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Abstract 33 

Purpose: The current study aimed to investigate associations between grazing and 34 

different facets of executive functioning in persons with obesity with and without significant 35 

eating disorder psychopathology, compared to a healthy-weight control group. 36 

Methods: Eighty-nine participants (of which 20 had obesity and marked eating disorder 37 

symptomatology, 25 had obesity but without marked eating disorder symptoms, and 44 were 38 

healthy-weight age- and sex-matched participants; N = 89; 66.3% female, age = 28.59 (8.62); 39 

18.18 - 58.34 years) completed a battery of neuropsychological tests and demographic and 40 

eating disorder-related questionnaires. Poisson, Negative Binomial, and Ordinary Least 41 

Squares regressions were performed to examine group differences and the associations of 42 

grazing with executive functioning within the three groups. 43 

Results: Significantly lower inhibitory control and phonemic fluency were observed for 44 

the obesity group without ED features compared to healthy-weight controls. Increasing 45 

grazing severity was associated with improved performance in inhibitory control in both 46 

groups with obesity, and with phonemic fluency in the obesity group with marked eating 47 

disorder features. 48 

Conclusion: Although there is mounting evidence that specific cognitive domains, 49 

especially inhibition, are affected in obesity, evidence of further detrimental effects of eating 50 

disorder psychopathology remains mixed; additionally, for persons with obesity, there may 51 

be a weak but positive link between executive functioning and grazing behaviour. 52 

 53 

Level of evidence: III, comparative cross-sectional observational study with a concurrent 54 

control group. 55 

  56 
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Introduction 57 

Obesity, defined as abnormal or excessive fat accumulation that presents a risk to 58 

health, is a global cause of morbidity and mortality [1]. Eating disorders (ED) are a group of 59 

serious illnesses in which people experience severe disturbances in their eating behaviors and 60 

related thoughts and emotions [2]. Some EDs (notably binge eating disorder, which is one of 61 

the most common EDs [3], and bulimia nervosa) are common co-morbidities of obesity [4], 62 

and rates of disordered eating within obesity have been increasing in prevalence over the past 63 

decade [5]. Recent neuropsychological research also suggests that increased adiposity is 64 

associated with reduced cognitive performance, particularly executive functions (EF) [6]. EF 65 

are the mental processes enabling goal formulation, planning, and carrying out these plans 66 

effectively [7], and they play a substantial role in regulating eating behavior [8, 9]. 67 

A putative mechanism for the association between cognition and obesity is that  68 

chronic, low-grade inflammation reduces cognitive functioning [10], with detrimental effects 69 

on self-regulatory processes via reduced EF [11]. Reduced metabolism in prefrontal cortical 70 

regions which coordinate EF has been observed in obesity [12], and EF have been seen to 71 

improve following weight loss in adults with obesity [13]. Further, a recent meta-analysis 72 

indicated reductions in obese participants compared to healthy-weight controls across all 73 

main EF domains [14]. It is possible that EF deficiencies could predispose individuals to 74 

weight gain or to an inability to lose weight successfully [15], or that a bidirectional 75 

relationship exists between obesity and EF [6, 14]. 76 

Reduced activity in frontostriatal circuits has also been observed in binge-type ED [16], 77 

and decreased EF are associated with dysfunction characterising both eating and weight 78 

disorders [17, 18]. Some research found lower EF in domains such as planning and decision-79 

making when disordered eating was present within obesity [19, 20]. Cognitive training 80 

treatments for obesity and disordered eating have also shown promising results [21-23].  81 
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However, the literature to date is not clear regarding EF at the intersection of obesity and ED. 82 

While some studies report similar EF performance in participants with obesity with and 83 

without an ED [24-26], there is also substantial neurobiological and genetic evidence that 84 

binge eating disorder (which is highly prevalent in obesity [27]) represents a distinct 85 

phenotype within the obesity spectrum, characterised by elevated impulsivity and 86 

compulsivity [28]. 87 

Eating patterns in obesity and ED are heterogeneous, and whilst the neuropsychological 88 

profile of objective binge eating is the most studied, there is growing interest in other types of 89 

eating disturbances, such as grazing. Expert consensus has defined grazing as the unplanned, 90 

repetitive eating of small amounts of food (i.e. smaller than would constitute a meal), and/or 91 

