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Abstract 

Successful self-regulation is associated with adherence to health-related behaviour in 

many domains. In contrast, self-regulatory failure is linked to poor adherence and drop-out. 

This review presents the strength model of self-control as a framework to explain self-

regulation in health-related behaviour contexts. In the model, self-regulation is conceptualized 

as a limited resource that once depleted results in reduced capacity to further regulate the self. 

We provide an overview of the hypotheses of the strength model and review research applying 

the model to self-regulation in four health-related behaviour domains: dietary restraint and 

eating behaviour, alcohol consumption, smoking cessation, and physical activity. Based on our 

review, we recommend practitioners adopt strategies to minimise self-regulatory failure in 

people engaging in health-related behaviours such as minimising demands on self-control 

resources in the early stages of uptake and eating regularly to prevent hypoglycaemia. We 

advocate techniques to improve self-control strength through rest and training on self-control 

tasks. Suggestions on how these techniques can be integrated into health-related behaviour-

change interventions are provided. Recommendations for future research to identify the 

mechanisms underpinning self-control resource depletion, conduct further randomized 

controlled interventions using the model, and integrate strength model hypotheses into existing 

models of health-related behaviour are proposed. 

 

Key words: self-control, ego-depletion, limited resource, behaviour change 
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The Strength Model of Self-Regulation Failure and Health-Related Behaviour 

The concept of self-regulation is central to many theories and models adopted to 

identify the antecedents of health-related behaviour and explain the processes by which these 

antecedents predict health behaviour (Hagger, 2009; Leventhal, Leventhal, & Contrada, 1998; 

Rosenbaum, 1990; Schwarzer, 2008; Sniehotta, 2009). Self-regulation, broadly speaking, is the 

propensity of a person to invest cognitive, emotional, and behavioural resources to achieve a 

desired goal or outcome (Blankers, 2008; De Ridder & De Wit, 2006; Dekker, 2008; Van 

Damme, Crombez, Goubert, & Eccleston, 2009). In order to self-regulate individuals must 

delay short-term gratification in favour of the long-term goals and overcome a multitude of 

barriers, temptations, impulses, and habits likely to undermine the goal-directed behaviour 

(Baumeister & Heatherton, 1996; Metcalfe & Mischel, 1999; Mischel, Shoda, & Rodrieguez, 

1989). Humans are relatively successful at exerting control over the self to forego short-term 

gains in favour of long-term outcomes. For example, people are able to learn complex skills, 

study for exams, save money for the future, make plans to attend events and travel far in 

advance, and work effectively in their occupation. All of these actions require sustained self-

regulatory effort, avoiding barriers, and resisting the temptation to quit (Baumeister & 

Heatherton, 1996). 

However, the capacity for self-regulation is not infallible. Many social and personal 

problems, including health-related problems, have their roots in self-regulatory failure 

(Baumeister & Heatherton, 1996; Carver & Scheier, 1996). Health-related outcomes such as 

failure to adhere to medication and treatment regimens (Horne, 1998), relapse in smokers 

trying to quit (Shmueli & Prochaska, 2009), low levels of physical activity (Hagger, 

Chatzisarantis, & Biddle, 2002), failing to eat a healthy diet (Hagger, Chatzisarantis, & Harris, 

2006), and engaging in risky health-related behaviours such as binge drinking (Murgraff, 

Walsh, & McDermott, 2000) or unprotected sexual intercourse (Gailliot & Baumeister, 2007b) 

all stem from an inability to successfully self-regulate. Self-regulatory failure can therefore be 
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implicated in the development of numerous health conditions and illnesses related to behaviour 

such as obesity, cardiovascular disease, cancers such as lung and bowel cancer, osteoporosis, 

type II diabetes, hypertension, sexually-transmitted disease, medication-resistant infections 

such as MRSA and C. difficile, and highly-contagious influenza virus strains like ‘Avian flu’ 

and ‘Swine flu’. Identifying modifiable antecedents of successful self-regulation is therefore a 

priority for health psychologists interested in preventive behaviour change (S. E. Taylor, 

2008). 

While a high capacity to self-regulate is clearly efficacious in promoting increased 

adaptive outcomes in various health contexts, it is also possible for self-regulatory efforts to be 

taken to excess or directed inappropriately leading to potentially maladaptive outcomes. In 

such cases, the problem is not a lack or undermining of self-regulatory capacity that leads to 

the instances of ‘underregulation’ cited previously, but an excessive regulation of the self 

(‘overregulation’) or a misdirection of regulatory efforts (‘misregulation’). In the health 

domain ‘overregulation’ can lead to excessive control over behaviours. An example is anorexic 

or eating-disordered people who are extremely adept at controlling their impulses to eat food 

but do so to such an extent that it compromises their health and psychological well-being. In 

such cases, the goal pursuit of the regulation of behaviour is also misdirected. The individual is 

likely to direct excessive control over his or her diet to reach unrealistic weight goals arising 

from misperceptions of his or her body image. Many such misregulated behaviours arise from 

false or unrealistic beliefs about the self’s capacity to change or influence outcomes that are 

unobtainable or unrealistically high (Baumeister & Heatherton, 1996). For example, people 

may also trade-off self-regulation in one domain in an attempt at regulation in another. 

Comfort eating or going on a shopping spree (‘retail therapy’) to improve mood when upset or 

depressed are examples of how forgoing self-regulation in one domain (e.g., regulating eating 

or finances) is often used as a means to self-regulate on another (e.g., regulating emotions). 

However, controversy exists as to whether such compensatory efforts at regulation are adaptive 
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in the long term, particularly if the lapses in self-regulation illustrated in the compensatory 

behaviour may contribute to future negative emotion (Heatherton & Baumeister, 1996; Polivy, 

1996). The present review focuses on self-regulatory failure with respect to underregulation in 

health contexts and a detailed discussion of overregulation or misregulation is beyond the 

scope of this review. 

When applied to health-related behaviours, social cognitive models have traditionally 

viewed self-regulation as knowledge structures and beliefs about future outcomes that serve as 

precursors or antecedents of action (Armitage & Conner, 2000; Dekker, 2008; Schwarzer, 

2001). Factors such as self-efficacy, attitudes and beliefs, perceived control, intentions, and 

action plans have all been identified as key determinants of health-related behaviour and form 

the core components of many social cognitive models applied in health contexts (Ajzen, 1998; 

Milne, Sheeran, & Orbell, 2000; Schwarzer & Fuchs, 1996; Sibley & Abraham, 2008; 

Sniehotta, Scholz, & Schwarzer, 2005). Researchers have also adopted theories that have 

examined the role of emotion regulation on health behaviour (Cameron & Jago, 2008; Tice & 

Bratslavsky, 2000). Together, these approaches have formed the basis of formative research 

that has identified the factors most important in explaining variance in health-related behaviour 

and also the processes by which these variables affect behaviour. Furthermore, theory-based 

interventions have targeted these factors in randomized trials to bring about health behaviour 

change (e.g., Cameron & Jago, 2008; Chapman, Armitage, & Norman, 2009; Chatzisarantis & 

Hagger, 2005; Giese-Davis et al., 2002; Luszczynska, 2006; Sniehotta, Scholz, Schwarzer et 

al., 2005). Recently, there have been increased efforts to develop a taxonomy of the techniques 

and strategies used by interventionists to bring about changes in these theoretically-derived 

variables and, indirectly, health-related behaviour (Abraham & Michie, 2008; Michie, 2008; 

Michie, Johnston, Francis, Hardeman, & Eccles, 2008). Furthermore, there have been calls to 

eliminate redundancy across theories and models to identify the core self-regulatory factors 

that axiomatically impact on health behaviour (Hagger, 2009). 
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While these approaches to self-regulation have been successful in predicting health-

related behaviour, substantial variance remains unexplained (Hagger, 2009). In addition, 

behaviour-change interventions affect far larger changes in the proposed antecedents of health-

related behaviour than actual behaviour itself (Sniehotta, 2009; Webb & Sheeran, 2006). This 

has resulted in calls for a greater rigor and diversity in the theories and methods used to predict 

and change health-related behaviour such as experimental designs (Michie & Abraham, 2008; 

Van Damme et al., 2009), individual differences (Montgomery, 2004), and non-conscious 

factors (Aarts, 2007; Hofmann, Friese, & Wiers, 2008; Palfai, 2004). Such endeavours are 

aimed at accounting for the unexplained variance in traditional models of health-related 

behaviour. 

