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Abstract 

Many eating-related psychological constructs have been proposed to explain obesity and over-

eating. However, these constructs, including food addiction, disinhibition, hedonic hunger, 

emotional eating, binge eating, and the like all have similar definitions, emphasising loss of 

control over intake. As questionnaires measuring the constructs correlate strongly (r>0.5) with 

each other, we propose that these constructs should be reconsidered to be part of a single broad 

phenotype: uncontrolled eating. Such an approach enables reviewing and meta-analysing 

evidence obtained with each individual questionnaire. Here, we describe robust associations 

between uncontrolled eating, body mass index (BMI), food intake, personality traits, and brain 

systems. Reviewing cross-sectional and longitudinal data, we show that uncontrolled eating is 

phenotypically and genetically intertwined with BMI and food intake. We also review evidence 

on how three psychological constructs are linked with uncontrolled eating: lower cognitive 

control, higher negative affect and a curvilinear association with reward sensitivity. Uncontrolled 

eating mediates all three constructs’ associations with BMI and food intake. Finally, we review 

and meta-analyse brain systems possibly subserving uncontrolled eating: namely, (i) the 

dopamine mesolimbic circuit associated with reward sensitivity, (ii) frontal cognitive networks 

sustaining dietary self-control, and (iii) the hypothalamus-pituitary-adrenal axis, amygdala and 

hippocampus supporting stress reactivity. While there are limits to the explanatory and predictive 

power of the uncontrolled eating phenotype, we conclude that treating different eating-related 

constructs as a single concept, uncontrolled eating, enables drawing robust conclusions on the 

relationship between food intake and BMI, psychological variables, and brain structure and 

function.
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Introduction 

Obesity is the result of a sustained excessive energy intake (Hall, 2018), and energy intake is 

100% accounted by behaviour (Blundell & Finlayson, 2004). Further, evidence from genetics 

and brain imaging suggest that obesity’s causes are rooted in the brain  (Dagher, 2012; Vainik et 

al., 2013, 2018; Locke et al., 2015). Therefore, individual differences in obesity should at least 

partly be explained by individual differences in behaviour. Here we seek to provide an overview 

of a proposed unified psychological construct associated with overeating and obesity: 

Uncontrolled Eating. Although the current paper is intended for a special topic on addictions, we 

have refrained from framing current discussion from a food addiction perspective, as for reasons 

outlined below, many associations found with a “food addiction” questionnaire are equally likely 

to be found with other eating-related questionnaires.  

Uncontrolled Eating as the intersection of different eating-related traits 

Uncontrolled eating has been created as an umbrella term for several correlated psychological 

constructs. These constructs are measured by questionnaires that ask about various types of 

overeating (see Table 1). The name uncontrolled eating was inspired by Karlsson (2000) and 

chosen because it seems to most closely track the content of the questions in the commonly used 

eating behaviour questionnaires (Vainik, Neseliler, et al., 2015). Nonetheless, the indicators of 

uncontrolled eating are rather diverse. As summarised in Table 1, some questionnaires are 

intended to measure loss of control over eating (binge eating, uncontrolled eating, loss of control 

over eating), whereas others target the reasons behind overeating, like negative emotions 

(emotional eating), exposure to appetising food (external eating, hedonic hunger, reward-based 

eating drive), inability to restrain food intake (disinhibition), not feeling satiated (susceptibility to 

hunger), craving for food, and even outright food addiction. Despite the diverse names, the 
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commonly used eating trait questionnaires tend to have strong correlations with each other 

(r>0.5) (Price et al., 2015; Vainik, Neseliler, et al., 2015; Mason et al., 2017), suggesting that 

people do not differentiate well between the different reasons for overeating, at least while 

answering questionnaires. Intriguingly, whenever a new eating-related questionnaire is 

developed, the questionnaire tends to be validated by having r>0.5 correlations with existing 

eating-related questionnaires (Gearhardt et al., 2009; Lowe et al., 2009; Ruddock et al., 2017), 

but is still proposed as measuring something new. 

Table 1. Constructs that fit under the Uncontrolled Eating umbrella. Definitions are chosen from 

the original questionnaires or integrative reviews.  

Construct Definition Example 

questionnaire 

Binge eating "Binge eating disorder is defined as recurring 

episodes of eating significantly more food in a short 

period of time than most people would eat under 

similar circumstances, with episodes marked by 

feelings of lack of control. Someone with binge 

eating disorder may eat too quickly, even when he 

or she is not hungry. The person may have feelings 

of guilt, embarrassment, or disgust and may binge 

eat alone to hide the behavior. This disorder is 

associated with marked distress and occurs, on 

average, at least once a week over three months." 

(American Psychiatric Association, 2013a, 2013b). 

Binge Eating 

Scale (Gormally 

et al., 1982) 

Disinhibition 

Also:  

‘Opportunistic 

Eating' 

‘Readiness to Eat’ 

"A tendency towards overeating and eating 

opportunistically in an obesogenic environment. 

Examples include eating in response to negative 

affect, overeating when others are eating, not being 

able to resist temptations to eat, and overeating in 

response to 

Three-Factor 

Eating 

Questionnaire 

(Stunkard & 

Messick, 1985) 
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and ‘Thrifty 

Behaviour’ 

the palatability of food." (Bryant et al., 2008) (p. 

409) 

Emotional Eating "Eating behavior in response to negative emotions" 

(Bongers & Jansen, 2016) (p. 1) 

 

Dutch Eating 

Behaviour 

Questionnaire 

(Tatjana van 

Strien, Frijters, 

Bergers, & 

Defares, 1986). 

Others reviewed 

by: (Bongers & 

Jansen, 2016; 

Frayn & Knäuper, 

2017)  

External Eating "Eating in response to food-related stimuli, 

regardless of the internal state of hunger or satiety" 

(van Strien et al., 1986) (p. 296) 

Being affected by hedonic appeal of the food by 

sensory cues (e.g., palatability) (Herman & Polivy, 

2008)  

Dutch Eating 

Behaviour 

Questionnaire 

(van Strien et al., 

1986) 

Food addiction “…there is no consensus that [food addiction] (FA) 

is a clinical disorder nor is there a universally 

accepted definition for FA. A widely used 

definition for FA has emerged by mapping the 

DSM-IV diagnostic criteria for substance 

dependence to eating behaviors. These include: 

tolerance, withdrawal symptoms, larger amounts 

consumed than intended, persistent desire or 

unsuccessful attempts to cut down, much time spent 

using or recovering from substance, continual use 

despite knowledge of consequences, activities given 

up due to use of substance” (Pursey et al., 2014) (p. 

4553) 

Yale Food 

Addiction Scale 

(Gearhardt et al., 

2009) 
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Food craving “An intense desire to eat a specific food item 

(Weingarten & Elston, 1990; Nijs et al., 2007) (p. 

38) 

Food Cravings 

Questionnaire-

Trait (Cepeda-

Benito et al., 

2000; Nijs et al., 

2007) 

Hedonic hunger. 

