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ABSTRACT 

The effect of stress on food intake varies across individuals, according to gender, 
bodyweight and eating style. However, little is known about the relative importance 

of these variables in stress-induced eating. Similarly, little research has addressed 

whether the effect of stress on intake differs according to stressor characteristics and 
food type. Psychological accounts of stress-induced eating have suggested a change 
in attentional processing of food stimuli when stressed, but this theory has not yet 
been directly tested. Physiological accounts of stress-induced eating propose that 

cortisol secretion during the physiological stress response has an appetitive effect, a 

theory that has received support from the laboratory, but has not been tested in the 

field. Six studies are presented in the present thesis, investigating the moderators 

and underlying mechanisms of stress-induced eating. Studies One and Two used 

questionnaire and diary methodologies to investigate the moderators of stress and 

snack intake. Study One indicated that increased intake was more prevalent in 

females and emotional eaters, and that the intake of crunchy foods particularly 

increased with stress. Study Two further highlighted that stressor type interacted 

with eating style, where emotional eaters, external eaters and disinhibitors increased 

intake in response to physical stressors, and high restrained eaters increased snack 

intake with work stressors. Studies Three, Four and Five investigated whether a 

change in attentional processes during stress could account for stress-induced intake 

in high external eaters. Study Three reported that external eaters increased their 

attention towards snack food words when stressed, while Study Four reported that 

external eaters attended towards unhealthy food words when stressed, but only at 

prolonged exposure times. Study Five did not provide further evidence for the 

theory, as stressed, external eaters did not attend towards food images. Study Six 

explored whether cortisol reactivity could account for stress-induced eating, 

comparing the snack intake of high and low cortisol reactors in response to 

laboratory and field stressors. The intake of high and low cortisol reactors did not 

differ in the laboratory. However, high reactors, but not low reactors, showed a 

positive association between hassles and snack intake in the field. The six studies 

combined to comprehensively investigate the moderators of stress-induced eating, 

and test two unexplored accounts of stress-induced eating, using both experimental 

and survey methodologies. 
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CHAPTER ONE 

STRESS-INDUCED EATING, ITS MODERATORS AND 
UNDERLYING MECHANISMS: A REVIEW OF THE 

LITERATURE 

The value of a balanced diet for important health outcomes is becoming increasingly 

apparent, with concerns about overeating, dietary imbalance and consumption of 
foods protective against illness dominating media reports and government health 

initiatives. It is now estimated that one third of adults in the UK will be obese by 

the year 2020, and that, if current trends continue, children of the next generation 

will have lower life expectancies than their parents (UK DoH Summary of 

Intelligence on Obesity, 2004). Consequently, overeating and high fat intake are 

major health concerns. Concurrently, there are worries over undereating of certain 

foods. A healthy diet is now recognised as the second most important factor (after 

cutting back on smoking) in cancer prevention, in the reduction of heart disease 

development and in helping control symptoms of asthma and diabetes (UK DoH 5a 

Day Health Benefits, 2003). Such dietary concerns are reflected in the government 

schemes to provide all members of the public with a personal health trainer, to 

introduce a coding system about the nutritional composition of individual foods and 

to supply fruit and vegetable vouchers for low income households (BBC Health 

News, 16th November, 2004). The familiar `5 a Day' government scheme aims to 

promote the health benefits of consuming five daily portions of fruit and vegetables, 

and increase the accessibility of these foods for everyone. In targeting children's 

diets specifically, it would be almost impossible to have missed celebrity chefs 

championing the cause for healthier school dinners (Feed me Better Campaign, 

2005) and a crackdown on `junk food' advertising between children's television 

programmes (Felicity Lawrence, The Guardian, 1 lth November, 2005). It is vital to 

investigate any threats to a balanced and non-excessive diet, now that we are so 

aware of its direct and protective effects on health outcomes. The present thesis 

aims to contribute to a greater understanding of how stress threatens the intake of a 

balanced diet, by exploring the mechanisms through which stress influences food 

intake, and the factors that serve to moderate the relationship between stress and 

eating. 
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1.1 Stress-induced Eating and Health 

Recurring periods of stress are known to adversely impact on cardiovascular. 
digestive and immune functioning, through repeated activation of the hypothalamic- 

pituitary-adrenal (HPA) axis (Clow, 2001; Kiecolt-Glaser et al., 2002; Sapolsky, 

1998; Wadee et al., 2001). Stress has also recently been related to premature cell 

ageing and increased incidence of cell mutations through the shortening of 

chromosomal telomeres (Epel et al., 2004). These are the direct physiological 

effects of stress; physical functioning may also be affected indirectly, through 

unhealthy behavioural changes associated with stress, including smoking, alcohol 

consumption and the focus of this thesis, disruptions to usual eating behaviours (Ng 

& Jeffrey, 2003; Steptoe, 1991). 

The association between stress and eating behaviour is well established in the eating 

pathology literature. Stress and trauma are implicated in the development of both 

anorexia nervosa and bulimia nervosa (Bennett & Cooper, 1999), and daily stressors 

are associated with binge eating episodes in individuals with binge eating disorder 

(Crowther et al., 2001; Vanderlinden et al., 2001; Yacono Freeman & Gil, 2004). 

Turning towards non-eating-disordered populations, less extreme changes in eating 

behaviour could result in health problems through a dietary imbalance. The UK 

Department of Health and the US Department of Health and Human Services advise 

a diet high in fibre, fruit and vegetables and low in salt, saturated fat and sugar, for 

protection against health problems including high blood pressure, obesity, diabetes, 

heart disease and certain cancers (UKDoH, 2004; USDHHS, 2003). Therefore any 

stress-related disruption in eating behaviour, including an increase or decrease in 

overall intake, or a change in food choice, could compromise this balance, and 

consequently health. 

1.2 General Effects versus Individual Differences Models 

The distinction between the `general effects' and `individual differences' models of 

stress-induced eating was first described in Greeno and Wing's (1994) review. The 

general effects model assumes that stress has the same effect on the eating behaviour 

of all individuals, and as such investigates the effect on the sample as a whole. In 

contrast, the individual differences model takes the perspective that certain 

individual factors moderate the relationship between stress and eating, and so takes 
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these factors into account when analysing the effect. Broadly speaking, animal 
research has adopted a general effects approach to the study of stress-induced eating, 
while research with human volunteers has investigated the characteristics predicting 
a susceptibility to increased intake. Both animal and human studies are informative 

about the validity of these two approaches. 

1.2.1 Animal Studies 

Animal studies of stress-induced eating have typically measured feeding response to 

a physical stressor, although the effects reported have been contradictory. In one 

physical stressor paradigm, pinches are administered to the animal's tail, and this 

has frequently been shown to increase food consumption (e. g. Morley et al., 1986). 

However, rodents are also reported to increase general gnawing and chewing 
behaviours with tailpinches rather than eating per se, and it is theorised that this 

stressor increases gnawing, with food intake increasing as a by-product if the animal 

is not fully sated (Levine & Morley, 1981). In the restraint stress paradigm, the 

animal is bound in such a way that all movements except for breathing are restricted. 

Ely et al. (1997) reported that rats increased intake of sweet foods specifically after 

chronic, but not acute, restraint stress. Other researchers, however, have found a 

decrease rather than an increase in intake in response to the restraint stress procedure 

(Krahn et al., 1990). Increased food intake has also been reported in rats after a cold 

swim stressor (Vaswani et al., 1983); and in defeated mice following a fight (Teskey 

et al., 1984), in what may be considered a more ecologically valid stressor paradigm. 

Other stress procedures have found evidence that food intake decreases with stress. 

Krebs et al. (1996) found that rats decreased food intake after exposure to white 

noise, though they eventually normalised intake to match that of the control rats 

after multiple stress sessions, by increasing eating speed. Tamashiro et al. (2004) 

reported a decrease in bodyweight in subordinate mice compared with dominant 

animals, following the formation of a social hierarchy, which could be attributed to a 

decrease in food consumption. Mild electrical shocks to the feet (footshocks) have 

also been shown to decrease food intake in rats (e. g. Sekino et al., 2004). Therefore 

the direction of the effect of stress on food consumption differs with the stressor 

paradigm. Stressor intensity may also serve as an important moderator of the stress- 

eating relationship. Dess (1997) reported that mild stressors (20 electrical shocks to 
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the tail, or restraint stress) were associated with an increase in intake, while more 
severe stressors (100 tailshocks) led to a decreased intake. Therefore stressor type 

and intensity may influence the effect of stress on eating behaviour. 

Not all animal studies have looked at the general effects of stress on intake. Macht 

et al. (2001) investigated individual food intake responses to a white noise stressor 
in rats. It was reported that individual rats responded differently to the stressor, with 

approximately one third of the animals decreasing food intake and the other two 

thirds showing no change in eating behaviour. Furthermore, those rats that ate less 

when exposed to the stressor displayed an increase in other behaviours associated 

with stress reactivity, such as increased scanning and grooming. This then also 

suggests that the differences in food intake response may reflect a variation in 

general stress reactivity between the animals. 

Individual differences in stress-induced eating have been further emphasised by 

Hagan et al. (2002), in an investigation of the combined effects of dietary restriction 
(reduction in normal caloric intake) and electric shocks to the feet on food intake. 

The results showed that there was an increase in the intake of palatable (but not 

unpalatable) food in the animals exposed to both the caloric restriction and the foot 

shocks, for up to 24 hours after stress cessation. However, neither of these factors 

alone was associated with an increased intake. This shows two interesting findings. 

First, that highly palatable food is more rewarding than low palatable food following 

stress. This phenomenon is likely related to the release of opiates during physical 

stressors, since opiates are associated with increasing hedonic value of foods in 

animals (Yeomans & Gray, 2002). Second, the study suggests that both previous 
dietary restriction and the electric shock stress need to be implemented for this effect 

to be observed. 