eating not in response to hunger/satiety sensations [29]. It is relatively common in clinical 92 

samples with binge-type ED (67.77% in binge eating disorder and 58.25% in bulimia 93 

nervosa) and obesity (33.20% at pre-weight loss treatment, 28.16% at follow-up, and 23.32% 94 

in the community) [30]. Grazing rates appear to be especially high at the intersection of 95 

obesity and ED [31, 32]. Grazing is considered "compulsive" when a sense of loss of control 96 

over eating is a predominant feature or "non-compulsive", when it is better defined by a 97 

repetitive, distracted quality [33]. Compulsive grazing has been associated with psychological 98 

distress [34], ED symptoms [35], symptoms of food addiction [36], binge-type ED and higher 99 

weight [37]. It is also higher in persons with obesity, ED (especially binge eating disorder 100 

and bulimia nervosa, but also in other EDs), and markedly, where these overlap [37]. 101 

Lifestyle interventions for obesity are limited in effectiveness, and it has been 102 

increasingly apparent in recent years that cognitive and psychological factors need to be 103 

incorporated into treatment [38]. It is therefore important to examine the cognitive drivers of 104 

eating behaviours. As grazing has been placed on the spectrum of compulsive eating [33], it 105 

may be associated with failures of self-regulation implicating decreased EF. A recent model 106 
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[39] suggests that EF influences atypical eating behaviours including grazing, thus 107 

contributing to the maintenance of high weight. Furthermore, a recent study in persons with 108 

obesity and eating patterns including grazing determined that inhibitory control deficits 109 

improved with treatment specifically targeting this EF [40]. Currently, however, there is very 110 

little information on the neurocognitive correlates of grazing. 111 

 Therefore, this study aimed to investigate associations between grazing severity and 112 

any differences in EF present in persons with obesity with and without significant ED 113 

psychopathology, compared to a healthy-weight control group, while controlling for factors 114 

known to influence EF performance [41, 42]. It was hypothesised that (1) the 115 

neuropsychological performance of the healthy control group would be better than that of the 116 

group with obesity but without significant ED psychopathology, which in turn would display 117 

higher performance than the group with obesity and significant ED psychopathology; (2) any 118 

decrements in executive functioning found would be negatively associated with grazing, such 119 

that decreasing performance would be associated with increasing grazing severity. 120 

 121 

Materials and Methods 122 

Participants 123 

Ninety participants aged 18-65 years, with BMI in the "healthy" (18.5 ≤ BMI ≤ 25; n = 124 

45) or "obese" (BMI ≥ 30; n = 45) range, who had completed ≥10 years of education in 125 

English were recruited from community and university settings in Sydney, Australia between 126 

February 2015 and October 2016. Participants were recruited via online advertisements 127 

placed on websites such as Gumtree and Craigslist, and via flyers placed around university. 128 

All participants were screened over the telephone prior to face-to-face participation. 129 

Exclusion criteria consisted of: history of psychosis/mania, neurological disorders, learning 130 

disorders, hearing/visual impairment, regular sedative/stimulant use, substance use 131 
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difficulties and current participation in weight loss treatment. As reimbursement, community 132 

participants received an AUD$20 shopping card, while students received course credit. The 133 

study was approved by the University of Sydney Human Research Ethics Committee 134 

(2014/936). One healthy-weight participant endorsing significant ED psychopathology was 135 

excluded from the control group, leaving N = 89 as the final sample. Please see Appendix B 136 

for recruitment flow diagram. 137 

Procedure 138 

Participants completed a face-to-face assessment consisting of anthropometric 139 

measurement, self-report questionnaires containing demographics and measures of ED 140 

psychopathology and mood, followed by neuropsychological tests. 141 

Clinical measures 142 

Anthropometric measurements. BMI (kg/m2) was calculated using height and weight 143 

measured using Tanita Wedderburn BWB-700 scales and stadiometer.  144 

ED features were assessed with the 28-item Eating Disorder Examination-145 

Questionnaire [EDE-Q; 43]. A method for distinguishing participants likely to have an ED in 146 

community samples was employed based on Mond et al. [44]: (1) EDE-Q Global Score ≥ 2.3 147 