Also: appetitive 

drive to consume 

highly palatable 

food 

2009: "Individual differences in appetite-related 

thoughts, feelings and motivations in environments 

where plentiful palatable foods are constantly 

available." (Lowe et al., 2009) (p. 114) 

2018: "hedonic hunger reflects something beyond a 

normative desire to eat delicious foods. It appears to 

identify the minority of individuals for whom such 

foods are particularly compelling and have 

cognitive (in terms of food preoccupation), 

affective (in terms of powerful yearnings and 

cravings), and behavioral (in terms of the 

experience of [loss of control] eating episodes) 

implications.” (Espel-Huynh et al., 2018). (p. 8) 

The Power of 

Food Scale (Lowe 

et al., 2009) 

Loss of control 

over eating 

(Loss of control over eating) “is a psychopathology 

construct that is uniquely associated with distress 

and impairment, disturbed eating behaviour, and 

weight-related factors in both cross-sectional and 

prospective studies, independent of episode size and 

body weight.” (Goldschmidt, 2017) (p. 444) 

Loss of Control 

over Eating Scale 

(Latner et al., 

2014) 

Reward-based 

eating drive 

"Normative but compulsive syndrome of strong 

eating drive", which includes a "cluster of 

behavioral symptoms – excessive drive to eat that 

results from feelings of lack of control, diminished 

satiety, and preoccupation with food" (Epel et al., 

2014) (pp. 1-2) 

The Reward-

Based Eating 

Drive Scale 

(Mason et al., 

2017) 
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Susceptibility to 

hunger 

"The extent to which hunger feelings are perceived 

and the extent to which such feelings evoke food 

intake. For example, feeling so hungry an 

individual eats more than three times per day, or 

feeling so hungry that their stomach feels like a 

bottomless pit.” (Bryant et al., 2008) (pp. 409-410) 

Three-Factor 

Eating 

Questionnaire 

(Stunkard & 

Messick, 1985) 

Uncontrolled 

Eating 

“Overall difficulties in the regulation of eating” 

(Karlsson et al., 2000) (p. 1718) 

“The tendency to eat more than usual because of a 

loss of control over intake" (Cappelleri et al., 

2009)(p. 612) 

Three-Factor 

Eating 

Questionnaire R-

18 & R-21 

(Karlsson et al., 

2000; Cappelleri 

et al., 2009) 

 

Granted, there may be experimental situations where a specific questionnaire might be better at 

predicting food intake than others (van Strien et al., 2012). In most cases, however, this is not the 

case (Bongers & Jansen, 2016; Frayn & Knäuper, 2017). The incremental validities of each 

eating questionnaire to predict an outcome, such as food intake or weight gain, should be 

rigorously demonstrated (Vainik, Neseliler, et al., 2015; Westfall & Yarkoni, 2016; Vainik & 

Meule, 2018) and not just assumed to exist because the questionnaires happen to have different 

names. Having different names for the same underlying construct, the “jangle fallacy”, creates 

confusion and segregation of research (Kelley, 1927). As the jangle fallacy seems common in 

obesity research (Vainik, Neseliler, et al., 2015; Vainik & Meule, 2018) we take the approach of 

summarising the evidence found with any questionnaire measuring any construct in Table 1 as a 

quest to summarise evidence on the core concept of uncontrolled eating.  

This approach is based on the common explanation of the jangle fallacy –the presumed existence 

of a single latent construct that causes variance in all eating-related traits (Borsboom, 2006; 

Vainik, Mõttus, et al., 2015; Vainik, Neseliler, et al., 2015). Therefore, each questionnaire in 
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Table 1 is an interchangeable indicator of the uncontrolled eating construct. This assumption 

leads to the indifference of indicator principle (Spearman, 1927) - evidence collected with each 

single questionnaire/indicator should also apply to other questionnaires/indicators and to general 

uncontrolled eating. We therefore review the literature form this perspective, while attempting to 

be more integrative than previous reviews that have focused only on one aspect of uncontrolled 

eating and did not consider the cross-talk between the measurement traditions (Bryant et al., 

2008; Herman & Polivy, 2008; Macht, 2008; Pursey et al., 2014; Espel-Huynh et al., 2018). 

The main goal of mapping out the correlates of uncontrolled eating is to simply organise the 

literature – what are the typical behaviours, constructs, and brain features linked with the 

common uncontrolled eating construct? Even if the common latent construct model happens to 

be ultimately incorrect, there is value in documenting the associations. To draw a parallel with 

IQ – while the mechanism that causes similarity between indicators of IQ is debated (Van Der 

Maas et al., 2006), measures of global IQ are still useful for predicting outcomes such as job 

performance and health (Gottfredson & Deary, 2004). 

Further, such mapping of correlations paves the way for transforming uncontrolled eating from a 

statistically derived construct into an observable phenotype - a set of observable characteristics 

of an individual resulting from the interaction of their genotype with the environment. For 

instance, concurrent validity is offered by uncontrolled eating’s potential associations with 

concrete observable physical phenotypes or behaviors, such as body mass index, weight change, 

amount of food eaten, and eventually brain imaging measures. To a lesser extent, there is also 

value in relating uncontrolled eating to other psychological constructs, as those constructs are 

often related to observable phenomena. For instance, dimensions of impulsivity are related to 

alcohol abuse, pathological gambling, and antisocial behaviour  (e.g., Whiteside et al., 2005).  



9 
 

 

In contrast, listing the heritability coefficients and brain correlates of uncontrolled eating should 

not be viewed as proof that uncontrolled eating undoubtedly has biological roots. It is well 

known that most observable psychological or behavioral features are heritable to some degree 

(Turkheimer, 2000), and many constructs have measurable brain correlates (Yarkoni et al., 

2011). Rather, we hope that the coefficients and associations listed in the review will be viewed 

as a starting point in establishing biological roots and inspire further research.  
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 Uncontrolled eating as a continuum 

Uncontrolled eating is seen as a continuum trait, as opposed to conventional binary “all or 

nothing” diagnostic labels. In psychiatry, considering psychopathology as dimensional traits may 

better depict inter-individual differences (Kozak & Cuthbert, 2016). The 5th version of 

Diagnostic and Statistical Manual of Mental Disorders (DSM-5) has also introduced severity 

levels for binge eating disorder, a clinical manifestation of uncontrolled eating (Dakanalis et al., 

2017). Preclinical levels of uncontrolled eating might also vary on a spectrum (Davis, 2013). At 

the lower end of the spectrum, eating behaviour can be regarded as “passive overeating”, 

occurring in the absence of impulsive/compulsive symptoms. At the opposite extreme, 

overeating is characterised by binge eating episodes and by severe episodes of loss of control 

over food ingestion (Davis, 2013).  

 

Figure 1. Idealised representation of questionnaires based on the severity of Uncontrolled Eating 

they measure best. Colored lines are Test Information Curves provided by Item Response Theory 

analysis (Baker, 2001). On the x axis, the Test Information Curves outline the region in the latent 

trait score they measure the best. On the y axis, Test Information reflects the factor loading to the 

latent trait. As this is a conceptual diagram, all questionnaires have been depicted to have equal 

loading to the common latent trait. The figure has been redrawn to conceptually reflect the 

empirical results of Vainik et al (2015). 
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Our group has provided preliminary empirical evidence that pre-clinical variation in uncontrolled 

eating is well captured by a measurement model that combines different uncontrolled eating 

questionnaires into a single factor (Vainik, Neseliler, et al., 2015). Some questionnaire items, 

such as eating impulsivity, a subset of uncontrolled eating-related items from Impulsiveness 

subscale of NEO-PI questionnaire (e.g., “I sometimes eat too much”) (Costa & McCrae, 1992; 

Vainik, Mõttus, et al., 2015; Vainik, Neseliler, et al., 2015) seem to reflect the lower end of 

uncontrolled eating pathology. Most questionnaires capturing emotional eating and hedonic 

eating might explain variance in the middle part of the spectrum, while questionnaires capturing 

symptoms of binge eating might reflect the severe end of uncontrolled eating (summarised in 

Figure 1). On their own, each questionnaire might not encompass the full spectrum of 

uncontrolled eating. To overcome this issue, Mason et al. constructed the Reward-related Eating 

Drive (RED-13) questionnaire that covers variance spanning from mild to very severe forms of 

uncontrolled eating (Mason et al., 2017). This questionnaire has been recently been shortened 

(Vainik et al., In press) and highlighted as a core measure in the ADOPT initiative 

(Accumulating Data to Optimally Predict Obesity Treatment) (Sutin et al., 2018). 