The strength model of self-control is a comparatively recent approach to self-regulation 

which transcends social cognitive approaches and views self-regulation as a kind of energy or 

strength that is limited in capacity (Baumeister, Bratslavsky, Muraven, & Tice, 1998; Muraven 

& Baumeister, 2000; Muraven, Tice, & Baumeister, 1998). In this model, people’s capacity for 

self-regulation is considered finite with depleted resources resulting in self-regulatory failure 

unless reserves are replenished or restored. People may be effective in adhering to a task or 

activity that requires self-control such as eating a healthy a diet or engaging in a program of 

regular physical activity. However, the ability to self-regulate wanes over time because self-

control capacity becomes depleted. Baumeister and colleagues (1998) use the analogy of a 

muscle to describe the limited resource model of self-control. Just as a muscle is effective in 

applying force over a period of time but eventually becomes fatigued and unable to apply 

further force, so self-control resources become depleted after a discrete period of exertion 

(Muraven & Baumeister, 2000). 

The model has shown to be effective in explaining self-regulatory failure in numerous 

behavioural domains including health (Baumeister & Vohs, 2007; Baumeister, Vohs, & Tice, 
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2007). Furthermore, empirical tests have demonstrated that the strength perspective is 

independent of alternative theories and variables that might explain self-regulatory failure such 

as cognitive, skill, cognitive dissonance and learned helplessness theories and affective, self-

efficacy, and motivational variables (Baumeister et al., 1998). Research has also provided 

evidence in support of three additional hypotheses that have emerged from theory and research 

on the strength model: the conservation, recovery, and training hypotheses (Baumeister et al., 

2007). 

In recent years the strength model has been applied to a variety of health-related issues, 

and there is now a critical mass of research adopting the strength model using health behaviour 

as a dependent outcome and yet, to date, no attempt has been made to draw these findings 

together, compare and integrate them with other approaches to self-regulation, and note the 

trends across the literature. Moreover, there has been a veritable surge in studies applying the 

strength model to health contexts. The purpose of this article is to (a) outline the main and 

additional hypotheses of the strength model of self-control, (b) review research that has 

adopted the model to explain self-regulation and self-regulatory failure in four health-related 

domains: dietary restraint and eating behaviour, alcohol consumption, smoking cessation, and 

physical activity, (c) outline the utility of model in informing theoretically-based interventions 

to change health-related behaviour, and (d) develop recommendations and advice based on the 

strength model for practitioners interested in changing health-related behaviour. 

Introducing the Strength Model 

The strength or energy model of self-control was developed by Baumeister and 

colleagues (1998; Muraven & Baumeister, 2000) to draw together literature on self-regulation 

and provide a global, domain-general explanation for self-regulatory failure. Self-regulation in 

the strength model is viewed as the ability to exert control over the self (Baumeister & 

Heatherton, 1996; Baumeister, Heatherton, & Tice, 1994). Successful self-control means being 
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able to overcome urges, impulses, and well-conditioned or habitual responses
1
. The strength 

model suggests that self-control is a limited resource and the depletion of that resource is 

responsible for self-regulatory failure (Baumeister et al., 1998; Baumeister, Muraven, & Tice, 

2000; Muraven & Baumeister, 2000). Importantly, self-control is conceptualized as a global 

and domain non-specific resource. Accordingly, regulating the self in one domain will 

consume some of the universal resource leaving a limited amount to expend on subsequent 

behaviours requiring self-control in another domain. As a consequence, subsequent 

performance on tasks or activities in the other domain is likely to be impaired. The depletion of 

self-control resources is termed ego-depletion (Baumeister et al., 1998). 

As a practical example, consider a company employee following a strict diet to lose 

weight. One day at work she is required to do arduous filing task requiring self-control with 

few breaks and a strict deadline to meet. When she goes home at end of the day she finds it 

hard to resist tempting foods over dinner and lapses in her diet. According to the strength 

model, the filing task required her to commit considerable self-control resources to suppress 

the urge to quit or take a break in order to meet the deadline. This is likely to lead to a 

depletion of her global self-control resources, leaving less available to commit to resisting 

temptations in other domains, such as resisting the temptation to each palatable foods. 

Tests of the ego-depletion effect have typically adopted a two-task experimental 

procedure (Baumeister et al., 1998; Schmeichel, 2007). In the procedure, participants assigned 

to the experimental group are required to engage in an initial laboratory-based task that 

requires self-control while participants assigned to the control group engage in a similar task 

that does not require self-control. Both groups then complete a second self-control task. To the 

extent that engaging in the initial self-control task depletes the limited self-regulatory resources 

of participants in the experimental group, performance on the second self-control task will be 

impaired relative to participants in the control group. An integral component of this method is 
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the use of tasks from different domains of self-control in order to demonstrate that the ego-

depletion effect is not confined to a specific task or domain. 

Initial support for the ego-depletion effect and the strength model was provided in a 

series of experiments using the two-task procedure (Baumeister et al., 1998; Muraven et al., 

1998). One study required the experimental group to suppress their emotions when watching 

an evocative video while controls were informed they could freely express their emotions. 

According to the model, participants in the experimental group had to allocate considerable 

self-control resources to stifle their emotions. Participants were then required to hold a spring-

loaded hand-grip to exhaustion, a task that demands considerable self-control to overcome the 

muscle fatigue required to maintain the grip. Consistent with the strength model, participants 

that suppressed their emotions had significantly impaired performance on the hand-grip task 

compared with control group (Muraven et al., 1998; Tice & Bratslavsky, 2000). In another 

study, participants assigned to an ego-depletion group required to eat radishes and resist the 

temptation of appetising chocolate and cookies exhibited significantly lower persistence on 

unsolvable geometric puzzles relative to controls who could freely eat the available foods 

(Baumeister et al., 1998). In a further study, participants assigned to the experimental group 

were required to suppress a thought (thinking of a white bear, c.f. Wegner, Schneider, Carter, 

& White, 1987) demonstrated increased expression of emotion when watching a subsequent 

amusing video relative to controls who were not required to suppress their thoughts 

(Baumeister et al., 1998). In these experiments, attempts to resist temptation and suppress 

thoughts lead to the depletion of participants’ self-control resources and resulted in impaired 

performance on subsequent self-control tasks. These experiments provided preliminary support 

for the strength model and the ego-depletion effect. 

Subsequent studies adopting the two-task paradigm have shown the ego-depletion 

effect to be robust in tasks across a wide range of self-control domains, including health-related 
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behaviour (Baumeister & Vohs, 2007; Baumeister et al., 2007). Research has demonstrated 

that resisting impulses (Bray, Ginis, Hicks, & Woodgate, 2008; Gailliot, Baumeister et al., 

2007; Wallace & Baumeister, 2002), controlling thoughts (Burkley, 2008; Muraven & 

Slessareva, 2003; Richeson & Trawalter, 2005) and emotions (Baumeister et al., 1998; Fischer, 

Greitemeyer, & Frey, 2007; Gailliot, Schmeichel, & Baumeister, 2006), focusing attention 

(Muraven et al., 1998; Schmeichel & Vohs, 2009), making responsible choices (Baumeister et 

al., 1998; Bruyneel, Dewitte, Vohs, & Warlop, 2006; Vohs et al., 2008), making socially-

demanding decisions such as suppressing stereotypes (Burkley, 2008; Finkel et al., 2006; 

Gordijn, Hindriks, Koomen, Dijksterhuis, & Van Knippenberg, 2004), and engaging in tasks 

requiring executive functioning and cognitive processing (Schmeichel, 2007; Schmeichel, 

Vohs, & Baumeister, 2003; Wright et al., 2007) all deplete self-control resources. Not only 

does this evidence support the consistency of the ego-depletion effect, it also provides 

converging evidence that self-control is a global, unitary resource. Therefore the ego-depletion 

effect is not confined to specific domain and is due to the depletion of a single resource. 

Alternative Theories and Explanations 

Previous research has ruled out alternative theoretical explanations for ego-depletion. In 

cognitive theories, self-regulation is viewed as a schema or knowledge structure which can be 

activated or primed. However, if this were the case, engaging in an initial self-control task 

would render the cognitive module more accessible resulting in improved performance on a 

subsequent self-control task. This has been supported in tests of the ego-depletion effect using 

the two-task paradigm as performance on the second self-control task is consistently impaired 

(Baumeister et al., 1998; Muraven et al., 1998). Self-regulation is viewed as a skill or well-

learned motor program in learning-based theories. Such a model would predict no change in 

performance on the second self-control task because people can generally execute skilled 

action with high efficiency and little variation. Again, evidence pointing to a consistent 
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decrement in performance on the second self-control task has lead to a rejection of this 

explanation (Baumeister et al., 1998; Muraven et al., 1998). 

