2014). The main effect of group also supported previous older adult EEG 

research demonstrating attenuated P3 and N2 amplitude during inhibitory tasks (Barry et al., 

2016; Hsieh & Lin, 2017; Kardos et al., 2020; Kropotov et al., 2016; Niessen et al., 2017). 

Notably this relationship of attenuated ERP amplitude seen in older adults is not always 

consistent across all research (Barry et al., 2016; Falkenstein et al., 2002, 2002; Kardos et al., 

2020; Kropotov et al., 2016; Niessen et al., 2017). Previous research has suggested that this 

lower recruitment of inhibitory control neural resources might be the result of a different neural 
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map of activity to compensate for the decrease activity in regions seen in younger adults (Cabeza 

& Nyberg, 1997; Grady, 2012; Nielson et al., 2002; Sebastian et al., 2013). Overall, older adults 

demonstrated a pattern of attenuated N2 and P3 amplitude when compared to younger adults and 

regardless of calorie type.   

There was not a difference in N2 amplitude between the high-calorie and the low-calorie 

tasks, indicating that differences in inhibitory control processes might not be food specific. The 

lack of difference due to food type (e.g., high calorie vs low-calorie) was present for both 

younger and older adults. The lack of task difference for the N2 did not support our original 

hypothesis that both younger and older adults would show increased recruitment of inhibitory 

control to high calorie food when compared to low calorie food. Of note, there was a significant 

difference for older adults between the high and low-calorie task for the BMI and biological sex 

matched data set, with greater N2 amplitude occurring during the high calorie task. This 

relationship was not statistically significant for younger adults, thereby reflecting that the N2 

might be sensitive to BMI status or biological sex for older adults (Barrington et al., 2014; 

Houben et al., 2014). The differential neural activation patterns seen in older adults are 

sometimes explained by the compensatory hypothesis. The compensatory hypothesis states that 

older adults demonstrate recruitment of different structures in order to perform or compensate for 

the effects of the aging process (Grady, 2012; Vallesi et al., 2010). Therefore the differences 

seen between the younger and older adults may have been compensatory in nature and 

implemented by older adults to maintain similar level of functioning on measures like accuracy 

(Cabeza & Nyberg, 1997; Grady, 2012; Nielson et al., 2002; Sebastian et al., 2013). Yet, the 

ability to engage the mechanisms underlying the compensatory hypothesis might be influenced 

by BMI or biological sex (Barrington et al., 2014; Houben et al., 2014).  
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For the P3, the was a difference in amplitude seen between groups with younger adults 

having a greater P3 amplitude when inhibiting to high calorie food but not low-calorie stimulus. 

This food type difference was not seen in the older adult sample. This pattern was similar to the 

behavioral data where younger adults showed differential patterns between task type that wasn’t 

present in the older adult sample. Previous research in a younger adult sample have shown a 

difference between calorie type, with higher calorie stimuli resulting in a larger P3 and N2 

amplitude (Carbine, Christensen, et al., 2017; Carbine, Rodeback, et al., 2018). The different 

patterns seen between older and younger adults suggest that overall, younger adults 

demonstrated greater differentiation between task types (i.e., high or low-calorie) on both 

behavioral and neural measures reflecting inherent differences. These age differences might 

reflect a compensatory mechanism or difference in inhibitory control and food-processing 

(Cabeza et al., 2002; Vallesi et al., 2010). Indicating that older adult might not process or interact 

with food in the same manner that younger adults do.  

  Although the difference between the high calorie and low-calorie tasks was not 

statistically significant for the N2, the difference (i.e., larger amplitude) between the no-go and 

go trial types for the younger adults was larger than the older adults’ difference for both the N2 

and P3. Indicating that younger adults recruited more inhibitory resources when compared to 

older adults. This difference further supports previous research indicating that older adults recruit 

less inhibitory control resources when compared to younger adults (Andrés et al., 2008; Andrés 

& Van der Linden, 2000; Aschenbrenner & Balota, 2015; Healey et al., 2008; C. Kim et al., 

2014).  

