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Abstract 

Many people struggle to control their food intake and bodyweight. This is often interpreted as 

evidence that humans are generally predisposed to consume food when it is available, 

because adiposity offered insurance against the threat of starvation in our ancestral 

environment. In this paper we suggest that modern humans have actually inherited a far 

broader range of foraging skills that continue to influence our dietary behaviour. To evaluate 

this idea, we identify three challenges that would need to be addressed to achieve efficient 

foraging; (1) monitoring the ‘procurement cost’ of foods, (2) determining the energy content 

of foods, and (3) proactively adapting to perceived food insecurity. In each case, we review 

evidence drawn from controlled and observational studies of contemporary humans and 

conclude that psychological mechanisms that address these challenges are conserved. For 

contemporary humans who live in fast-paced obesogenic environments, this foraging ‘toolkit’ 

no longer serves the same function to which it was adapted, and in many cases, this leads to 

an increase in food intake. Understanding these forms of ‘evolutionary mismatch’ is 

important because it can provide a stronger theoretical basis for informed dietary 

interventions that leverage fundamental foraging goals rather than work against them. 

Keywords: Food insecurity, hunter-gatherer, evolutionary mismatch, dietary restraint, energy 

balance, socioeconomic status 
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Highlights 

 Humans are adapted as highly efficient foragers 

 Modern humans have inherited a foraging ‘toolkit’ that still influences behaviour  

 Foraging mechanisms often operate outside conscious awareness 

 Mechanisms may no longer be adaptive and increase food intake 

 Foraging strategies may undermine attempts to consciously restrict food intake 
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1. Introduction 

The recent increase in obesity reflects a transition to a dietary landscape in which food is 

abundant, especially energy dense [1, 2], and served in large portions [3]. However, the 

pursuit of industrial efficiency has also changed the way that humans obtain food. For around 

90% of the ~1.8 million years that humans have existed, survival depended on the ability to 

forage - or to efficiently locate, acquire, and consume food. In this paper we consider specific 

psychological mechanisms that might have supported this capacity and, critically, whether 

they still influence the dietary behaviours of contemporary humans who struggle to resist 

temptation in an obesogenic environment. 

2. Framing the question 

On April 1st 2017, Dan Hannan, a conservative member of the European Parliament, told 

listeners of a BBC political panel programme, “I’m not sure there is an obesity epidemic.” 

“…it’s a consequence of choice it's not a disease... it's up to us as individuals…”, “…crazy 

that we should call upon the government because we are unable to say ‘no’ to our children or 

to ourselves…” This perspective is helpful, because it captures a widely held view - that 

overconsumption is largely a matter of personal preference. Numerous large-cohort studies 

suggest the converse – most people with obesity would like to lose weight and a large 

proportion are actively attempting to do so [4, 5]. However, conscious attempts to diet rarely 

lead to sustained and significant weight loss, even in clinical weight-loss interventions [6, 7]. 

In part, humans struggle because dietary restraint requires continuous cognitive effort [8], 

which is difficult to sustain alongside competing demands of a modern and sometimes fast-

paced lifestyle (for a related discussion see [9]). 

Restraining to lose weight is also historically unusual, in part, because it was probably 

difficult for an ancestral hunter-gatherer to consume enough food to become obese [10]. 
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Indeed, and as is found in many other species, survival relied on highly efficient strategies. 

‘Optimal foraging’ models assume that natural selection modifies feeding behaviours to 

achieve specific goals (i.e., maximizing energy, minimizing starvation) while operating 

within specific constraints (e.g., avoiding predation and minimizing violations of status 

hierarchy) [11]. Note that here we use the term ‘foraging’ to refer to this general capacity 

rather than a specific ability or activity, such as setting traps, or strategies to locate or hunt 

specific animals, fruits, and so on. Many species show a similar ability to make dietary 

choices that minimise ‘procurement cost’ [12] (or more precisely, impact on fitness), defined 

as the value of food as a function of costs associated with its acquisition. Human dietary 

behaviour is likely to have evolved in exactly the same way, which means that conscious 

food restriction (i.e., dieting) might compete with highly engrained mechanisms that 

supported our historic capacity for efficient foraging and with biological and behavioural 

adaptations that protect against starvation [13]. 

Behavioural ecologists sometimes draw a useful distinction between proximate and ultimate 

explanations for behaviour [14, 15]. Ultimate explanations consider why a behaviour might 

benefit fitness, whereas proximate explanations refer to mechanisms (how) that enable this 

benefit to be realised. For example, the proximate reason why infants cry is because they feel 

distressed, whereas an ultimate explanation is that crying evolved because it increases fitness 

by offering protection from abandonment. Similarly, an ultimate explanation for eating is that 

it prevents starvation and reproductive failure, and proximate supporting mechanisms include 

the anticipated pleasure of consuming delicious food. Normally, proximate and ultimate 

‘needs’ coincide (proximate needs serve ultimate objectives). However, when an environment 

changes rapidly, as is the case with the transition from relatively food insecure ancestral 

environments to obesogenic and fast-paced industrialized environments, then proximal and 

ultimate needs can become decoupled [16, 17]. Several influential explanations for obesity 
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are based on such ‘evolutionary mismatches’ [18, 19]. In particular, it is often argued that a 

basic dietary strategy of humans was to consume food (especially energy-rich food) when it 

was available, because this offered protection from future starvation. In this context, 

mismatch occurs because modern foods are now highly palatable and readily available, and 

because famine (in many cases) is highly unlikely. Our contention is that the foraging 

strategy of humans (as well as hominids) was probably much more complex than simply 

eating opportunistically and that, as in other species, it adapted over a very long period to 

optimise responses to a diverse range of concerns (e.g., energy expenditure and predation) in 

order to achieve behavioural efficiency and to optimise energy balance (for a related point see 

[20]). This system would have required flexibility and an ability to navigate different types of 

costs and benefits, rather than relying on a single heuristic - to consume food whenever it is 

available. Therefore, when addressing broader questions about how ‘modern humans’ interact 

with their food environment (and associated sources of mismatch that might promote 

obesity), it is essential to determine whether proximate mechanisms that facilitated ancestral 

foraging are actually conserved and expressed. This is a challenging problem, not least 

because many of our responses to food occur outside conscious awareness (perhaps because 

they emerged before the development of human language). 

To explore the idea that an ancestral foraging ‘tool kit’ still exists we adopt a two-stage 

strategy. First, we outline specific ‘dietary problems’ that human foragers are likely to have 

encountered. Then in the section that follows we explore proximate mechanisms that might 

be adapted to address these problems and consider whether they still impact the behaviour of 

modern humans, focusing on the control of food intake and how this might be compromised 

by the fast pace of a modern dietary lifestyles. 
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3. Three challenges for a hunter-gatherer 

Given the relatively higher risk of food insecurity in our ancestral environments, humans 

would have had to manage an overarching priority of minimizing risk of starvation, which 

may conflict with modern attempts at dietary restriction. Proximally, this priority may be 

reflected by an implicit goal to satisfy an optimal calorie budget, which would have leveraged 

a diverse toolkit of adapted behavioural and psychological processes. Here we outline three 

broad and persistent challenges that foragers would have confronted across diverse 

environments (to be clear, these are not meant to be exhaustive). 