In addition, self-regulatory failure could also be a function of the effect of the initial 

self-control task on social cognitive constructs such as self-efficacy or on motivation 

(Baumeister et al., 1998). This proposal would attribute self-regulatory depletion to reduced 

expectations of success in the forthcoming task or due to reduced motivation to engage in 

subsequent tasks requiring self-control. Research has shown this not be the case. For example, 

Wallace and Baumeister (2002) provided bogus positive and negative first-task performance 

feedback to participants engaging in the two-task paradigm, a classic means to induce high or 

low self-efficacy. Results indicated that performance on the second task was impaired among 

participants who received the ego-depletion treatment independent of feedback. This has also 

been supported by studies that have used self-report measures of self-efficacy and motivation 

in the two-task paradigm with no significant differences found between depleted and non-

depleted groups (Finkel et al., 2006; Fischer et al., 2007; Moller, Deci, & Ryan, 2006; 

Muraven, Gagne, & Rosman, 2008). These results provide converging evidence to rule out the 

hypothesis that the initial task reduces motivation to engage in further self-control tasks. 

Research has also discounted the role of emotion and arousal as explanations of the 

ego-depletion effect (Muraven et al., 1998). One possible alternative account of the resource 

depletion model was that the initial self-control task induced a state of heightened negative 

affect or increased arousal that interfered with performance on the second self-control task 

(Tice, Bratslavsky, & Baumeister, 2001). Given that tasks in two-task paradigm are often 

difficult or arduous, this is a plausible hypothesis. However, studies have shown little support 

for an affective or arousal explanation for ego-depletion. While regulating emotions has been 

shown to lead to self-control depletion (Bruyneel, Dewitte, Franses, & Dekimpe, 2009), a large 

majority of studies have found no significant differences in measures of affect across depleted 
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and non-depleted groups (e.g., Fischer et al., 2007; Muraven et al., 1998). Furthermore, no role 

for arousal has been found. Cognitive dissonance explanations implicating increased arousal in 

forced-compliance paradigms also do not explain the ego-depletion effect. Inconsistent with 

cognitive dissonance theory, participants that choose to eulogise in favour of an advocacy, 

which does not induce dissonance and is non-arousing, also experienced ego-depletion 

(Baumeister et al., 1998). These accounts suggest that emotional or arousal explanations do not 

account for the ego-depletion effect. 

Fatigue has also been proposed as a possible explanation of the ego-depletion effect. In 

the original conceptualization of the model, Muraven at al. (1998) suggested that fatigue was 

an analogue for failure on self-control tasks as it reflected a depletion or exhaustion of self-

control resources. This implies that such failures may reflect mental fatigue and evidence from 

the mental fatigue literature suggests that individuals that have undertaken difficult or 

challenging tasks also experience impaired performance on subsequent tasks (Wright, Martin, 

& Bland, 2003). Baumeister et al. (1998) and Muraven et al. (1998) suggested that such tasks 

like complex but solvable math and anagram problems may not require self control because 

they do not require one to override an impulse or well-learned behaviour but apply a set of 

rules. Empirically, this was demonstrated in research that showed significantly larger 

decrements in performance among participants engaging in tasks requiring impulse 

suppression relative to participants doing difficult tasks like math problems (Muraven et al., 

1998, Study 3). However, theorists have suggested that difficult tasks also require self-control 

because individuals have to override their tendency take the path of least resistance and quit 

(Wright et al., 2007; Wright et al., 2003; Wright, Stewart, & Barnett, 2008). Therefore 

mentally-fatiguing tasks are also likely to lead to the depletion of self-control resources. It may 

be that the extent to which tasks require an individual to overcome an impulse may moderate 

the ego-depletion effect and should be a subject of future empirical investigation. 
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Other theories of self-regulation may offer some explanation for self-control failure. 

For example, self-control capacity has been linked with coping in theories such as Carver and 

Scheier’s (1981, 1982) control theory, and Leventhal et al.’s (1980; Cameron & Jago, 2008; 

Hagger & Orbell, 2003) common sense model. A proposal of these models is that if a 

mismatch exists between an individual’s set standard (e.g., a goal) and his or her current 

internal state, such that the current state falls short of the standard, it will motivate a coping 

response to change the current state in order to meet the standard. While failure to attain goals 

may arise from faulty monitoring or inappropriate or absent standards (Myrseth & Fishbach, 

2009), the strength model is predominantly focused on the processes that lead to failure in the 

coping response (Baumeister & Heatherton, 1996). In such circumstances an individual’s 

personal resources to cope, akin to self-control capacity, may fall short of the demands placed 

on the coping system by the standards and monitoring system. In such instances, the coping 

response is therefore inadequate leading to failure to attain the goal and self-regulation failure. 

Coping responses therefore reflect efforts to regulate the self and can occur in a number of 

settings, such as attending screening programmes (Orbell & Hagger, 2006; Orbell, Hagger, 

Brown, & Tidy, 2006), adhering to drug prescriptions and medication regimens (Horne, 1998), 

and attendance at rehabilitation (Hagger, Chatzisarantis, Griffin, & Thatcher, 2005). All these 

coping behaviours require considerable self-control and are likely to be influences by self-

control capacity as defined by the strength model. 

As mentioned previously, self-control capacity is linked to theories of self-regulation 

examining the propensity of individuals to attain long-term goals and rewards at the expense of 

immediate or short term gratification. Theories of delay of gratification are at the forefront of 

these approaches (Funder, Block, & Block, 1983; Metcalfe & Mischel, 1999; Mischel et al., 

1989) and influenced the development of the strength model (Baumeister & Heatherton, 1996). 

Such future-oriented self-control theories provided a framework for understanding self-



 Self-regulation failure and health    14 

regulation in terms of the ability to forego short term costs for long term gains. Temporal self-

regulation theory is a relatively recent approach which examines the temporal aspects of 

behavioural contingencies and their consequences for future self-regulation (Hall & Fong, 

2007). The theory recognises that although people ‘know what’s good for them’ many 

behaviours with long term adaptive outcomes, including many health-related behaviours, have 

substantial associated costs. As a consequence the probability that people will engage in such 

costly actions is relatively low, even if it is to gain potentially beneficial outcomes in future. 

This is relevant to delay of gratification approaches and capacity-based theories of self-control 

like the strength model. It seems that temporal considerations regarding future outcomes are 

important when it comes to the allocation of self-control resources. This may have limited 

impact on short term self-control decisions, such as those tested in two-task paradigm 

experiments, but may influence decisions to allocate self-control resources in the long term. 

Taking hypotheses from temporal self-regulation theory into account may provide an 

explanation for the moderation of ego-depletion by constructs that represent heightened 

consideration of the short-term costs and future benefits of regulating behaviour, such as self-

monitoring and consideration of future consequences. 

Extending the Model 

The limited resource account of self-control in the strength model has led to the 

development of further hypotheses based on the strength metaphor. First, just as a muscle 

requires a period of rest or relaxation to recover strength after exertion, providing individuals 

with rest or relaxation after exerting self-control will lead to a replenishment of self-control 

resources (Baumeister & Heatherton, 1996). This is termed the recovery hypothesis. Second, 

just as an athlete might spare some energy or strength for a final effort at the end of a race, 

people may be motivated to conserve self-regulatory strength if they anticipate a future demand 

for self-control (Muraven, Shmueli, & Burkley, 2006). This is known as the conservation 
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hypothesis. Third, just as regular training increases the strength of a muscle, frequent practice 

on self-control tasks may increase people’s self-control capacity (Muraven, Baumeister, & 

Tice, 1999). This is referred to as the training hypothesis.  

Recovery hypothesis. If self-control is a limited resource and responds like a muscle in 

becoming depleted after a period of exertion, then it follows that a period of rest would be 

expected to result in the replenishment of self-control reserves just as muscle strength is 

restored after rest. Studies have demonstrated that introducing a recovery period between the 

initial depleting self-control task and the second task in the two-task paradigm moderated the 

ego-depletion effect (Oaten, Williams, Jones, & Zadro, 2008; Tyler & Burns, 2008). Tyler and 

Burns (2008) demonstrated that a ten-minute recovery period completely eliminated the 

decrement in second task performance in depleted individuals relative to individuals who had 

only one- and three-minute recovery periods between tasks. Interestingly, participants 

receiving the three-minute recovery period demonstrated partial recovery suggesting a dose 

effect for recovery on ego-depletion. This is in keeping with the strength model – just as it 

takes time to deplete self control reserves, their replenishment also takes time, with insufficient 

recover resulting in only partial replenishment. This data has provided some preliminary 

evidence to support the recovery hypothesis from the strength model, demonstrating that self-

control resources are replenished after a period of rest. 

Conservation hypothesis. Given that self-control resources are finite, the conservation 

of the resource for anticipated future use is an adaptive strategy. This contributes to an 

allocation of resources that is efficient and effective. Research has demonstrated that informing 

participants receiving an ego-depletion manipulation that they would be required to engage in a 

third self-control task resulted in a significantly greater decrement in self-control performance 

relative to participants who did not expect to perform a third task (Muraven et al., 2006; Tyler 
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& Burns, 2009). These studies provide preliminary support for the conservation hypothesis and 

further corroborate the limited resource model of self-control. 