For the younger adults, the larger N2 difference seen between go and no/go trials for the 

high calorie task was driven by the go trials rather than the no-go trials indicating that while 
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there was a difference in neural processes it wasn’t a result of differing inhibitory control 

processes. Go trials reflect the ability of an individual to quickly evaluation food category and 

perform a motor response and is not a measure of inhibitory control processes (Meule, 2017). 

Therefore, the difference seen between just the go trials on the N2 might reflect that the younger 

adults recruited more neural processes when responding to low-calorie foods than they did when 

responding to high-calorie food. 

Based on the P3, younger adults recruit more inhibitory control resources to withhold 

dominant responses to high calorie than lower calorie foods, which is pattern seen in previous 

research (Carbine, Rodeback, et al., 2018; Watson & Garvey, 2013). Yet, older adults do not 

demonstrate the same recruitment of cognitive resources. The lower indices of inhibitory control 

abilities (e.g., smaller N2 amplitude and lower accuracy) seen in the older adults may lead to 

increased consumption of higher calorie foods and overall poorer dietary habits (Appelhans et 

al., 2011; Blundell & Gillett, 2001; Davis et al., 2007; Guerrieri et al., 2007; Hall, 2012; Jasinska 

et al., 2012). Previous research has shown that hunger levels influence food related inhibitory 

control (Meule et al., 2014). The two groups reported similar hunger levels prior to completing 

the food-related tasks. Therefore, it is unlikely that any differences observed for ERPs can be 

attributed to differing hunger levels between groups.  

As with any study, there were limitations in our current study. There was a difference in 

education between the younger and older adult samples. The older adults reported a significantly 

more years of education (M=16.9 years, SD=2.8 years) than the younger adult sample (M=13.6 

years, SD=1.8 years). This was likely a result of our younger adult sample being recruited from a 

population of college students still in their undergraduate degrees. Previous research has shown 

that education level may affect EEG signal (e.g, gamma frequency) and processes related to 
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inhibitory control (Põld et al., 2019) and overall cognitive functioning (Guerra-Carrillo et al., 

2017). As our older adult sample still demonstrated lower performance (e.g., disproportionately 

less inhibitory control) when compared to younger adults despite higher education, we assume 

that any differences that are statistically significant are more likely a result of age rather than 

reported education. Future research should consider controlling for education levels as part of 

their demographic sampling to help elucidate the influence of education on age related inhibitory 

control.  

An additional limitation of the current study design was not specifically sampling an 

overweight/obese group. Previous research has shown that weight status can influence food-

related inhibitory processes (Chen et al., 2018; Houben et al., 2014). Our aim was to test food-

related inhibitory control in an older adult sample regardless of weight or BMI statues. 

Therefore, we sought to establish patterns in a normal weight sample first before extending the 

results to an overweight older adult sample. Of note, our sample of older adults were in the 

overweight category based on BMI. Therefore, we completed post-hoc analyses to establish if 

differences existed due the BMI difference inherent in our sample. Additionally, younger adults 

reported a significantly larger amount of sleep the night before (i.e., 30 minutes). Decreased 

reported sleep time is a common side effect reported during aging with older adults reporting on 

average less sleep time (Hirshkowitz et al., 2015). Previous research has shown that poor sleep 

quality can influence ERP amplitude (Breimhorst et al., 2008) and there was not a significant 

difference between self-reported previous night’s sleep quality. Therefore, any differences in 

EEG findings are unlikely attributed to difference in sleep quality.  