Cross-sectional studies link uncontrolled eating to food intake and BMI.  

Uncontrolled eating measures an individual’s tendency to overeat. Higher scores on various 

measures of uncontrolled eating relate to increased eating in different experimental settings 

(reviewed in Bongers & Jansen, 2016; Bryant et al., 2008; Espel-Huynh et al., 2018; 

Goldschmidt, 2017). People with higher uncontrolled eating scores have also higher self-reported 

fat intake (reviewed in Stevenson, 2017). The associations between uncontrolled eating and food 

intake are more consistent when uncontrolled eating is measured by Disinhibition scale (Bryant 

et al., 2008) and loss of control over eating (Goldschmidt, 2017), whereas the associations are 

weaker when uncontrolled eating is measured by emotional eating (Bongers & Jansen, 2016) or 
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hedonic hunger (Espel-Huynh et al., 2018). There may be two explanations for this. First, 

disinhibited eating and loss of control over eating might be “purer” measures of uncontrolled 

eating and therefore relate to food intake more strongly than the other traits that assess specific 

reasons for overeating, such as hedonic hunger or negative emotions. Second, experiments 

involving disinhibition and loss of control over eating typically attempt to relate the 

questionnaire to simple food consumption, whereas studies using emotional eating and power of 

food questionnaires attempt to induce or refer to a specific emotional state in participants. 

Since uncontrolled eating is associated with food overconsumption, the trait should also relate to 

obesity and BMI. This is indeed the case – uncontrolled eating modelled as common variance 

across many questionnaires tends to have positive cross-sectional associations with BMI (Price et 

al., 2015; Vainik, Neseliler, et al., 2015). Moreover, almost all of the individual food behaviour 

questionnaires that contribute to uncontrolled eating also correlate with BMI (French et al., 

2012; Price et al., 2015; Vainik, Neseliler, et al., 2015; Goldschmidt, 2017; Mason et al., 2017).  

Uncontrolled eating has a genetic background  

Behavioural genetic models show that uncontrolled eating is a heritable trait. Typically, 

behavioural genetic analysis uses twin samples and ACE models to parcellate variance of a 

phenotype into three components: ‘A’, heritable component, variance explained by genetic 

signal; ‘C, shared environmental component, variance shaped by home and school environment 

that twin pairs share; and ‘E’ – unique environmental component, variance assumed to be 

explained by environmental factors that are not shared by twins, i.e. unique experiences with the 

world. Across twin samples from North America, Europe, and Korea, the various uncontrolled 

eating constructs within TFEQ and DEBQ have the following heritability: disinhibition: 40-45%, 

uncontrolled eating: 45-69%, emotional eating: 9-45%, external eating: 25%, and susceptibility 
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for hunger: 8-23% (Steinle et al., 2002; Neale et al., 2003; de Castro & Lilenfeld, 2005; Tholin 

et al., 2005; Keskitalo et al., 2008). Most of the estimates are close to the meta-analytic 

heritability of any personality trait (47%) (Vukasović & Bratko, 2015) or any behavioural trait 

(49%) (Polderman et al., 2015). As a general trend, there is no shared environmental component 

(‘C’) for uncontrolled eating. Rather, the non-genetic variance of uncontrolled eating is 

explained by environmental factors that are not shared by twins (‘E’).  

There is also a sizable genetic component in the correlations between different questionnaires 

measuring aspects of uncontrolled eating, as well as uncontrolled eating’s correlations with BMI 

and food consumption. Namely, a shared genetic factor explains most of the covariance between 

subdimensions related to uncontrolled eating within the TFEQ (Neale et al., 2003). In a similar 

fashion, the heritable variances (‘A’) of emotional eating and uncontrolled eating overlap 

strongly, with a genetic correlation of rg=0.75 (as measured by TFEQ-R18, Keskitalo et al., 

2008). Further, heritable variance explains 58% of the phenotypic correlation between the two 

traits (r=0.56). Keskitalo et al. (Keskitalo et al., 2008) also found similar patterns for the 

associations between uncontrolled eating and BMI (rg=0.29-0.51, ‘A’ explains 81%), and the 

correlations between uncontrolled eating and self-reported liking and consumption of 

sweet/salty-and-fatty foods (rg = 0.16-0.31, ‘A’ explains 52-100%). The genetic overlap between 

uncontrolled eating and BMI calls into question whether uncontrolled eating is any different 

from BMI in terms of genetic signature.  

A recent GWAS on food addiction has outlined that there is some meaningful genetic signal to 

the portion of uncontrolled eating that is independent of BMI (Cornelis et al., 2016). Across 

9000+ participants, the study did not find evidence for links between addiction-like eating 

(measured by the Yale Food Addiction Scale) and genes linked to addiction- like behaviour 
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through theory or previous genome-wide association studies. This argues against the view that 

there is shared genetic potential between other addictions and “food addiction/ uncontrolled 

eating” (Carlier et al., 2015). Second, the study did not replicate the association between 

uncontrolled eating and dopamine polygenic score, a composite score of several dopamine-

related alleles hypothesised to relate to addiction risk (Nikolova et al., 2011; Davis et al., 2013). 

Still, Cornelis et al (2016) found two single nucleotide polymorphisms associating with Yale 

Food Addiction Scale while controlling for BMI; however their role in eating behavior is not 

clear. This could mean that uncontrolled eating as a phenotype encompasses more than just over-

eating or addictive behaviour, or that drug addiction and over-eating do not have the same 

genetic or neural causes. However, the results of genome-wide associations studies on behavioral 

traits are generally hard to explain, as the pathway from molecular mechanism to behaviour is 

indirect (Turkheimer & Harden, 2014). 

The genetic overlap between uncontrolled eating and BMI could also suggest that the genetic 

risk for obesity acts via (perceived) self-control of food intake. There is indeed suggestive 

evidence for this: the top single nucleoid polymorphisms associated with BMI also correlate with 

uncontrolled eating (Cornelis et al., 2014), and uncontrolled eating mediates the effect of the 

BMI polygenic score on BMI (Konttinen et al., 2015). However, the causality in the latter model 

is not necessarily unidirectional. Based on longitudinal findings summarised below, uncontrolled 

eating can lead to higher BMI, but higher BMI can also lead to higher uncontrolled eating, that 

is, weight gain can change an individual’s answers on uncontrolled eating questionnaires. A 

possible interpretation is pleiotropy – uncontrolled eating and BMI share a set of genes, which 

cause both variation in BMI and variation in uncontrolled eating. Once larger genome-wide 

studies of uncontrolled eating are available, mendelian randomisation studies become possible to 
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enable disentangling the genetic causality between uncontrolled eating and BMI (Lawlor et al., 

2008).  

Despite the seemingly strong role of genetics, uncontrolled eating also appears to be susceptible 

to environmental influence. Non-shared environment (‘E’) has a role in explaining the 

phenotypic correlation between constructs of uncontrolled eating, the correlation between 

uncontrolled eating with BMI, and the associations of uncontrolled eating with liking for salty-

and-fatty foods (Keskitalo et al., 2008). This means, that if one twin has higher BMI or food 

intake due to some environmental factor, that twin is also likely to have higher uncontrolled 

eating. Such environment-mediated associations provide support for causal associations between 

traits (Turkheimer & Harden, 2014). Further, external environmental factors influence the 

heritability of traits: for instance, the heritability of BMI is lower in people that exercise 

(McCaffery et al., 2009; Horn et al., 2015; Graff et al., 2017). Therefore, heritability only stands 

for genetic potential for a trait to manifest, and this potential can be altered with interventions. 

In summary, the genetics-based biological background of uncontrolled eating is elusive. The 

hypothesised link to addiction is not well borne out by genetic studies in large samples. While 

family environment plays no role in uncontrolled eating, unique environmental experiences 

partly account for the variance in uncontrolled eating and its associations with other traits.  

