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Abstract

Several studies suggest poorer episodic memory among adults with overweight (OW) relative to 

those with healthy weight (HW); however, few have used food stimuli. To understand the salience 

of food-related items when assessing memory, we adapted an episodic memory task, by replacing 

some non-food words with snack foods. Participants were 96 weight-loss seeking adults with 

OW compared to 48 adults with HW from the community matched on age, gender, ethnicity, 

and education. Overall memory ability was similar, although a trend showed the adults with HW 

performed better than adults with OW on immediate recall (d = 0.32, p = 0.07). However, there 

were clear differences in the use of learning strategies. Adults with HW utilized sematic clustering 

more effectively than adults with OW during all test phases (ds = 0.44–0.62; ps ≤ 0.01). Adults 

with HW also utilized serial clustering more effectively (d = 0.51; p < 0.01). Adults with HW 

showed better semantic clustering for both food and non-food words during immediate and short 

delay recall (ds = 0.42–0.78; ps ≤ 0.01) but semantic clustering was only better for the non-food 

category at long delay (d = 0.55; p < 0.01). These results show that adults with OW utilized 

less efficient learning strategies throughout the task and food-related content may impact learning. 

Clinically, these findings may suggest that weight-loss treatments should consider incorporating 

the teaching of learning and memory strategies to help increase utilization of new skills.
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1. Introduction

Over 70% of adults in the United States have overweight or obesity (Fryar, Carroll, & Afful, 

2020). Given the deleterious consequences of obesity (e.g., diabetes, hypertension, mortality 

risk, increased psychological comorbidities) (Dixon, 2010; Flegal, Kit, & Graubard, 2013) 

and increased health care costs resulting from obesity (Cawley et al., 2021; Ward, Bleich, 

Long, & Gortmaker, 2021), it is important to better understand mechanisms contributing 

to the development and maintenance of this condition. Growing evidence supports the role 

that cognitive function plays in overeating which leads to weight gain (Eichen, Pasquale, 

Twamley, & Boutelle, 2021; Gunstad, Sanborn, & Hawkins, 2020; Smith, Hay, Campbell, & 

Trollor, 2011) as well as how obesity may further disrupt cognitive function (Farruggia & 

Small, 2019; Parent, Higgs, Cheke, & Kanoski, 2022).

Obesity more recently has been coined a disorder of learning and memory (Davidson, Tracy, 

Schier, & Swithers, 2014), further highlighting acknowledgement of the role of cognition. 

Animal research shows that consumption of a “Western” diet, a diet high in saturated fat 

and sugar, impairs hippocampal-dependent memory processes (Kanoski & Davidson, 2010), 

increases appetitive behavior (Clifton, Vickers, & Somerville, 1998; Davidson & Jarrard, 

1993; Schmelzeis & Mittleman, 1996) and results in weight gain (Davidson et al., 2009; 

Davidson, Jones, Roy, & Stevenson, 2019; Davidson, Kanoski, Walls, & Jarrard, 2005). 

Human research is consistent with these data, similarly showing that consumption of a 

“Western” diet is associated with impaired hippocampal-dependent memory processes and 

reduced appetitive control (Attuquayefio, Stevenson, Oaten, & Francis, 2017; Francis & 

Stevenson, 2011; Stevenson et al., 2020). Evidence from human studies also highlights the 

impact that hippocampal-dependent episodic memory (e.g., recall of a previous meal) has on 

subsequent eating behavior (Higgs & Spetter, 2018; Parent et al., 2022). Specifically, several 

studies demonstrate that recalling the previous meal decreases consumption of a subsequent 

snack in the laboratory (Collins & Stafford, 2015; Higgs, 2002; Higgs, Williamson, & 

Attwood, 2008; Szypula, Ahern, & Cheke, 2020; Vartanian, Chen, Reily, & Castel, 2016). 

Interestingly, recalling a more recent meal (i.e., today’s lunch versus yesterday’s lunch) 

(Higgs, 2002; Szypula et al., 2020), has a greater impact at suppressing subsequent snack 

intake; but timing between the meal recalled and snack intake also matters. Participants 

asked to recall a previous meal at a snack offered 3 h after finishing the meal, showed 

inhibition of eating compared to those recalling a meal from the day before, whereas those 

who recalled a previous meal only an hour later did not (Higgs et al., 2008). Deficits in 

episodic memory are linked to uncontrolled eating (Martin, Davidson, & McCrory, 2018) 

which is a significant contributor to weight gain. Taken together, research across animals and 

humans suggests memory has a role in overeating and weight gain.