Training hypothesis. Does regular practice on tasks that demand self-control result in 

increased self-control capacity? This is one of the most intriguing questions to arise from the 

strength model of self-control as it has important implications for individuals’ potential to 

increase their self-regulatory capability. As self-control is considered a common, global 

resource in the strength model, it is hypothesized that practice or training on tasks requiring 

self control will have the effect of improving self-control capacity that can be generalized to all 

tasks that require self-control. A number of studies have supported the training hypothesis 

(Azor Hui et al., in press; Muraven et al., 1999; Oaten & Cheng, 2006a, 2006b, 2007). 

Researchers have demonstrated that performance on laboratory-based self-control tasks is 

significantly improved in participants provided with a period of self-control training compared 

to non-trained controls. The types of training task typically adopted include modification of 

speech (avoiding use of colloquial, slang, abbreviated, and shorthand terms), modification of 

posture, use of non-dominant hand for everyday tasks, controlling emotions, keeping a food 

diary, doing a computerised impulse-suppression Stroop task, and rinsing with a very strong 

mouthwash. All these tasks require participants to override a well-learned impulse or resist the 

urge to quit due to the arduousness or tediousness of the task, all responses that demand self-

control. 

Studies have also examined the effects of self-control training on health-related 

behaviour. For example, Oaten and Cheng (2006a) examined the effect of a programme of 

regular academic study on self-control performance using laboratory and field indices of self-

regulatory strength. The intervention was an intensive one which required participants to set 

self-imposed deadlines and a study schedule with the experimental team. A register and diaries 

were used to monitor progress. Results indicated that participants receiving the intervention 
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had significantly improved self-control performance as assessed by the two-task paradigm 

relative to untrained controls. Further, participants showed significant improvements on self-

reported health-related behaviours including reduced caffeine, alcohol, and ‘junk’ food intake, 

increased physical activity, fewer cigarettes smoked, and increased choice of healthy food 

alternatives. These results illustrate that training on self-control tasks increases self-regulatory 

capacity in a diverse set of health-related behaviours in accordance with the strength model. 

Moderators of Ego-Depletion 

Motivation. A limited resource account of ego-depletion predicts that self-regulatory 

failure is due to the complete depletion of self-control resources. An alternative hypothesis is 

that self-regulatory resources are only partially depleted and the resultant self-regulatory failure 

is due to the person being unable or unwilling to draw further from their self-control resources. 

Recent research has suggested that increased motivation may stimulate individuals into 

drawing further from their self-control resources (e.g., Moller et al., 2006; Muraven et al., 

2008; Muraven & Slessareva, 2003). Results indicated that providing participants with 

motivational incentives to perform the tasks in the two-task procedure such as stressing the 

importance of the outcome of the self-control task or providing monetary incentives increased 

self-control performance among participants assigned to the ego-depletion condition. 

Interestingly, providing intrinsic or autonomous motivational reasons for engaging in self-

control appear to be most effective in moderating the ego-depletion effect (Muraven, 2008; 

Muraven et al., 2008). These are important findings as they indicate that motivational 

incentives are instrumental in maintaining self-regulatory capacity. However, given that self-

control is a limited resource, it is likely that an individual cannot draw from the resource 

indefinitely and a period of recovery may eventually be required to replenish resources 

(Baumeister et al., 1998). 
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Action Planning and Implementation Intentions. People who intend to engage in a 

health-related behaviour may fail to act on their intentions due to failure to self-regulate 

(Scholz, Schuz, Ziegelmann, Lippke, & Schwarzer, 2008; Sniehotta, Scholz, & Schwarzer, 

2005). Intended actions often require a person to override well-learned or habitual responses or 

engage in demanding behaviours, and are thus likely to draw on self-control resources. This 

may account for the comparatively weak links between intentions and behaviours in social 

cognitive theories of health behaviour, known as the intention-behaviour ‘gap’ (Godin, Conner, 

& Sheeran, 2005; Sniehotta, 2009; Webb & Sheeran, 2006). Gollwitzer (1999) proposed that 

forming simple cue-based action plans or implementation intentions are an effective strategy to 

increase the link between intention and behaviour. These strategies have been shown to be 

efficacious in increasing the intention-behaviour relationship in experimental and randomized 

controlled trials in health-behaviour contexts (Armitage, 2007; Chapman et al., 2009; 

Chatzisarantis & Hagger, in press; Chatzisarantis, Hagger, & Wang, in press; Gollwitzer & 

Sheeran, 2006; Hagger & Montasem, 2009; Sniehotta, Scholz, Schwarzer et al., 2005). 

Given that the intentional pursuit of behaviour is likely to require considerable self-

regulatory resources (Muraven, Collins, Shiffman, & Paty, 2005), implementation intentions 

have been investigated as a means to overcome resource depletion. Webb and Sheeran (2003) 

found that introducing an implementation intention manipulation in the two-task depletion 

paradigm resulted in significantly improved second-task performance among participants who 

formed implementation intentions compared to no implementation intention controls. It seems 

that forming intentions to attend to specific cues that trigger behavioural enactment result in 

improved performance. Arguably, the mechanism behind this effect is due to action plans 

leading to a more efficient, automatic execution of the action and thus a reduced demand on 

self-control resources (Webb & Sheeran, 2003). Further research is required to unify the links 
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between social cognitive models of intentional behaviour, self-regulatory resources, and 

implementation intentions in the field of health behaviour. 

Trait Self-Control. While the strength model hypothesizes that self-control is a global 

and finite resource that limits self-control capacity in all individuals, Baumeister and 

colleagues (Baumeister, Gailliot, DeWall, & Oaten, 2006; Baumeister & Heatherton, 1996; 

Tangney, Baumeister, & Boone, 2004) proposed that there are also individual differences in the 

capacity to exert self control. This global tendency is viewed as a trait-level orientation and has 

effects on self-regulation across a diverse range of behaviours. Trait self-control has been 

shown to be correlated with numerous health-related outcomes including better psychological 

adjustment and self-esteem, reduced susceptibility to alcoholism, lower scores on eating 

disordered factors such as bulimia and drive for thinness, secure attachment, and lower 

psychopathology (Tangney et al., 2004). It seems that high levels of trait self-control are linked 

to adaptive responses and positive health-related benefits. In keeping with the strength-model 

of self-control, trait self-control is also strongly associated with behavioural measures of self 

control such as those used in the two-task paradigm (Schmeichel & Zell, 2007) and moderates 

the ego-depletion effect such that participants high in trait self-control are less vulnerable to the 

depletion of self-regulatory resources (DeWall, Baumeister, Stillman, & Gailliot, 2007; 

Gailliot, Plant, Butz, & Baumeister, 2007; Muraven, Collins, Shiffman et al., 2005). However, 

comparatively little research has been conducted examining the effects of trait self-control on 

health-related behaviour (De Ridder, Lensvelt-Mulders, Finkenauer, Stok, & Baumeister, 

2009). Further research is also required to unify the direct and interactive effects of trait-self 

control and situationally-induced self control using tasks from the two-task paradigm on health 

behaviour. 

Personality and Individual Differences. A number of personality and individual 

difference variables have been identified as moderators of the ego depletion. Laboratory-based 
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research has found that the ego-depletion effect can be attenuated in people who are more 

adept at self-monitoring (Seeley & Gardner, 2003; Wan & Sternthal, 2008), have an action 

orientation as opposed to a state orientation (Jostmann & Koole, 2007), possess greater 

restraint (Hofmann, Rauch, & Gawronski, 2007; Kahan, Polivy, & Herman, 2003), have lower 

generalized motivation to suppress stereotypes (Gordijn et al., 2004), give greater consideration 

of future consequences (Joireman, Balliet, Sprott, Spangenberg, & Schultz, 2008), and have 

higher general intelligence (Shamosh & Gray, 2007). These studies provide evidence that self-

control failure is a function of interpersonal as well as contextual and environmental effects. In 

addition, research has also implicated that people with lower thresholds of delay of 

gratification (Jensen-Campbell & Graziano, 2005; Neal & Carey, 2005) and perform poorly on 

economic games (e.g., Iowa gambling task) that require resisting making impulsive and risky 

decisions (Garon & Moore, 2007) are related to self-control capacity. Overall, such research 

has resonance as it provides an indication to researchers and practitioners of the conditions 

within the individual that make them susceptible or resistant to situational contingencies that 

deplete self-control resources and provide evidence to support the tailoring of interventions that 

might bolster self-control among those most vulnerable to ego-depletion. 