Monitoring procurement cost 

Hunter gatherers tend to spend long periods searching for food [10], which can be counted as 

a cost, both in energy expenditure and in the time that might be spent performing other 

important activities, such as caring for infants. Various sources suggest that early hominids 

were also heavily predated [21], stimulating a further pressure to limit periods during which 

this risk is present. Therefore, less time should be allocated to foraging when recent foraging 

has been successful or when the associated costs are high. Solving this problem is complex, 

but as a minimum requirement, mechanisms would be needed that monitor both recent 

encounters with food (including amount/quality) and accompanying perceived costs in 

energy expenditure. 

Determining the energy value of foods 

Assuming equal availability, a food that has an energy density of 2.0 kcal/g will require 50% 

less time in foraging than a food that is 1.0 kcal/g. Therefore, there is good reason to expect a 

strong selection pressure for humans (and other animals) to acquire the ability to identify the 

energy that can be liberated from different foods. Note that we have expressed this problem 
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as an ultimate need. The associated proximate mechanism might reflect a differentiation of 

value based on relative palatability, enjoyment, desirability, and so on.  

Adapting to food insecurity 

Humans with a very low BMI benefit from a reduced cost in energy expenditure. However, 

having a low BMI also increases the chances of starvation when food becomes insecure [22]. 

In response, many species maintain higher-than-minimum fat reserves and also increase their 

food intake in anticipation of actual food shortages [23, 24]. It is likely that humans also 

acquired the same capacity to respond to the stochasticity of food encounters. However, 

humans are also unusual because food is shared within groups of hunter-gatherers [25, 26], 

and probably during the Pleistocene [27]. Coexisting in close social networks offers 

protection from food insecurity because group members can forage for others who may be 

unable or unwilling to do so. However, it also promotes a need to monitor the social 

distribution of food and to conform to food taboos, which may be determined by status. 

Therefore, solutions to the problem of food insecurity are likely to incorporate monitoring of 

social group cohesion and status hierarchies.  

4. Behavioural observations in modern humans   

Having outlined three problems for hunter gatherers we now review evidence for potential 

proximate mechanisms that are adapted to address these challenges, and explore ways in 

which they might influence the behaviour and ultimately the weight management of modern 

humans. Each challenge is considered in turn. 

Monitoring procurement cost 

Estimating procurement cost requires continuous monitoring of both the amount of food 

(‘food amount’) recently acquired and the ‘procurement effort’ associated with its acquisition 

(cost = food amount/procurement effort, where effort is broadly defined as a combination of 
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risk, energy expenditure, time, and so on). Note that we use the term ‘acquisition’ recognising 

that this might incorporate both securing, processing, and eating food, which do not always 

occur around the same time. In relation to monitoring food amount, one solution might be to 

simply track subjective changes in appetite after consuming a meal (greater reductions in 

hunger = greater food energy). In this regard, memory processes are known to play an 

important role. For example, when food is delivered via an intra-gastric infusion (sensory 

cues are bypassed) the effect on hunger is greatly attenuated [28, 29]. This demonstrates that 

memory of the visual and orosensory features of food influence appetite long after a meal has 

terminated. Consistent with this interpretation, patients with severe anterograde amnesia 

experience little satiety and are observed consuming multiple meals in quick succession [30, 

31]. 

In a broader conceptualisation of this process, Higgs has demonstrated that this ‘memory for 

recent eating’ is extremely reliable, that it can be manipulated [32], and that it is supported by 

a well-defined underlying neurobiology (for a review see [33]). It also operates outside 

conscious awareness (i.e., without the need to form an explicit representation of a recent 

meal) [34]. Previously, some have speculated that this process works in combination with 

other physiological mechanisms merely to avoid the aversive effects of overconsumption or 

to provide additional inhibition of food intake in the interval between meals [34, 35]. Our 

suggestion is that it plays a more fundamental role because it is ideally suited to monitoring 

foraging outcomes (food amount) based on a record of recent encounters with food.  

Consistent with this idea, ‘episodic memory’ is found to have a profound impact on foraging 

in other species [36] and, as with amnesic patients, rats with selective neuro-toxic 

hippocampal lesions show disrupted eating patterns [37] and increased food intake [38]. 

Several studies show that poor hippocampal function is also associated both with obesity and 

with deficits in spatial learning performance in animals [39]. One suggestion is that synaptic 
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plasticity is attenuated by the consumption of a diet rich in fats and sugars, which reduces 

brain-derived neurotrophic factor (BDNF) [40]. Typically, this process is framed as an 

impairment but it might also reflect a change in reliance on a monitoring process that 

becomes redundant when the environment provides an extreme surfeit of calories. Critically, 

reduced spatial memory performance has also been observed in obese humans [41] and also 

after acute exposure to an especially energy-rich diet [42], which indicates that a range of 

experiences are encoded, including those associated both with eating and remembering the 

location of foods. The second component of procurement cost relates to the monitoring of 

procurement effort (separate from other costs associated with finding water, procreation, and 

so on). Here interesting parallels are found with the same cognitive processes that might 

monitor food amount. For example, memory function and BDNF are also reduced in 

individuals who are less active and improvements are observed following an exercise 

intervention [43]. In relation to memory for recent eating (food amount), there is also strong 

evidence that cognitive distractors, which may disrupt monitoring and memory for eating, 

impact food intake and appetite (for a review see [35]). For example, participants who eat 

while distracted by a computer game experience greater hunger at the end of a fixed meal 

[44] and, importantly, distraction also increases the amount of food consumed at a subsequent 

meal [45, 46]. Similarly, there is strong evidence that cognitive distraction increases levels of 

physical activity [47-49] and again, one suggestion is that this is caused by a limited 

attentional capacity [50, 51], which impacts episodic-memory encoding.  

A further strong prediction is that distraction during exercise will influence food seeking 

latter in the day. This is because distraction will impact the monitoring of procurement effort 

which contributes to procurement cost. To our knowledge this idea remains to be tested. 

However, reminders of physical activity, which historically may be linked to energy 

expended to procure food, do appear to stimulate compensatory changes in energy intake. For 
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example, manipulating information about energy expended during exercise influences the 

amount of food that is consumed at a subsequent ad libitum meal [52]. Participants also serve 

themselves and consume more caloriesafter simply thinking about [53] or anticipating a bout 

of exercise [54, 55], and they consume more calories after a bout of exercise that is framed as 

mandatory [56] or “fat burning” [57] rather than autonomous or enjoyable, indicating that 

specific forms of physical activity (particularly outside of leisure) are monitored and readily 

stimulate food intake. 