The extent to which animal studies can be generalised to the study of human eating 

behaviour is questionable, since human eating behaviour arguably involves a greater 

interplay between biological, psychological and social factors. Despite this 

criticism, animal studies have shown several important findings. First, the direction 

of the effect appears to be moderated by the type and severity of the stressor, so that 

milder stressors are associated with an increased intake, and severe stressors with a 

decreased intake. Second, individual differences in eating response are observable 
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in non-humans, which could be attributed to variability in general stress reactivity or 
prior dietary restriction. Third, stress-induced differences in feeding are dependent 

on the type of food available. These findings support the view that an individual 

differences approach may be more appropriate in the study of stress-induced eating 
than the general effects model even when studying animals. 

1.2.2 Human Studies 

Three studies have investigated the general effects of stress on eating behaviour 

without considering the possible intervening role of other factors; all three studies 
taking advantage of naturally occurring stressful situations. Michaud et al. (1990) 

measured food intake in response to examination stress in high school students. The 

results showed that there was a slight increase in fat intake on the day of the exam, 

suggesting an increase in intake with stress, at least for high fat foods. However, it 

is questionable whether high school students have as much control over food intake 

as adults. Macht et al. (2005) measured food intake and motivations to eat in 

undergraduate students during an exam period, comparing students with and without 

exams. Although the exam students reported a greater motivation to eat for 

distraction, there was no difference in actual food intake between the two groups, in 

contrast to the Michaud et al. findings. 

In the third general effects study, Bellisle et al. (1990) compared the lunchtime 

intake of men on the day of surgery with that at a later hospital visit. These results 

showed no difference in food intake between the two days, in concordance with 

Macht et al. 's (2005) findings. It is worth taking into account that both intake 

measures took place in the hospital environment, and that both visits may have been 

stressful for the patients. Secondly, the patients were made aware that their lunch 

intake was being monitored, which raises issues about the authenticity of their 

subsequent eating behaviour. Overall the three studies offer conflicting results, with 

two studies reporting no effect of stress on food intake, and one reporting an 

increase in consumed fat. All three general effects studies have maximised the 

validity of the stressor by studying eating behaviour in response to naturally 

occurring events. The analysis of whole samples, however, means that individual 

eating changes could have been masked, contributing to the null or conflicting 

effects. 
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The motivation for taking account of individual differences in stress-induced eating 
is further strengthened by survey responses. Willenbring et al. (1986) found that 

44% of a group of obese participants reported eating more when stressed, while 48% 

felt they ate less, and 8% reported no change. Similarly, Oliver and Wardle (1999) 

asked participants how they felt that their food intake changed with stress. The 

respondents who reported eating more or less were represented in fairly equal 

proportions, while approximately one fifth felt that there were no changes in their 

eating behaviours. Individual differences in eating response are therefore apparent 

in self-report data. These findings further suggest that the minority of people 

perceive no changes in intake, while the majority are fairly evenly divided into those 

who feel they eat more and those who feel that they eat less under stress. Overall 

human as well as animal studies support the individual differences model for stress- 

induced eating over general effects. 

1.3 Moderators of the Stress-Eating Relationship 

The research reviewed so far illustrates that eating response to stress varies between 

individuals. This section will review the role of individual differences variables that 

serve to moderate the stress-eating relationship, and as such account for the 

differences in eating patterns observed. 

1.3.1 Bodyweight 

Bodyweight was one of the first moderators of the stress-eating relationship to be 

identified, with both laboratory and naturalistic studies highlighting a difference 

between normal weight and overweight individuals (see Ganley, 1989, for a review 

of emotion-induced eating in the obese). Schachter et al. (1968) looked at the 

effects of anxiety (threat of painful electrical shocks) on the number of crackers 

consumed by normal weight and obese participants. They found that normal weight 

individuals ate more when calm than when anxious, but that the obese participants 

ate the same amount in both conditions. In another laboratory study, McKenna 

(1972) reported also that normal weight participants ate less in the high anxiety 

condition (threat of painful physiological measurements). In contrast to the 

Schachter et al. study, the obese participants increased food intake in the high 

anxiety condition. Pine (1985) also reported that obese participants increased food 
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intake in a high anxiety condition compared with a low anxiety condition, in support 
of McKenna. 

The above laboratory studies suggest that there is a difference in the effect of stress 

on the food intake in obese and normal weight participants, although not all studies 
have supported this difference. Abramson and Wunderlich (1972) investigated how 

the threat of painful shocks, and undesirable false feedback about interpersonal 

qualities would affect eating behaviour. They found that neither stressor showed 

any difference in the amount eaten by obese participants, compared with those in the 

non-stressed condition. There was also no relationship between anxiety and amount 

consumed in either the obese or normal weight groups. It is unclear why this study 
found no moderating effect of obesity, in contrast to the other laboratory studies. It 

is possible that the type of food offered (i. e. crackers) was not particularly appealing 
to the participants, and may not be the type of food usually chosen when stressed. 
The Schachter et al. (1968) study also used crackers as a test food, and did not find a 
difference in the eating behaviour of the obese participants between high and low 

anxiety conditions, whereas chocolate cookies were offered in the McKenna (1972) 

study, and peanuts in Pine's (1985) study, which may be more appealing or 

palatable to participants. 

Another factor that could cause inconsistencies in findings is the participants' level 

of obesity. Nisbett (1972) argues that each individual possesses a biologically 

determined ideal bodyweight, or `set point', based on his or her natural level of 

adipose tissue. The theory suggests a strong physiological drive to reach or maintain 

the set weight, so that individuals who are not meeting their weight level are in a 

state of hunger. Furthermore, there exists a wide inter-individual variability in set 

points, meaning that individuals who have the same bodyweight may differ greatly 

in levels of discrepancy between their actual bodyweight and their `set point' 

weight. It could be that level of obesity as defined by this discrepancy influences 

the relationship between stress and eating, rather than bodyweight itself. However, 

on a practical level, it would be exceedingly difficult to measure the body's set 

point. Therefore differences between laboratory findings regarding the moderating 

role of bodyweight in stress-induced eating may be partially due to differences in the 

type of food offered and participants' level of obesity. 
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Naturalistic and self-report studies have also shown increased intake in overweight 
individuals. Geliebter and Aversa (2002) conducted a questionnaire study, with 

underweight, normal weight and overweight participants. The overweight 

participants reported eating more when experiencing negative emotions and 

situations, including anxiety and pressure, compared with the normal weight and 

underweight groups. A diary study of food intake and mood in obese participants 

revealed that meals were larger when the participants were in a negative rather than 

a neutral mood (Patel & Schlundt, 2001). These findings provide evidence that 

obese individuals increase food intake under stress. Naturalistic and self-report 

studies also show evidence of divergent effects of stress on eating between 

overweight and normal weight individuals. Lowe and Fisher (1983) reported that 

obese college students were more likely to increase consumption of snacks in 

response to emotional arousal, according to daily records of mood and food intake. 

Conversely, the normal weight participants showed a slight decrease in the number 

of snacks consumed when in a negative mood. Slochower et al. (1981) reported that 

obese undergraduate students increased their intake during an examination period, 

when subjective anxiety was also increased. The normal weight students, however, 

decreased overall intake. These reports of hypophagia in normal weight participants 

and hyperphagia in obese participants under stress correspond with the laboratory 

findings of McKenna (1972). To summarise, the majority of laboratory, naturalistic 

and self-report studies support a moderating role of bodyweight in the stress-eating 

relationship, and more specifically they indicate that overweight individuals increase 

intake when stressed and normal weight individuals decrease food intake. 

1.3.2 Gender 

Most studies have not investigated the moderating effect of gender, but reports 

suggest that stress-induced eating is more prevalent among females. For example, 

Grunberg and Straub (1992) studied the impact of emotionally arousing film on 

eating, compared with a neutral film. The researchers reported that males 

significantly decreased food intake in response to the stressful film, while females 

showed a trend towards increased consumption. The Michaud et al. (1990) study 

described earlier also reported that examination stress affected energy intake to a 

greater extent in girls. In contrast, Stone and Brownell (1994) found that females 

started reporting that they ate less than usual at a lower intensity of stress than did 
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males. Since Stone and Brownell noted differences in response according to self- 
reported intensity of the stressors, it may be that the conflicting findings are due to 
the variation in intensity of stress between these studies. 

However, other studies have also shown few differences between males and females. 

Weinstein et al. (1997) found no difference in the number of males and females who 

reported themselves as eating more or less when stressed. Turning to empirical data, 

Conner et al. (1999) found no effect of gender in the relationship between daily 

hassles and snack intake in a field study, and Pine (1985) found no differences 

between males and females' intake in response to the threat of electrical shocks in 

the laboratory. It is therefore unclear whether gender really plays a strong 

moderating role, and it could be that variations between males and females along the 

dimensions of other moderator variables account for any effect of gender. 

1.3.3 Emotional Eating Style 

Emotional eating style describes a tendency to eat in response to any emotional 

arousal. The concept of emotional eating is derived from psychosomatic theory 

(Kaplan & Kaplan, 1957), which aimed to explain why certain individuals develop 

obesity. According to psychosomatic theory, certain individuals are unable to 

distinguish between the physiological states of emotional arousal and hunger, 

particularly the obese. This inability to discriminate between the two states may 

arise during childhood, if parents also offer a child food in response to emotional 

signals (Bruch, 1961). Consequently, emotional arousal gives these `emotional 

eaters' the urge to eat even during adulthood, forming a coping mechanism for such 

individuals (Kaplan & Kaplan, 1957). There is a reasonable level of support for 

psychosomatic theory, to the extent that obesity is related to emotional eating. In a 

review of the obesity literature, Ganley (1989) reports that emotional eating style is 

very common among overweight individuals, from mild to severe obesity. Even in 

children, emotional eating has been reported to be greater among the obese (Braet & 

Van Strien, 1997). In further support, Van Strien et al. (1986b) found that negative 

life events were associated with weight gain in high emotional eaters, but not low 

emotional eaters. This suggests that emotional eating could be partly responsible for 

obesity as the psychosomatic theory proposes, but this effect only existed for the 
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males in the sample. Therefore there is some support for the basis of emotional 

eating in the obese. 