Ego-Depletion in the Health Domain 

Dietary restraint and eating behaviour. From the outset, ego-depletion theorists 

capitalized on people’s strong impulses to eat tempting foods and avoid unpleasant-tasting or 

unappealing foods to induce self-regulatory resource depletion (Baumeister et al., 1998; 

Muraven et al., 1998). Studies have demonstrated that people induced to eat unappetizing 

foods show depleted self-regulatory capacity on subsequent self-control tasks (Baumeister et 

al., 1998; DeWall et al., 2007; Geeraert & Yzerbyt, 2007; Muraven et al., 2006; Segerstrom & 

Nes, 2007; Stucke & Baumeister, 2006). Perhaps more relevant from a health point of view, 

self-regulatory resource depletion has been shown to lead to reduced restraint when it comes to 
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eating tempting foods in ostensible food tasting tests (Hofmann et al., 2007; Kahan et al., 2003; 

Vohs & Heatherton, 2000; Zyphur, Warren, Landis, & Thoresen, 2007). Therefore, the control 

of dietary behaviours appears dependent on self-regulatory resources. 

Furthermore, it seems that people chronically attempting to modify their food intake, 

like dieters, are more vulnerable to resource depletion. Vohs and Heatherton (2000) 

demonstrated that dieters whose regulatory resources were depleted were more likely to eat 

larger amounts of the freely-available tempting foodstuff (ice-cream) than non-dieters in the 

food-tasting test. Further support for the importance of self-control in maintaining dieters’ 

resistance to food temptation in order to reach long-term weight loss goals was provided by a 

recent study. Kuijer, De Ridder, Ouwehand, Houx, and van den Bos (2008) studied the effects 

of self-control and eating restraint on dieters’ performance on a decision-making task (Iowa 

gambling task) that mimicked the uncertainty of achieving a long-term goal. Results indicated 

that the link between dietary restraint and decision-making performance was weaker among 

dieters with low self-control. These experiments suggest that the depletion of self-control 

resources is highly pertinent with it comes to regulating the intake of foods that are highly 

palatable, and this is particularly the case for those attempting to exercise restraint and control 

their diet. 

This research has been extended to demonstrate that people with individual differences 

in the impulse to eat tempting foods are also more vulnerable to resource depletion in contexts 

where they are required to avoid tempting foods. Friese, Hofmann, and Wanke (2008) 

measured participants’ implicit attitudes toward appealing but unhealthy snack foods (potato 

chips) alongside a two-task depletion paradigm with a taste-testing task as the second self-

control task. They found that participants assigned to the ego-depletion condition that had 

positive implicit attitudes toward the snack food consumed a significantly greater amount in 

the taste-testing task than those with low implicit attitudes and participants in the control 
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condition. This has two important implications. First, attitudes toward the food was measured 

beyond the participants’ awareness indicating that they were unaware of the impulsive 

processes that lead to self-regulatory failure under self-control resource depletion. Second, it is 

likely that if participants were instructed not to eat the tempting foods they would have been 

able to do so, but left to their own devices and required to self-regulate they were less likely to 

control their eating behaviour. Clearly, this has implications for dietary restraint and the 

regulation of eating behaviour. If people are unaware of their impulsive eating habits, this may 

affect energy balance and dietary restraint with potentially deleterious long-term effects on 

health. 

Self-regulatory resource depletion has also been shown to inhibit the ingestion of less 

appetizing substances, even if they are flagged as promoting good health. Several studies have 

developed aversive-tasting substances, usually using flavoured vinegar or sports drink 

formulations, and asked participants in two-task paradigms to drink as much as possible 

because it promotes good health (Muraven & Slessareva, 2003; Oaten et al., 2008; Vohs et al., 

2008). Ingesting the fluid requires self-control to overcome the urge to stop drinking due to the 

noxious taste. Results indicated that even with a good health-related rationale to drink the 

substance, people whose self-regulatory depleted resources were depleted consumed far less of 

the substance than non-depleted individuals. This demonstrates that ego-depletion can also 

work against the consumption of health-promoting foodstuffs, particularly those that have low 

palatability even when presented with a health-related rationale. 

Just as dieters are less likely to be able to control their food intake under self-regulatory 

resource depletion, it may be that other individuals that chronically regulate their eating 

behaviour, such as individuals with eating disorders or disordered eating patterns, are 

susceptible to self-regulatory resource depletion. Controlling the urge to binge eat is likely to 

place considerable demands on self-control resources. The strength model would predict that 
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people who are prone to binge eating should have significantly reduced ability to control their 

food intake when ego-depleted compared with non-disordered controls. However, the limited 

research in this field has not supported this prediction. Dingemans, Martijn, Jansen, and van 

Furth (2009) investigated ego-depletion in women with binge easting disorders disordered 

eating habits. Participants with eating disordered tendencies were subjected to the emotion 

suppression video-watching task described previously (Baumeister et al., 1998; Muraven et al., 

1998) under conditions of depletion (suppress emotions) and no depletion (watch only). They 

were then asked to participate in an ostensible taste-perception task. Contrary to hypotheses, no 

differences were found in the amount of food consumed by participants across the depletion 

and non-depletion conditions. Possible reasons for the lack of an ego-depletion effect may have 

significantly higher trait self-regulation among this group as indicated by higher scores on 

measures like the Eating Attitudes Test (Garner, Olmsted, Bohr, & Garfinkel, 1982). Another 

explanation may be that the chronic dietary restraint in eating disordered individuals has 

resulted in the training of their self-control resources and improved self-control. Further 

research is needed to investigate the influence of ego-depletion on eating behaviour in people 

with eating disorders as they represent one of the few groups in which ego-depletion has not 

been effective in reducing self-control performance. 

Alcohol consumption. Excessive consumption of alcohol is likely to be a context in 

which self-control is important in regulating behaviour. In social situations people are often 

presented with the temptation to drink alcohol for enjoyment, to reduce inhibitions, and to 

conform to social norms. However, this temptation is often juxtaposed with the negative health 

effects of excessive intake and other potentially risky short-term consequences (e.g., 

absenteeism from work, drink driving, unprotected sexual intercourse). Researchers applying 

the strength model of self-control to alcohol consumption have suggested that self-regulatory 

resource depletion can lead to increased temptation to drink and greater alcohol intake (Friese 
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et al., 2008; Muraven, Collins, Morsheimer, Shiffman, & Paty, 2005; Muraven, Collins, 

Shiffman et al., 2005; Muraven & Shmueli, 2006; Palfai, 2004). Muraven, Collins, and 

Nienhaus (2002) used a modified two-task paradigm to show that male social drinkers whose 

self-control resources were depleted in a thought suppression task consumed significantly more 

beer in an ostensible taste test than non-depleted controls. Further, alcohol intake among 

participants allocated to the ego-depletion condition was not tempered by the knowledge that 

they would be required to engage in a driving test after the taste test. This has been 

corroborated in other studies using a similar approach and has also shown that implicit 

attitudes towards beer also moderated the effect (Friese et al., 2008). Resisting the temptation 

to drink alcohol has also been shown to require self-regulatory resources. For example, 

Muraven and Schmueli (2006) presented male and female social drinkers with either an 

alcohol-related stimulus requiring them to sniff alcohol or a neutral stimulus requiring them to 

sniff water. Those allocated to the sniff-alcohol condition had significantly impaired 

performance on subsequent tests of self-regulation on computer-based attention-control and 

hand-grip strength tasks compared to participants in the sniff-water condition, suggesting that 

the alcohol-related stimulus triggered the urge to drink alcohol. Suppressing that urge resulted 

in self-regulatory resource depletion and impaired subsequent performance on the self-control 

tasks. This converging evidence suggests that self-control is essential to the regulation of 

alcohol intake. 

Outside the laboratory, studies have also shown a link between self-regulatory resource 

depletion and alcohol intake. Muraven, Collins, Shiffman, and Paty (2005) used an electronic 

diary method to examine the effect of daily fluctuations in self-control demands on alcohol 

intake in underage social drinkers. Multi-level analyses indicated that when participants had 

higher daily demands on their self-control resources they were more likely to consume alcohol 

above their personally-imposed limits. Interestingly, plans to limit alcohol intake actually 
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increased the effect of daily self-control demands on alcohol consumption. Intending to 

maintain alcohol consumption within self-imposed limits draws from self-control resources. 

Accordingly, participants with high intentions to limit their alcohol intake were more 

susceptible to the depleting effects of increased daily self-control demands and consumed more 

alcohol. This is consistent with the strength model interpretation of intentional behaviour. 

Intentional control over alcohol intake requires active suppression of the urge to drink and is 

likely to deplete self-control resources. When self-control capacity is depleted, such 

deliberative control over alcohol consumption is also curbed rendering behaviour more 

susceptible to impulsive urges (Hofmann et al., 2008), particularly when the temptation to 

drink is high, as demonstrated by Friese et al. (2008). 