Several studies demonstrate a cross-sectional relationship between obesity and poorer 

episodic memory function (Cheke, Bonnici, Clayton, & Simons, 2017; Cheke, Simons, 
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& Clayton, 2016; Cournot et al., 2006; Gunstad, Paul, Cohen, Tate, & Gordon, 2006; 

Vainik et al., 2018; Zhang & Coppin, 2018). However, other studies fail to find a difference 

in episodic memory performance (Conforto & Gershman, 1985; Gonzales et al., 2010; 

Nilsson & Nilsson, 2009). Much of the research on episodic memory impairment among 

individuals with overweight compared to healthy weight focuses on general memory as 

opposed to food-specific memory. This is problematic because across other cognitive 

domains (i.e., attention and inhibitory control), research shows that cognitive impairments 

may be heightened or perhaps limited to food-related stimuli among individuals with 

obesity (Castellanos et al., 2009; Loeber et al., 2012; Nijs, Muris, Euser, & Franken, 2010; 

Werthmann et al., 2011). These cognitive domains fall under the umbrella of executive 

function. Several reviews suggest that adults with overweight or obesity have lower 

executive function than adults with healthy weight (Eichen et al., 2021; Gunstad et al., 2020; 

Smith et al., 2011). Although episodic memory is not considered an executive function, 

aspects of episodic memory task performance, namely semantic organization are related 

to executive function. Performance on episodic-memory tasks reflects several processes: 

encoding (i.e., getting information into storage), retention (i.e., keeping information within 

the storage) and retrieval (i.e., accessing information from storage). Importantly, attention 

plays a critical role in encoding information into memory (Chun & Turk-Browne, 2007; 

Santangelo, 2015) and anything that does not get encoded cannot be retained or recalled 

in the future. Few studies to date evaluate the impact of food stimuli on episodic memory 

performance (Cheke et al., 2016, 2017). One recent study showed that females with obesity 

have better recognition of food stimuli and poorer recognition of non-food stimuli than 

females without obesity (Leng et al., 2021). Accordingly, it is possible that food stimuli 

may enhance memory recall of those stimuli among individuals with overweight or obesity, 

calling for further investigation of the role food vs non-food stimuli on overall episodic 

memory.

The current study aims to explore episodic memory processes for food and non-food stimuli 

by evaluating performance of adults with healthy weight and those with overweight on an 

adapted version of an episodic list learning task that includes food and non-food categories. 

Specifically, this study aims to 1) evaluate differences in episodic memory among adults 

with overweight or obesity and those with healthy weight and 2) evaluate whether adults 

with overweight or obesity and those with healthy weight utilize different strategies for 

episodic memory encoding and recall. It is hypothesized that adults with overweight will 

perform more poorly on the episodic memory task and will not utilize adaptive episodic 

memory strategies as efficiently during encoding or recall when compared to adults with 

healthy weight.

2. Methods

2.1. Participants

Adults (n = 48) aged 18–65 years with healthy weight (BMI 19–24 kg/m2) were recruited 

from the community to validate the adaptation of the verbal list learning task to include 

food and non-food stimuli (Kang-Sim, Eichen, Appleton-Knapp, Strong, & Boutelle, In 

Preparation). The comparative sample of adults with overweight or obesity (OW/OB; n = 96; 
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BMI 25–45 kg/m2) were gathered from a subset of participants from the Providing Adults 

Collaborative Interventions for Ideal Changes trial (PACIFIC; NCT02516839) (Boutelle 

et al., 2022) who were matched to the participants with healthy weight. Coarsened exact 

matching (Ho, Imai, King, & Stuart, 2011) was used to match participants with OW/OB to 

participants with healthy-weight based on age, sex, ethnicity, and years of education.

Eligibility criteria for both groups of participants were similar except for the different BMI 

criteria noted above. Both studies included adults aged 18–65 years and required the ability 

to read English at the 5th grade level. Exclusion criteria were the same for participants with 

healthy weight and OW/OB, including: diabetes, any medical condition that would make 

physical activity unsafe, moderate or severe substance or alcohol use disorder, pregnancy or 

lactation, and any medical or psychological problem that could make adherence to the study 

protocol difficult or dangerous. All participants with healthy weight were recruited from 

the community utilizing methods such as ResearchMatch, emails to listservs and word of 

mouth. Additional details of the eligibility criteria and recruitment methods for the clinical 

trial have already been published (Boutelle et al., 2019, 2022). This study was approved by 

the Institutional Review Board of the University of California San Diego and written consent 

was obtained from all participants.