The psychosomatic theory would predict that those high in emotional eating increase 

their food intake when stressed, as a mechanism of coping. Van Strien et al. (1995) 

reported that within a sample of undergraduate students, emotional eating was 

highly correlated with both emotional distress and regular overeating, thus 

supporting the view that overeating is associated with emotional arousal among high 

emotional eaters. In a laboratory study, Oliver et al. (2000) found that emotional 

eaters in the stress condition (performance of a presentation) had a higher energy 

intake than those in the control condition or non-emotional eaters. Similarly, Van 

Strien et al. (2000) found that emotional eating predicted ice cream consumption 

following a stressor in the laboratory. However, Conner et al. (1999) failed to find 

a moderating effect of emotional eating scores on the relationship between daily 

hassles and snacks consumed. Overall, the evidence for emotional eating as a 

moderator of the stress-eating relationship is strong. Furthermore, a strong 

relationship has been found between emotional eating style and obesity, as 

psychosomatic theory would predict (e. g. Lowe & Fisher, 1983) so it is possible that 

emotional eating accounts for some of the moderating role of bodyweight. 

1.3.4 External Eating Style 

Human appetite is influenced by both internal hunger state, perceived through low 

blood sugar and gastric movements, and external eating cues, such as the sight or 

smell of food (Schachter, 1971; Schachter et al., 1968). However, individuals vary 

in their reliance upon each type of cue (Marcelino et al., 2001). Individuals 

described as having an external eating style rely heavily on these external eating 

cues including social context, taste and visual appeal (McKenna, 1972), and are 

relatively unaware of internal hunger state (Schachter et al., 1968). Those who do 

not react strongly to external or environmental eating cues are sometimes labelled 

internal eaters. Like emotional eating style, Schachter et al. (1968) introduced the 

concept of external eating style in an attempt to explain why certain individuals 

become obese. This theory proposes that certain individuals develop a reliance on 

external eating cues, by eating at times that do not correspond with physiological 

hunger signals, hence dissociating internal hunger from food intake. Jansen et al. 
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(2003) has further proposed that the relationship between external cues and food 
intake develops in childhood through conditioning, if parents encourage their 
children to eat in situations where any food is present. Certainly, there is evidence 
that parental presence affects eating in obese children, but not normal-weight 
children, so this characteristic may emerge in childhood (Laessle et al., 2001). 

Schachter et al. 's (1968) own findings support externality theory to an extent, by 

demonstrating that obese individuals do not eat less when anxious (when gastric 

physiological symptoms are suppressed) or after they have already eaten, which 
does suggest a lack of awareness of internal hunger state. A further test of 

externality theory is whether obese individuals do in fact eat in response to 

environmental eating cues. According to their parents, obese children eat in 

response to external cues and not hunger level (Braet & Van Strien, 1997). These 

researchers point out that the child's obesity may magnify the impression that the 

children eat when they are not hungry, and so parental judgements may be open to 

bias. However, further support is provided by reports that obese adults work harder 

to gain food when the food reward is visible, while normal weight participants are 

unaffected by the presence or absence of the cue (Schachter, 1971). This certainly 

suggests that the food cue increases the desire to eat in obese individuals. 

Externality theory further predicts that obese individuals should be more sensitive to 

the external qualities of food. This has been supported in empirical studies. For 

example, Decke (1971) found that obese individuals drank more of a highly 

palatable milkshake than normal participants, but less of an unpalatable milkshake 

(laced with quinine) than those of normal-weight. However, McKenna (1972) found 

that the appearance of food (i. e. appetising or non-appetising) did not affect the 

amount eaten in obese participants, suggesting that taste may be a more important 

cue than visual appeal. It should also be noted that external eating is not restricted 

to obese populations, as binge episodes in those with binge eating disorder are 

seemingly triggered by exposure to food cues (Jansen, 1998), and binge eating 

disorder is strongly related to external eating (Pinaquy et al., 2003). Student 

samples show a wide range in scores of self-reported external eating style (e. g. 

Conner et al., 1999). 
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With respect to the relationship between stress and eating, Schachter et al. (1968) 

predicted that external eaters should eat the same amount of food regardless of their 

stress level, and this was supported by their own findings. Unlike emotional eaters, 
external eaters do not purportedly associate eating with emotional arousal, as they 

are unaware of internal hunger level. But it has since been reported that high 

external eaters may actually increase their food intake when stressed. For example, 
Conner et al. (1999) found that externality plays a strong role in moderating the 

relationship between daily hassles and eating. Those high in external eating 
increased snack intake with high levels of hassles, whereas those low in external 

eating showed no change in eating pattern with low and high levels of hassles. 

Cross-sectional data also show strong associations between binge eating, stress and 

external eating scores (Pinaquy et al., 2003). While the original externality theory 

cannot account for this finding, Jansen et al's (2003) explanation of excessive eating 
does allow for increased intake with stress, if emotional states have been frequently 

paired with food intake and stimuli in these individuals. This finding is also 

consistent with the argument that stress, or indeed any form of arousal, increases 

awareness of external stimuli including food (Heatherton & Baumeister, 1991; 

Robbins & Fray, 1980), which would be expected to trigger eating in external eaters. 

Evidence does seem to suggest that external eaters increase food consumption when 

stressed (Conner et al., 1999), which may reflect an increased awareness of 

environmental stimuli. However, research has not actually investigated whether 

external eaters do show a change in awareness or attention towards food stimuli 

when stressed, as a test of Heatherton and Baumeister's (1991) conjecture. As with 

emotional eating, the moderating role of bodyweight could be partially due to its 

relationship with external eating style. 

1.3.5 Restrained Eating Style 

Restrained eating style is characterised by a conscious effort to keep weight below 

its natural level, but without great success'. Restraint theory, unlike psychosomatic 

and externality theory, proposes that overeating is due to dieting (restraint) rather 

than vice versa (Polivy & Herman, 1985). Restrained individuals attempt to keep 

weight below its natural point (c. f. Nisbett's set point theory, 1972) by consciously 

Although researchers differ in their meaning of restraint, Herman's research team originally 
conceptualised restrained eaters as unsuccessful dieters 
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eating less, leaving the individual in a state of chronic physiological hunger 

(Herman & Mack, 1975). The normal relationship between internal hunger and food 

intake may be uncoupled if intake is restricted when hungry (Tuschl, 1990), 

meaning that restrained eaters may not be aware of internal hunger state, just as 

psychosomatic and externality theories predicted in the obese. Under normal 

circumstances, unrestrained eaters consume more than restrained eaters, as would be 

expected, and restrained eaters reportedly eat a healthier diet than unrestrained eaters 
(Contento et al., 2005; Mitchell & Epstein, 1996; Rideout et al., 2004). However, 

dieting does not actually appear to correlate with weight loss over time (Stice, 

1998). The disassociation of intake from hunger level coupled with a biological 

demand for food means that when inhibitions are diminished there is a high 

likelihood of overeating in restrained eaters. 

Counterregulation describes a tendency for restrained eaters to increase food intake, 

having previously been required to consume a large amount of high-calorie food or 
drink (Polivy & Herman, 1985). Herman and Mack first demonstrated 

counterregulation in restrained eaters in 1975, by investigating the amount of ice 

cream eaten in a `taste test' by undergraduate students after consuming two, one or 

no milkshakes (labelled a `preload'). In such taste test paradigms, the participant is 

informed that after rating the test food, he or she can eat as much of the remainder as 

wanted, with the foods weighed by the experimenter before and after. The results 

showed that the low restraint group decreased their ice cream intake in accordance 

with the increasing size of the milkshake preload. Those individuals high in 

restraint, however, ate more of the ice cream after eating the milkshake preload, 

failing to take into account the energy already consumed in the milkshake or to 

maintain their diets. Although other researchers have reported that restrained eaters 

actually non-regulate their calorie intake, rather than counterregulate, by eating the 

same amount in the preload condition rather than more (e. g. Jansen et al., 1988; 

Ruderman & Christensen, 1983). 

It has also been reported that the counterregulation effect is more strongly seen in 

restrained eaters when the preload is perceived as high in calories regardless of 

actual caloric value (Polivy, 1976). However, Knight and Boland (1989) found that 

the perception of a food as `forbidden' by a diet was more greatly associated with 
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counterregulation than the perceived number of calories in the preload. Whether a 
food is considered high in calories or forbidden, both these findings suggest that 

overeating occurs after the participant perceives a loss of control over the diet after 
the preload, and subsequently continues to break the dietary restrictions. This is also 
termed the `what the hell effect' (Herman & Polivy, 1975). In further support of the 

role of control, Rotenberg and Flood (2000) found that counterregulation in 

restrained eaters was mediated by an external locus of control for indulgent food 

consumption. However, Jansen et al. (1988) found no evidence that self-reported 

cognitions about loss of dietary control or disinhibition were associated with 

counterregulatory behaviour in restrained eaters. This does not necessarily mean 

that such cognitions are not present, though, as this processing may be unconscious 
(Rotenberg et al., 2005). A further interesting finding is that even the anticipation of 

a preload appears to influence eating behaviour, so that restrained eaters are found to 

increase, and unrestrained eaters to decrease their food intake (Ruderman et al., 
1985). 

Research has since shown that an overeating response is not specific to preloading, 

as stress also serves as a disinhibitor in restrained eaters. Herman and Polivy (1975) 

have reported that restrained eaters increase food intake when threatened with 

painful electric shocks, though the intake of unrestrained eaters is unaffected. 

Studies have also demonstrated that the anxiety associated with a frightening film is 

sufficient to increase intake in restrained, but not unrestrained, eaters (Cools et al., 

1992; Schotte et al., 1990). This effect is not limited to laboratory studies. Wardle 

et al. (2000) reported that energy intake increased with work stress in department 

store workers high in dietary restraint, but this was not the case for unrestrained 

workers. However, Pollard et al. (1995) and O'Connor and O'Connor (2004) found 

no evidence for a moderating role of dietary restraint in the relationship between 

student exam stress and food intake. There is also evidence that the restraint effect 

is less robust when a variety of test foods are offered, rather than the availability of 

ice cream alone (Shapiro & Anderson, 2005). This does suggest that the effect may 

be somewhat restricted to the traditional taste test paradigm. 