AND (2) the occurrence of objective binge eating episodes OR exercising for weight/shape 148 

reasons at least 1/week.  149 

Grazing severity was assessed with the seven-item Grazing Questionnaire [GQ; 34], 150 

which rates grazing frequency on a five-point scale; an additive total score is generated 151 

including two factors: repetitive (non-compulsive) grazing (four items; e.g. “Do you eat more 152 

or less continuously throughout the day or during extended parts of the day (e.g., all 153 

afternoon)?”), and perceived loss of control, or compulsive grazing (three items; e.g. “Have 154 

you ever felt that you were unable to stop grazing?”). The two factors were significantly and 155 

strongly positively correlated, r = 0.68, p < .001. 156 
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Depression severity over the past week was rated on a five-point Likert scale using the 157 

seven-item Depression subscale of the  Depression Anxiety Stress Scales-21 (DASS-21) [45]. 158 

Neuropsychological measures 159 

Full-Scale IQ was estimated using the Test of Premorbid Functioning (TOPF) [46], 160 

comprised of a list of 70 words with atypical grapheme to phoneme translations which are 161 

read aloud. The raw score consists of the total number of words pronounced correctly, 162 

ranging from 0 to 70. This score was converted to a standard score using age norms. 163 

Inhibition was assessed using the Hayling Sentence Completion Test [47]. Part A 164 

reflects response initiation: participants completed 15 sentences with an expected word, 165 

clearly suggested by the context. Part B reflects the inhibition of a prepotent response: 166 

participants had to produce a word that was incongruous in the context of 15 different 167 

sentences. Inhibition was operationalised as errors produced in Part B.  168 

Working memory was measured using Wechsler Adult Intelligence Scale-IV Digit 169 

Span subtest [48]. Participants were presented with clusters of numbers of increasing length 170 

and asked to repeat the numbers in the same order, backward, and in sequential order. The 171 

number of correct responses was recorded, ranging from 0 to 48. This raw score was 172 

converted to a standard score using age norms. 173 

Planning and organisation was assessed using the Rey Complex Figure Test (RCFT) 174 

[49]. Participants produced a freehand copy of an abstract drawing. A raw score was 175 

calculated by summing up points obtained for each of the elements of the figure copied 176 

correctly, ranging from 0 to 36. 177 

Verbal fluency was measured using the Controlled Oral Word Association Test [50]. 178 

Participants generated as many words as possible starting with three letters (F, A, S) in a one-179 

minute interval per letter (phonemic fluency). Participants then generated as many animal 180 
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names as possible for one minute (semantic fluency). The number of correct words for each 181 

category was recorded. 182 

Visual cognitive flexibility was assessed using the Trail Making Test (TMT) [51]. In 183 

Part A, participants draw lines connecting circled numbers in sequence (i.e., 1-2-3, etc.) as 184 

rapidly as possible. In Part B, participants draw lines to connect circled numbers and letters in 185 

an alternating numeric-alphabetic sequence (i.e., 1-A-2-B…) as rapidly as possible. To 186 

control for psychomotor speed, the B-A time difference was used as the outcome. 187 

Set shifting and perseveration was tested using a computerised version of the 188 

Wisconsin Card Sorting Test-64 Card Version (WCST) [52]. Respondents sorted 64 cards 189 

according to different principles and had to shift their sorting approach, with the number of 190 

perseverative errors recorded. 191 

Statistical plan 192 

Analyses were performed using IBM SPSS Statistics v26. Groups were compared using 193 

ANOVAs, Welch tests and χ2 tests. A two-tailed α of .05 was used, and for polynomial and 194 

pairwise contrasts Sidak corrections were employed for continuous variables and Bonferroni 195 

corrections for categorical variables. For count data, Poisson and Negative Binomial 196 

Regression were used, according to data dispersion. For continuous outcomes, Ordinary Least 197 

Squares Regression was used; residuals were inspected for normality, without any major 198 

departures observed. Unadjusted analyses were first conducted, followed by analyses 199 

adjusted for age, sex, education, estimated overall intellectual functioning and depression 200 

severity as recommended in prior EF research [42], with no important differences observed. 201 

No significant collinearity was detected, and robust standard errors were used for all 202 

analyses. Only two participants had missing data; five multiple imputation data sets were 203 

generated and analysed, with pooled results compared with original analyses, with no 204 

differences found for any of the outcomes. 205 
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For cognitive domains displaying between-group differences, the effect of grazing 206 

