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The Physiology of Willpower: Linking Blood
Glucose to Self-Control
Matthew T. Gailliot
Roy F. Baumeister
Florida State University

Past research indicates that self-control relies on some sort
of limited energy source. This review suggests that blood
glucose is one important part of the energy source of selfcontrol. Acts of self-control deplete relatively large amounts
of glucose. Self-control failures are more likely when glucose is low or cannot be mobilized effectively to the brain
(i.e., when insulin is low or insensitive). Restoring glucose
to a sufficient level typically improves self-control. Numerous self-control behaviors fit this pattern, including controlling attention, regulating emotions, quitting smoking,
coping with stress, resisting impulsivity, and refraining
from criminal and aggressive behavior. Alcohol reduces
glucose throughout the brain and body and likewise impairs
many forms of self-control. Furthermore, self-control failure is most likely during times of the day when glucose is
used least effectively. Self-control thus appears highly susceptible to glucose. Self-control benefits numerous social
and interpersonal processes. Glucose might therefore be
related to a broad range of social behavior.
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elf-control is the capacity to override one’s impulses
and automatic or habitual responses, and it is the conscious and effortful form of self-regulation. Self-control
includes controlling thoughts, emotions, desires, and
behavior, particularly so as to bring them into line with
societal or personal standards such as moral rules, laws,
ideals, social norms, and prescriptive expectations. From
a biological perspective, self-control involves brain activity occurring in the prefrontal cortex, such as the anterior
cingulate cortex (Banfield, Wyland, Macrae, Munte, &
Heatherton, 2005; Kandel, Schwartz, & Jessell, 2000).

Self-control seems vital for the optimal functioning of
humans individually and collectively. By exerting selfcontrol, people can fulfill their personal aspirations,
resist behaving in maladaptive or harmful ways, and
abide by social rules, morals, laws, and other regulations. Self-control appears to be powerfully adaptive in
many life domains, as indicated by its association with
greater interpersonal popularity, healthier interpersonal
relationships, superior school performance, and better
mental health and coping skills, as well as less susceptibility to substance abuse problems, eating disorders,
and criminality (Duckworth & Seligman, 2005; Finkel
& Campbell, 2001; Gailliot, Schmeichel, & Baumeister,
2006; Gottfredson & Hirschi, 1990; Mischel, Shoda, &
Peake, 1988; Muraven, Collins, & Nienhaus, 2002;
Pratt & Cullen, 2000; Shoda, Mischel, & Peake, 1990;
Tangney, Baumeister, & Boone, 2004). Self-control is
particularly useful in facilitating interpersonal cooperation and group harmony, and it may have evolved largely
for this purpose (Baumeister, 2005). For instance, selfcontrol allows people to suppress stereotypes and prejudices (Gordijn, Hindriks, Koomen, Dijksterhuis, &
Van Knippenberg, 2004; Richeson & Shelton, 2003;
Richeson & Trawalter, 2005; Richeson, Trawalter, &
Shelton, 2005), refrain from responding negatively
toward their romantic partner and instead respond positively (Finkel & Campbell, 2001), and make a desirable
impression on others (Vohs, Baumeister, & Ciarocco,
2005). Self-control is related to and benefits a wide
range of social behavior.
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An accumulating body of research suggests that selfcontrol relies on some sort of limited resource or
energy, thus reviving the folk notion of willpower (for
reviews, see Baumeister, Schmeichel, & Vohs, in press;
Gailliot & Baumeister, in press; Muraven & Baumeister,
2000). A single act of self-control seems to deplete this
resource, and subsequent efforts at self-control are
impaired as a result. The idea that self-control relies on
a limited resource or energy is, however, only a convenient metaphor at present. The precise nature of an
energy source that might explain how self-control functions is unknown, and researchers have had to refer to
this energy source in only vague or abstract terms.
This article reviews evidence suggesting that blood glucose plays an important role in self-control. Glucose is one
physiological substrate on which self-control depends.
The use and availability of glucose can help explain patterns of self-control success and failure. Blood glucose is
an important, integral part of the body’s energy processes,
and its depletion and other dynamics could potentially
help the energy models of self-control move from mere
metaphor to physiological mechanisms.
Why focus on self-control? In fact, most mental and
physical activity in the human organism depends on and
consumes energy from glucose, and this raises broader
questions about whether there is anything special about
self-control and whether glucose energy dynamics
should be incorporated into all psychological theories.
To be sure, it would be presumptuous of us and far
beyond the scope of this article to propose that all psychological theorists begin talking about glucose. There
are at present many researchers whose excitement over
brain research has led them to anticipate that soon all
psychological theories will have to include some recognition of brain processes. If and when that happens, glucose, as fuel for brain processes, may also find itself
mentioned in every theory. However, we think this is
not imminent, and there are two important reasons that
glucose may garner a more prominent place in selfcontrol theory than in most other psychological theories.
The first reason is that self-control theory—very
much unlike most currently active theories in social
psychology—has been pushed by empirical findings to
cultivate energy models in order to explain the observed
behavior patterns. For the past decade, researchers have
been finding that performance at diverse self-control
tasks steadily declines even when participants move
from one task to a seemingly unrelated one (e.g., Muraven,
Tice, & Baumeister, 1998). The most parsimonious
explanation is that some sort of energy resource is consumed in the process of exerting self-control. Dissonance
theory, attribution theory, self-esteem theory, interdependence theory, and most other psychological theories
have not had to incorporate energy models to account
for their findings. They may or may not eventually