Longitudinal associations between uncontrolled eating and body weight 

The cross-sectional covariance between uncontrolled eating and BMI (Figure 2, line1) and the 

possibility of genetic pleiotropy lead to the question: what are the causal mechanisms? If 

uncontrolled eating robustly covaries with food intake and BMI, is uncontrolled eating a mere 

psychological reflection of one’s waistline or food intake? Does uncontrolled eating lead to 
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weight gain over time, or does obesity lead to increased uncontrolled eating over time? These 

associations can be disentangled in longitudinal designs (Figure 2, lines 4-5).  

As a general feature, uncontrolled eating tends to be stable over time with a test-retest reliability 

r~0.8 (Vainik et al., 2013) (Figure 2A, line 2). Similar stability is known for the main correlate 

of uncontrolled eating: BMI (Serdula et al., 1993) (Figure 2A, line 3). Such evidence suggests 

that uncontrolled eating and BMI can be considered trait measures, as similar test-retest 

reliability is known for other personality traits (McCrae et al., 2011). 

 

Figure 2. (A) Putative relationships between body mass index and uncontrolled eating and in 

longitudinal settings. (B) Independent relationships between uncontrolled eating and food intake 

identified from the literature. Solid lines depict that the relationship has been more consistently 

reported in the literature, as opposed to dashed lines. Abbreviations: BMI, body mass index; UE, 

uncontrolled eating.   

 

Individuals who exhibit high scores in uncontrolled eating at baseline generally tend to gain 

weight over time (French et al., 2012) (Figure 2A, line 4). Longitudinal studies have observed 

this trend by using questionnaires reflecting (i) emotional eating (Van Strien et al., 2013; 
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Boggiano et al., 2015), (ii) binge eating (Quick et al., 2013; Micali et al., 2014), (iii) disinhibited 

eating (Hays et al., 2002; Chaput et al., 2010, 2011), (iv) feelings of hunger (Hays et al., 2006) 

and (v) food reward sensitivity (Lipsky et al., 2016). Additionally, scores in uncontrolled eating 

seem to predict weight outcomes in clinical populations undergoing weight loss treatments. A 

national US registry on individuals attempting to lose weight concluded that low scores in 

disinhibited eating tended to be associated with greater success (Wing & Phelan, 2005). In 

dieters, high levels of emotional eating and overeating decreases the chances of weight loss after 

4 years (Keller & Hartmann, 2016). Along similar lines, studies on obese populations have also 

shown that patients exhibiting low scores in impulsive eating tend to show greater longitudinal 

reductions in BMI after both surgical and non-surgical diet-related or lifestyle-related clinical 

interventions (Dalle Grave et al., 2009; Legenbauer et al., 2010; Teixeira et al., 2010; Meany et 

al., 2014; Ivezaj et al., 2017). Uncontrolled eating questionnaires might thus prove useful to 

identify which patients on weight-loss treatments require additional help to achieve better 

outcomes.  

 

The relationship between uncontrolled eating and body weight might not be merely 

unidirectional (Figure 2A, line 5). Studies suggest a more complex picture, with changes in body 

weight also affecting eating behaviors (Boggiano et al., 2015). For instance, 6 and 12 months 

after bariatric surgery, scores in different uncontrolled eating scales tend to decrease, while 

scores on cognitive control over eating tend to increase (Dalle Grave et al., 2009; Koball et al., 

2016; Sevinçer et al., 2016; Holsen et al., 2017; Ivezaj et al., 2017). Scores on uncontrolled 

eating also show reductions after life-style weight loss interventions (Martin et al., 2006).  
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At the same time, the rates of change in uncontrolled eating and BMI do not always correlate 

(Figure 2, line 6). Clinical studies suggest that certain interventions work better for weight loss, 

while others seem more suitable for reducing uncontrolled eating. Based on a German weight 

loss registry, formerly obese people still have high uncontrolled eating compared to the general 

population (Feller et al., 2015). On the other hand, many binge-eating treatments reduce binge 

eating behavior but not weight (Wilson et al., 2007). A recent review on various therapies’ 

effects on weight loss and on decrease in uncontrolled eating (emotional eating or disinhibition) 

concluded that control-based therapies, such as cognitive-behavioural therapy, seem to succeed 

in reducing weight but tend not to reduce uncontrolled eating, whereas therapies more focused 

on accepting emotions (acceptance and commitment therapy, mindfulness) are able to reduce 

uncontrolled eating (Frayn & Knäuper, 2017). It seems that uncontrolled eating is then an 

important variable to be considered along with BMI when planning therapies, and focusing on 

only one of the two does not guarantee reductions of the other. Uncontrolled eating and BMI are 

intertwined, but still independent factors. 

Longitudinal associations between food intake and uncontrolled eating  

Studies disentangling the longitudinal associations between uncontrolled eating and food intake 

are less common. Weight loss is the main outcome of interest in most longitudinal studies, and 

conducting repeated food intake measurement is laborious. Still, a recent study showed that most 

laboratory food intake parameters have good test-retest reliability over one week (r>0.8; (Laessle 

& Geiermann, 2012)) (Figure 2B line 3’). Further, the same study found that TFEQ constructs at 

time 1 do not predict food intake at time 2, suggesting that natural variation in food intake is not 

explained by uncontrolled eating over baseline food intake (Figure 2B line 4’). Similarly, 

variation in food intake at time 1, i.e., by manipulating hunger levels, does not influence 
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uncontrolled eating scores (Witt et al., 2013), with the exception of external eating (Evers et al., 

2011) (Figure 2B line 5’).  

An interesting observation is that food intake varies more from day-to-day than uncontrolled 

eating. An experience sampling study asked adolescents to rate uncontrolled eating and food 

intake daily for 20 days (Bejarano & Cushing, 2018). They found that the variability in 

uncontrolled eating was 2/3 between person (i.e., trait) and 1/3 within person (i.e., state) (Figure 

2B line 2’), and the proportions were roughly reversed for food intake (2/3 within person and 1/3 

between person). They further found that trait uncontrolled eating associated with general (trait-

like) consumption of fatty foods (Figure 2B line 1’), whereas daily variation in UE associated 

with daily variation in starchy food consumption (Figure 2B line 6’). Taken together, current 

preliminary evidence seems to suggest that uncontrolled eating and food intake are more likely to 

be interchangeable processes – uncontrolled eating could be a broad summary of daily food 

intake fluctuations. However, because uncontrolled eating and food intake fluctuate at different 

rates, and food intake is hard to measure, proper demonstration of such covariation has not been 

attained.  

The three psychological constructs of uncontrolled eating: reward sensitivity, cognitive 

control , and negative affect 

Uncontrolled eating has been related to several psychological constructs, which provide clues 

about the psychological processes co-occuring with uncontrolled eating. The three main ones 

suggested by the literature are reward sensitivity, cognitive control, and negative affect. These 

three constructs form the core framework for impulsivity (Whiteside & Lynam, 2001; Sharma et 

al., 2014), are linked to real-life maladaptive behaviours (Whiteside et al., 2005; Sharma et al., 

2013), and to obesity (Vainik et al., 2013). Since people have made a distinction between 
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domain-general and domain-specific versions of impulsivity (Tsukayama et al., 2012), we also 

consider this distinction here. 