(entered as a continuous variable) on EF was examined within each of the groups, as these 207 

significantly varied in terms of their grazing severity.  208 

Power calculations using the G*Power 3 software indicated that with three groups, six 209 

covariates, α = .05, β = .80, and 89 participants, the power for detecting a large effect size (f = 210 

0.40) is 0.80. 211 

Results 212 

Sample characteristics 213 

The final sample consisted of 89 participants, 66.3% female, mean age (SD) 28.59 214 

(8.62) years, and mean years of education 16.47 (2.39). Twenty had obesity and significant 215 

ED symptoms (OBED), 25 had obesity without significant ED symptoms (OB), and 44 were 216 

healthy-weight controls without significant ED symptoms (HC). Full demographic and 217 

clinical characteristics can be found in Appendix A. No significant between-group 218 

demographic differences were observed.  219 

Clinical characteristics 220 

BMI, global ED psychopathology, depression and severity of grazing were generally 221 

highest in the OBED group, followed by the OB group and then HC (see Appendix A). Only 222 

the OBED group had an EDE-Q Global Score within the clinical range, and 100% of 223 

participants in this group endorsed objective binge episodes, with 65% endorsing at least one 224 

episode per week on average. Only two participants endorsed purging (with frequency lower 225 

than the DSM-5 criteria for purging bulimia nervosa). Hence, the OBED group can be 226 

conceptualised as being most closely aligned with the “binge eating disorder” category. 227 

Executive functioning 228 

Between-group differences. There was a significant effect of group on inhibition and 229 

phonemic fluency in both unadjusted analyses (Table 1) and those adjusted for covariates 230 
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(Table 2). Across both domains, a linear trend existed, showing a proportional decrease in 231 

performance from HC to the OBED to the OB group (inhibition: p = .007; fluency: p = .007). 232 

OBED participants committed approximately twice as many inhibition errors, and OB 233 

participants nearly four times as many inhibition errors, as HC (only the HC-OB pairwise 234 

comparison reached statistical significance, however, p = .011; HC-OBED p = .500). For 235 

verbal fluency, OBED participants generated ~four fewer words, and OB participants ~seven 236 

fewer words in one minute, than HC (although again, only the HC-OB pairwise comparison 237 

reached statistical significance, p = .010; HC-OBED p = .299). No between-group differences 238 

were found for the other EF domains (all ps > .05). Analyses were also conducted adjusting 239 

for BMI, due to BMI differences between the study groups (Table 4 in Appendix C). While 240 

EF between-group differences diminished (and did not reach statistical significance with the 241 

Sidak correction), the pattern of results remained the same. 242 

Effect of grazing severity. When grazing severity (overall, as well as of the "repetitive 243 

eating" and "loss of control" factors independently) was added to analyses for inhibition and 244 

phonemic fluency, a differential pattern of results emerged for the three groups (Table 3). 245 

Grazing did not influence performance within the HC group (all ps > .05). Within the OB 246 

group, however, overall grazing severity as well that of the two subfactors was associated 247 

with improved inhibition, such that for every one-point increase in grazing severity, OB 248 

participants committed 7-23% fewer errors (GQ total p < .001, GQ "repetitive eating" p < 249 

.001, GQ "loss of control" p = .023). No effect of grazing on phonemic fluency was observed 250 

in this group. In the OBED group, grazing severity was also associated with better 251 

performance; for every point increase in grazing severity, 2-5% more words were generated 252 

(GQ total p = .031, GQ "repetitive eating" p = .037, GQ "loss of control" p = .010), with a 253 

similar pattern emerging for inhibition, where 9-17% fewer errors were made (although these 254 

results were only marginally significant; GQ total p = .053, GQ "repetitive eating" p = .040, 255 
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GQ "loss of control" p = .115). These analyses were also conducted adjusting for BMI, 256 