2.2. Measure – verbal list learning task with food words (VLLT-food)

The modified Verbal List Learning Task with Food Words (Kang-Sim et al., In 

Preparation)was developed by replacing the animal category on both lists of the California 

Verbal Learning Test-II (Delis, Kramer, Kaplan, & Ober, 2000) with a high-fat snack 

category which included words that were comparable to the original category on frequency 

of words occurring in American English determined using the SubtlexUS database 

(Brysbaert & New, 2009). The vegetable (e.g., low-fat food) words and non-food words 

were maintained from the original measure. The VLLT-Food is administered following the 

same protocol as the CVLT-II. First, the examiner reads the same list of words (List A; the 

target words) five times and the participant is asked to recall as many as possible after each 

recitation (immediate free recall). The examiner then reads a second list with different words 

(List B, the distractor words) and the participant recalls the second list. Then, the participant 

is asked to recall as many words from List A as possible for the short-delay free recall. 

Following that, the examiner provides the participants one of the four categories, and the 

participant is asked to recall as many words as possible from that category for each of the 

four categories (short-delay cued recall). After a 20-min delay, the participant is asked again 

to recall as many words as possible from List A in long-delay free and cued recall. Lastly, 

the examiner reads a list of 48 words and the participant responds yes or no as to whether the 

word was part of List A (recognition).

2.2.1. Scoring of the VLLT-FOOD—All variables were scored in R based on the 

CVLT-II manual’s scoring protocol (Delis et al., 2000). All scores reported have been 

normalized by age and sex based on the standard form except where noted. Although there 

are numerous memory variables that can be derived from the VLLT-Food, we focused on the 

standardized performance measures of correctly recalled words across trials 1–5 (T score) 

and discriminability index (d’) during the immediate, short- and long-delay recall portions 
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of the test. The discriminability index considers both the correct words and intrusions 

recalled such that if individuals recalled the same number of correct words, those with 

fewer intrusions would score higher on the d’. Learning was evaluated through a) learning 

slope of trials 1–5, which examines the increase in number of words correctly recalled 

across each trial with better increase resulting in higher scores; b) recall consistency, 

which measures the ability to recall the same words on subsequent trials with higher 

scores indicating more consistent recall; c) chance-adjusted semantic clustering across all 

trial phases, which evaluates the extent participants used the categories to semantically 

organize their recall of words with higher scores indicating more effective use of semantic 

clustering (i.e., measures whether words from the same category are recalled together); 

d) chance-adjusted serial clustering, which evaluates the extent participants recalled words 

based on the order they were presented in the original list with higher scores indicating 

more recall based on order (i.e., measures whether a word is recalled in consistent order 

with another word); e) subjective clustering, which evaluates the extent participants utilize 

a more idiosyncratic strategy other than semantic and serial clustering (such as functional 

or phonemic relationships among words). Raw scores were computed for discriminability 

index (d’) and use of semantic clustering learning strategy for food and non-food stimuli 

by modifying the formulas for overall discriminability and semantic clustering from the 

CVLT-II scoring manual to account for the modified food categories (Delis et al., 2000).

2.3. Statistical analyses

All analyses were conducted using R statistical programming language (version 4.0). 

Between-group comparisons were conducted using the conditional inference procedures 

in a nonparametric permutation test framework (Hothorn, Hornik, van de Wiel, & Zeileis, 

2008). The nonparametric permutation distribution of the estimated differences were derived 

with 1000 Monte Carlo resampling and Cohen’s d were used to estimate between-group 

differences of memory measures.

3. Results

Descriptive characteristics of the two groups of participants are shown in Table 1. 

As designed through the matching process, there were no differences in demographic 

characteristics between the two groups except for BMI.

3.1. Comparison of performance on first five trials

Comparisons of the memory scores from the VLLT-Food measure from the first five trials 

are shown in Table 2. Overall memory ability was similar between the two groups, although 

there were trends suggesting that participants with healthy weight performed better than the 

participants with OW/OB on immediate recall and were better able to discriminate during 

these first five trials. Although overall memory ability was similar, there were differences in 

learning rate as participants with healthy weight had a significantly higher learning slope. 