Finally, most people no longer spend long periods looking for food. Yet many commit long 

hours working for money. This raises questions about how different forms of employment 

might be ‘counted’ towards procurement cost and if so, to what extent? Similarly, do the 

economic costs of paying for food overlap with the effort exerted to procure food? Arguably, 

modern humans multitask more than ever. Eating frequently occurs ‘on the go’ and often in 

combination with other activities such as work or screen-based activities. In controlled 

studies we see evidence that modern humans still monitor the essential metrics associated 

with procurement cost. However, targeted studies are needed to understand their chronic 

influence on the energy balance of humans who no longer forage ‘directly’ for food. 

Determining the value of foods 

Related to procurement cost, a second problem for a hunter gatherer would be to judge 

relative differences in energy that can be obtained from foods. As noted above, this does not 

require an explicit appreciation of ‘calories’ but rather an ability to differentially prefer foods 

on this basis. Humans are born with an innate preference for sweet tastes [58] which may 

prime the consumption of energy rich foods, including breast milk. Sweetness might also be 

important because it signals a change in dietary composition. Ripened fruit contains a greater 
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proportion of easily digested starch and so foraging efficiency is enhanced when sources are 

discriminated on this basis [59].  

Water content explains around 85% of variance in the energy density of foods [60] and 

because foods that contain more water require less mastication [61], the ease with which a 

food can be chewed and swallowed might provide another valuable cue. Numerous studies 

show that slowing eating rate reduces meal size [62]. However, the effect of natural variation 

in eating rate on preference remains unclear. Modern processing techniques have facilitated 

the development of energy rich foods that can be eaten very quickly, and faster than the more 

fibrous diet to which we are adapted. In turn, this may compromise an otherwise useful 

heuristic, especially when calories are consumed in liquid form [63].  

In addition to these sensory influences, humans also learn about nutritive value over time. In 

non-human omnivores the evidence is very clear and the basic biological processes are well 

understood. Reliably, rats will learn to prefer a novel energy-rich food based on an 

association that forms between its sensory characteristics and its positive postingestive 

consequences [64]. In humans this process has also been observed, and learning probably 

occurs unconsciously [65]. However, many studies have failed to replicate earlier findings 

[66] and a number of explanations have been considered [67]. One idea is that learning is 

compromised by the sheer number of different brands and varieties of foods that are often 

available, especially when foods are sourced from outside the home. For example, one study 

reports a four-fold difference in the energy content of pepperoni pizzas (N = 71) that are 

available in an urban area of the UK, and participants who had previously eaten a particularly 

wide variety showed greater food intake after consuming pizza [68]. It may also be relevant 

that human foragers are very unusual because unlike other primates they routinely share food 

[69]. Coexistence in close social networks means that information about liked and disliked 

foods can also be transmitted culturally, based on a collective wisdom that is gleaned from 
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flavour-nutrient learning over generations [70]. Consistent with this idea, peer modelling has 

been observed under controlled conditions [71] and can have a powerful effect on preferences 

in humans [72]. Interestingly, the potency of this process appears to be moderated by the 

level of social connection with the observer. For example, social facilitation from parents is 

especially important [73] as is the effect of congruence in age and gender across the observer 

and the observed [74]. These findings are important because they provide a basis for concerns 

about how children interact with media and advertising, and the increased and historically 

unusual opportunities for implicit social learning that they provide [75, 76]. Similarly, 

changes in food availability combined with recent and rapid changes to family and social 

structure may dilute the opportunity for cultural learning, thereby further degrading 

performance in energy discrimination.  

Some have also argued that modern humans are poorly adapted to consume especially 

energy-rich foods. Although climate and geographical location influenced human dietary 

patterns, pre-agricultural humans would have been limited to very low energy-dense wild 

plants and animals, with minimal processing [17]. Cooking and simple non-thermal 

processing methods increase the energy density and digestibility of many foods [77]. 

Nevertheless, one estimate suggests that foods consumed in non-industrialized environments 

have an average energy density of roughly 1.1 kcal/g (based on recent diets in Gambia) [78]. 

By contrast, fries from fast-food restaurants typically yield 3.2 kcal/g. (Honey, a naturally 

occurring energy-rich food, is an exception, but its consumption would have been limited by 

availability, and its procurement carries risk, especially in the absence of fire to generate 

smoke). Consistent with this idea, young children show an almost perfect linear relationship 

between preference for different fruits and vegetables and their respective energy density 

[79]. However, in a recent study in adults, performance was shown to be greatly degraded 

when ‘modern’ energy-dense foods were assessed [1]. (For a discussion around the 
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underlying physiological limits of human energy sensing see  [1]). This observation chimes 

with Cordain’s concept of ‘evolutionary discordance’ [17] and with related evidence that the 

intensity of basic tastes can provide a reasonably good readout of the macronutrient 

composition of foods, but typically only in those that are unprocessed [80].  

Based on the above, we see plenty of evidence that the ability to identify and form a 

preference for energy rich foods remains intact in modern humans. However, there is also 

good reason to suspect that some of the associated processes are now compromised, and 

especially in the context of historically unusual energy-rich foods and the sheer variety that 

feature in many obesogenic environments. The wider effect this has on chronic consumption 

patterns is controversial and remains to be resolved. 

Adapting to food insecurity 

Current UK guidelines suggest that women should consume 2000 kcal (8400 kJ) per day. 

However, on this basis a lean 65 kg person already has more than 55 day’s supply stored in 

fat tissue. This simple calculation demonstrates that humans draw on a large reservoir of 

body energy that offers considerable protection against starvation [81]. Other species lay 

down fat deposits for the same reason but they also adapt this strategy in response to changes 

in the environment. For example, captive birds increase their food intake when offered access 

to food at unpredictable times of day [82, 83] and resource predictability (not absolute 

resource) promotes fat reserves in overwintering birds [84]. Importantly, various sources 

indicate that the same ‘insurance eating’ also occurs in humans. For example, in controlled 

and observational studies irregular meal patterns are associated with both increased food 

intake [85] and weight gain [86]. Similarly, food intake increases when a period of fasting is 

anticipated [87], and in the Minnesota Starvation Experiment, after returning to their original 

weight, participants continued to binge on food [88].  
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One predictor of food availability is social rank. Large herbivores with lower status are 

observed expending relatively more energy in foraging when food availability is reduced [89] 

and low-ranking mice spend relatively more time on an exercise wheel [90]. Similarly, in 

humans, low socioeconomic status (SES) is associated with higher bodyweight, especially in 

women (for recent systematic reviews see [91, 92]). However, the underlying relationship is 

weak and, paradoxically, it tends to be observed in more affluent countries. The prevailing 

view is that this reflects poor dietary choices and reduced access to lower energy-dense foods 

among those of low SES [93]. However, relationships between access to unhealthy foods and 

obesity are also often weak [94] and large-scale interventions that reduce financial burden are 

found to increase rather a decrease in body mass [95]. Instead, across wealthy countries 