(Table 5 in Appendix C), with results being very similar in terms of direction, strength and 257 

statistical significance. 258 

Discussion 259 

This study aimed to examine EF differences between a group with obesity with and 260 

without marked ED psychopathology and a group of HC, and to relate differences to grazing 261 

severity within the groups. 262 

The most notable finding was that OB participants displayed substantially lower 263 

response inhibition than HC. OBED participants were also less able to inhibit incorrect 264 

responses than HC, to a smaller degree. This finding contributes to growing evidence that 265 

inhibition is one of the most consistently-affected cognitive domains in obesity [14, 24], 266 

while highlighting the need to consider heterogeneity both within obesity and between 267 

different facets of inhibition (for example, response inhibition vs impulsive decision-making 268 

may be differentially affected in persons with obesity with and without ED [24, 53, 54]). OB 269 

participants also had lower phonemic fluency (reflecting frontal lobe activation), but not 270 

semantic fluency (reflecting both frontal and temporal activation [55-57]) than HC, with 271 

OBED participants placed between the two groups. This finding contributes to an emerging 272 

pattern of differences in prefrontal cortex function in obesity. In contrast to Yang et al. [14], 273 

no significant differences were found between groups for other EF domains. Our study 274 

sample was relatively young and healthy, potentially implicating a lower inflammatory 275 

profile and better executive control. Groups were also well-matched on important 276 

demographic and cognitive aspects. These factors could also account for the relatively small 277 

magnitude difference found between our study groups. However, as obesity has been linked 278 

to increased age-related cognitive decline [58], it is possible that differences between the 279 

groups could increase over time. The finding of reduced EF in those with obesity has 280 
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practical implications for the management of high weight, such as that processes other than 281 

direct energy intake should be targeted. Treatments that target EF (especially inhibition) such 282 

as ImpulsE [40] could be especially effective as a precursor/adjunct to traditional therapies 283 

such as behavioural weight loss or cognitive behavioural therapy. 284 

Grazing severity had a modest but statistically significant positive association with 285 

phonemic fluency in the OBED group, and with response inhibition in both OB and OBED 286 

participants. Previous research has proposed that those with disinhibited eating may exert 287 

stronger inhibition at other times as a compensatory mechanism [53]. It is possible that those 288 

with obesity and higher EF resources may be able to inhibit impulses to eat large amounts of 289 

food and may instead redirect consumption towards smaller amounts of food by through 290 

grazing as a strategy to prevent weight gain. The amount consumed through grazing over a 291 

long time period may still, however, contribute to weight gain or to maintenance of high 292 

weight. Grazing is also associated with high BMI and poorer mental health [35, 37], therefore 293 

this strategy may only be useful in the short term. It is also unclear if the positive association 294 

between EF and grazing is more strongly attributable to the "repetitive eating" aspect of 295 

grazing or its "loss of control" element, as these factors were highly correlated. It is possible 296 

that grazing higher in compulsivity may display a similar pattern of EF associations to binge 297 

eating. The relationship between EF and grazing in obesity requires replication within a 298 

larger sample size, and further research is needed to clarify directionality. Clinically, it would 299 

be useful to assess grazing in persons with high weight and/or ED especially given its high 300 

prevalence, and to establish its function, i.e. if this eating pattern contributes to significant 301 

overeating, or if it represents a restriction strategy. Given the associations with inhibition 302 

found within the current study, it is possible that grazing may serve a restrictive or 303 

compensatory purpose. This is important to determine, as it could inform case 304 
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conceptualisation and treatment approaches, for example whether grazing could be integrated 305 

within a treatment model such as CBT-E [59].  306 

This study presents significant strengths, such as adequate selection criteria, well-307 

matched comparison groups, and the use of validated measures. Some limitations were also 308 

present; although groups were matched on demographics, the sample was predominantly 309 

female; additionally, many of the neuropsychological tests were designed to be used within 310 

populations with brain injuries, and may thus not be sensitive at detecting subtler distinctions 311 

in EF [60], especially given the relatively small sample size.  312 

Future research could examine moderating factors linking EF and obesity-related 313 

behaviours such as grazing, including cognitive load, impulsivity, emotion regulation, and 314 

automatic processes such as habit strength, which would better represent “real world” dietary 315 

decisions. Secondly, more complex decision-making tasks or tasks incorporating ED-related 316 

stimuli could be used. Self-report measures of EF in daily life would also increase ecological 317 

validity in terms of EF integration and the complexity of day-to-day functioning [61]. 318 

Relationships between EF and grazing should also be examined in clinical ED samples, and 319 

using different indices of obesity. Finally, qualitative research would help clarify whether 320 

grazing is used as a restrictive strategy deployed to avoid other eating behaviours. 321 