Foremost, uncontrolled eating has been linked to reward sensitivity – a heightened likelihood of 

approach behaviour and experience of pleasant affect (Lucas et al., 2000). There is some 

evidence that uncontrolled eating correlates positively with domain-general reward sensitivity in 

mostly normal-weight young adult samples (Finlayson et al., 2012; Neseliler et al., 2018). At the 

same time, reverse effects are seen in exclusively overweight and obese samples. Namely, 

uncontrolled eating relates negatively to Extraversion (Elfhag & Morey, 2008; Provencher et al., 

2008), a trait driven by reward sensitivity (Lucas et al., 2000). Taken together, general reward 

sensitivity’s association with uncontrolled eating may be moderated by weight status – 

overeating may be enjoyable if it does not lead to struggle with excessive weight. Similarly, a 

curvilinear association has also been suggested between reward sensitivity and BMI (Davis & 

Fox, 2008), and dopaminergic tone and BMI (Horstmann et al., 2015). 

The second underlying psychological construct of uncontrolled eating is lower cognitive control 

– an individual’s difficulties for flexible adaptive goal-directed action. In the case of 

Uncontrolled Eating, low cognitive control could mean an inability to moderate the behavioural 

response to heightened reward sensitivity. Several studies have associated uncontrolled eating 

with laboratory-based tests of cognitive control (Yeomans et al., 2008; Appelhans et al., 2011; 

Leitch et al., 2013; Calvo et al., 2014; Yeomans & Brace, 2015; Bartholdy et al., 2016; Brace & 

Yeomans, 2016; Lavagnino et al., 2016; Eneva et al., 2017; Martin et al., 2018). Examples of 

tests used include delay discounting, the Go-Nogo task, but also memory tests. The results are 

mostly inconsistent - the effects tend to be driven only by certain cognitive tests, and the same 

cognitive tests do not replicate from study to study. In personality literature, uncontrolled eating 
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correlates positively with Impulsiveness as measured by Barrat Impulsiveness Scale (e.g., Meule 

& Blechert, 2017), and negatively with Conscientiousness (Elfhag & Morey, 2008; Provencher 

et al., 2008), a personality trait associated with self-management and impulse control. 

A third related construct is negative affect – increased likelihood of experiencing negative 

emotions and sensitivity to negative signals in the environment. Several studies have shown that 

measures of uncontrolled eating positively correlate with Neuroticism (Elfhag & Morey, 2008; 

Provencher et al., 2008), a measure of sensitivity to negative emotions. The same measures also 

correlate positively with depressive symptoms (Konttinen et al., 2014; Paans et al., 2018). 

The associations between those domain-general traits and uncontrolled eating are very much 

expected, as these three traits seem to have eating-specific matches (Table 1). Granted, the 

empirical demonstration of these eating-specific subdomains of uncontrolled eating still has to be 

conducted. However, such a relationship is suggested by the definitions of constructs, names of 

questionnaires (Table 1), and item content.  

Food-specific reward sensitivity – heightened sensitivity and responsiveness to food cues, is 

often the focus of questionnaires intending to measure constructs such as reward-related eating, 

hedonic eating, food craving, and external eating. A review of the evidence provides support for 

such “cue-reactive eating”, as people with high uncontrolled eating eat more when food is on 

display (Bongers & Jansen, 2016). Uncontrolled eating also covaries positively with behavioural 

measures of wanting and liking of high-calorie foods (French et al., 2014). At the same time, 

uncontrolled eating has weaker association with relative reinforcing value or willingness to work 

for food (French et al., 2014; Brace & Yeomans, 2016), suggesting that uncontrolled eating may 

be distinct from this behavioural measure of food reward sensitivity. Similarly to uncontrolled 
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eating, behavioural food reward sensitivity diminishes in response to weight management 

interventions (Oustric et al., 2018). 

Poor food-related cognitive control is in the explicit focus of several constructs, such as binge 

eating, disinhibition, uncontrolled eating, and lack of control over eating (Table 1). In our 

opinion, lack of food related cognitive-control is the essence of most questionnaires discussed 

here, as questions on eating control are present in most questionnaires mentioned in Table 1. A 

conceptually related eating-related cognitive control construct is dietary restraint, an attempt to 

control one’s food intake. Broadly, the questionnaires measuring restraint and uncontrolled 

eating tend not to correlate (Price et al., 2015; Mason et al., 2016). At the same time, different 

combinations of high/low uncontrolled eating and high/low restraint may produce differential 

behaviours (Johnson et al., 2011).  

Eating-related negative affect is most clearly captured in the construct of emotional eating, which 

attempts to measure eating as a coping mechanism when negative emotions occur (Greeno & 

Wing, 1994; Gibson, 2012). In their critical overview of the emotional eating construct, Bongers 

and Jansen (2016) suggest that emotional eating could reflect a general worry about eating and 

lack of perceived control. Similarly, worry about eating is present in the definition of binge 

eating (Table 1), and also in single items of questionnaires supposedly measuring reward 

sensitivity , e.g., “It’s scary to think of the power that food has over me” within Power of Food 

Scale (Cappelleri et al., 2009). Finally, uncontrolled eating correlates with having poor eating 

competence and eating attitudes (Lohse et al., 2007; Panov, 2014). 
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Uncontrolled eating as a link between personality traits and eating behaviours 

Reward sensitivity, cognitive control and negative affect are linked to BMI and food intake 

(Jokela et al., 2013; Vainik et al., 2013; Lunn et al., 2014; Gerlach et al., 2015; Emery & Levine, 

2017; Stevenson, 2017; Yang et al., 2018). However, the effect sizes of these associations are 

smaller than those between uncontrolled eating and BMI or food intake. Since uncontrolled 

eating questionnaires seem to host eating-specific versions of these broad traits, there have been 

repeated demonstrations of a hierarchical model, where uncontrolled eating mediates the effects 

of reward sensitivity, cognitive control and negative affect on (i) objective food intake 

(Kakoschke et al., 2015), (ii) subjective food intake (Keller & Siegrist, 2015), and (iii) cross-

sectional BMI (Meule & Blechert, 2017; Neseliler et al., 2018). 

Considered together, cross-sectional evidence shows that higher scores in uncontrolled eating 

associate with higher food intake and higher BMI. Uncontrolled eating acts as an intermediate 

phenotype explaining the link between broad psychological constructs and food intake/BMI 

(Figure 3). 
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Figure 3. Uncontrolled eating as a mediator between psychological constructs (violet) and eating 

phenotypes (red). Bi-directional arrows allow reciprocal influences between uncontrolled eating 

and other variables. At the same time, uncontrolled eating is assumed to be a core latent 

construct influencing variance in all its indicators (eating related traits, in light green). The eating 

related traits could, in principle, be grouped by the three domain-specific psychological 

constructs mentioned in text. In the interest of brevity, this is not shown.  

 

Neural correlates of uncontrolled eating 

Uncontrolled eating is a psychometric construct with biological plausibility. In the following, we 

delineate a set of brain circuits and regions that are putatively relevant for uncontrolled eating. 

With this, we seek to provide an interdisciplinary theoretical background that will pave the road 
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for designing future studies and hypotheses on the relationships between uncontrolled eating, 

neural computations, and their associated brain circuits. These studies may have the potential to 

inform future clinical treatments aimed at treating extreme cases of uncontrolled eating. 

We hypothesize that the neurobiological circuits governing uncontrolled eating can be broken 

down according to three components: reward sensitivity, cognitive control and negative 

emotionality. 

Reward sensitivity 

Reward has been traditionally linked to the function of the midbrain dopamine circuit (García-

García et al., 2017; Volkow et al., 2017). Dopamine signals arise from the ventral tegmental area 

(VTA) and adjacent substantia nigra pars compacta (SNc) (Figure 4). The VTA/SNc receives 

energy-balance information via orexin-containing projections from the lateral hypothalamus. 