(typically those less liberal), relative income inequality or subjective socioeconomic status is 

a better predictor of body mass than per capita gross domestic product [96] and mediates the 

observed relationship between objective SES (e.g., education and income) and body mass 

[97], suggesting a role for subjective rather than actual social gradients. Indeed this 

relationship has been observed across a wide range of health outcomes, including body-fat 

distribution, and even after controlling for objective measures of SES [98, 99]. (For a general 

review see [100]). Together, these observations suggest that to really understand connections 

between SES and obesity we should focus our attention on the psychological mechanisms 

that determine perceived social status (the key mediating variable) and how these processes 

are triggered by forms of absolute inequality. Historically, social and economic resources 

may have served as a means to secure access to food, producing a psychological overlap or 

inter-changeability of security for socioeconomic resources and calories [101-103]. 

Consistent with this idea, some researchers have discussed the relationship between perceived 

SES and elevated hunger [104], and others have manipulated SES directly. For example, 

inducing an acute subjective state of insecurity about the adequacy of one’s SES, or 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

perceived inequality of resources compared to others, is found to bring about an increase in 

self-selected portion sizes, preference for energy-dense foods, and actual energy intake [103, 

105]. Importantly, demonstrating how these broader sociological factors (e.g., inequality), 

may “get under the skin” through psychological processes (perceptions of inadequate SES) to 

influence physiological mechanisms, recent findings have revealed that experimentally-

induced states of low subjective SES can produce increase circulation of the appetite 

stimulating hormone ghrelin in response to a palatable high-energy food [106]. 

Together, the evidence that perceived social status impacts food intake is rather compelling. 

Because humans are adapted to ‘vigilant sharing’ [107], social bonds are an important source 

of security – if one member becomes unable to forage for a period (e.g., through injury) then 

others are available to assume this responsibility. Therefore, it is likely that humans would 

have also acquired an ability to track social status and to increase food intake in response to a 

concern about social ostracism [108]. Arguably, the advent of social media and broadcasting 

methods has increased awareness of social gradients and opportunities for damaging social 

comparisons [109]. Insurance eating may be further promoted by a decline in cohabiting 

extended family networks or the tendency for meals to now be consumed alone. Consistent 

with this idea, sharing of family meals is associated with a healthier weight status [110] and 

people with anxiety about their social attachments are more likely to overeat and are found to 

have a higher BMI [111].  

More broadly, the literature abounds with evidence that stress can induce ‘comfort’ or 

‘emotional eating’ [112, 113]. However, this level of interpretation only considers the 

proximate mechanism. In our ancestral environment food insecurity may have been a 

predominant source of stress. One possibility is that one of stress’s ultimate functions was to 

promote insurance eating in response to a perceived threat to body energy stores (e.g., 

resource-scarce or harsh environments). In other words, because palatable food reduces 
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activity in the HPA axis [114], it provides a motivational context for eating to be especially 

rewarding (via negative reinforcement), which in turn, offered protection from food 

insecurity by increasing fat stores. In the modern environment these proximate and ultimate 

goals are likely to be decoupled, such that stress-induced comfort eating is now promoted by 

threats to perceived status and by other modern life stresses, even in the absence of actual 

food insecurity. 

The same parallels might also be drawn with the effects of mood on eating. Several studies 

show that mood induction procedures can influence food intake [115], and that depression is 

associated with obesity, and again, especially in females [116]. One creative and recent 

proposal is that mood serves a similar proximate role of moderating behaviour, but perhaps 

over longer periods. By analysing momentary fluctuations over time, the authors of one study 

conclude that mood may be dictated by a summation of recent experiences [117]. Expanding 

on this, a further suggestion is that mood provides a ‘medium term’ assessment of the 

collective momentum of experiences and whether outcomes have progressed better or worse 

than expected. Thus, mood can be regarded as an adapted proximate mechanism that serves 

several functions, one of which is to improve foraging efficiency by tracking successes over 

time rather than relying solely on single encounters [118]. Framed in this way, it is easy to 

see how changes in mood might help to promote efficient foraging by encouraging decisions 

to move to a new foraging location or to focus on alternative sources of flora or fauna. 

5. Concluding discussion 

In the introduction we highlighted the striking contrast between widespread attempts to diet 

with actual sustained weight loss. Our suggestion is that dietary restraint often fails because it 

competes with highly engrained psychological and physiological processes that were adapted 

over most of human (and hominid) history to promote efficient foraging. To explore whether 
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these proximate mechanisms are preserved, we identified a minimum set of requirements for 

successful foraging and then considered evidence for their ‘footprint’ exposed in empirical 

and observational studies in modern humans. In each case we observed preliminary evidence, 

which, in combination support our overall proposition. However, before expanding on this, 

we note again that the three foraging requirements are not exhaustive and recognise that the 

behaviours that fulfil them may manifest in different ways, depending on circumstance (e.g., 

high versus low predation risk). Here, our primary objective was to garner initial evidence 

that might stimulate discussion around an important and often neglected research question.  

In addition to understanding failed volitional control, this analysis also speaks to a broader set 

of questions about how modern humans now interact with their dietary environment. Many 

regard overconsumption as a consequence of exposure to an abundance of inexpensive, 

calorific, and highly palatable foods, coupled with a metabolism and physiology that is 

adapted to store calories whenever they are available [19]. Our proposition is that modern 

humans have actually inherited a far broader and more dynamic range of foraging skills that 

incorporate a capacity to monitor encounters with foods of varying quality, to assess 

associated costs, and to respond proactively to perceived signals of food insecurity. When 

living in an environment to which we are adapted, these ‘tools’ would be invaluable. For 

modern humans, they may be unnecessary, yet they continue to influence our behaviour, and 

in many cases, they do so outside conscious control, and at the peril of excessive energy 

intake.  

Taking this further, another oversimplification may be the widely held view that sectors of 

the food industry are ‘culpable’ for the ubiquitous provision of energy-rich foods. In addition 

to recent and profound dietary changes, the modern food environment is also highly unusual 

because it can now be modified. Although there is some evidence that early pre-agricultural 

humans changed their environment by manipulating the landscape (using fire to clear land) 
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[119], the range and availability of foods was largely outside human control. Commercial 

enterprise now enables the environment to be changed dynamically to meet consumer 

demand, leading to a proliferation of products and eating opportunities at any time of day. 