This has implications for intentional models of health-related behaviour and behaviour 

change interventions. Intentions may be effective in producing behavioural change, but only 

when the actor has sufficient self-regulatory resources to execute his or her intentions to 

engage in the behaviour. Paradoxically, high intentions to avoid drinking alcohol coupled with 

low self-control may also lead to psychological ‘rebound’ effects and result in an increased 

propensity to drink alcohol because the representations and thoughts of drinking are activated 

by the intention. Self-control capacity may therefore serve to moderate the intention-behaviour 

relationship. Interventions to reduce alcohol consumption should seek to increase intentions to 

quit or avoid alcohol but also maintain self-control resources by creating environments where 

the temptation to drink is minimal. 

Smoking cessation. In contrast to dietary restraint and alcohol consumption contexts, 

smoking cessation has received comparatively little attention in the self-control resource 

depletion literature. O’Connell, Schwartz, and Shiffman (2008) adopted the strength model as a 

framework to test the hypothesis that the frequency and duration of resisted temptations to 

smoke and the intensity of the most recently reported urge to smoke would result in self-
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control depletion and predict increased likelihood of relapse in two large data sets of smokers. 

Resisted temptations and intensity of urges in smokers were assumed to require considerable 

self-control and were thus expected to deplete self-control resources resulting in reduced 

capacity to resist subsequent urges and greater predicted lapses. Contrary to predictions, 

frequency of resisted temptations predicted lower likelihood of relapse and duration of resisted 

temptations had no effect on smokers’ relapsing. One of the data sets indicated that the 

intensity of most frequently experienced urge to smoke predicted relapse. The authors 

suggested that the strength model was perhaps not appropriate for use in such ‘real world’ 

situations. Alternatively, it may be that abstaining smokers’ chronic resistance to urges to 

smoke may have increased self-regulatory capacity through training. Furthermore, trait self-

control was not measured and my have moderated the effect of quitting attempts and intensity 

of urges on relapse. 

The effect of self-control resource depletion on smoking temptation has also been 

studied in the laboratory. Schmueli and Prochaska (2009) studied the effect of self-control 

depletion on smoker’s likelihood of smoking. Smokers asked to participate in the study were 

randomly assigned to an ego-depletion group and a control group. All were required to 

complete an ostensible food taste-testing task with participants in the ego-depletion group 

asked to resist eating tempting sweets and participants in the control condition asked to resist 

eating vegetables. Participants were then given a 10-minute break and their smoking behaviour 

covertly observed. Participants allocated to the depletion condition were significantly more 

likely to smoke during the recess compared to participants in the control condition. The authors 

suggested that this not only implicated resource depletion as a factor in resisting temptation to 

smoke, but also suggested that this has resonance for people attempting to lose weight and quit 

smoking at the same time. These results should be further replicated in people chronically 

restricting their food intake such as dieters and non-dieters to further support this hypothesis. 



 Self-regulation failure and health    27 

Such research might potentially challenge this hypothesis given the research finding that 

people who chronically self-regulate often have better self-control capacity in other domains 

(Zimmerman, Warheit, Ulbrich, & Auth, 1990). 

Physical Activity. Although research adopting the strength model has repeatedly 

examined the effects of self-control resource depletion on physical tasks that require self-

control such the handgrip strength task (e.g., Bray et al., 2008; Martijn et al., 2007; Martijn, 

Tenbult, Merckelbach, Dreezens, & de Vries, 2002; Muraven et al., 1999; Wright & 

Penacerrada, 2002), comparatively few studies have examined the effect of self-control 

resource depletion on regular participation in physical activities of the appropriate type, 

frequency, duration, and intensity that would contribute to long-term health benefits (for a 

review see Hagger, Wood, Stiff, & Chatzisarantis, in press). Oaten and Cheng (2005) 

demonstrated that exam stress had a significant detrimental impact on students’ self-reported 

health-related behaviours requiring self-control, including physical activity. The authors 

surmised that the act of coping with stress during an exam period was likely to deplete self-

control resources. Engaging in the focused planning required to prepare for physical activity 

and the expected physical effort and discomfort requires considerable self-regulatory resources 

to resist the urge to avoid and opt for a sedentary option that does not require self-control 

(Biddle, 2007). The depletion of self-control resources attributed to exam stress therefore 

manifested itself in reduced physical activity behaviour. 

A further study examined the effectiveness of a regular programme of physical activity 

to improve self-regulatory capacity on other self-control behaviours (Oaten & Cheng, 2006b). 

In this study, participants were randomly allocated to an intervention group that was prescribed 

a programme of physical activity by a fitness trainer or a wait-list control no-training control 

group. Results indicated that not only did participants engaging in physical activity improve 

their self-regulatory performance on laboratory-based behavioural measures of self-control 
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relative to controls, but also showed significantly-improved performance on other health-

related behaviours that require self-regulation as reducing cigarette smoking, alcohol intake, 

and caffeine consumption and other adaptive outcomes like emotional distress. This is 

consistent with previous research that has demonstrated that individuals that are effective in 

regulating their behaviour in one domain also find their ability to regulate their behaviour in 

another is enhanced. For example, alcoholics that have been successful in managing their 

addiction have also been shown to be more successful in reducing their smoking behaviour 

(Zimmerman et al., 1990). This evidence suggests that engaging in training on self-regulatory 

tasks can enhance physical activity behaviour just as engaging in physical activity on a regular 

basis can bolster self-control reserves and improve self-control performance in other domains 

of self-control. 

Mechanisms: Physiological Mediators of Ego-Depletion 

In pursuit of the mechanisms that govern self-control, ego-depletion, and the strength 

model, researchers have searched for the physiological mediators of the ego-depletion effect. 

Gailliot and coworkers (Gailliot & Baumeister, 2007a; Gailliot, Baumeister et al., 2007) have 

recently demonstrated that blood glucose may be the control mechanism for the depletion of 

self-control stores. For example, Gailliot et al. (2007) demonstrated that participants assigned 

to the ego-depletion condition in a two-task paradigm experiment exhibited a significant 

decline in their blood glucose levels when performing the second task. This provides some 

indirect evidence that self-control tasks place an actual demand on substrate usage, and Gailliot 

and colleagues speculated that this may be linked to the increased demand for energy by the 

centres of the brain (pre-frontal cortex) responsible for executive function and self-regulation 

(Gailliot, 2008; Gailliot & Baumeister, 2007a; Gailliot, Baumeister et al., 2007). Further 

experiments demonstrated that the ingestion of glucose or sucrose solutions allayed the ego-

depletion effect and supports the strength model prediction that the replenishment of self-
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control resources is important for the recovery of self-control capacity (DeWall, Baumeister, 

Gailliot, & Maner, 2008; Gailliot, Baumeister et al., 2007; Gailliot, Peruche, Plant, & 

Baumeister, 2009; Masicampo & Baumeister, 2007). 

Analogously, recent research has also demonstrated that ego-depletion and self-control 

effort is linked with electromyographic (EMG) activity and other physiological analogues in 

physical endurance tasks within the two-task paradigm (Segerstrom & Nes, 2007; Sheppes, 

Catran, & Meiran, 2009; Stewart, Wright, Azor Hui, & Simmons, 2009; Wright et al., 2007; 

Wright et al., 2003). For example, Bray et al. (2008) demonstrated that participants assigned to 

an ego-depletion condition demonstrated greater levels of EMG activity in a hand-grip strength 

task relative to controls. The elevated EMG response was attributed to increased need to recruit 

more muscle fibers to maintain the same amount of force for participants in the depletion 

condition. Bray and coworkers suggested that their results are consistent with the central 

fatigue hypothesis such that performance decrements are not related to local fatigue in the 

muscles but by processes in the central nervous system which govern muscle recruitment. 

Similarly, Wright and coworkers (2003; 2007; Stewart et al., 2009) have consistently 

demonstrated a relationship between changes in cardiovascular parameters such as blood 

pressure and heart rate with the psychological fatigue brought about by depleting tasks. Bray et 

al. proposed a possible unification of these findings with Gailliot et al.’s (2007) glucose 

depletion and supplementation results. Glucose supplementation has been shown to increase 

endurance and stave off fatigue independent of the amount of muscle glucose metabolised, and 

Bray suggested that a psychophysiological account of the ego-depletion effect may be related 

to substrate usage in the brain or central fatigue. 