This connection is thought to underpin the interrelations between appetite and reward (Sweeney 

& Yang, 2017). The VTA/SNc, in turn, innervates the striatum, ventromedial prefrontal cortex 

(vmPFC), orbitofrontal cortex and amygdala and hippocampus. These areas have all been 

implicated in the rewarding aspects of eating, and more generally in assigning value to stimuli 

(Bartra et al., 2013). 
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Figure 4. Whole brain white matter projections of midbrain dopamine cells. Three partitions of 

the substantia nigra give rise to limbic (green), associative (blue) and motor (orange) dopamine 

projections.  Figure originally published in Zhang et al. (Zhang et al., 2017) under Creative 

Commons Attribution License. (SN: substantia nigra; SNc: substantia nigra pars compacta). 

 

By recruiting the striatum and the reward system, positive reinforcers (e.g. appetising foods) can 

potentially lead to maladaptive behaviors (e.g. uncontrolled eating) in some individuals (Koob & 

Le Moal, 1997; Saunders & Robinson, 2013). Greater activation of this system may reflect 

greater incentive salience of food cues, favouring loss of control.  

In this vein, human functional magnetic resonance imaging (fMRI) studies have shown that 

striatal activity in response to food cues predicts chocolate intake (Lawrence et al., 2012) and 

weight gain after a follow-up period varying between 6 months and 3 years (Stice et al., 2008; 

Demos et al., 2012; Geha et al., 2013) but see (Stice & Yokum, 2018). Functional connectivity 

between the dorsal striatum and somatosensory cortex has also been associated with food 
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cravings in situ and it seems to predict prospective changes in BMI (Contreras-Rodríguez et al., 

2017).  

Animal research suggests that exposure to high fat diets induces neuroplastic changes in 

mesolimbic dopamine synapses (Liu et al., 2016) and in striatal dopamine D2 receptors (Adams 

et al., 2015). These neuroplastic changes, in turn, might increase food reward sensitivity and 

explain the persistence of uncontrolled eating (Murray et al., 2014).  

Many investigators have attempted to link dopamine signalling to BMI (Murray et al., 2014). 

Decreases in dopamine D2 receptor density are often reported in patients with drug addiction 

(Volkow et al., 2013), which has been taken to imply lower dopamine signalling. With regards to 

uncontrolled eating, there is some controversy on whether overeating and obesity relate to 

decreased or increased dopamine D2 receptor density.  

In an influential early positron emission tomography study, Wang et al. observed that 

participants with morbid obesity showed decreased D2/3 receptor binding in the striatum (Wang 

et al., 2001). The authors argued that lower dopamine D2/3 receptor density in obesity could 

cause hyperphagia as a way to compensate for blunted responses in the reward circuitry (Wang 

et al., 2001) – the so-called reward deficiency hypothesis. Others, however, have rejected the 

hypothesis that obesity per se is related to dopamine D2/3 reductions. Several studies have 

falsified the original Wang et al. finding: some authors suggest that D2/3 binding reductions are 

specific to morbid obesity (BMI > 40kg/m2) and should not be extrapolated to milder forms of 

obesity. In this vein, studies recruiting obese participants with a lower BMI average (i.e., 30 < 

BMI < 40 kg/m2) have observed (i) equivalent D2/3 receptor density between obese and lean 

participants (Eisenstein et al., 2015) and also (ii) higher D2/3 striatal receptor density in obese 
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participants compared to lean subjects (Eisenstein et al., 2013). These findings have been 

replicated with a different positron emission tomography D2 tracer (Dang et al., 2016).  

However, a meta-analysis that used data from five studies did not find consistent differences in 

D2 receptor measures between lean and obese participants (Karlsson et al., 2015). An alternative 

explanation is that the relationship between the severity of obesity and dopamine D2 receptors 

adopts an inverse-U shape (Horstmann et al., 2015). Finally, previously suggested links between 

BMI and the Taq1A polymorphism, which confers variability of dopamine D2 receptor density, 

have not been borne out by a recent meta-analysis (Benton & Young, 2016).  

Thus, while individual differences in reward function may affect eating control, dopamine 

signalling does not appear to account for much of the variance in BMI in normal to obese weight 

populations. 

Neurobiological mechanisms of cognitive control 

A recent meta-analysis of fMRI studies shows that when participants attempt to reduce their 

craving response to food cues, they consistently engage the anterior insula, inferior frontal 

gyrus/ventrolateral prefrontal cortex, supplementary motor area, dorsolateral prefrontal cortex 

(DLPFC), mid-cingulate cortex and temporal-parietal junction (Han et al., 2018). Moreover, this 

response is reduced in people with higher BMI. Several studies show that activation in these 

regions predicts immediate food consumption: for example, participants showing higher activity 

in the DLPFC tended to eat a lower amount of chocolate immediately after the fMRI session 

(Frankort et al., 2015). DLPFC activation also predicts successful weight loss in people who go 

on a diet (Jensen & Kirwan, 2015) or undergo bariatric surgery (Goldman et al., 2013). These 

results point at the importance of prefrontal circuits in the regulation of body weight and hedonic 

eating. 
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Deficits in neural activity in cognitive control networks are especially prominent in individuals 

with binge eating disorder or bulimia nervosa. Participants with binge eating disorder exhibit 

lower activation of the DLPFC, inferior frontal gyrus and vmPFC when performing an fMRI 

inhibitory control task (Balodis et al., 2015; Hege et al., 2015; Lavagnino et al., 2016). Patients 

with bulimia nervosa, similarly, show hypoconnectivity of the executive control network during 

an attention fMRI task (Seitz et al., 2016). The identification of the brain basis of cognitive 

control over food intake might inform clinical strategies aimed at ameliorating uncontrolled 

eating in clinical populations, for instance by neuromodulation (Val-Laillet et al., 2015).  

Negative emotionality (stress) circuits in the brain 

Neurobiological studies on negative emotionality and uncontrolled eating have mainly revolved 

around stress responses. Stress responses are included within the broader term of “negative 

emotionality”. Since stress responses are easier to operationalize, they facilitate the comparisons 

between animal and human neurobiological studies. Stress and energy homeostasis are intimately 

related. Under acute stress, the hypothalamic-pituitary-adrenal (HPA) axis increases the release 

of cortisol, which in turn acts on metabolic pathways to maintain glucose homeostasis (Herman 

et al., 2016).  

The amygdala also has an important role in stress responses. Higher scores in UE (i.e., 

disinhibited eating from the TFEQ) were associated with lower functional connectivity between 

the amygdala and the vmPFC (Dietrich et al., 2016), a key structure in the appetitive response to 

food cues. 

The amygdala is composed of a set of nuclei that integrate homeostatic, cognitive and visceral 

information. Its central nucleus sends projections to dopamine midbrain structures (i.e., both the 

VTA and the SNc) (Watabe-Uchida et al., 2012), playing a potential role in the computation of 
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reward. Another nucleus, the basolateral complex, sends projections to the nucleus accumbens, 

putatively influencing food reward processing (Janak & Tye, 2015). Outside the reward system, 

the basolateral amygdala presents bidirectional projections with sensory association areas (Janak 

& Tye, 2015). These projections are key to understand how the brain detects saliency, or 

emotionally relevant stimuli. 

The role that the amygdala plays in stress might be partly explained by its prominent 

involvement in salience detection. The amygdala, in concert with other interconnected areas like 

the orbitofrontal cortex or anterior cingulate cortex, seems to facilitate the engagement of 

perception and attention towards emotionally relevant stimuli (Pessoa & Adolphs, 2010; Pourtois 

et al., 2013). When the organism detects threat or other significant stimuli in the environment, 

the projections between the amygdala and the sensory cortices enhance information processing 

(Vuilleumier, 2005). This way, the organism can mobilise a set of resources that allow 

emotionally relevant information to be processed as fast as possible. In this vein, the amygdala is 

widely engaged during the processing of negatively valenced stimuli (e.g., fearful faces or 

aversive images) compared to neutral stimuli(García-García et al., 2016). It is also recruited in 

response to both natural rewards and drug rewards (Tang et al., 2012). The recruitment of 

salience/stress-related circuits when facing emotionally relevant stimuli is evolutionarily 

adaptive. An excessive overengagement of these circuits, however, might turn dysfunctional and 

might be a trans-diagnostic feature in addictive-like behaviors. In line with this possibility, both 

participants with obesity and patients with addictions seem to exhibit augmented activity in the 

amygdala and ventral striatum in response to reward (García‐García et al., 2014). 