This is critical, because it means that foraging processes might actually generate market 

forces that shape the development and distribution of foods. Low procurement cost is one 

potential example (we are drawn to foods that require little or no effort to obtain or prepare), 

but other more subtle cues might also nudge the food industry as well. The so called ‘portion 

size effect’ is one such example – invariably, and without knowing, humans eat more food 

when larger portions are available, and do so even when the portion presented is larger than 

can be consumed in a single meal [120]. Indeed, this effect is observed even in very young 

children [121], suggesting an inherited preparedness for this trait that may be reinforced 

further by socialization (e.g., pressure to plate-clean by parents). In our ancestral environment 

it may have also been adaptive to be drawn to and to increase intake of foods that are found 

in abundance. Today this expectation or consumer demand actually feeds back to shape the 

food environment, such that large portion sizes are reinforced by their popularity, leading 

them to be routinely offered to gain market share. In other words, the food industry (and 

ultimately, the modern food environment) does not adapt in isolation, and many of the 

offerings that are regarded as ‘unhealthy’ (e.g., snacks ‘on the go’) may exist precisely 

because humans have become directors of their own environment, making purchasing 

decisions based on strategies that historically benefited foraging.  

Finally, and as we note throughout, rapid changes to food systems are likely to generate an 

evolutionary mismatch between proximate and ultimate needs. However, there is no reason to 

assume that all sources of mismatch will increase food intake, some might promote a 

reduction and others may have little influence. Indeed, identifying occasions when a 

reduction is observed might inform targeted interventions. In this regard, it might be helpful 
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to disentangle various sources of mismatch by distinguishing two broad categories of 

mismatch. Certain proximate mechanisms might be clustered according to their ‘failure to 

engage,’ or the disruption of a historically adaptive behaviour by alien features of a modern 

environment. Evidence indicating that humans are poorly adapted to discriminate energy-rich 

foods that feature prominently in the modern dietary environment and that distraction (e.g., 

screen-based activities) impacts ingestive memory processes, are two such examples. 

Respectively, these are cases where proximate mechanisms are compromised by a change in 

diet and constrained by limited attentional capacity. Another form of mismatch might be 

otherwise referred to as ‘inappropriate engagement,’ or the misapplication of a behaviour in 

an unnecessary context or in response to an irrelevant signal. One example might be the 

effect of perceived SES on insurance eating. In our ancestral environment this would have 

offered protection from starvation. Today the same response is observed, but in individuals 

who, by objective standards, are either relatively food secure or in response to stressors that 

are unrelated to actual food insecurity.  

In this article we have proposed that behavioural processes that supported foraging in 

ancestral environments now compete with dietary restriction and weight management in 

contemporary, fast-paced, societies. Although this initial proposal requires further support 

and investigation, it does offer a launching point for an important (and often lacking) 

dialogue between researchers of human dietary behaviour from diverse disciplines 

(psychology, anthropology, behavioural ecology, and cognitive neuroscience). Additionally, 

even though modern humans may be constraint by ‘instincts’ to forage, we are not suggesting 

that they are devoid of all dietary free will - merely that intentions to control food intake 

work alongside other pre-potent processes and goals. Overly deterministic accounts of eating 

behaviour can be counterproductive because they reduce perceived dietary autonomy and 

may even promote increased food intake [122]. Our contention is that interpreting 
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contemporary dietary behaviour in this way might actually inform the development of novel 

interventions that leverage foraging mechanisms rather than work against them.  

Acknowledgments 

Part of the research leading to this review was supported by funding from the European 

Union Seventh Framework Programme for research, technological development and 

demonstration under, grant agreement no. 607310 (awarded to J. M. Brunstrom), and by 

Nanyang Technological University Nanyang Assistant Professorship (NAP) grant 

(M4081643) and Biomedical Science Institute Strategic Positioning Fund (SPF) grant (13-

80048G-SICS Theme 1E: Nutritional Psychology) (awarded to B. K. Cheon). 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

References 

1. Brunstrom, J.M., et al., Undervalued and ignored: Are humans poorly adapted to 

energy-dense foods? Appetite, 2018. 120(Supplement C): p. 589-595. 

2. Drewnowski, A. and N. Darmon, The economics of obesity: dietary energy density 

and energy cost. The American Journal of Clinical Nutrition, 2005. 82(1): p. 265S-

273S. 

3. Herman, P.C., et al., Mechanisms underlying the portion-size effect. Physiol Behav, 

2015. 144: p. 129-36. 

4. Yaemsiri, S., M.M. Slining, and S.K. Agarwal, Perceived weight status, overweight 

diagnosis, and weight control among US adults: the NHANES 2003-2008 Study. Int J 

Obes (Lond), 2011. 35(8): p. 1063-70. 

5. Nicklas, J.M., et al., Successful weight loss among obese U.S. adults. Am J Prev Med, 

2012. 42(5): p. 481-5. 

6. Dombrowski, S.U., A. Avenell, and F.F. Sniehott, Behavioural interventions for 

obese adults with additional risk factors for morbidity: systematic review of effects on 

behaviour, weight and disease risk factors. Obes Facts, 2010. 3(6): p. 377-96. 

7. Kamath, C.C., et al., Clinical review: behavioral interventions to prevent childhood 

obesity: a systematic review and metaanalyses of randomized trials. J Clin Endocrinol 

Metab, 2008. 93(12): p. 4606-15. 

8. Green, M.W., et al., Impairment of cognitive performance associated with dieting and 

high levels of dietary restraint. Physiology & Behavior, 1994. 55(3): p. 447-452. 

9. Levitsky, D.A. and C.R. Pacanowski, Free will and the obesity epidemic. Public 

Health Nutr, 2012. 15(1): p. 126-41. 

10. Milton, K., Hunter-gatherer diets-a different perspective. Am J Clin Nutr, 2000. 

71(3): p. 665-7. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

11. Ydenberg, R.C., J.S. Brown, and D.W. Stephens, Foraging: an overview, in 

Foraging: Behavior and ecology, D.W. Stephens, J.S. Brown, and R.C. Ydenberg, 

Editors. 2007, University of Chicago Press. p. 1-28. 

12. Collier, G., D.F. Johnson, and C. Mathis, The currency of procurement cost. Journal 

of the Experimental Analysis of Behavior, 2002. 78(1): p. 31-61. 

13. Ochner, C.N., et al., Treating obesity seriously: when recommendations for lifestyle 

change confront biological adaptations. The Lancet Diabetes & Endocrinology, 2015. 

3(4): p. 232-234. 

14. Krebs, J.R., N.B. Davies, and J. Parr, An introduction to behavioural ecology. 1993: 

Blackwell Scientific Publications. 

15. Scott-Phillips, T.C., T.E. Dickins, and S.A. West, Evolutionary Theory and the 

Ultimate–Proximate Distinction in the Human Behavioral Sciences. Perspectives on 

Psychological Science, 2011. 6(1): p. 38-47. 