Conclusion 322 

This study found that participants with obesity and without marked ED features 323 

manifested lower inhibitory control and phonemic fluency than healthy controls, with the 324 

performance of participants with obesity and marked ED features placed between the two 325 

groups. In general, grazing severity was positively associated with better performance for the 326 

two groups with obesity, raising the possibility that grazing may be used as a substitutive 327 

eating strategy by persons with obesity and with higher EF. 328 

What is already known on this subject? 329 
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Poorer executive functioning and a grazing eating pattern have been observed in 330 

persons with obesity and in eating disorders. However, the executive functioning correlates of 331 

grazing are not known.  332 

What does this study add? 333 

Poorer inhibition and phonemic fluency were found in those with obesity. Grazing had 334 

a weak, positive association with these domains in persons with obesity with and without 335 

eating disorder features. 336 

 337 

  338 
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Table 1. Neuropsychological measures - unadjusted scores 339 

 HC (n = 44) OB (n = 25) OBED (n = 20)      

Measure M(SD) M(SD) M(SD) F/Welch df p ηp2 
Pairwise 

comparisons 

TOPF 
111.25 
(10.90) 110.48 (12.02) 110.40 (14.27) 0.05 2, 86 .951 0.00 - 

Digit Span 12.05 (3.32) 11.24 (2.86) 10.37 (3.00) 1.99 2, 85 .144 0.05 - 
RCFT-Copy 34.27 (1.65) 33.72 (2.15) 33.79 (3.58) 0.56 2, 85 .572 0.01 - 

FAS 
45.73 

(11.18) 38.64 (11.83) 42.45 (10.04) 3.27 2, 86 .043 0.07 HW > OB 
Animals 25.93 (4.48) 27.60 (8.73) 25.55 (5.08) 0.50 2, 39.71 .613 0.02 - 

TMT (B-A time) 
34.15 

(18.56) 32.29 (16.41) 36.27 (16.00) 0.16 2, 85 .849 0.00 - 
WCST (pers. 
errors) 6.23 (4.16) 8.40 (7.01) 7.16 (4.41) 1.09 2, 40.03 .347 0.03 - 
Haying (errors) 0.95 (1.60) 3.56 (4.33) 1.90 (2.17) 5.10 2, 36.42 .011 0.14 HW > OB 

Note. Means are unadjusted (with the exception of TOPF and Digit Span, which represent age-scaled scores) 340 
and presented with SD. 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

Table 3. Effect of grazing on phonetic fluency and inhibition performance 353 

    HC (n = 44) OB (n = 25) OBED (n = 20) 
Measure Grazing IRR [95% CI] p IRR [95% CI] p IRR [95% CI] p 
FAS Total 1.00 [0.99, 1.01] .923 1.00 [0.98, 1.02] .923 1.02 [1.00, 1.03] .031 
 Repetitive eating 1.00 [0.98, 1.02] .977 1.01 [0.98, 1.04] .521 1.02 [1.00, 1.04] .037 
 Loss of control 1.00 [0.98, 1.02] .868 0.99 [0.95, 1.03] .567 1.05 [1.01, 1.08] .010 
        
Hayling 
(errors) Total 0.93 [0.83, 1.05] .239 0.87 [0.81, 0.94] <.001 0.91 [0.83, 1.00] .053 
 Repetitive eating 0.95 [0.83, 1.09] .470 0.81 [0.73, 0.90] <.001 0.86 [0.74, 0.99] .040 
  Loss of control 0.77 [0.57, 1.06] .105 0.79 [0.65, 0.97] .023 0.83 [0.67, 1.05] .115 

Note. IRRs are adjusted for covariates (age, sex, years of education, depression severity, estimated intellectual 354 
functioning). 355 
  356 

 

Table 2. Neuropsychological measures adjusted for covariates 

 HC (n = 44) OB (n = 25) OBED (n = 20)    