Coupled with psychophysiological approaches to identify the mechanisms for ego-

depletion and self-control failure, a recent study has provided preliminary evidence for the 

neural bases of ego-depletion (Inzlicht & Gutsell, 2007). Inzlicht and Gutsell (2007) measured 

electroencephalographic (EEG) activity of participants engaging self-control tasks using the 
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two-task paradigm. Second task performance was significantly impaired among participants 

assigned to the ego-depletion condition relative to controls and this was accompanied by 

reduced activity in a particular waveform from the EEG feed, known as error-related negativity 

(ERN). ERN is the neural based system associated with error monitoring and was shown to 

mediate the effect of the depleting task (emotional suppression) on subsequent performance on 

an impulse-suppression task (Stroop colour-naming task). These results suggest that the mental 

fatigue associated with impairments in ERN activity may be the process by which engaging in 

self-control tasks lead to subsequent self-control failure. Future studies may use these 

techniques to establish the mechanisms by which moderators such as motivation and positive 

emotion may attenuate ego-depletion. 

Practical Recommendations to Promote Self-Control 

The preliminary evidence provided in empirical tests of the strength model and the 

associated recovery, conservation, and training hypotheses may be a useful guiding framework 

to develop new interventions to improve people’s self-regulatory capacity. This may also 

contribute to improving the efficacy of behaviour-change interventions based on other theories 

which have previously been shown to be limited in their effectiveness (Abraham & Graham-

Rowe, 2009; Hardeman et al., 2002). This is clearly relevant to health professionals like 

general practitioners, motivational interviewers, and architects of campaigns and interventions 

whose goal it is to promote health-related behaviour. In the short-term, research using the 

strength model has provided robust evidence that self-control resource depletion lead to 

decrements in people’s ability to self-regulate (Baumeister et al., 1998; Muraven et al., 1998). 

A primary recommendation based on these findings, therefore, is that people should not try to 

engage in too many activities that require self-regulation at once or in close temporal 

proximity. For example, a smoker attempting to quit would be well advised not to try to quit 

smoking during a period in which there will be a high demand on his or her self-regulatory 
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resources such as stressful periods like exams. Oaten and Cheng (2005) demonstrated 

empirically that students undergoing exam stress smoked more cigarettes and were less likely 

to exercise compared to less stressful periods in the academic year. Therefore health 

professionals should advise clients engaging in programs to modify their health-related 

behaviour, to be mindful of life circumstances which may have high demands on their self-

control, and to plan the timing of the initiation of their programs accordingly. 

Related to this, it is clearly important that people gain sufficient recovery in order to 

replenish their self-control resources (Baumeister et al., 1994; Muraven & Baumeister, 2000). 

The important role of rest and relaxation for the replenishment of self-control resources has 

been demonstrated empirically (Barber, Munz, Bagsby, & Powell, in press; Tyler & Burns, 

2008). People attempting to modify their behaviour are likely to have high demand on their 

self-control resources leading to the depletion of their reserves on a regular basis. Self-control 

theorists have suggested that sufficient sleep is one means by which self-control resources can 

be replenished (Barber et al., in press; Baumeister et al., 1994). For example, smokers 

attempting to quit have been shown to be more likely to successfully resist cravings when they 

get sufficient sleep (Parrott, Garnham, Wesnes, & Pincock, 1996). It is therefore important that 

such people are provided with advice to ensure that they get sufficient sleep during periods 

when they are likely to be frequently exerting self-control, in order to successfully maintain 

health-related behaviour change. 

Another factor to consider when identifying strategies that may promote self-control 

capacity is the level of glucose in the blood. Recent experimental evidence has linked self-

control failure to depressed blood glucose levels (Gailliot, 2008; Gailliot & Baumeister, 2007a; 

Gailliot, Baumeister et al., 2007). An important associated finding is that glucose 

supplementation can improve performance on self-control (DeWall et al., 2008; Gailliot, 

Baumeister et al., 2007; Gailliot et al., 2009; Masicampo & Baumeister, 2007) and cognitively-
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demanding (Hoyland, Lawton, & Dye, 2008; Kennedy & Scholey, 2000) tasks. A proposed 

mechanism for the effect of glucose on self-control capacity is the link between hypoglycaemia 

and subjective fatigue rather than a lack glucose availability in the brain, because brain glucose 

levels tend to remain relatively constant (Hoyland et al., 2008; Kanarek, 1996; Lieberman, 

2007). Manipulating diet to maintain relatively constant blood glucose levels may therefore 

contribute to maintaining self-control resources. 

Nutritional advice to eat small frequent meals may therefore have greater resonance 

given the link between blood glucose, subjective fatigue, and self-control performance. This 

may be difficult for people with highly-demanding occupations which likely place limits on the 

opportunities they have for regular meals. Not only might they miss meals, they may fall back 

on high-calorie, sugar-rich snacks with a high glycaemic index (GI) to boost their blood-

glucose levels in place of meals. Such snacks are only likely to temporarily elevate blood 

glucose levels (Radulian, Rusu, Dragomir, & Posea, 2009). Thereafter, levels may drop even 

further exacerbating the problem and leading to further depletion of self-control resources. It is 

therefore important that people attempting to maintain changes in their health-related 

behaviour are also provided with nutrition advice to maintain constant blood glucose levels. 

This may involve eating frequent and small meals comprising low GI foods throughout the day 

in order to maintain constant blood glucose levels and provide sufficient energy to maintain 

self-control effort. 

It is also important that practitioners account for the tendency for people to conserve 

their self-control resources when they are depleted and expect future demands on their self-

control resources (Muraven et al., 2006; Tyler & Burns, 2009). People who frequently need to 

exert self-control to maintain changes in their health-related behaviour without sufficient 

recovery are likely to be in a state of chronic self-control resource depletion. For example, a 

person following a low-fat diet will probably need to resist numerous temptations to eat foods 
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incompatible with his or her diet during an average day. In a state of chronic self-control 

depletion and faced with the prospect of having to continue to resist tempting foods in the 

future, the person is likely to conserve their self-control resources. This might lead them to 

lapse on other behaviours requiring self control such as gym attendance (Hagger et al., in 

press). In such cases, it is clearly important that people involved in chronic self-control 

exertion are able to recover sufficiently to ensure they can exert self-control over a sustained 

period. Other than sleep, taking regular breaks at work and adopting relaxation strategies such 

as listening to music (Tyler & Burns, 2008) or meditation (Kabat-Zinn et al., 1992) may be 

useful strategies to allow for the replenishment of self-control resources. 

Tests based of the training hypothesis of the strength model have also demonstrated that 

regular training on self-control tasks can, over time, increase self-control strength and bolster 

self-regulatory resources for people attempting to change their health-related behaviour. 

Experimental studies have demonstrated extended periods of training on self-control tasks 

results in substantial improvements in self-control capacity in the laboratory (Azor Hui et al., 

in press; Muraven et al., 1999) and in the field (Oaten & Cheng, 2006a, 2006b, 2007). 

Therefore, while people attempting to change their behaviour in the short-term are advised to 

target times when the demand on their self-regulatory resources is low, the gradual introduction 

of other behaviours that require self-control is likely to have a positive effect on self-regulatory 

capacity a target self-control behaviour in the long run. Returning to the smoking cessation 

example, a useful strategy might be to encourage people to introduce a programme of regular 

physical activity shortly after early attempts to quit in order to bolster self-control capacity. 

Research using the strength model as a framework has shown this to have a direct effect on the 

reduction of risky health behaviours like smoking, but also to boost other health-promoting 

behaviours such as following a low-fat diet (Oaten & Cheng, 2006b). It might also provide an 

explanation for the consistent effects of physical activity on the amelioration of cigarette 
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cravings and quitting attempts shown elsewhere in the literature (A. H. Taylor, Katomeri, & 

Ussher, 2005; A. H. Taylor, Ussher, & Faulkner, 2006; Ussher, Nunziata, Cropley, & West, 

2001). 

It is, however, important to note that success with these strategies has been due to a 

well-defined and clearly-articulated programme of physical activity. An ill-defined or vague 

programme is less likely to have an effect because adherence to the programme itself is 

dependent upon self-regulation. Therefore, these recommendations might be most effective in 

primary-care contexts where people prescribed physical activity or other programmes are 

closely monitored by a specialist or consultant in the early stages. Finally, the advice should 

also be coupled with the previously-cited recommendations to allow for sufficient recovery 

from both the physical and self-regulatory exertions demanded by the programme in order to 

maximise the benefits of self-control training. 