16. Dawkins, M.S., Battery hens name their price: Consumer demand theory and the 

measurement of ethological ‘needs’. Animal Behaviour, 1983. 31(4): p. 1195-1205. 

17. Cordain, L., et al., Origins and evolution of the Western diet: health implications for 

the 21st century. Am J Clin Nutr, 2005. 81(2): p. 341-54. 

18. Neel, J.V., Diabetes mellitus - a thrifty genotype rendered detrimental by progress. 

American Journal of Human Genetics, 1962. 14(4): p. 353-&. 

19. Brownell, K.D. and K.B. Horgen, Food fight: The inside story of the food industry, 

America’s obesity crisis, and what we can do about it. 2004, New York: McGraw-

Hill, Contemporary Books. 

20. Speakman, J.R., Thrifty genes for obesity, an attractive but flawed idea, and an 

alternative perspective: the 'drifty gene' hypothesis. International Journal of Obesity, 

2008. 32(11): p. 1611-1617. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

21. Hart, D. and R.W. Sussman, Man the Hunted: Primates, Predators, and Human 

Evolution, Expanded Edition. 2008: Avalon Publishing. 

22. Speakman, J.R., A Nonadaptive Scenario Explaining the Genetic Predisposition to 

Obesity: The "Predation Release" Hypothesis. Cell Metabolism, 2007. 6(1): p. 5-12. 

23. Totzke, U., et al., The autumnal fattening of the long-distance migratory garden 

warbler (Sylvia borin) is stimulated by intermittent fasting. Journal of Comparative 

Physiology B, 2000. 170(8): p. 627-631. 

24. Cuthill, I.C., et al., Body mass regulation in response to changes in feeding 

predictability and overnight energy expenditure. Behavioral Ecology, 2000. 11(2): p. 

189-195. 

25. Dyble, M., et al., Networks of Food Sharing Reveal the Functional Significance of 

Multilevel Sociality in Two Hunter-Gatherer Groups. Current Biology. 26(15): p. 

2017-2021. 

26. Kaplan, H., et al., The natural history of human food sharing and cooperation: a 

review and a new multi-individual approach to the negotiation of norms. Moral 

sentiments and material interests: The foundations of cooperation in economic life, 

2005. 6: p. 75-113. 

27. Bowles, S. and J.-K. Choi, Coevolution of farming and private property during the 

early Holocene. Proceedings of the National Academy of Sciences, 2013. 110(22): p. 

8830-8835. 

28. Rolls, B.J. and L.S. Roe, Effect of the volume of liquid food infused intragastrically 

on satiety in women. Physiology & Behavior, 2002. 76(4): p. 623-631. 

29. Cecil, J.E., J. Francis, and N.W. Read, Relative contributions of intestinal, gastric, 

oro-sensory influences and information to changes in appetite induced by the same 

liquid meal. Appetite, 1998. 31(3): p. 377-390. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

30. Rozin, P., et al., What causes humans to begin and end a meal? A role for memory for 

what has been eaten, as evidenced by a study of multiple meal eating in amnesic 

patients. Psychological Science, 1998. 9(5): p. 392-396. 

31. Hebben, N., et al., Diminished ability to interpret and report internal states after 

bilateral medial temporal resection - case HM. Behavioral Neuroscience, 1985. 

99(6): p. 1031-1039. 

32. Higgs, S., Memory for recent eating and its influence on subsequent food intake. 

Appetite, 2002. 39(2): p. 159-166. 

33. Higgs, S., Cognitive influences on food intake: The effects of manipulating memory 

for recent eating. Physiology & Behavior, 2008. 94(5): p. 734-739. 

34. Brunstrom, J.M., et al., Episodic memory and appetite regulation in humans. PLOS 

ONE, 2012. 7(12): p. e50707. 

35. Robinson, E., et al., Eating attentively: a systematic review and meta-analysis of the 

effect of food intake memory and awareness on eating. American Journal of Clinical 

Nutrition, 2013. 97(4): p. 728-742. 

36. Clayton, N.S. and A. Dickinson, Episodic-like memory during cache recovery by 

scrub jays. Nature, 1998. 395: p. 272-274. 

37. Clifton, P.G., S.P. Vickers, and E.M. Somerville, Little and often: Ingestive behavior 

patterns following hippocampal lesions in rats. Behavioral Neuroscience, 1998. 

112(3): p. 502-511. 

38. Davidson, T.L., et al., Contributions of the hippocampus and medial prefrontal cortex 

to energy and body weight regulation. Hippocampus, 2009. 19(3): p. 235-252. 

39. Valladolid-Acebes, I., et al., High-fat diets impair spatial learning in the radial-arm 

maze in mice. Neurobiol Learn Mem, 2011. 95(1): p. 80-5. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

40. Molteni, R., et al., A high-fat, refined sugar diet reduces hippocampal brain-derived 

neurotrophic factor, neuronal plasticity, and learning. Neuroscience, 2002. 112(4): p. 

803-814. 

41. Cheke, L.G., J.S. Simons, and N.S. Clayton, Higher body mass index is associated 

with episodic memory deficits in young adults. The Quarterly Journal of Experimental 

Psychology, 2016. 69(11): p. 2305-2316. 

42. Attuquayefio, T., et al., A four-day Western-style dietary intervention causes 

reductions in hippocampal-dependent learning and memory and interoceptive 

sensitivity. PLoS One, 2017. 12(2): p. e0172645. 

43. Ruscheweyh, R., et al., Physical activity and memory functions: An interventional 

study. Neurobiology of Aging, 2011. 32(7): p. 1304-1319. 

44. Brunstrom, J.M. and G.L. Mitchell, Effects of distraction on the development of 

satiety. British Journal of Nutrition, 2006. 96(4): p. 761-769. 

45. Higgs, S. and M. Woodward, Television watching during lunch increases afternoon 

snack intake of young women. Appetite, 2009. 52(1): p. 39-43. 

46. Oldham-Cooper, R.E., et al., Playing a computer game during lunch affects fullness, 

memory for lunch, and later snack intake. American Journal of Clinical Nutrition, 

2011. 93(2): p. 308-313. 

47. De Bourdeaudhuij, I., et al., Effects of distraction on treadmill running time in 

severely obese children and adolescents. Int J Obes Relat Metab Disord, 2002. 26(8): 

p. 1023-9. 

48. Deforche, B. and I. De Bourdeaudhuij, Attentional distraction during exercise in 

overweight and normal-weight boys. Int J Environ Res Public Health, 2015. 12(3): p. 

3077-90. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

49. Annesi, J.J., Effects of Music, Television, and a Combination Entertainment System 

on Distraction, Exercise Adherence, and Physical Output in Adults. Canadian Journal 

of Behavioural Science, 2001. 33(3): p. 193-202. 

50. Pennebaker, J.W. and J.M. Lightner, Competition of internal and external information 

in an exercise setting. J Pers Soc Psychol, 1980. 39(1): p. 165-74. 