Participants with healthy weight also had greater recall consistency than participants with 

OW/OB. Participants with healthy weight also demonstrated use of more efficient learning 

strategies for immediate recall as they were more likely to use both semantic and serial 

clustering strategies and less likely to use subjective clustering. Given the relationship 
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between age and memory, we explored the correlations and found no significant correlations 

between t-score trials 1–5, immediate recall d’, or semantic clustering and age in participants 

with healthy weight or OW/OB with correlations ranging from −0.05 – 0.20.

3.2. Comparison of performance on short and long delay recall

Comparisons between participants on the short and long delay recall portions of the task are 

displayed in Table 3. There were no differences in short and long delay free recall ability 

between participants with healthy weight and participants with OW/OB. However, results 

show that the participants with healthy weight continue to utilize semantic clustering more 

effectively in both short and long delay free recall. Lastly, there was a trend towards better 

performance among participants with healthy weight in both short and long delay cued 

recall. Interestingly, there were no group differences on free recall of long delay as a percent 

of recall on short delay and both groups recalled more words on average at long delay free 

recall than short delay free recall. There were also no significant correlations between short 

delay or long delay d’ or semantic clustering and age in participants with healthy weight or 

OW/OB with correlations ranging from −0.03 – 0.14.

3.3. Impact of food stimuli on semantic clustering performance across participants with 
healthy weight and with overweight

Raw scores calculated for semantic clustering of only the food categories and the non-food 

categories for participants with healthy weight and with OW/OB are presented in Table 4. 

Participants with healthy weight demonstrated significantly greater use of sematic clustering 

for both food and non-food categories at the immediate recall and short delay recall trials 

compared to participants with OW/OB. In the long delay recall portion, participants with 

healthy weight utilized sematic clustering more effectively for non-food categories but 

showed no difference of use of semantic clustering of the food categories compared to 

participants with OW/OB. Post-hoc analyses evaluated whether there was an interaction 

effect between food stimuli and group. Significant interaction effects were observed for 

immediate recall (b = 0.48; SE = 0.15; p = 0.002; cohen’s d = 0.52), and long delay 

recall semantic clustering (b = 0.53; SE = 0.27; p = 0.048; cohen’s d = 0.33). These 

interaction effects suggest that when semantic clustering is compared across the two stimuli 

categories, participants with healthy weight use semantic clustering less effectively for the 

food categories than they do for the non-food categories while participants with OW/OB use 

semantic clustering similarly regardless of the type of category. There was no significant 

interaction effect on short delay semantic clustering (b = 0.41; SE = 0.26; p = 0.11; effect 

size d: 0.27).

4. Discussion

The purpose of this study was twofold: first to evaluate potential differences in episodic 

memory performance and second to evaluate strategy usage of adults with OW/OB 

compared to adults with healthy weight on an adapted version of a list learning task that 

included food and non-food categories. Our first hypothesis that participants with OW/OB 

would perform more poorly in episodic memory was partially supported. Our results showed 

trends toward differences in memory ability based on recall on the first five trials and 
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discriminability during these trials. However, participants with OW/OB had a significantly 

poorer learning slope and recall consistency scores than participants with healthy weight, 

suggesting that participants with OW/OB may have difficulty creating or maintaining a 

learning plan (Delis et al., 2000). There were also no differences on short or long-delay free 

recall though the study showed a trend towards individuals with healthy weight performing 

better on cued recall at the short- and long-delay intervals.

Despite not seeing many significant differences in overall memory recall, we did find 

evidence that participants with OW/OB did not demonstrate use of efficient memory 

strategies. Across the immediate, short- and long-delay phases of the measure, adults with 

healthy weight demonstrated significantly greater use of semantic clustering in their recall. 

Further, adults with healthy weight demonstrated significantly greater use of serial clustering 

in their immediate recall, while they demonstrated less subjective clustering compared 

to adults with OW/OB. Semantic clustering is a particularly effective strategy for this 

task given that it was designed to include words from four different categories, whereas 

subjective clustering may be less efficient and more idiosyncratic. Overall, adults with 

healthy weight demonstrated better use of semantic clustering of all category types during 

the immediate recall and short-delay phases of the task. However, at the long delay adults 

with healthy weight demonstrated better use of semantic clustering for non-food categories, 

but there was no significant difference in semantic clustering for food categories.