Finally, the hippocampus is another medial temporal region that participates in stress responses 

and food intake (Hargrave et al., 2016). The hippocampus inhibits the hypothalamus and HPA 



31 
 

 

axis, adjusting cortisol levels (Stevenson & Francis, 2017). The hippocampus is additionally 

involved in matching food cue-reactivity to contextual information (e.g. energy balance signals), 

possibly via the activation of mechanisms associated with memory and habit learning (Stevenson 

& Francis, 2017; Higgs & Spetter, 2018).  

Brain regions associated with questionnaire measures of uncontrolled eating: preliminary 

meta-analysis 

A growing number of studies are addressing the neural correlates of self-reported uncontrolled 

eating. The majority, however, are hypothesis-based, and as such, they restrict their analyses to 

certain regions of interest (Wood et al., 2016), which hampers the comparability between 

studies. Here we seek to provide an objective whole-brain overview of areas that exhibit 

consistent fMRI activity in correlation with self-reported uncontrolled eating. We conducted a 

preliminary meta-analysis based on coordinates and effect sizes reported using Anisotropic 

Effect-Size Seed-Based d Mapping (SDM) software (Radua et al., 2012, 2014) and searched for 

peer-reviewed fMRI studies on uncontrolled eating using the following keywords: (i) 

neuroimaging-related: fMRI or MRI or cortex; (ii) uncontrolled eating-related: uncontrolled 

eating or emotional eating or hedonic eating or binge eating or food craving. We applied 

standard exclusion criteria, namely, (i) studies that do not include whole-brain analyses, (ii) 

studies on children or adolescent populations, (iii) results that are not reported in standard space, 

and (iv) papers on psychiatric populations. Our method of selection resulted in the inclusion of 9 

fMRI studies, representing 339 participants with an age range between 18 and 60 years (Table 

2). Seven studies measured a response to food cues, while two measured BOLD (blood-oxygen-

level dependent) activity at rest. We set the statistical threshold at p<0.005 uncorrected with an 

additional cluster size threshold > 100 mm3, following the standard recommendations for SDM. 

The model included as covariates mean age, mean BMI, percentage of females in the sample, 
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and specific uncontrolled eating scale used. We found that uncontrolled eating was associated 

with consistent enhancements of fMRI activity in the bilateral cerebellum, extending to the 

temporal occipital fusiform (MNI coordinates: -20,-60,-22 and 24,-56,-20) as well as with a 

lower fMRI recruitment of the DLPFC (bilateral middle frontal gyrus extending to the frontal 

pole: 38,34,22 and 34,24,40, as well as the right superior frontal gyrus: 10,26,54) (Figure 5).  

The cerebellum is a functionally heterogeneous region with a role in motor performance, 

cognitive functions and emotion responses. The cluster obtained in the meta-analysis 

corresponds to a subdivision that presents dense interactions with sensorimotor regions 

(Buckner, 2013; Koziol et al., 2014). This might be suggestive of a tendency to increased 

recruitment of sensory processes towards food stimuli in participants with high scores on 

uncontrolled eating. The results also showed that high uncontrolled eating was associated with 

lower recruitment of the DLPFC (middle and superior frontal gyrus). This finding is consistent 

with the hypothesis that uncontrolled eating is associated with a lower recruitment of self-control 

resources. Despite the low number of studies, this preliminary result delineates the cerebellum 

and the lateral prefrontal cortex as regions of interest for future studies on uncontrolled eating.  

 

Figure 5. Associations between BOLD activity and different measures of uncontrolled eating. 

We conducted an SDM meta-analysis on human fMRI studies in adult participants that 

correlated whole-brain fMRI activity with measures of uncontrolled eating. We found that 

uncontrolled eating was associated with a consistent recruitment of the bilateral cerebellum (red) 

as well as with lower fMRI activity in the DLPFC (blue). 
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Table 2. Description of the papers included in our meta-analysis. Human fMRI studies showing 

whole-brain correlations between different measurements of uncontrolled eating and BOLD 

activity. 

Study n, mean age 

(SD), age 

range, % 

females 

Mean BMI 

(SD), 

BMI range  

Uncontrol

led eating 

measure

ment 

fMRI 

measureme

nt 

Statistical 

threshold 

(Burger et 

al., 2016) 

44, 20.8 (1.3), 

age range NR, 

100% 

23.8 (2.9), 

BMI range 

NR 

Hedonic 

hunger 

(PFS) 

Food 

reward task: 

response to 

milkshape 

Uncorrected 

p<0.001, 

additional 

cluster-level 

correction 

p<0.05 

(Chen et al., 

2017)  

65, 21.52 

(1.55), 18-27 

years, 100% 

20.45 (1.99) 

17.16-24.56 

Food 

Cravings 

Questionn

aire-Trait 

(FCQ-T-r) 

Resting-

state 

(regional 

homogeneit

y) 

Uncorrected 

p<0.001; k> 

20 

(Filbey et al., 

2012) 

26, 32.88 

(11.04), age 

range NR, 

64% 

32.72 (5.98), 

25.10-51.50 

Binge 

Eating 

Scale 

Food 

reward: 

high calorie 

> water 

taste 

Cluster-level 

correction 

p<0.05 

(Kahathudu

wa et al., 

2018) 

32, mean age 

(SD) NR, 18-

60 years, 57% 

Mean (SD) 

NR, 30-39.9 

Food 

Cravings 

Questionn

aire-Trait 

(FCQ-T) 

Food 

reward: 

food > 

objects 

Cluster-level 

correction 

p<0.05 

(Passamonti 

et al., 2009) 

21, 25.3 (SD 

NR), 19-38 

years, 48% 

24 (4.6), BMI 

range NR 

External 

eating 

(DEBQ) 

Food 

reward task: 

appetising > 

bland food 

pictures 

Uncorrected 

p<0.001 

(Ulrich et al., 

2016) 

20, 24.9 (3.2), 

age range NR, 

0% 

23.9 (2.9), 

20.6-32.9 

Food 

Cravings 

Questionn

aire-Trait 

(FCQ-T) 

Food 

reward: 

high calorie 

> low 

calorie food 

Uncorrected 

p<0.001, 

additional 

cluster-level 

FWE 
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pictures correction 

p<0.05 

(Van 

Bloemendaal 

et al., 2015) 

(Study 1) 

16, 57.8 (1.9), 

age range NR, 

50% 

23.2 (0.4), 

BMI range 

NR 

Emotional 

Eating 

(DEBQ) 

Food 

reward task: 

high calorie 

food > non-

food stimuli 

Uncorrected 

p<0.001, 

additional 

cluster-level 

FWE 

correction 

p<0.05 

(Van 

Bloemendaal 

et al., 2015) 

(Study 2) 

16, 58.0 (2.1), 

age range NR, 

50% 

32.6 (0.7), 

BMI range 

NR 

Emotional 

Eating 

(DEBQ) 

Food 

reward task: 

high calorie 

food > non-

food 

pictures and 

food > non-

food 

pictures 

Uncorrected 

p<0.001, 

additional 

cluster-level 

FWE 

correction 

p<0.05 

(Zhao et al., 

2017) 

99, 35.36 

(1.15), 20-57, 

37% 

27.18 (0.58), 

18.9-43.4 

Disinhibit

ed Eating 

and 

Hunger 

(TFEQ) 

Resting-

state 

(amplitude 

of low 

frequency 

fluctuations

) 

Uncorrected 

p<0.001; k> 

30 

Abbreviations: BMI, body mass index; DEBQ, Dutch Eating Behavior Questionnaire; 

FCQ-T, Food Cravings Questionnaire-Trait; FCQ-T-r, Food Cravings Questionnaire-Trait 

reduced; FWE, family-wise error; k, cluster size (in voxels); NR, not reported; PFS, power 

of food scale; SD, standard deviation; TFEQ, Three-Factor Eating Questionnaire. 