51. Razon, S., et al., Perception of exertion and attention allocation as a function of 

visual and auditory conditions. Psychology of Sport and Exercise, 2009. 10(6): p. 

636-643. 

52. McCaig, D.C., L.A. Hawkins, and P.J. Rogers, Licence to eat: Information on energy 

expended during exercise affects subsequent energy intake. Appetite, 2016. 

107(Supplement C): p. 323-329. 

53. Werle, C.O., B. Wansink, and C.R. Payne, Just thinking about exercise makes me 

serve more food. Physical activity and calorie compensation. Appetite, 2011. 56(2): p. 

332-5. 

54. Fishbach, A. and R. Dhar, Goals as excuses or guides: The liberating effect of 

perceived goal progress on choice. Journal of Consumer Research, 2005. 32(3): p. 

370-377. 

55. Sim, A.Y., L.L. Lee, and B.K. Cheon, When exercise does not pay: 

Counterproductive effects of impending exercise on energy intake among restrained 

eaters. 2017, Nanyang Technological University. 

56. Beer, N.J., et al., Providing Choice in Exercise Influences Food Intake at the 

Subsequent Meal. Medicine and science in sports and exercise, 2017. 

57. Fenzl, N., K. Bartsch, and J. Koenigstorfer, Labeling exercise fat-burning increases 

post-exercise food consumption in self-imposed exercisers. Appetite, 2014. 81: p. 1-7. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

58. Ganchrow, J.R., J.E. Steiner, and M. Daher, Neonatal Facial Expressions in Response 

to Different Qualities and Intensities of Gustatory Stimuli. Infant Behavior & 

Development, 1983. 6(2): p. 189-200. 

59. Milton, K., Diet and primate evolution. Sci Am, 1993. 269(2): p. 86-93. 

60. Drewnowski, A., Energy Density, Palatability, and Satiety: Implications for Weight 

Control. Vol. 56. 1998. 347-353. 

61. Forde, C.G., et al., Fast or slow-foods? Describing natural variations in oral 

processing characteristics across a wide range of Asian foods. Food Funct, 2017. 

8(2): p. 595-606. 

62. Robinson, E., et al., A systematic review and meta-analysis examining the effect of 

eating rate on energy intake and hunger. American Journal of Clinical Nutrition, 

2014. 100(1): p. 123-151. 

63. de Graaf, C., Why liquid energy results in overconsumption. Proceedings of the 

Nutrition Society, 2011. 70(2): p. 162-170. 

64. Sclafani, A., Learned controls of ingestive behaviour. Appetite, 1997. 29: p. 153-158. 

65. Brunstrom, J.M., Does dietary learning occur outside awareness? Consciousness and 

Cognition, 2004. 13(3): p. 453-470. 

66. Yeomans, M.R., Flavour-nutrient learning in humans: an elusive phenomenon? 

Physiol Behav, 2012. 106(3): p. 345-55. 

67. Brunstrom, J.M., Dietary learning in humans: Directions for future research. 

Physiology & Behavior, 2005. 85: p. 57-65. 

68. Hardman, C.A., et al., So Many Brands and Varieties to Choose from: Does This 

Compromise the Control of Food Intake in Humans? Plos One, 2015. 10(4). 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

69. Kaplan, H., et al., The natural history of human food sharing and cooperation: A 

review and a new multi-individual approach to the negotiation of norms. 2005. 75-

113. 

70. Brunstrom, J.M., et al., In search of flavour-nutrient learning. A study of the Samburu 

pastoralists of North-Central Kenya. Appetite, 2015. 91: p. 415-25. 

71. Baeyens, F., et al., Observational conditioning of food valence in humans. Appetite, 

1996. 27(3): p. 235-250. 

72. Birch, L.L., The Relationship between Childrens Food Preferences and those of their 

Parents. Journal of Nutrition Education, 1980. 12(1): p. 14-18. 

73. Harper, L.V. and K.M. Sanders, The effect of adults' eating on young children's 

acceptance of unfamiliar foods. Journal of Experimental Child Psychology, 1975. 

20(2): p. 206-214. 

74. Shutts, K., M.R. Banaji, and E.S. Spelke, Social categories guide young children’s 

preferences for novel objects. Developmental Science, 2010. 13(4): p. 599-610. 

75. Story, M. and S. French, Food Advertising and Marketing Directed at Children and 

Adolescents in the US. International Journal of Behavioral Nutrition and Physical 

Activity, 2004. 1(1): p. 3. 

76. Harris, J.L., J.A. Bargh, and K.D. Brownell, Priming Effects of Television Food 

Advertising on Eating Behavior. Health psychology : official journal of the Division 

of Health Psychology, American Psychological Association, 2009. 28(4): p. 404-413. 

77. Carmody, R.N. and R.W. Wrangham, The energetic significance of cooking. J Hum 

Evol, 2009. 57(4): p. 379-91. 

78. Prentice, A.M. and S.A. Jebb, Fast foods, energy density and obesity: a possible 

mechanistic link. Obes Rev, 2003. 4(4): p. 187-94. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

79. Gibson, E.L. and J. Wardle, Energy density predicts preferences for fruit and 

vegetables in 4-year-old children. Appetite, 2003. 41(1): p. 97-98. 

80. van Dongen, M.V., et al., Taste-nutrient relationships in commonly consumed foods. 

British Journal of Nutrition, 2012. 108(1): p. 140-147. 

81. Rogers, P.J. and J.M. Brunstrom, Appetite and energy balancing. Physiology & 

Behavior, 2016. 164, Part B: p. 465-471. 

82. Ekman, J.B. and M.K. Hake, Monitoring starvation risk: adjustments of body reserves 

in greenfinches (Carduelis Chloris L.) during periods of unpredictable foraging 

success. Behavioral Ecology, 1990. 1(1): p. 62-67. 

83. Witter, M.S. and J.P. Swaddle, Mass Regulation in Juvenile Starlings: Response to 

Change in Food Availability Depends on Initial Body Mass. Functional Ecology, 

1997. 11(1): p. 11-15. 

84. Rogers, C.M., Testing optimal body mass theory: Evidence for cost of fat in wintering 

birds. Ecosphere, 2015. 6(4): p. 1-12. 

85. Farshchi, H.R., M.A. Taylor, and I.A. Macdonald, Regular meal frequency creates 

more appropriate insulin sensitivity and lipid profiles compared with irregular meal 

frequency in healthy lean women. European Journal of Clinical Nutrition, 2004. 58(7): 

p. 1071-1077. 

86. Berg, C. and H.B. Forslund, The Influence of Portion Size and Timing of Meals on 

Weight Balance and Obesity. Current Obesity Reports, 2015. 4(1): p. 11-18. 