Though much research to date has shown differences in memory between individuals with 

OW/OB and healthy weight (Cheke et al., 2016, 2017; Cournot et al., 2006; Gunstad et al., 

2006; Vainik et al., 2018; Zhang & Coppin, 2018), our study only showed trends toward 

significance on a few measures. However, nominally, all results were consistently in the 

direction of individuals with healthy weight having better memory performance that adults 

with OW/OB. It is possible that the current study did not have the power to detect a 

true difference. Additionally, this study included individuals with overweight and obesity 

and the difference in BMI with the healthy weight individuals may not have been large 

enough to show differences in cognitive features. Published studies have included adults 

with obesity and those with a healthy weight (Cheke et al., 2017) and some included 

adults with higher BMIs than our study which created greater differences in BMI (Cheke 

et al., 2016, 2017). Further, despite research showing differences across numerous cognitive 

abilities among individuals with OW/OB compared to individuals with healthy weight, 

typically the poorer performance among individuals with OW/OB does not reach the level 

of significant clinical impairment (Gunstad et al., 2020). Lastly, the lack of differences 

found in our study may be due to use of different tasks. Some previous studies used a 

“What-Where-When” style Treasure Hunt task which evaluates spatial/temporal memory 

(Cheke et al., 2016, 2017), while the others used other verbal list learning tasks that included 

a list of completely unrelated words (Cournot et al., 2006; Gunstad et al., 2006; Vainik et al., 

2018). Taken together, these methodological differences may explain why our study did not 

find differences in memory performance while previous studies did.

There was clear evidence in the current study that individuals with OW/OB were less likely 

to use efficient recall strategies, namely semantic clustering, which is further demonstrated 

by a trend of poorer performance in cued recall among adults with OW/OB compared to 
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those with healthy weight. Thus, it is possible that the differences in memory (including 

the cause behind differences seen in previous research), may lie in the organization of 

stored memory or during memory encoding, preventing individuals with overweight from 

recognizing useful strategies such as semantic clustering. Semantic clustering requires 

executive function, which is attributed to frontal lobe functioning. However, recent research 

suggests the hippocampus also plays a role in semantic memory and semantic clustering 

(Duff, Covington, Hilverman, & Cohen, 2020). Previous research shows that people with 

OW/OB have decreased volume of the frontal lobe (Bruehl, Sweat, Tirsi, Shah, & Convit, 

2011; Castro, Venutolo, Yau, & Convit, 2016) and hippocampus (Bruehl et al., 2011; Leigh 

& Morris, 2020; Mestre et al., 2017, 2020). Decreased volume in the hippocampus and 

frontal lobe has been attributed to consumption of a western diet through mechanisms such 

as inflammation, insulin sensitivity, gut microbiome, and insult to the blood-brain-barrier 

(Castro et al., 2016; Francis & Stevenson, 2013; Leigh & Morris, 2020; Parent et al., 

2022). Thus, the overall findings of less utilization of semantic clustering among adults 

with OW/OB compared to adults with healthy weight is consistent with previous structural 

research and research demonstrating that adults with OW/OB have lower EF compared to 

adults with healthy weight (Eichen et al., 2021; Smith et al., 2011).

In line with previous research (Leng et al., 2021), it is possible that the use of additional 

food stimuli may have impacted performance. We created the VLLT-food by swapping out 

the animal category with a high-fat snack food category. By having two food categories 

(vegetables, high-fat snack foods), it is possible that some participants may have not 

differentiated between those categories as they originally were more distinct categories 

(animal vs vegetable). Specifically, this may explain the interaction effects which showed 

that participants with healthy weight used semantic clustering to a greater extent with the 

non-food categories. It is possible that participants with healthy weight may have had more 

difficulty differentiating the two food categories. In the current study, the only time adults 

with OW/OB did not demonstrate less semantic clustering was related to recall of food 

words at the long delay phase. The four distinct categories are first explicitly revealed to 

participants following the short delay free recall, as part of short delay cued recall. Thus, 

one possible reason why there were no differences in use of semantic clustering for the food 

stimuli during the long delay recall could be that the adults with OW/OB better organized 

their retrieval for the food categories when given the next opportunity in long delay free 

recall, potentially due to some of the food words being more salient to adults with OW/OB.

Overall, this study suggested that adults with OW/OB are less likely to use efficient recall 

strategies in an episodic memory task which may impact overall memory performance. 

Strengths of this study include use of the coarsened exact method to match participants on 

demographic characteristics outside of BMI to minimize potential confounding variables 

(i.e., years of education) and utilizing a task with food and non-food stimuli which allows 

for an understanding of strategies used instead of just overall raw memory performance. 