Herman and Polivy (1975) argue that dietary restraint accounts for differences 

observed between obese and normal weight groups in terms of stress-induced eating. 
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There is evidence of a close association between the two variables, as restrained 

women tend to show a greater gain in bodyweight in a year than do unrestrained 

women, and obese individuals score more highly on cognitive restraint than non- 

obese individuals (Ardovini et al., 1999; Beiseigel & Nickols-Richardson, 2004; 

Kiesges et al., 1992). While it seems counterintuitive for restrained eaters to weigh 

more than unrestrained, restraint theory can account for this as disinhibition prevents 

significant weight loss, and because obese individuals are typically chronic and 

unsuccessful dieters (Polivy et al., 1978). There is also evidence of lower energy 

expenditure in restrained eaters (Tuschl, 1990), and a more efficient metabolism for 

consumed calories (Polivy & Herman, 1985), which would explain why the net 

energy balance is positive. 

Baucom and Aiken (1981) investigated the amount consumed by undergraduates 

following a task failure stressor, and found that dieters consumed more than non- 

dieters after the mood induction. This was the case for both obese and non-obese 

participants, suggesting that dietary restraint may be the more important factor in 

predicting stress-induced eating. Similarly, Ruderman and Wilson (1979) reported 

that restraint was a more significant predictor of counterregulatory behaviour than 

obesity; although interestingly, restraint appeared to have more of an effect on eating 

behaviour for normal weight than obese individuals. Costanzo et al. (2001) found 

that restraint explained some of the relationship between emotional arousal and 

overeating in obese participants. However, a relationship between negative arousal 

and eating still emerged after controlling for restraint, so it may be that restraint does 

not completely account for the moderating effect of bodyweight, and that other 

factors further play a role. 

Restraint theory also predicts a close association between restraint and external 

eating style. It is theorised that the conscious control of intake means that eating and 

physiological hunger fall out of synchrony, and consequently, restrained eaters rely 

more heavily on external eating cues (Herman & Mack, 1975; Polivy et al., 1978). 

It is argued that this may develop as part of a biological mechanism to restore 

weight to its desired natural level, or set-point, (Polivy & Herman, 1985) referring to 

Nisbett's (1972) theory. Alternatively, restrained eaters may develop a conditioned 

physiological response to certain food cues due to previous binge eating episodes 
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(Jansen, 1998; Nederkoorn & Jansen, 2002). Many researchers have indeed found a 

strong correlation between external eating style and restrained eating (e. g. Braet & 

Van Strien, 1997); although others have found a negative association (Heaven et al., 
2001), suggesting that not all restrained eaters rely on external eating cues. 

There is also empirical evidence that restrained eaters react strongly to external food 

cues. Klajner et al. (1981) found that restrained eaters salivated more than 

unrestrained eaters in response to visual and olfactory food cues. Brunstrom et al. 
(2004) also reported that restrained eaters salivate in response to pizza exposure, so 
there is evidence of a physiological response to food cues in restrained eaters. 
However, Bulik et al. (1996) reported no evidence of greater salivation to food cues 
in restrained eaters. Findings also suggest that restrained eaters show a behavioural 

response to food cues, by overeating. Fedoroff et al. (1997) reported that in a non- 

stressful situation, restrained eaters overeat when exposed to food cues (thoughts 

and aroma of pizza), which does suggest that externality could form a bridge 

between restraint and disinhibition as Herman and Mack (1975) proposed. In 

investigating this finding further, Fedoroff et al. (2003) have reported that restrained 

eaters eat more of the food that has been cued (though not actually consumed), 

rather than food in general, suggesting that the external cues may prompt the 

individual to specifically eat the targeted food. In contrast, Nederkoorn and Jansen 

(2002) found that unrestrained eaters were actually more physiologically reactive to 

food cues than restrained. Slochower (1980) argues that restrained eaters may 

develop an external eating style specifically when anxious. However Polivy et al. 

(1994) found no evidence that restrained eaters were more sensitive to the taste 

quality of cookies when stressed, suggesting no evidence of a greater awareness of 

external food cues under stress. 

One final issue with dietary restraint is that it may not be a unitary construct. 

Firstly, there appears to be a difference between dieters and restrained eaters, 

although restraint theory does not make a clear distinction between the two groups. 

Interestingly, dieters per se do not exhibit counterregulatory behaviour, and respond 

to a preload by eating less, rather than more, of a test food (Lowe, 1995). This 

highlights a necessary distinction between restrained eaters who are 

characteristically unsuccessful dieters (Heatherton et al., 1988), and dieters in 
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general. Restrained eating and dieting could also interact so that those most at risk 

of counterregulatory eating are restrained non-dieters who impose fewer restrictions 

on food intake than restrained eaters who are currently dieting (Lowe & Timko, 

2004). Laboratory studies have shown that restrained eaters only show 

counterregulatory behaviour if they also score highly on tendency towards 

disinhibited eating (Ouwens et al., 2003; Van Strien et al., 2000; Westenhoefer et 

al., 1994). Weinstein et al. (1997) found that disinhibition was a better predictor of 

stress-induced eating in women than cognitive restraint, and Yeomans et al. (2004) 

reported that highly restrained eaters who were low in disinhibition were less 

susceptible to overeating after tasting palatable food than highly restrained eaters 

scoring high on disinhibition. Therefore, a clear difference between successful 

dieters and Herman and Mack's (1975) conceptualisation of restrained eaters is the 

tendency to disinhibit intake. 

This difference in overeating behaviour between dieter groups may be understood in 

terms of Westenhoefer et al. 's (1999) distinction between rigid and flexible restraint. 

Individuals in the former group keep a very tight control over intake, while those in 

the second group allow dietary lapses and compensate for them later. According to 

Westenhoefer et al. the rigid control group are more susceptible to disinhibition as 

the lapse is viewed as more devastating for their diet, while the flexible group are 

unaffected by a preload. Evidence that rigid control and disinhibition tendency are 

critical variables in overeating can be found from both laboratory and self-report 

studies. Timko and Perone (2005) reported that rigid control was associated with a 

higher BMI and self-report disinhibition, while flexible control was associated with 

low disinhibition and low BMI in female students. Therefore the rigid/flexible 

control distinction may be valid in predicting counterregulatory behaviours, and that 

restraint theory only applies to the rigid control restrained group rather than all 

dieters. 

1.3.6 Personality Factors 

Evidence already points to a link between personality and eating behaviours. First, 

eating disorders are strongly related to personality traits. The personality traits 

anxiety and neuroticism are associated with anorexia and bulimia, and implicated in 

their development (Ghaderi & Scott, 2000; Raevuori, 2002). A high sensation- 
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seeking score has also been linked to binge eating (Kane et al., 2004). A link 
between personality and eating disorders is also shown by a high correlation 
between eating disorders and personality disorders (Godt, 2002). Second, food 

preferences may be affected by personality. Goldberg and Strycker (2002) found 

that eating low fat foods was associated with conscientiousness, and high fibre 

consumption with openness to experience in a large American sample. Potts and 
Wardle (1998) reported that food pickiness and phobias about new foods were 

related to low levels of sensation seeking. So far, little research has addressed the 

relationship between personality and stress-induced eating changes; however there 

are indications that emotional reactivity and neuroticism, perfectionism and 

conscientiousness play a role. 

It is possible that those who eat more in response to stress have higher anxiety levels 

than those who eat less or show no change. Pollard et al. (1995) reported that 

students high in trait anxiety showed an increase in food intake during a stressful 

exam period, while those low in trait anxiety showed the opposite pattern. This 

finding suggests that trait anxiety plays a moderating role; but eating response to 

stress could also depend on anxiety reactivity level, where those with a greater 

sensitivity to stressful situations increase food intake. Such a theory would fit with 
Schachter's (1971) proposal that external eating is only one aspect of a more general 

sensitivity to external stimuli in the obese, which also includes a hypersensitivity to 

stressors. Polivy et al. (1978) found that restrained eaters were more reactive to 

emotional pictures than non-restrained, which suggests greater reactivity in 

restrained eaters. 

It could be argued that this over-responsiveness to stress especially contributes to the 

effect of stress on eating in the obese, who are reportedly more likely to be 

emotional eaters (e. g. Ganley, 1989). There is evidence from laboratory studies that 

the obese are more reactive to emotional events and stimuli (Abramson & 

Wunderlich, 1972; Schachter et al., 1968). Lowe and Fisher (1983) reported that 

obese individuals were seemingly more reactive to stressors than normal weight 

individuals, when studied in a natural environment. As a caveat to emotional 

reactivity research, the level of available social support could affect the stress and 

eating relationship through its associations with emotional response and coping 
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resources. DeLongis et al. (1988) reported that there are more mood and health 

disturbances in response to stress in individuals with low social support. The 

Pollard et al. (1995) study also found that low social support contributed to the 

effect of stress on eating in those with high trait anxiety. Emotional stability level, 

or neuroticism, as well as social support level, may provide an avenue for future 

investigations of stress and eating relationship moderators. 

Perfectionism has been conceptualised by Hewitt and Flett (1991) as encompassing 

three dimensions, namely self-oriented (setting standards for oneself), other-oriented 

(setting standards for significant others) and socially prescribed perfectionism (a 

desire to meet standards set by significant others). Perfectionism has been strongly 

associated with anorexia nervosa (Franco-Paredes et al., 2005); self-oriented and 

socially prescribed perfectionism in particular (Cockell et al., 2002). Research has 

also shown perfectionism to be high among dieters (Emmons, 1994) and restrained 

eaters (e. g. Slade & Dewey, 1986). McLaren et al. (2001) reported that all three 

dimensions of perfectionism were positively associated with dietary restraint. It 

seems intuitively plausible that perfectionists would be more likely to restrict food 

intake in order to maintain or reach a particular weight, particularly for those high in 

socially prescribed perfectionism, who are presumably trying to adhere to societal 

standards of body size. Conversely, it has also been proposed that perfectionist 

attitudes are also responsible for the disinhibition effect in restrained eaters, as there 

seems no point in restricting food intake once the diet has already been violated 

(Ruderman, 1985). It should be noted that other researchers have found no 

correlation between the two constructs perfectionism and restraint (e. g. Griffiths et 

al., 2000). Overall there is evidence that perfectionism is related to restraint, and 

could therefore be linked to stress-induced eating through this association with 

restrained eating. 