87. Eldredge, K.L., W.S. Agras, and B. Arnow, The last supper: emotional determinants 

of pretreatment weight fluctuation in obese binge eaters. International Journal of 

Eating Disorders, 1994. 16(1): p. 83-88. 

88. Keys, A., et al., The Biology of Human Starvation, Volume II. NED - New edition ed. 

1950: University of Minnesota Press. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

89. Polansky, L., I. Douglas-Hamilton, and G. Wittemyer, Using diel movement behavior 

to infer foraging strategies related to ecological and social factors in elephants. 

Movement Ecology, 2013. 1(1): p. 13. 

90. Vargas-Perez, H., et al., Social dominance rank influences wheel running behavior in 

mice. Neurosci Lett, 2009. 457(3): p. 137-40. 

91. Newton, S., D. Braithwaite, and T.F. Akinyemiju, Socio-economic status over the life 

course and obesity: Systematic review and meta-analysis. PLoS ONE, 2017. 12(5): p. 

e0177151. 

92. Nettle, D., C. Andrews, and M. Bateson, Food insecurity as a driver of obesity in 

humans: The insurance hypothesis. Behav Brain Sci, 2016: p. 1-34. 

93. Drewnowski, A. and S.E. Specter, Poverty and obesity: the role of energy density and 

energy costs. American Journal of Clinical Nutrition, 2004. 79(1): p. 6-16. 

94. Dubowitz, T., et al., The Women's Health Initiative: The food environment, 

neighborhood socioeconomic status, BMI, and blood pressure. Obesity (Silver 

Spring), 2012. 20(4): p. 862-71. 

95. Leroy, J.L., et al., Cash and in-kind transfers lead to excess weight gain in a 

population of women with a high prevalence of overweight in rural Mexico. J Nutr, 

2013. 143(3): p. 378-83. 

96. Egger, G., B. Swinburn, and F.M. Islam, Economic growth and obesity: an interesting 

relationship with world-wide implications. Econ Hum Biol, 2012. 10(2): p. 147-53. 

97. Dhurandhar, E.J., et al., Body Mass Index and Subjective Social Status: The Coronary 

Artery Risk Development in Young Adults Study. Obesity (Silver Spring), 2018. 26(2): 

p. 426-431. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

98. Adler, N.E., et al., Relationship of subjective and objective social status with 

psychological and physiological functioning: preliminary data in healthy white 

women. Health Psychol, 2000. 19(6): p. 586-92. 

99. Goodman, E., et al., Impact of objective and subjective social status on obesity in a 

biracial cohort of adolescents. Obes Res, 2003. 11(8): p. 1018-26. 

100. Wilkinson, R.G., Health, Hierarchy, and Social Anxiety. Annals of the New York 

Academy of Sciences, 1999. 896(1): p. 48-63. 

101. Briers, B. and S. Laporte, A wallet full of calories: the effect of financial 

dissatisfaction on the desire for food energy. Journal of Marketing Research, 2013. 

50(6): p. 767-781. 

102. Briers, B., et al., Hungry for money the desire for caloric resources increases the 

desire for financial resources and vice versa. Psychological science, 2006. 17(11): p. 

939-943. 

103. Cheon, B.K. and Y.-Y. Hong, Mere experience of low subjective socioeconomic 

status stimulates appetite and food intake. Proceedings of the National Academy of 

Sciences, 2017. 114(1): p. 72-77. 

104. Scheier, L.M., What Is the Hunger-Obesity Paradox? Journal of the Academy of 

Nutrition and Dietetics, 2005. 105(6): p. 883-885. 

105. Sim, A.Y., et al., Personal relative deprivation increases self-selected portion sizes 

and food intake. Appetite, 2018. 121: p. 268-274. 

106. Sim, A.Y., et al., Low subjective socioeconomic status stimulates orexigenic hormone 

ghrelin - A randomised trial. Psychoneuroendocrinology, 2018. 89: p. 103-112. 

107. Erdal, D., et al., On Human Egalitarianism: An Evolutionary Product of 

Machiavellian Status Escalation? Current Anthropology, 1994. 35(2): p. 175-183. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

108. Sproesser, G., H.T. Schupp, and B. Renner, The bright side of stress-induced eating 

eating more when stressed but less when pleased. Psychological science, 2013: p. 

0956797613494849. 

109. Appel, H., A.L. Gerlach, and J. Crusius, The interplay between Facebook use, social 

comparison, envy, and depression. Current Opinion in Psychology, 2016. 9: p. 44-49. 

110. Hammons, A.J. and B.H. Fiese, Is Frequency of Shared Family Meals Related to the 

Nutritional Health of Children and Adolescents? Pediatrics, 2011. 127(6): p. e1565-

e1574. 

111. Wilkinson, L.L., et al., Attachment anxiety, disinhibited eating, and body mass index 

in adulthood. International Journal of Obesity, 2010. 34(9): p. 1442-1445. 

112. Oliver, G., J. Wardle, and E.L. Gibson, Stress and Food Choice: A Laboratory Study. 

Psychosom Med, 2000. 62(6): p. 853-865. 

113. Singh, M., Mood, food, and obesity. Frontiers in Psychology, 2014. 5: p. 925. 

114. Pecoraro, N., et al., Chronic stress promotes palatable feeding, which reduces signs of 

stress: feedforward and feedback effects of chronic stress. Endocrinology, 2004. 

145(8): p. 3754-62. 

115. Heatherton, T.F., M. Striepe, and L. Wittenberg, Emotional Distress and Disinhibited 

Eating: The Role of Self. Personality and Social Psychology Bulletin, 1998. 24(3): p. 

301-313. 

116. de Wit, L., et al., Depression and obesity: A meta-analysis of community-based 

studies. Psychiatry Research, 2010. 178(2): p. 230-235. 

117. Rutledge, R.B., et al., A computational and neural model of momentary subjective 

well-being. Proceedings of the National Academy of Sciences, 2014. 111(33): p. 

12252-12257. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

118. Eldar, E., et al., Mood as Representation of Momentum. Trends in Cognitive Sciences, 

2016. 20(1): p. 15-24. 

119. Scherjon, F., et al., Burning the land: An ethnographic study of off-site fire use by 

current and historically documented foragers and implications for the interpretation 

of past fire practices in the landscape. Current Anthropology, 2015. 56(3): p. 299-

326. 

120. Rolls, B.J., E.L. Morris, and L.S. Roe, Portion size of food affects energy intake in 

normal-weight and overweight men and women. American Journal of Clinical 

Nutrition, 2002. 76(6): p. 1207-1213. 

121. Fisher, J., et al., Effects of portion size and energy density on young children's intake 

at a meal. American Journal of Clinical Nutrition, 2007. 86(1): p. 174-179. 

122. Dar-Nimrod, I., et al., Can merely learning about obesity genes affect eating 

behavior? Appetite, 2014. 81: p. 269-76. 

 

ACCEPTED MANUSCRIPT