Measure EMM(SE) EMM(SE) EMM(SE) 
Wald 
χ2(2) P 

Pairwise 
comparisons 

Digit Span 11.92 (0.48) 10.73 (0.49) 10.73 (0.68) 3.64 .162 - 
RCFT-Copy 34.34 (0.23) 33.57 (0.40) 33.79 (0.78) 3.18 .204 - 
FAS 45.14 (1.37) 38.65 (1.87) 41.20 (1.89) 9.14 .010 HW > OB 
Animals 25.83 (0.63) 27.70 (1.39) 25.00 (1.30) 2.29 .318 - 
TMT(B-A time) 34.75 (2.73) 34.89 (3.23) 32.77 (4.09) 0.18 .913 - 
WCST (pers. 
errors) 6.34 (0.67) 7.82 (0.97) 6.81 (1.21) 1.57 .457 - 
Haying (errors) 0.91 (0.21) 3.54 (0.91) 1.62 (0.50) 11.00 .004 HW > OB 

Note. Estimated marginal means are adjusted for covariates (age, sex, years of education, 
depression severity, estimated intellectual functioning). 
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Appendix A. Demographic and clinical characteristics 
 

 
HC (n = 44) 
n%; M(SD) 

OB (n = 25) 
n%; M(SD) 

OBED (n = 20) 
n%; M(SD) 

F/Welch/χ2 
statistic 

Pairwise 
comparison 

Source of recruitment 
(community / university) 

2 (4.5) / 42 
(95.5) 4 (16) / 21 (84.0) 2 (10) / 18 (90) 2.60 - 

Age (years) 27.76 (7.45) 30.17 (10.82) 28.44 (8.10) 0.62 - 

Sex (female/male/other) 
32 (72.7) / 12 
(27.3) / 0 (0.0) 

13 (52.0) / 12 
(48.0) / 0 (0) 

14 (70.0) / 6 
(30.0) / 0 (0.0) 3.22 - 

Ethnicity 
(Caucasian/Asian/other) 

25 (56.8) / 17 
(38.6) / 2 (4.5) 

14 (56.0) / 10 
(40.0) / 1 (4.0) 

13 (65.0) / 5 
(25.0) / 2 (10.0) 1.95 - 

Income (AUD$1000) 61.31 (14.64) 57.29 (10.28) 61.05 (13.61) 0.79 - 
Country of birth 
(Australia/other) 

21 (47.7) / 23 
(52.3) 

13 (52.0) / 12 
(48.0) 

15 (75.0) / 5 
(25.0) 4.26 - 

Marital (married or in 
relationship) 29 (65.9) 9 (36.0) 11 (55.0) 5.76 - 
Education (years) 16.78 (2.29) 16.80 (2.76) 15.38 (1.84) 2.82 - 

BMI (kg/m2) 22.31 (2.04) 33.98 (3.11) 38.22 (5.66) 192.75*** 
OBED > OB 
> HW 

Obesity onset 
(child/adolescent/adult) - 

6 (24.0) / 9 
(36.0) / 10 (45.5) 

2 (10.0) / 6 
(30.0) / 12 

(60.0) 2.25 - 
Alcohol (std. 
drinks/week) 2.16 (3.18) 2.42 (3.10) 1.81 (3.17) 0.21 - 
Smoking 
(never/past/current) 

41 (93.2) / 1 
(2.3) / 2 (4.5) 

21 (84.0) / 0 
(0.0) / 4 (16.0) 

15 (75.0) / 1 
(5.0) / 4 (20.0) 5.41 - 

Cholesterol medication 0 (0.0) 1 (4.0) 0 (0.0) 2.59 - 
Blood pressure 
medication 0 (0.0) 1 (4.0) 0 (0.0) 2.59 - 
Antidepressant 
medication 1 (2.3) 1 (4.0) 3 (15.0) 4.37 - 

Trying to lose weight 4 (9.1) 19 (76.0) 16 (80.0) 42.71*** 
OB/OBED > 
HW 

Physical activity (<1h/1-
5h/>5h per week) 

6 (13.6) / 25 
(56.8) / 13 (29.5) 

5 (20.0) / 17 
(68.0) / 3 (12.0) 

3 (15.0) / 15 
(75.0) / 2 (10.0) 4.97 - 

EDE-Q Global Score 0.67 (0.65) 1.75 (0.82) 3.41 (0.70) 102.13*** 
OBED > OB 
> HW 