As with perfectionism, little research has addressed the moderating role of 

conscientiousness in stress-induced eating. However, there is evidence of an 

association between conscientiousness and eating style variables, as emotional and 

external eaters are reported to be low in conscientiousness (Heaven et al., 2001). 

Conscientiousness is also linked to health behaviours (Friedman et al., 1995), with 

evidence of more unhealthy food choices in low conscientious individuals (Bogg & 
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Roberts, 2004). In a direct measure of the moderating role of conscientiousness in 

stress-related eating, O'Connor and O'Connor (2004) found that low conscientious 
individuals who were also trying to lose weight or scored highly in self-oriented 

perfectionism increased snack intake during an examination period. This suggests 
that conscientiousness may affect the relationship between stress and eating in 

interaction with other eating style and personality variables. Research has not fully 

addressed the influence of conscientiousness, but evidence does tentatively suggest a 

role for this personality variable. 

1.4 Methodological Differences 

Methodological differences between studies may also impact on any conclusions 
drawn about stress-induced eating. Three main areas of methodological concern are 
the eating style scales employed between studies, the measurement environment, 

and the type of stressor employed. 

The discrepancy between different eating style scales is a particular issue for the 

measurement of dietary restraint. This construct is typically measured using the 

Restraint Scale (RS; Herman & Polivy, 1980), the Three Factor Eating 

Questionnaire (TFEQ; Stunkard & Messick, 1985) or the Dutch Eating Behaviour 

Questionnaire (DEBQ; Van Strien et al., 1986a). Westenhoefer et al. (1994) and 

Van Strien et al. (2000) have observed that studies are more likely to report that 

restrained eaters disinhibit food intake when the Restraint Scale is used, compared 

with the use of the other two major measures. Therefore it is questionable whether 

all three scales are indeed measuring the same construct. In an investigation of the 

relationships between the three main scales, Laessle et al. (1989) reported that all 

three were significantly correlated, but that the DEBQ was more strongly correlated 

with the RS than was the TFEQ, and that the strongest correlation was between the 

TFEQ and DEBQ scores. Looking at the individual scale items, the Restraint Scale 

does appear to contain questions that directly pertain to disinhibition, rather than 

restraint per se (e. g. `Do you eat sensibly in front of others and splurge alone? ' and 

`Do you have feelings of guilt after overeating? '), while the DEBQ and TFEQ 

restraint scales select more successful dieters as high scorers (Ricciardelli & 

Williams, 1997). It is not surprising then that studies using different scales find 

different effects, and that investigations using the RS measure are more likely to find 
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a disinhibition effect in restrained eaters. Furthermore, there is an issue with 
participants giving socially desirable responses. Allison et al. (1992) report that it is 

more difficult to provide socially desirable responses with the restrained eating 

subscale of the TFEQ than with the other two restraint scales. Interestingly, Stice et 

al. (2004) argue that restraint scales in general show a poor correlation with actual 
food intake, meaning that the validity of all three measures is questionable. 

The second methodological difference between studies concerns the measurement 

setting, i. e. whether the study is conducted in the laboratory or the field. A problem 

with field investigations of stress-induced eating (e. g. food and mood diary studies) 
is that eating behaviours are likely to be influenced by many other factors, such as 
lifestyle and social commitments. As with questionnaire data, socially desirable 

responding in daily or weekly records may pose a problem for self-report data 

(Anderson et al., 2001); although an investigation by Legg et al. (2000) found that 

recordings did not appear to be influenced by the rationale provided. There is also 

an issue with inaccuracies in intake recordings in diary studies (Oliver & Wardle, 

1999), especially for highly restrained women (Bathalon et al., 2000). However, 

studies have shown support for stress-induced eating in the field. Steptoe et al. 

(1998) reported that nurses and teachers ate a greater amount of fast food during 

high stress weeks compared with periods of low stress. Wardle et al. (2000) found 

that department store workers had a greater energy intake during a period of high 

work stress, compared with a week of lower work stress. Therefore, it seems that 

eating behaviours are also susceptible to changes with work-related stressors, and 

that the stress-induced eating phenomenon is not limited to laboratory paradigms. 

Laboratory studies afford greater control of extraneous variables, and allow an 

objective, direct measure of food intake, but there are obvious concerns with the 

artificiality of both the stressor and the eating behaviour observed. Laboratory 

studies typically involve acute stressors, such as the threat of shocks or watching a 

scary film. These stressors are not likely to compare with acute stressors, and 

certainly not the chronic or accumulated stressors, that are encountered in everyday 

life. Similarly, eating behaviour may be inhibited by the artificiality of the 

laboratory setting and the smaller range of food choices, and as such may not reflect 

eating behaviour in natural and familiar environments. Thus, the use of a laboratory 
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methodology could be expected to affect the reported relationship between stress 

and eating, and it would be beneficial for future research to employ diary-based 

naturalistic study designs to overcome the contrived nature of laboratory-based 

paradigms and complement the wealth of research from the laboratory. 

The type of stressor employed could also affect the stress and eating relationship, as 

animal studies would suggest. Some laboratory studies have used intense anxiety- 

inducing stressors, such as the threat of electric shocks or a frightening film (e. g. 

Cools et al., 1992; Schachter et al., 1968). Other studies have employed more 

socially based stress manipulations, including confrontation and ostracism (e. g. 

Oliver et al., 2001). Such differences in stress operationalisation could impact on 

the findings. This possibility has been measured directly by Heatherton et al. 

(1991), who reported a difference in eating responses between a physical stressor 

(anticipated electric shocks) and an ego threatening stressor (failure at an insoluble 

task or an anticipated speech in front of an audience), in restrained and unrestrained 

eaters. For the physical stressor, unrestrained participants significantly decreased 

intake, and restrained eaters showed a slight increase. For the ego threatening 

stressors, the restrained eaters significantly increased their food intake, but the intake 

of unrestrained individuals was not significantly altered. Accordingly, the 

researchers argue that the stressor might need to contain an ego-threatening element 

for restrained eaters to disinhibit, since these stressors involve emotional rather than 

physiological arousal. 

One issue with this argument is that interpersonal stressors are also found to lead to 

disinhibited eating in susceptible populations. Tanofsky-Kraff et al. (2000) found 

that restrained eaters increased ice cream intake after an interpersonal ostracism 

stressor, and to a greater extent than following the ego threat stressor conditions. 

Similarly, Oliver et al. (2001) reported that high disinhibitors who were the target of 

either ostracism or an argument increased their intake. This again suggests that an 

ego-threatening stress element may not be crucial, but that social stressors also 

induce overeating. However, it could be argued that arguments and ostracism 

manipulations also have an adverse effect on self-esteem, and as such pose an ego 

threat to participants. The importance of ego involvement has also been contested 
by Schotte (1992), who pointed out that watching frightening films also leads to 
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disinhibited eating. The rejoinder to this argument, however, is that films encourage 

individuals to `escape' from self-awareness, like ego threat stressors, which then 

facilitates overeating (Heatherton et al., 1992). 

Evidence also suggests that stress-induced eating is more likely to occur after 

uncontrollable stressors (Slochower et al., 1981). In a direct manipulation of this 

effect, Slochower and Kaplan (1980) investigated the impact of perceived 

controllability of a stressor and labelling its source, on intake in obese and normal 

weight participants. The participants in the high anxiety condition were exposed to 

a sound recording of a very fast heart rate, and were led to believe that this was live 

feedback of their own heart rate. To manipulate controllability half the participants 

were taught a breathing exercise, and to manipulate labelling the source of arousal, 
half the participants were informed that their arousal level was due to headphone 

noise. The obese ate more when they were anxious and could not control or label 

the arousal. These participants only decreased intake when a label and a method of 

control were offered. Therefore, the findings suggest that, in obese participants at 
least, eating behaviours are especially susceptible to uncontrollable and diffuse 

stress. The results showed that control had more of an impact than labelling on 

eating. Therefore, this factor may be particularly important. The results of the 

Oliver et al. (2001) interpersonal stress study also suggest that lack of control may 

be an important factor, since the protagonists in the social stress procedure did not 

change their intake, only the target participants. 

The type of stressor could interact with the participant's sex, since males are 

reported to be more physiologically reactive to achievement failure stressors and 

females to interpersonal stressors (Stroud et al., 2002), which could influence any 

conclusions about critical aspects of a stressor. There is also evidence that 

restrained eaters increase food intake following an active, rather than a passive, 

stressor (Lattimore & Caswell, 2004). Overall, the stress manipulation may impact 

on the relationship between stress and eating, whereby overeating is more likely to 

be induced by an active but uncontrollable stressor, involving a social or ego 

threatening component; though gender differences in response to different stressors 

could be further investigated. 
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1.5 Food Choice during Stress 

The majority of stress-induced eating research has focused on the number of calories 

or the weight of food consumed in a meal or snack (e. g. Crowther et al., 2001; 
Herman & Mack, 1975). Other investigations have considered how other aspects of 
food intake could be affected by stress, including the taste and consistency of the 

chosen food and its macronutrient content (i. e. its proportion of carbohydrates, fats 

and proteins), and whether there is a change in snack or meal intake. 

Self-report data indicate an association between stress and intake of high fat or 

carbohydrate rich foods. Participants in a study by Christiansen and Pettijohn 

(2001) reported that cravings for carbohydrates were preceded by feelings of anxiety 

and depression. Oliver and. Wardle (1999) found that people reported eating more 

sweets and chocolates, cakes and biscuits and savoury snacks, but fewer portions of 

meat and fish or fruit and vegetables when stressed. These findings indicate a shift 

towards palatable or energy dense foods (i. e. those high in fat or sugar) when 

stressed. Self-labelled stress-eaters were found to eat a greater amount of sweet, 

salty and fatty foods (Laitinen et al., 2002). 