 

Modelling uncontrolled eating: From single concept to mutual processes 

So far, we have used similarities based on definitions and covariation as justification for 

aggregating measures from different questionnaires and frameworks into a single uncontrolled 

eating factor. Such single factor frameworks have been popular in other common-trait studies, 

such as common intelligence (g) (A. R. Jensen, 1998; Spearman, 1904), common psychiatric 

pathology (p) (Caspi et al., 2014; Laceulle et al., 2015), or general factor of personality (Musek, 
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2007; Rushton & Irwing, 2008). However, covariance between questionnaires alone does not 

provide sufficient proof for the causal role of a single uncontrolled eating factor, as articulated in 

the context of psychopathology (van Bork et al., 2017) and intelligence (Van Der Maas et al., 

2006). Bork et al and van der Maas et al have highlighted how different choices in modelling the 

positive covariance are near-equivalent in terms of fit statistics, but imply different causal 

mechanisms. Research on intelligence has proposed at least two alternative ways that a positive 

covariance might be explained. Such approaches should also be considered for detailed 

modelling of uncontrolled eating. 

One is sampling theory where multiple processes depend on a shared set of independent sub-

processes. Bork et al highlighted how covariation between measures of depression and anxiety 

disorders could occur because they have common symptoms, such as insomnia, fatigue, 

inattention and psychomotor agitation (American Psychiatric Association, 2013; van Bork et al., 

2017). In the case of uncontrolled eating, different eating-related traits could depend on the same 

set of subprocesses, such as increased negative affect and lack of cognitive control, while also 

having unique subprocesses, such as positive or negative association with reward sensitivity, 

possibly moderated by obesity status.  

The other explanation is mutualism, where separate cognitive processes mutually co-operate and 

develop. In case of intelligence, improvements in reading skills tend to lead to improved 

reasoning skills (Van Der Maas et al., 2006; Kievit et al., 2017). Based on evidence summarised 

in the longitudinal section, one could consider uncontrolled eating and BMI as mutual variables 

– higher uncontrolled eating leads to weight gain, and higher weight leads to higher uncontrolled 

eating. In case of psychological processes behind uncontrolled eating, it seems unlikely that the 

mutualism could occur between eating traits in Table 1. The common construct model seems 
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most plausible due to explicit content similarity – overeating is the common theme in most of the 

questionnaires.  

At the same time, mutualism is more likely at the level of underlying psychological traits. One 

could imagine a vicious circle between uncontrolled eating, reward sensitivity, self-control and 

negative affect. Namely, reward sensitivity leads to food cravings, which increases the amount of 

food people eat, indexed by uncontrolled eating. Such increased food cravings create challenges 

for cognitive-control abilities, which may sometimes fail. Such failures discourage people from 

attempting cognitive-control in the future and could bring in negative affect and stress. Should 

overeating lead to obesity, the association between uncontrolled eating and reward sensitivity 

could reverse. Paraphrasing Van der Maas et al (Van Der Maas et al., 2006), initially all 

processes of the system (reward sensitivity, cognitive control, and negative affect) could be 

undeveloped and uncorrelated with each other or with uncontrolled eating. However, when the 

cognitive system develops through interacting with the food environment, the dynamical 

interactions could give rise to correlations among the processes of the system. 

Limitations  

The current review is not without limitations. Due to space constraints, we have not discussed 

restrained eating (i.e., dieting) and other weight-related constructs, such as body shape concerns, 

which are likely to interact with uncontrolled eating.  

We have also given relatively little space to studies attempting to show the incremental validity 

of one eating-related trait above others (van Strien et al., 2012). Mostly, the field lacks 

convincing demonstrations, as such studies are hard to perform since they require large samples 

and appropriate modelling (Westfall & Yarkoni, 2016; Vainik & Meule, 2018). Therefore, we 



37 
 

 

would like to place the burden on test developers in outlining the evidence of the questionnaire’s 

relation to outcomes above the common uncontrolled eating construct, should this be a goal. 

Currently, uncontrolled eating measures are all based on self-report questionnaires. As a general 

limitation of this technique, people can only report on phenomena they are able perceive. If 

people cannot differentiate the theoretical distinctions between eating-related subdomains, it will 

be hard to tease them apart using self-report methods. Similarly, people are somewhat inaccurate 

in summarising their past emotions (Thomas & Diener, 1990; Mill et al., 2016) and their eating 

behaviours (Stubbs et al., 2014), and make mistakes in attributing causes of overeating when 

emotions and eating intertwine (Royal & Kurtz, 2010; Adriaanse et al., 2016). Therefore, future 

studies should ideally sample the psychological processes of interest by using either “objective”, 

perhaps behavioural measures of uncontrolled eating (Oustric et al., 2018), or use experience 

sampling methods, which overcome recall bias (Bejarano & Cushing, 2018). 

Concluding remarks and future directions 

Our review has shown that, when different eating-related questionnaires are treated as measures 

of the same trait (i.e., uncontrolled eating), robust patterns emerge when summarising the 

literature. Uncontrolled eating has phenotypic, genetic, and environmental associations with 

obesity status and food intake (Figure 3). While these associations seem convincing, future meta-

analyses should document their true effect sizes, and whether they vary depending on the 

questionnaire used.  

When summarising longitudinal findings, uncontrolled eating and BMI are somewhat separable 

phenomena mutually influencing each other. There seems to be a clear need for designing weight 

loss interventions in a way that they target both reduction in weight and reduction in 

uncontrolled eating. On the other hand, uncontrolled eating and food intake seem less separable 
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and appear to partly vary day-by-day. There is then great potential in designing studies utilising 

moment-by-moment experience sampling, to understand the dynamics between uncontrolled 

eating and food intake. 

At the psychological trait level, uncontrolled eating seems to relate to at least three common 

psychological underlying traits – high reward sensitivity, low self-control, and high perceived 

negativity. These traits likely have different correlates at the brain systems level. Our meta-

analysis highlights the correlation between uncontrolled eating and activity in brain areas related 

to self-control.  

These brain mechanisms and psychological traits will hopefully lead to understanding the more 

mechanistic underpinnings of uncontrolled eating. It may well be that uncontrolled eating is not a 

unitary construct, but a result of complex interplay between each element. For studies seeking to 

understand these details, it is crucial to isolate the cognitive processes that are the “building 

blocks” of uncontrolled eating and see how they unfold and interact over time. 

In contrast, studies interested in capturing the common uncontrolled eating factor may apply only 

one of the questionnaires listed in Table 1, as each of them is a reasonable indicator of 

uncontrolled eating. This would considerably reduce participant burden. The ADOPT initiative 

(Sutin et al., 2018) has highlighted several short and psychometrically sound questionnaires of 

uncontrolled eating, which include the RED-13/RED-X5 (Vainik et al., In press; Mason et al., 

2017). 

In summary, we suggest that there is a benefit in a common uncontrolled eating construct. 

Granted, it might not be uncontrolled eating that causes variance in all questionnaires related to 

uncontrolled eating. However, since in practical terms the questionnaires correlate, aggregating 

the results across questionnaires provides solid evidence of associations of uncontrolled eating 
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with external variables. Given the increased statistical power gained by aggregat ing all the 

results found by any uncontrolled eating measure, there seems to be a benefit in lumping 

different uncontrolled eating measures together for now.  
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