Recommendations for Future Research 

While the strength model has provided an effective framework to understand self-

regulatory failure in health contexts, research examining the model is comparatively recent and 

more investigations are needed to address questions that emerge from current findings and 

theorizing. One of the most important avenues for future inquiry is establishing the 

mechanisms and processes that underline self-control as a limited resource. As noted earlier, 

recent evidence has examined psychophysiological analogues for the ego-depletion effect. This 

research is congruent with Baumeister et al.’s (1998) contention that that it is “implausible that 

ego-depletion would have no physiological aspect or correlates at all” (p. 1263). Furthermore, 

this has been complimented with research that has demonstrated that ego-depletion is 

associated with glucose impairment (Gailliot, Baumeister et al., 2007) and that the 

supplementation of diet with a glucose drink seems to eradicate self-control resource depletion 

(DeWall et al., 2008; Gailliot, Baumeister et al., 2007; Gailliot et al., 2009). Future research 
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needs to unify these findings to provide a comprehensive account of the physiological 

mediators of ego-depletion. Such research would require novel integrative designs combining 

psychophysiological measures and measures of blood glucose. It may also combine the 

supplementation of glucose with these measures to provide converging evidence for the 

processes underpinning ego-depletion. 

Galliot and Baumeister’s (2007a) research on glucose as a mechanism for the depletion 

of self-control resources provides evidence to support the strength or energy model as not mere 

analogy but an accurate depiction of the nature of self-control. However, an intriguing 

possibility derived from recent research may suggest that the mechanism for improved effort 

when performing tasks is one that is centrally controlled by the brain rather than the use of 

endogenous fuels like glucose (Bray et al., 2008). Studies have found that individuals engaged 

in sustained exercise perform more effectively and report less effort when they rinse their 

mouth with a glucose or carbohydrate solution compared with a sweetened placebo (Carter, 

Jeukendrup, & Jones, 2004; Pottier, Bouckaert, Gilis, Roels, & Derave, in press). These 

authors suggest that exercise capacity is enhanced through the perception of carbohydrate in 

the oral cavity and may affect centrally-mediated components of fatigue. In other words, 

people are able to exercise at higher workloads for the same perceived effort when they engage 

in a carbohydrate mouth rinse. While Galliot et al.’s (2007; 2009) series of studies provides 

consistent evidence for glucose supply as a mechanism for self-control resource use and 

depletion, there may also be a central mechanism controlling self-control resource depletion. 

As a consequence, supplementation with a carbohydrate mouth rinse may moderate the ego-

depletion effect. Future research needs to replicate Galliot et al.’s studies to establish whether a 

central control mechanism in the brain is responsible for maintaining self-control strength. 

The present review of self-control from the perspective of the strength model has 

focused on experimental evidence for the ego-depletion effect, its associated hypotheses, and 

important mechanisms and recommendations based on these findings. However, an increasing 
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body of research has used trait self control as a predictor of health-related behaviour. A recent 

meta-analysis of 50 studies demonstrated that trait self-control was a significantly related to 

health-related behaviours such as eating and weight-related behaviour (De Ridder et al., 2009). 

Such effects may suggest that trait self-control should be incorporated into social cognitive 

theories such as the theory of planned behaviour to augment the prediction of behaviour. There 

is precedence for this as individual difference constructs such as conscientiousness have been 

included as independent predictors of health-related intentions and behaviour and moderators 

of the intention-behaviour relationship (Conner & Abraham, 2001; Rhodes, Courneya, & 

Hayduk, 2002). However, to date, no study has integrated the notion of self-control into these 

models. Researchers should therefore seek to examine whether dispositional self-control is an 

important independent predictor and moderator of health-related intentions and behaviour. 

For example, an assumption based on the strength model might be that people with 

higher self-control capacity may be more effective in enacting their intentions to engage in 

health-related behaviours that require self-control. Self-control capacity may also be a 

determinant of health-related intentions and behaviour. Direct effects may reflect the 

importance of self-control in more impulsive, non-deliberative processes leading to health-

related behaviour (Hofmann et al., 2008). There is some precedence for these proposed effects. 

For example, Hoyt, Rhodes, Hausenblas, and Giacobbi (2009) included the facet of self-

discipline from the conscientiousness personality construct, a variable significantly correlated 

with trait self-control (Tangney et al., 2004), as an additional variable in a test of the theory of 

planned behaviour in a physical activity context. Findings indicated that self-discipline was a 

significant predictor of health-related physical activity behaviour. Furthermore, the effect was 

mediated by intentions suggesting that the process by which trait self-control leads to 

behaviour is deliberative, reflective, and intentional rather than non-conscious, spontaneous, 

and impulsive - as suggested in recent dual-route models of behaviour (Hofmann et al., 2008). 

There was, however, no support for direct effects on behaviour or a moderation of the 
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intention-behaviour relationship. Such research needs to be replicated using validated measures 

of trait self-control capacity to provide support for the integration of the strength model with 

traditional social cognitive models of health-related behaviour (Hagger, 2009). 

There is also a need for studies that test interventions in real world settings with greater 

ecological validity that seek to enhance self-control and, in doing so, increase adherence to 

health related behaviours. The increasing literature on the strength model is dominated by 

laboratory-based experiments using the two-task paradigm. There are relatively few field 

studies using interventions to promote self-control using randomized controlled designs. The 

training studies by Oaten and Cheng (2006a, 2006b, 2007) may provide a blueprint for such 

designs as they included interventions using health behaviours in naturalistic settings (e.g., 

exercise programmes) to bolster self-control in other domains. 

Finally, much of the research evidence in the laboratory and field has been focused on 

preventive behaviours such as dietary restraint and eating behaviour, alcohol consumption, 

smoking cessation, and physical activity. The scope of these studies also needs to be extended 

into other domains where the model might be influential such as illness management, disease 

control, and adherence to treatment. Such applications may be a fruitful in terms of 

understanding the processes behind behaviour regulation in these contexts as well as assisting 

in the development of strategies that may aid self-control. For example, people with chronic 

illness need to tolerate symptoms such as pain, nausea, breathlessness and itchiness to cope 

with their condition. Similarly, convalescing patients may engage in the suppression of anxiety 

or worry over the recurrence of an illness. Such symptom and emotional control places 

demands on self-control and may lead to ego depletion. This may reduce self-regulatory 

capacity with respect to other behaviours requiring self-control such as use of pain relief or 

other symptom management medication, care-seeking behaviour, sick role behaviour, or 

rehabilitation behaviour. 

Conclusions 
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The strength model has demonstrated utility in explaining reduced self-regulatory 

capacity in health behaviour contexts from the perspective of self-control resource depletion 

(Baumeister & Vohs, 2007; Baumeister et al., 2007). The conceptualization of self-control as a 

finite, global source and the effects of its depletion on health-related behaviour has been 

supported empirically in studies in numerous health behaviour contexts such as dietary 

restraint and eating behaviour (e.g., Baumeister et al., 1998; Stucke & Baumeister, 2006), 

alcohol consumption (e.g., Muraven, Collins, Morsheimer et al., 2005; Muraven & Shmueli, 

2006), smoking cessation (O'Connell et al., 2008), and physical activity (Oaten & Cheng, 

2006a). Associated hypotheses have also extended the model and provide impetus for 

intervention. For example, the conservation and recovery hypotheses point to the need to 

sufficient rest and recovery in order to maximise self-control resources in people attempting to 

modify their health behaviour (Muraven et al., 2006; Tyler & Burns, 2008). Since such 

behavioural modifications demand individuals resist the urge to quit (e.g., following a physical 

activity regime), resist temptation (e.g., resisting tasty but high calorie foods when following a 

low-fat or calorie-restricted diet), or to engage in tasks which are contrary to habits (e.g., 

smoking after food or drinking alcohol when socializing), they require self-control. If a person 

did not receive sufficient recovery it might lees to chronic depletion self-control resources and 

high risk of relapse. Similarly, it seems that long-term training on behaviours that require self-

control will also bolster self-control and increase capacity to regulate self-control behaviour, 

provided they are introduced gradually and in conjunction with sufficient recovery (Muraven et 

al., 1999; Oaten & Cheng, 2006a). 

While the strength model has the potential to inform research and interventions in the 

health domain, the model needs future verification as many questions relating to mechanisms 

remain and the application of the model in other health-related behavioural domains is 

required. Finally, it is important that self-control is integrated with other social cognitive 

theories of health behaviour as the resource depletion account may be an important predictor or 
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moderator of relations between motives or intentions and health behaviour or may function as a 

direct predictor of behaviour.
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Footnotes 

1
We use the terms self-regulation and self-control interchangeably in the present article. 

Some authors have made a distinction between self-regulation as a global term that refers to all 

aspects of self-regulation, even those that are non-conscious, such as homeostasis, while self-

control is regarded as the deliberative and effortful control over outcomes (Baumeister & Vohs, 

2007; Baumeister et al., 2007; Vohs & Heatherton, 2000). We have used the terms self-control 

and self-regulation synonymously because the typical definition and understanding of self-

regulation in the health psychology literature is close to the view of self-control in the strength 

model as the deliberate, effortful, and conscious overriding of one’s impulses or desires to 

obtain some future desired state. 
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