Laboratory studies also show a preference for energy dense foods under stress, in 

response to a stress paradigm. Grunberg and Straub (1992) reported that men 
decreased consumption of sweet, bland and salty foods following a stressful film, 

while women ate more sweet food in the stressful condition. Oliver et al. (2000) 

measured intake from a multi-item test meal, following exposure to a presentation 

stressor task. The results showed that while intake was not changed across all 

participants, those high in emotional eating increased intake of sweet and fatty 

foods. Shapiro and Anderson (2005) found that restrained eaters consumed more 

crisps after an insoluble task even though they had not rated this food as the most 

palatable, a finding the authors attributed to a desire for energy rich food. The 

results of these three studies suggest that the intake of sweet or energy rich foods 

specifically increases with stress, but that this varies according to other known 

moderators of the stress-eating relationship. 

Naturalistic studies have also suggested an increase in energy dense foods when 

stressed. Michaud et al. (1990) reported that students consumed a greater amount of 
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fat on the day of an exam, when anxiety was increased. In further support, Wardle 

et al. (2000) found that under high work stress, reported consumption of fat, 

saturated fat and sugar increased. In contrast to the above findings, Patel and 
Schlundt (2001) found no difference in the macronutrients consumed during a 

negative mood period compared with a neutral mood period, in obese participants. 
Overall, however, self-report data, naturalistic studies and laboratory research 

suggest that stress is associated with increased fat and carbohydrate consumption. 

An alternative explanation for a stress-related change in food choice is that people 
increase their intake of snack foods, which tend to be highly palatable and rich in 

sugar and fat. It seems plausible that snacks would be particularly susceptible to 

stress-induced eating changes, since these foods are quick to prepare, widely 

available and thus very convenient. Oliver et al. (2000) further suggest that snacks 

are easier to digest than meals when in a state of physiological arousal associated 

with stress. Research addressing snack intake has tended to show an increased 

consumption during stressful periods. Nearly three quarters of the people in Oliver 

and Wardle's (1999) sample reported increased snacking when stressed. Daily 

measures studies have also found this change in snack and takeaway intake with 

stress and hassles (e. g. Conner et al., 1999; Steptoe et al., 1998). If this is the case, 

there are important implications for the introduction of available healthy snacks, as 

Oliver and Wardle (1999) have identified. 

There are other aspects of food choice and intake pattern that warrant further 

investigation. Firstly, the visual appeal of foods eaten under stress could affect food 

choice when stressed. In an investigation of the food properties that affect 

consumption, Marceline et al. (2001) found that visually appealing food stimulates 

appetite for that particular food. It may therefore be worth looking at how, this 

affects choice of food when stressed, especially among high external eaters who are 

especially sensitive to these qualities. Food texture could also affect food choices 

when stressed. It has been reported that crunchy, rather than chewy foods are 

preferred under stress (Willenbring et al., 1986), a phenomenon that has been linked 

to nervous nail biting habits (Morley et al., 1986). This would coincide with the 

increased consumption of potato crisps reported by Shapiro and Anderson (2005). 
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although the foods chosen in the Oliver and Wardle (1999) and Oliver et al. (2000) 

studies were of varying textures. 

Timing of meals and snacks could also be addressed. It may be expected that meals 

would be eaten late or in an irregular fashion due to time constraints when under 

stress. In support of this notion, Macht and Simons (2000) have reported that eating 

can be irregular when in a negative mood. However, Crowther et al. 's (2001) study 

of hassles and intake revealed no changes in meal pattern in association with daily 

hassles. Furthermore, an investigation of intake pattern could provide a timescale 

for the effect of stress on intake; however, more research is required before any 

conclusions may be made regarding this issue. 

1.6 Mechanisms Underlying Stress-induced Eating 

The literature reviewed so far has addressed whether the general effects approach is 

an adequate model for stress-induced eating, and has highlighted a number of factors 

acting as important moderators of the relationship. The review will now turn 

towards the potential mechanisms underlying the stress-eating phenomenon, by 

considering first psychological then physiological theories. 

1.6.1 Psychological Mechanisms 

The psychosomatic theory (Kaplan & Kaplan, 1957) was the first proposed 

mechanism for stress-induced eating in the obese, but was questioned due to 

findings that obese individuals often showed no change in food intake under stress 

(e. g. Schachter et al., 1968). This posed a problem for psychosomatic theory, which 

argued that obese individuals confuse arousal with hunger and therefore predicted an 

increase in consumption with stress. This led to the development of externality 

theory (Schachter et al., 1968) which could account for unchanged eating under 

stress, and was further supported by evidence of heightened sensitivity for external 

qualities of food (Decke, 1971). However, reports indicated that sensitivity to 

external food qualities is not increased under stress (e. g. Polivy et al., 1994), and 

that dietary restraint was a better predictor of stress-induced eating (Herman et al., 

1978), leading to restraint theory (Herman & Polivy, 1975). 
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Restrained eating is not always the best predictor of stress-induced eating (Van 

Strien et al., 1986b) and restraint theory provides a more comprehensive explanation 

of increased intake following a preload rather than during stress. Later accounts of 

restrained eating concentrated less on the individual's set point, and the theory 

developed into the boundary model of restrained eating (Herman & Polivy, 1984). 

According to the boundary model, hunger and satiety sensations control the desire to 

engage and disengage in food intake. The area between these two boundaries is 

referred to as the `zone of biological indifference', where social influences affect 

whether the individual eats, and where food consumption tends to occur before the 

hunger boundary is reached. In restrained eaters, it is theorised that a diet boundary 

is drawn within the zone of biological indifference and that the difference between 

the hunger and satiety boundaries is stretched as a result of continual dieting. 

Therefore it takes longer for the sensations of hunger and satiety to be perceived by 

the restrained individual. This means that when the diet boundary is violated by the 

preload, the individual can eat a large amount before the satiety boundary is reached. 

While disinhibition after breaking a diet may be understood in terms of satiety and 

hunger boundaries, this does not satisfactorily explain why individuals would begin 

eating under stress, since the diet boundary has not been crossed by a preload. 

Therefore, an explanation is required to bridge the gap between the moderator 

variables and the change in eating behaviour. 

One possibility is that eating serves to comfort the distressed individual, as 

psychosomatic theory originally suggested. This would mean that anxiety is 

reduced either during or after food consumption. However, anxiety is not generally 

found to decrease following food consumption either in the laboratory or in 

naturalistic studies (e. g. Polivy et al., 1994; Polivy & Herman, 1999; Rutledge & 

Linden, 1998). In fact, increased eating only seems to increase negative feelings 

rather than relieve them (Solomon, 2001), and is associated with a delay in 

physiological recovery (Rutledge & Linden, 1998). Therefore there is little support 

for the comfort hypothesis. 

A second explanation is based on the Theory of Learned Helplessness (Seligman, 

1975), which describes the tendency for individuals to attribute events to external 

causes out of their own control, and to subsequently give up any attempts to achieve 

I 
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related goals. To relate this theory to stress-induced eating, the individual's sense of 

loss of control under stress is generalised to other personal goals, including dietary 

restrictions, which are then resigned (Polivy & Herman, 1999; Rotenberg & Flood, 

2000). This is an especially convincing theory for highly restrained eaters, for 

whom restricted food intake is an important personal goal, and in response to 

interpersonal or ego threatening stressors, which are likely to instil a sense of 

helplessness. There is evidence that restrained eaters are more likely to hold an 

external attribution style for food consumption, especially if they are female, and 

that these individuals are also more likely to disinhibit food intake after a preload 

(Rotenberg & Flood, 2000). To test the theory further, Rotenberg et al. (2005) 

examined the effect of primed control and lack of control cognitions on the eating 

behaviour of restrained eaters. The authors reported a greater food intake in 

restrained eaters after priming lack of control cognitions, which again suggests that 

feelings of helplessness or a loss of control play a role in disinhibited eating. 

Therefore it is possible that the activation of the external cognitions following the 

consumption of a preload cause the restrained eater to give up the diet. 

However, the learned helplessness model receives less support when observing 

eating behaviour after an ego threatening stressor. Polivy and Herman (1999) found 

that highly restrained eaters who had disinhibited food intake after a failure stressor 

(insoluble anagrams) did report feeling that they may as well give up their diets, 

which does suggest a feeling of helplessness, but not that their goals in general were 

unachievable after the stressor. Feelings of helplessness regarding the diet may then 

contribute to the disinhibition effect in restrained eaters, but may be more applicable 

to the preload effect rather than stress-induced eating. It is also unable to account 

for stress-induced eating in other susceptible subgroups, like high emotional and 

external eaters, who are not necessarily trying to diet. 

A third psychological explanation for stress-induced eating is that eating distracts 

the individual from the source of the distress, and serves as ̀ escape' from the source 

of distress. This may apply particularly to stressors that induce a strong sense of 

self-awareness, such as ego threatening stressors (Wallis & Hetherington, 2004), 

which drive the individual to escape from awareness of the stressor and the self, and 

redirect his or her attention to the immediate environment (Heatherton & 

I 
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Baumeister, 1991). This shift in attention to the immediate and present means that 

there is a reduced awareness of ultimate, long- term goals, and the sense of 

relationship between current actions and future outcomes. With respect to eating 
behaviour specifically, this implies that restrictions about food intake and dieting for 

future weight loss are abandoned. This theory is supported by the findings that ego- 

threatening stressors have a particularly strong relationship with increased intake 

(Heatherton et al., 1991). Interestingly, a shift towards the immediate environment 

could also be used as an account for increased food intake in external eaters if food 

is present, since this population would be expected to eat in response to these food 

cues. Heatherton and Baumeister (1991) also point out that the shift in attention can 

explain the greater salience of external qualities of food in restrained eaters when 

stressed, as suggested by Slochower and Kaplan (1980). 