Objective binge 
episodes (no.) 0.70 (3.11) 1.36 (2.45) 14.45 (20.93) 13.73*** 

OBED > 
HW/OB 

Objective binge 
episodes (presence) 5 (11.4) 9 (36.0) 20 (100.0) 45.83** 

OBED > OB 
> HW 

Compensatory 
behaviour presence 7 (15.9) 9 (36.0) 9 (45.0) 6.84* 

OBED > 
HW 

Depression (DASS-21) 2.05 (3.55) 1.96 (2.13) 7.30 (5.42) 8.78** 
OBED > 
HW/OB 

Grazing (GQ) 7.23 (4.61) 11.52 (4.98) 16.10 (5.57) 23.02*** 
OBED > OB 
> HW 

Grazing- repetitive 
eating 5.11 (3.23) 7.04 (3.26) 8.80 (3.40) 9.21*** 

OB/OBED > 
HW 

Grazing-loss of control 2.11 (2.10) 4.48 (2.29) 7.30 (2.45) 37.91*** 
OBED > OB 
> HW 

Note. * p < .05. ** p < .01. *** p < .001. 
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Flow Diagram 

Screened for eligibility (n= 288) 

Excluded (n = 198) 
♦   BMI not in healthy-weight or obesity 

range (n = 19) 
♦  Could not access data collection 

location (n = 12) 
♦  Neurological condition (n = 8) 
♦  Psychiatric/substance use condition 

(n = 7) 
♦  Participation in weight loss program 

(n = 3) 
♦  <18 or >65 years old (n = 1) 
♦  <10 years of education in English 

and/or not fluent in English (n = 16) 
♦  Declined to participate (n = 107) 
♦  Other reasons (n = 25) 

Data collected (n = 90) 

Excluded from analyses (n = 1) 
♦  Healthy-weight participant endorsing 

ED psychopathology (n = 1) 

Data analysed (n = 89) 



APPENDIX C. Analyses adjusted for covariates and participant BMI 
 

 

 

 

 

 

 

 

 

 

 

Table 5. Effect of grazing on phonetic fluency and inhibition performance adjusted for 
covariates and BMI 

    HC (n = 44) OB (n = 25) OBED (n = 20) 
Measure Grazing IRR [95% CI] p IRR [95% CI] p IRR [95% CI] p 
FAS Total 1.00 [0.99, 1.01] .723 1.00 [0.98, 1.02] .883 1.01 [1.00, 1.03] .029 
 Repetitive eating 1.00 [0.98, 1.02] .894 1.01 [0.98, 1.05] .458 1.02 [1.00, 1.04] .080 
 Loss of control 1.01 [0.98, 1.03] .576 0.99 [0.95, 1.03] .553 1.04 [1.01, 1.07] .009 
        
Hayling 
(errors) Total 0.92 [0.78, 1.08] .319 0.90 [0.84, 0.96] .001 0.91 [0.79, 1.05] .188 
 Repetitive eating 0.95 [0.82, 1.09] .458 0.82 [0.73, 0.91] <.001 0.86 [0.73, 1.03] .095 
  Loss of control 0.77 [0.57, 1.05] .101 0.78 [0.65, 0.94] .007 0.84 [0.65, 1.08] .172 

Note. IRRs are adjusted for covariates (age, sex, years of education, depression severity, estimated intellectual 
functioning) and BMI. 

 

Table 4. Neuropsychological measures adjusted for covariates and BMI 

 HC (n = 44) OB (n = 25) OBED (n = 20)    

Measure EMM(SE) EMM(SE) EMM(SE) 
Wald 
χ2(2) p 

Pairwise 
comparisons 

Digit Span 11.90 (0.73) 10.75 (0.62) 10.75 (0.91) 0.99 .611 - 
RCFT-Copy 32.95 (0.99) 34.73 (0.97) 35.53 (0.87) 3.43 .180 - 
FAS 42.38 (2.20) 40.48 (2.13) 44.59 (3.27) 1.99 .370 - 
Animals 25.71 (1.26) 27.79 (1.47) 25.15 (1.86) 2.43 .297 - 
TMT(B-A time) 42.07 (4.69) 28.81 (4.24) 23.82 (4.91) 4.47 .107 - 
WCST (pers. 
errors) 7.37 (1.44) 6.91 (1.31) 5.62 (1.29) 1.11 .573 - 
Haying (errors) 1.16 (0.35) 2.83 (0.94) 1.22 (0.54) 3.21 .201 - 

Note. Estimated marginal means are adjusted for covariates (age, sex, years of education, 
depression severity, estimated intellectual functioning) and BMI 
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