Limitations include incorporating adults with both overweight and obesity which may have 

reduced our ability to detect differences between this group of participants and those with 

healthy weight. Relatedly, although age-matched, our study does not consider how long 

people may have experienced obesity or stage of life when obesity was experienced which 

can impact the effects on memory. Additionally, there are several types of memory processes 
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that have not been assessed (e.g., spatial, relational, associative) which should be explored 

in future research studies. Future research should continue to evaluate the impact of food 

stimuli and memory and how poorer use of strategies may impact treatment performance. 

Research should explore whether stronger memory for food or food cues may contribute to 

overeating and weight gain representing a possible treatment target for weight loss. Further, 

given the differences in strategy usage on the task, future research should evaluate whether 

teaching of learning or memory strategies would help increase utilization of new skills in 

weight-loss treatment.
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Table 1

Demographic characteristics of participants with healthy weight and with overweight/obesity.

Healthy weight (n = 48) OW/OB (n = 96) p-value

Age in years; m(se) 44.44 (1.72) 45.30 (1.22) 0.661

% Female 81% 81% 1.00

% Hispanic 10% 10% 1.00

Non-Hispanic Non-White 21% 21% 1.00

Non-Hispanic White 69% 69% 1.00

Education in years; m (se) 17.06 (0.30) 16.79 (0.17) 0.425

BMI (kg/m2); m(se) 21.66 (0.19) 34.60 (0.51) <0.001

Note: OW/OB = Overweight/Obesity.
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Table 2

Comparison of performance and strategy usage on the first five learning trials between participants with 

healthy weight and participants with overweight/obesity.

Standardized scores Healthy weight (n = 48) OW/OB (n = 96) Cohen’s d p-value

T-score trials 1–5 57.04 (1.47) 53.92 (0.99) 0.32 0.095

Immediate Recall d’ 0.62 (0.17) 0.29 (0.10) 0.30 0.098

Learning slope 1–5 0.27 (0.13) −0.08 (0.09) 0.38 0.035

Recall consistency 0.65 (0.13) 0.33 (0.07) 0.41 0.034

Chance-Adjusted Semantic clustering 1.19 (0.19) 0.39 (0.13) 0.62 <0.001

Chance-Adjusted Serial clustering 0.80 (0.17) 0.19 (0.12) 0.51 0.003

Subjective Clustering −1.00 (0.15) −0.55 (0.12) 0.39 0.043

Note: OW/OB = Overweight/Obesity.
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Table 3

Comparison of short and long delay recall between participants with healthy weight and participants with 

overweight/obesity.

Standardized scores Healthy weight (n = 48) OW/OB (n = 96) Cohen’s d p-value

SD free recall d’ 0.67 (0.18) 0.38 (0.10) 0.27 0.143

SD free recall semantic clustering 1.03 (0.20) 0.29 (0.12) 0.61 0.001

SD cued recall d’ 0.48 (0.13) 0.19 (0.10) 0.30 0.084

LD free recall d’ 0.44 (0.16) 0.20 (0.09) 0.26 0.144

LD free recall semantic clustering 0.78 (0.17) 0.29 (0.11) 0.44 0.019

LD cued recall d’ 0.50 (0.14) 0.20 (0.09) 0.35 0.072

LD free recall as % of SD recall 103.38 (22.97) 104.9 (14.14) 0.09 0.491

Note: OW/OB = Overweight/Obesity; SD = Short Delay; LD = Long Delay.
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Table 4

Comparison of semantic clustering use for food and non-food categories.

Raw scores Healthy weight (n = 48) OW/OB (n = 96) Cohen’s d p-value

Immediate Recall Semantic Clustering for Food Stimuli 1.56 (0.17) 1.09 (0.11) 0.42 0.019

Immediate Recall Semantic Clustering for Non-Food Stimuli 2.05 (0.19) 1.09 (0.12) 0.78 <0.001

SD Semantic Clustering for Food Stimuli 2.57 (0.25) 1.82 (0.15) 0.47 0.009

SD Semantic Clustering for Non-Food Stimuli 3.00 (0.26) 1.85 (0.17) 0.67 <0.001

LD Semantic Clustering for Food Stimuli 2.61 (0.26) 2.21 (0.17) 0.24 0.213

LD Semantic Clustering for Non-Food Stimuli 3.12 (0.24) 2.19 (0.18) 0.55 0.001

Note: OW/OB = Overweight/Obesity; SD = Short Delay; LD = Long Delay.
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