There is evidence that individuals shift their attention away from stress-related 

stimuli after a stress manipulation (e. g. Ellenbogen et al., 2002), as escape theory 

would predict. It is unclear whether there is a shift towards environmental or food 

stimuli during stress. There are accounts of a general attentional bias for food 

stimuli in restrained eaters (e. g. Francis et al., 1997); however, no studies to date 

have examined a shift in attention when stressed, in either highly restrained or 

highly external eaters. Therefore, escape theory could be further tested by 

investigating attention or awareness for food and stress-related stimuli under 

conditions of high stress in subgroups susceptible to stress-induced eating. 

Related to the theory of distraction is the `masking' hypothesis (Herman & Polivy, 

1988). Not only does the individual use eating as a distraction, but he or she also 

attributes the source of the distress to overeating rather than the stressor. In Herman 

and Polivy's (1999) investigation participants did report eating to be the source of 

distress, lending support to the theory. This also accounts for the findings that 

anxiety would not be reduced by eating, only reattributed to an alternative source. 

However, it is possible that overeating is a genuine source of distress to dieters who 

are trying to restrict this behaviour, and so there may not be a redirection effect. 

While this hypothesis provides an interesting and complementary caveat to escape 

theory, it is not as yet well investigated. 
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A final theory for stress-induced eating is the cognitive demand or load theory, 

which proposes that a mentally demanding task, or the process of coping with a 

stressful task, poses too much of a cognitive load on individuals who are constantly 

preoccupied with thoughts and actions of maintaining a diet (Boon et al., 2002). 

Consequently the individual is unable to allocate full attention to the diet, and 
disinhibits food intake. As with escape theory, eating inhibitions are no longer 

monitored and consequently abandoned, though this is due to the demands of the 

task and an allocation of resources rather than a drive to escape from self-awareness. 
Because it is only dieters who are preoccupied with restricting food intake, this 

theory is applicable to restrained eaters rather than other susceptible subgroups. 
Therefore escape theory has the advantage over cognitive load as a more global 

account for stress-induced eating. However, in support of the cognitive demand 

theory, evidence does suggest that there are cognitive processing deficits in dieters 

and restrained eaters, which are not due to the metabolic effects of food deprivation 

(Herman et al., 1978; Jones & Rogers, 2003). There is also evidence that restrained 

eaters will consume a larger amount of food after a cognitively demanding task than 

a simple task, even if it is not stressful (Wallis & Hetherington, 2004). Similarly, 

Ward and Mann (2000) reported that restrained eaters consumed more food after a 

cognitive task where it was necessary to remember the presented stimuli (high 

cognitive load) than when memory would not be tested (low cognitive load). This 

means that it may not be stressfulness of the task that leads to food intake, but rather 

its cognitive demand that disrupts monitoring of the diet, in restrained eaters at least. 

The cognitive demand theory also fits with the findings that active and not passive 

stressors are associated with increased food intake in restrained eaters (Lattimore & 

Caswell, 2004), since presumably passive stress demands less cognitive effort. 

However, this does not theoretically apply so easily to other eating subgroups, where 

cognitive resources would not need to be allocated to diet monitoring. In fact, 

Wallis and Hetherington (2004) reported that emotional eaters only increased food 

intake in response to an ego threatening stressor and not after the cognitively 

demanding task. There is also evidence that cognitive impairments in restrained 

eaters are more likely when food cognitions are primed before the task (Brunstrom 

& Witcomb, 2004), which implies that it may be oversimplistic to attribute the 

disinhibition effect solely to the demands of the task, and that individuals are not 
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always preoccupied by thoughts of food. Therefore cognitive demand theory only 

appears to hold for restrained eaters, for whom increased intake is less specific to 

stress, and may also require an inadvertent activation of food related cognitions. 
However, for restrained eaters, it may be argued that the cognitive load associated 

with processing or coping with stressful stimuli is sufficient to induce food intake 

rather than the need to escape self-awareness, and that escape theory is a smaller 

element of cognitive load. 

Overall, the learned helplessness and comfort models of stress-induced eating have 

received little support. Escape theory and cognitive load both suggest that a 

reduction in inhibitions or self-monitoring is responsible for stress-induced eating, 

and are more convincing psychological mechanisms. It seems that for restrained 

eaters, any high demand cognitive task is enough to distract the individual from 

monitoring his or her diet. However, cognitive load theory is less convincing for 

other vulnerable subgroups, where attention and cognitions are not allocated to 

dieting or restricted intake. Escape theory also incorporates a shift in attention 

towards environmental stimuli, including food, and as such provides a more 

appealing account for stress-induced eating in external and emotional eaters. 

1.6.2 Physiological Mechanisms 

Early reports of stress-induced eating in animals were attributed to the release of 

endogenous opiates during stress. It has been proposed that opiates are released 

during physiological stress for their analgesic effects, but that their release has an 

additional effect of stimulating food intake (Morley & Levine, 1980). In particular, 

the dynorphin opioid receptor is implicated in eliciting feeding behaviours (Levine 

et al., 1985). There is strong evidence that opiates are released during exposure to 

physical stress, supporting the first premise of this argument. Tail pinching is 

associated with a higher pain threshold, suggesting an analgesic effect of opiate 

release (Morley et al., 1986), and rats show typical opiate withdrawal behaviours, 

including bodyshakes, when naloxone, an opiate receptor antagonist, is administered 

after several days of repeated stress exposure (Morley & Levine, 1980). There is 

also evidence of increased opioid peptide levels in response to physical stressors in 

rodents (Teskey & Kavaliers, 1987). Such observations suggest that opiates are 

released during exposure to physical stressors. 
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Research has also shown that opiate release is associated with increased food intake 

(Billington et al., 1990; Fullerton et al., 1985), supporting the premise that opiate 

release induces feeding. Furthermore, stress-induced eating behaviours are inhibited 

by the administration of opiate receptor antagonists (Morley et al., 1986). These 

effects do not seem to be limited to unnatural stressors, such as the tail pinch 

paradigm. Social conflict has also been shown to activate opiate release and induce 

feeding in mice (Teskey et al., 1984); with both effects blocked by naloxone 

administration (Teskey & Kavaliers, 1987). 

However, not all researchers have been able to replicate these findings. Antelman 

and Rowland (1981) did not find an inhibited stress-eating response with the 

administration of naloxone, or evidence of opiate withdrawal symptomology. 

Consequently, these researchers have argued that the decreased intake in other 

laboratories may be attributable to the pain of consuming gnawing food pellets 

during the pinch procedure, as a result of the naloxone administration inhibiting the 

analgesic effect of opiates. This may be a more valid criticism of the tail pinch 

paradigm than the defeat stressor tests, since tail pinches are less representative of 

natural situations, and it is unclear how well the eating response demonstrates a 

natural reaction. The criticism is also unable to explain why opioid administration 

increases food intake (Levine et al., 1985). 

Opioids are not only related to analgesia, but also to the hedonic value of foods (see 

Yeomans & Gray, 2002 for a review). The opioid antagonists naloxone and 

naltrexone reduce preference ratings for palatable foods in humans (Drewnowski et 

al., 1992; Yeomans & Gray, 1997), while the partial opioid agonist butorphanol 

increases taste preference, in non-binge eaters at least (Drewnowski et al., 1992). 

Therefore it is perhaps not surprising that the release of opiates during painful 

stressors should be associated with food intake if the hedonic value of foods is 

increased, as Ferber and Cabanac (1987) have proposed. This argument is further 

supported by the findings that stress increases response rates for sucrose solution in 

rats, as is consistent with an increased value of a reward, and that this effect is 

reduced by the administration of naloxone (O'Hare et al., 2004). It is less clear if it 

is advantageous for opiates to increase food intake during stress. There is evidence 

that ingestion of sweet substances increases opiate production, and that, in turn, 
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stress-induced eating seems to cause increased consumption of sucrose (Fullerton et 

al., 1985). These phenomena suggest that opiates may be somehow involved in 

developing a preference for sweet foods during stress, which would then be 

beneficial energy repletion. 

Overall there is evidence that stress-induced eating in animals is related to opiate 

release, although exactly how opiates affect eating is still fairly speculative. 
Whether the same physiological mechanism would apply in humans is unclear. It 

seems logical for opiates to be released during physical stressors for their analgesic 

effects, and even more naturalistic stress paradigms like social conflict involve a 

physical element. Whether opiates would be released in response to psychological 

stress is more doubtful, but it is apparent that the psychological characteristics of 

stress are significant in predicting eating response in humans (e. g. Slochower & 

Kaplan, 1980). In fact, it is already uncertain whether the opiate evidence even 

generalises to other rodents, such as guinea pigs (Billington et al., 1990). It is 

therefore a challenge for the opiate theory to explain the release of opiates without 

the presence of a painful stimulus in generalising the theory to stress-induced eating 

in humans. 

An alternative physiological explanation revolves around the release of the 

neurotransmitter serotonin. Wurtman (1984) argues that individuals increase their 

food intake, particularly carbohydrates, when emotional, to increase serotonin 

production, and improve mood. This proposition is based on the known 

mechanisms of serotonin synthesis. Intake of carbohydrates increases levels of the 

serotonin precursor tryptophan relative to other amino acids, creating less 

competition for brain uptake of tryptophan (Ashley et al., 1985). Serotonin is then 

synthesised by a process of tryptophan hydroxylation (Fernstrom, 1987). The 

consumption of a high protein meal increases levels of other amino acids, and so 

produces the opposite effect (Ashley et al., 1985). Therefore carbohydrate 

consumption during stress is viewed as a form of self-medication. This theory is not 

without some support. One advantage is that it is able to account for an increase in 

carbohydrate cravings and intake during stress (e. g. Oliver & Wardle, 1999). There 

is also evidence of improved mood after carbohydrate consumption in certain 

subgroups, including obese individuals, high stress sufferers, and patients with 
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seasonal affective disorder (Lieberman et al., 1986; Markus et al., 2000; Rosenthal 

et al., 1989). There is also evidence of improved mood in non-clinical participants. 
Self-labelled carbohydrate cravers reported a change in mood, feeling relaxed and 
happy, after carbohydrate consumption (Christiansen & Pettijohn, 2001); and mood 

was found to improve after carbohydrate intake in healthy participants (Lloyd et al., 
1996). 