A strength of the current study was the large sample size included for both groups (e.g., 

59 older adults and 114 younger adults). As a result of this large sample size, we were powered 



 30 

to detect small effect size (Selya et al., 2012). Additionally, reliability estimates for the ERP data 

were high (e.g., dependability >.89), ensuring we were consistently measuring actual ERP 

indices of inhibitory control and not noise. Lastly, we excluded participants for a variety of 

potential confounding demographics factors that could have altered the ERPs such as metabolic 

diseases, diets, and neurological diseases which makes us confident that observed differences 

were due to the variables of interest (i.e., food type and age). 

Future research should consider replicating and extending the methods of this study into 

comparing both an overweight younger and older adult sample. Understanding how the neural 

patterns measured in this study differ or are the same for an overweight sample has implications 

for health-related behaviors. Additionally, future research might benefit from seeing the effects 

of exercise training as exercise has been shown to improve older adults’ cognitive functioning 

(Falck et al., 2019). Improving cognitive functioning has the potential to be a modifiable 

mechanism that might increase older adults’ inhibitory control and subsequent health outcomes 

(Carbine, Larson, et al., 2017; Guerrieri et al., 2007; Jansen et al., 2009). An additional avenue of 

research in older adults includes inhibitory control trainings designed to train individuals to 

better withhold dominant responses (Forman et al., 2019). Previous research has focused on a 

younger to middle age sample, but inhibitory control training might be an effective technique to 

improve older adults’ food-related inhibitory control and subsequent dietary outcomes (Carbine 

et al., 2021; Forman et al., 2019; Houben, 2011). Overall, this study was one the first to look at 

how established food-related inhibitory control patterns in a younger adult sample might differ in 

an older adult sample. Future research should continue to consider how food-related cognitive 

functioning changes as a sample ages to help inform future health-related interventions and 

overall understanding of health-related behaviors.  
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5. Summary and Conclusions

In conclusion, older adults demonstrated attenuated N2 and P3 amplitude when 

compared to younger adults. This relationship was not task dependent, reflecting that this 

difference was not food specific. Of note, this sample of older adults did demonstrate slower 

response times than younger adults yet a similar relationship on the ERP measures was seen with 

older adults not demonstrating a difference between task type. Reflecting that an older adult 

sample might not be as effective at recruiting inhibitory control processes without it being 

specific to the caloric content of food. This pattern of decreased inhibitory processes has been 

seen in previous research, but this was the first study to look at whether these inhibitory 

processes might differ based on caloric content for an older adult sample. Future research should 

confirm whether generalized inhibitory differences in older adults are not food specific as 

understanding whether food-related inhibitory control changes as we age is important to inform 

future dietary habits and dietary interventions which can impact overall health. Additionally, 

recognizing how age-related changes in cognition for older adults impacts dietary habits may 

elucidate the reasons for the negative dietary practices seen in older adults and what specific diet 

interventions may be more effective for older adults. 
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Figure 1. Grand average ERP Waveforms for the P3 and N2 amplitude during the high-calorie 
and low-calorie task. Both the P3 and N2 were averaged across four frontocentral electrodes 
[6(FCz), 7, 106, 129(Cz)]. The extraction window for the ERPs was 200 milliseconds prior to 
stimulus presentation to 1000 milliseconds following stimulus presentation. The rectangles 
reflect the time period for the data extraction.  
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Table 1. Dependability estimates for each group, condition, and ERP, for correct trials 

Dependability 95% CI Trial # 
Cutoff 

Mean # 
Trials 

Trial Range 

P3 Component 
High Calorie Task 
Older Adults Go  .97 .96 – .98 55 122 55 – 140 
Older Adults No-go  .96 .94 – .97 31 49 31 – 57 
Younger Adults Go  .98 .98 – .99 70 123 70 – 140 
Younger Adults No-go .96 .95 – .97 30 48 30 – 59 
Low Calorie Task 
Older Adults Go .98 .97 – .98 73 116 73 – 139 
Older Adults No-go .96 .94 – .97 24 47 24 – 57 
Younger Adults Go .98 .98 – .99 76 119 76 – 140 
Younger Adults No-go .96 .95 – .97 17 46 17 – 60 
N2 Component 
High Calorie Task 
Older Adults Go Correct .95 .93 – .97 55 122 55 – 140 
Older Adults No-go 
Incorrect 