There are also a number of issues with the serotonin hypothesis. First of all it is 

debatable whether tryptophan levels rise sufficiently after carbohydrate consumption 

to enable a change in mood. Ashley et al. (1985) reported a small difference in 

tryptophan levels between participants who consumed a carbohydrate meal and 

those who consumed a high protein meal, but only in the morning. This would 

suggest that a sufficient change is dependent on the time of day of consumption. 

Even if there is a small rise in tryptophan after eating a meal or snack, it is unlikely 

to be enough to increase serotonin levels significantly to affect mood (Patel & 

Schlundt, 2001). In fact, evidence suggests that eating does not improve mood 

among normal populations, a point that was also a problem for psychosomatic and 

comfort theories (e. g. Rutledge & Linden, 1998). Therefore a change in mood after 

eating carbohydrate rich foods may only apply to clinical populations, as these 

effects are not seen in most individuals (Spring et al., 1987). 

A further issue is whether people really do crave carbohydrates during periods of 

stress or depression as the serotonin hypothesis predicted. The increase in 

consumption of high carbohydrate foods could also be attributed to a craving for 

high fat foods, since high carbohydrate foods also tend to be high in fat 

(Drewnowski et al., 1992). Alternatively, people may just crave and subsequently 

gain pleasure and change in mood from foods that are highly palatable (Hill et al., 

1991), since high carbohydrate and fat foods tend to be palatable (Le Magnen, 

1987). In fact, many self-labelled carbohydrate cravers actually crave foods that 

tend to be high in both fat and carbohydrate (Drewnowski et al., 1992). Finally, the 

serotonin theory cannot explain differences between subgroups in terms of eating 

response, and does not offer an account of decreased intake in certain populations. 

While the serotonin hypothesis offers an appealing account of food choice under 

stress, there is little evidence that serotonin production is significantly increased or 
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that mood improves after its consumption in most people, leaving the central tenets 

of the theory unsupported. 

A third physiological theory concerns the activation of the hypothalamic-pituitary- 

adrenal (HPA) axis, and the release of glucocorticoids. Activation of the 
hypothalamus as a result of stress or low glucocorticoid levels causes the 
hypothalamus to secrete corticotrophin releasing factor (CRF), stimulating the 

release of adrenocorticotropic hormone (ACTH) from the pituitary. The release of 
ACTH acts in turn to stimulate the secretion of glucocorticoids, including cortisol, 
from the adrenal cortex, which then raise blood sugar levels by releasing fat from 

reserves. The HPA axis is theorised to form part of an energy balance system, 

whereby food intake is stimulated by glucocorticoids and decreased by the 

production of insulin (e. g. Dallman et al., 1994). There is also evidence that CRF 

may counteract the effects of glucocorticoids, acting as an anorectic (Friedman & 

Halaas, 1998; Laugero, 2001); although the effects of repeated exposure to CRF are 
less conclusive (Krahn et al., 1990). The energy balance model could explain the 

occurrence of stress-induced eating since glucocorticoids are released during stress, 

and in fact increased intake could be seen as an adaptive response to stress both in 

terms of increasing energy supplies and mobilising reserve stores. 

A particular strength of this theory is that it may be able to account for individual 

differences in the stress-eating response, since individuals vary in HPA reactivity 
(Sapolsky, 1994; Smyth et al., 1997). In a direct test, Epel et al. (2001) investigated 

the differences in eating behaviour between high and low cortisol reactors on 

stressful and non-stressful laboratory sessions. Individuals who produced high 

levels of cortisol in response to stress ate more than low reactors, especially sweet 
high-fat food, in the stressful condition; but both high and low reactors ate a similar 

amount on control days. These findings suggest a strong link between cortisol 

production and increased food intake. Evidence has also found that appetite 
increases during the recovery phase of stress when cortisol levels are at their peak 

(Sapolsky, 1998), again suggesting a direct link between cortisol levels and intake. 

Cortisol production is also linked to specific individual variables that moderate the 

stress-eating relationship. Firstly, there is evidence of a sex difference in cortisol 

response, so that females show cortisol elevations for a greater time period 



36 

following exposure to CRF than do males (Galluci et al., 1993). A sex difference in 

cortisol production could then relate to the greater incidence of increased intake in 

females when stressed. There is also evidence that males and females produce 
different cortisol responses according to the type of stressor, where a social rejection 

paradigm produces a response in females and a mathematical challenge is associated 

with an increased output in males (Stroud et al., 2000). It could be the case that 

males and females would also show different eating behaviours with stressor type 

depending on the related change in cortisol. Secondly, there is evidence that dietary 

restraint is related to cortisol production. Highly restrained eaters have shown 

greater levels of both urinary and salivary cortisol than unrestrained eaters (McLean 

et al., 2001; Anderson et al., 2002), which may be due to the stressfulness of 

constantly monitoring food intake. This difference in cortisol secretion could be 

related to the differences in stress-eating behaviour between restrained and 

unrestrained individuals, and it is worth testing whether the groups also differ in 

cortisol response to stress. 

The link between glucocorticoids and increased food intake could also go some way 

to explaining the moderating role of obesity. Theoretically, eating during stress 

could encourage the development of central obesity. Glucocorticoids stimulate the 

release of insulin, which in turn inhibits feeding (Bjorntorp & Rosmond, 2000); but 

eating at a time when insulin is high promotes the storage of this energy, and in 

particular in the central areas, where glucocorticoid receptors are dense (Bjorntorp, 

2001). In the long term, the production of glucocorticoids could also lead to the 

development of leptin insensitivity meaning that satiety is not signalled to the 

individual and hence eating is not cessated at the appropriate time (Bjorntorp & 

Rosmond, 2000). It is therefore possible that stress-induced eating leads to obesity 

rather than vice versa. 

The role of cortisol in stress-induced eating can be further validated by investigating 

its effects on food choice. In animals, the release of glucocorticoids with stress was 

associated with increased consumption of palatable food, and furthermore, HPA 

activity was reduced after palatable food intake (Pecoraro et al., 2004). An effect of 

cortisol on food choice can also be observed in humans. Tataranni et al. (1996) 

administered glucocorticoids to participants in the laboratory and monitored ad 
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libitum food intake. Those in the experimental condition receiving glucocorticoids 
increased their intake of both carbohydrates and protein. This corresponds with the 

previous findings of increased carbohydrate intake when stressed (e. g. Wardle et al.. 
2000), though not reports of increased fat (e. g. Michaud et al., 1990). It has been 

proposed that eating high sugar and carbohydrate foods after stress is an adaptive 
behaviour, since it promotes energy storage for future encounters, and the reward 

value of such highly palatable foods serves to reinforce this adaptive response 
(Laugero, 2001). Therefore it may make biological sense for cortisol production to 

promote intake of high-energy foods. Similarly, a cortisol based account would 

match with evidence of increased intake in response to uncontrollable stressors (e. g. 
Slochower et al., 1981), since cortisol secretion is greater following an 

uncontrollable stressor manipulation (Markus et al., 2000). 

Therefore the role of cortisol in stress-induced eating is a promising area of research 

and the exact mechanisms of its relationship with eating under stress need to be 

further investigated. The effects of glucocorticoids on food intake are not 

necessarily direct, as they are shown to increase production of Neuropeptide Y, a 

compound already known to increase intake (Strack et al., 1995; Sainsbury et al., 
1997) and inhibit the actions of leptin, a known energy regulation hormone 

(Zakrzewska et al., 1997). These compounds could therefore mediate any stress- 

eating role of cortisol and other glucocorticoids. 

Overall, the opioid theory is well-supported for tail pinch stressors in animals, but 

seems less convincing as an account of eating in response to psychological stressors 

in humans. The serotonin hypothesis provides an explanation for food choice under 

stress, but lacks empirical support concerning a substantial rise in serotonin 

production with food intake. The glucocorticoid theory provides a comprehensive 

account in humans and animals and may account for the effects of psychological 

stressors; however, the mechanism has not been fully investigated. 

1.7 Shortcomings in the Literature 

The stress-induced eating literature now recognises the importance of individual 

differences in the direction of effects, and has adopted an individual differences 

rather than a general effects approach to its study. In this process, a number of 
important moderating factors have been identified. However, many of these 
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variables are highly correlated with one another, and research has not yet formulated 

a comprehensive model of the relationship between different moderator variables 

and how these interact to affect food intake. The role of personality variables has 

also been relatively neglected. Therefore the first shortcoming with the stress- 

induced literature so far are the lack of a direct test of the combined effects of 

moderator variables, and the want of a theoretical model on which to base such an 

investigation. 

A second shortcoming of the literature concerns the mechanisms underlying stress- 

induced eating. While many studies have considered the moderators of the stress- 

eating relationship, fewer studies have investigated its underlying mechanisms, 

which are also crucial for health interventions. Research supports the role of both 

psychological and physiological accounts, and it seems implausible that a full 

account would not incorporate the two approaches, since stress by itself involves a 

situational appraisal as well as a physiological response. As yet, research has not 

addressed how moderator variables, physiological activity and psychological 

characteristics of the stressor relate with each other to explain stress-induced eating. 

On a practical level, the research so far shows a number of limitations. While 

animal studies may be informative about physiological mechanisms of stress- 

induced eating, it is difficult to liken the stress manipulations of most animal 

paradigms to human situations, which would be expected to be far more 

psychological in nature. However, even in human research there has been a high 

dependence on laboratory based stress manipulations, particularly in the restrained 

eating studies. Therefore the stress manipulations are questionable in their 

representation of the stressors faced in real life. Theory and early research suggest 

that the effect on eating may be dependent on the characteristics of the stressor, but 

the direct effect of different types of stress, particularly in the field, has not been 

conducted. Finally, very little research has investigated the pattern of intake or the 

time delay between exposure to the stressor and food intake, which may be 

particularly relevant to mapping of biological activity. 

1.8 Conclusions 

Altogether, it is clear that the effect of stress on eating is not uniform, with 

increased, decreased or no change in intake reported in humans. Accordingly, it is 