.89 .85 – .93 31 51 31 – 57 

Younger Adults Go Correct .97 .97 – .98 70 123 70 – 140 
Younger adults No-go 
Incorrect 

.94 .92 – .95 30 48 30 – 59 

Low Calorie Task 
Older Adults Go Correct .96 .94 – .97 73 116 73 – 139 
Older Adults No-go 
Incorrect 

.91 .87 – .94 24 46 24 – 57 

Younger Adults Go Correct .98 .97 – .98 76 119 76 – 140 
Younger Adults No-go 
Incorrect 

.94 .92 – .95 17 46 17 – 60 
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Table 2. Demographic Information (e.g., sample size, number of females, age in years, education 
in years, and BMI) for the total sample and split by each group.   

Total Sample N 173 
N female 113 (65%) 
Age in years (SD)  35.4 (21.1) 
Education in years (SD) 14.7 (2.7) 
BMI (SD)  25.4 (6.4) 

Older Adults N 59 
N female 31 (53%) 
Age in years (SD)  63.8 (7.5) 
Education in years (SD) 16.9 (2.8) 
BMI (SD)  30.3 (8.3) 

Younger Adults N 114 
N female 82 (71.9%) 
Age in years (SD)  20.8 (3.5) 
Education in years (SD) 13.6 (1.8) 
BMI (SD)  22.9 (3) 
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Table 3. Visual analog scale (VAS) means and standard deviations as a function of group.  

Older Adults     

 Sleep Time in hours (SD) 7.4 (1.1) 
 Sleep Quality in cm (SD) 7.2 (1.8) 

  Hunger in cm (SD)  3.6 (2.6) 
Younger Adults    

 Sleep Time in hours (SD) 8.0 (0.9) 
 Sleep Quality in cm (SD) 7.1 (1.6) 
 Hunger in cm (SD)  3.0 (2.1) 

 
  



 53 

Table 4. Means of response times (in ms) and accuracy divided by group  

Older Adults Younger Adults 
Mean SD Range Mean SD Range 

High Calorie Task 
Go Correct RT 448 59 342 – 683 393 62 287 – 777 
Go Accuracy % 96 10 39 – 100 98 5 59 – 100 
No-go Accuracy % 91 7 65 – 98.3 90 8 58 – 100 

Low Calorie Task 
Go Correct RT 471 48 354 – 583 413 69 302 – 724 
Go Accuracy % 95 6 60 – 100 96 5 58 – 100 
No-go Accuracy % 90 7 73 – 100 88 10 50 – 100 
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Table 5. Means of ERP amplitude for the P3 and N2 components by task in μV as a function of 
group  

Older Adults      Younger Adults 
Mean SD Range Mean SD Range 

High Calorie Task 
P3: No-go 1.5 3.1 -3.6 – 10.9 4.3 3.2 -1.3 – 15.2
P3: Go .75 2.1 -2.2 – 7.5 2.2 2.5 -2.8 – 11.5
N2: No-go -1.7 1.7 -6.5 – 0.8 -3.1 2.5 -10 – 10.5
N2: Go -1.6 1.9 -8.0 – 0.7 -2.2 2.5 -8.4 – 9.4
Low Calorie Task 
P3: No-go 1.3 2.7 -3.1 – 8.2 3.7 3.0 -3.3 – 13.1
P3: Go 0.6 2.2 -4.0 – 7.1 2.3 2.5 -4.5 – 8.3
N2: No-go -1.4 1.9 -8.4 – 3.8 -2.8 2.5 -9.3 – 6.5
N2: Go -1.1 1.6 -6.4 – 3.9 -2.6 2.5 -8.7 – 5.9
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