incorporate brain processes and even glucose (as brain
fuel) into their accounts, but so far it has not been necessary. In contrast, self-control theory has to explain
some behavioral phenomena for which depletion of an
energy resource is the leading explanation. The nature
of that resource is therefore a pressing question for selfcontrol researchers, whereas it is not for researchers
working on other theories.
The second reason concerns what is unusual about
self-control (and indeed what may explain why energy
dynamics emerged as a central question earlier and
more urgently than in other theories). As we have said,
it is true that all brain processes and therefore all psychological events depend on the consumption of energy
from blood glucose. But for most, apparently, this may
involve small and unproblematic amounts of glucose.
Indeed, one of the most heavily studied areas of socially
cognitive processing today involves automatic information processing, which is defined in part by its low
requirements in terms of mental effort and energy. Selfcontrol may be unusual in its relatively high demands
for energy. Recent evidence has suggested that the high
effort involved in rational, intelligent decision making
may deplete the same resource needed for self-control,
as indicated by behavioral decrements in self-control
after people have made many choices (Vohs et al.,
2006). There may be other processes that have similarly
large energy requirements. Among them, self-control
leads the way not because of any unique reliance on
energy but rather because of its central importance in
daily life and widespread influence on a broad range of
behaviors. But most psychological processes may be relatively low in energy requirements and therefore relatively unaffected by the body’s glucose dynamics.
At a theoretical level, we think the self’s executive
function, also known as self as agent, is generally
expensive in terms of energy and thus glucose. The self
is the controller of controlled processes, the self-regulator,
the decision maker, and the initiator of active as opposed
to passive responding (Baumeister, 1998). That set of
processes would presumably all involve high amounts of
glucose. At present, we have no theoretical basis for predicting that any further processes would be similarly
expensive, but there is no basis for ruling out the possibility that one or two may yet be found, perhaps especially relatively nonobvious ones such as rare but large
responses.
By and large, social psychologists have not used energy
models for decades. Indeed, initial evidence indicating
that self-control relies on a limited energy source led to
the term “ego depletion” to describe self-control
processes (Baumeister, Bratslavsky, Muraven, & Tice,
1998), in homage to Freud, who was one of the last psychological theorists to describe the self in energy terms
(Freud, 1923/1961a, 1933/1961b). Freud theorized that
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civilized behavior was possible because at some point in
development the ego learned to take instinctual energy
from the id and convert it into a superego, whereupon it
could be used to restrain socially undesirable impulses.
The ego also consumed and discharged energy while trying to carry out behavior under the conflicting demands
of id, superego, and external reality. Although we are not
espousing that antiquated model, we do understand selfcontrol as a vital faculty that enables the individual to
alter his or her behavior so as to conform to societal standards and values, and to forgo immediate rewards and
pleasures in order to realize long-term benefits.
After Freud, energy models of the psyche fell into disuse among most psychological theorists, but recent
advances in psychology have begun to integrate psychological processes with biological ones (e.g., brain activity,
immune function, circadian rhythms). This line of theorizing seems bound to reawaken interest in energy
models—if only because the human body is indisputably
an energy system, whose very life is an uninterrupted
cycle of ingesting and burning energy. Moreover, psychological processes almost certainly involve some energy
requirements. For example, in explaining the constraints
on the evolution of intelligence, Dunbar (1998) emphasized that the human brain constitutes only 2% of body
mass but consumes 20% of the body’s calories. Such
expensive organs and processes will only be supported by
natural selection to the extent that they pay for themselves in palpable, adaptive benefits. As noted above, selfcontrol is hugely adaptive and beneficial for life in human
cultural society, and so evolution might have repeatedly
selected in favor of hominids with a progressively higher
capacity for self-control, even if it did burn a lot of fuel.
The broader implication is that somehow the human
organism manages to convert the caloric energy it takes
in as food into the capacity for complex psychological
processes. Self-control is a complex but crucial part of
successful human functioning, and if it does indeed operate on the basis of energy, then some actual physiological
energy resource will have to be integrated into selfcontrol theory. Glucose, being an important component
of the human energy system, therefore gained plausibility
as one physiological substrate of self-control.

THEORETICAL BASIS AND BACKGROUND
Self-Control Relies on a Limited Energy Source
Previous research has indicated that self-control
relies on a limited energy source that becomes depleted
with use (Baumeister, 2005; Muraven & Baumeister,
2000). After exerting self-control, people are more prone
to fail at later attempts at self-control. This suggests that
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an initial act of self-control consumes some energy
source that is needed for later attempts at self-control.
Moreover, this energy source seems to be a common
stock used for many different forms of self-control, such
that self-regulatory behaviors from several different
domains (e.g., emotion regulation, attention control,
impulse control, performance optimization) appear to
deplete and rely on the same energy source.
Laboratory studies have found that after participants
complete an initial self-control task, they perform worse
on a second self-control task compared to participants
whose initial task did not require self-control. For
example, in one study, participants had to limit their
intake of beer during a taste test because they anticipated
a driving test, and participants who had previously
engaged in a thought-suppression exercise drank more
beer than those who had not previously exerted selfcontrol (Muraven et al., 2002). In another study, resisting the temptation to eat cookies caused participants
subsequently to give up faster on a frustrating task
(Baumeister et al., 1998). Currently, more than 50 studies have supported the idea that self-control relies on a
limited energy source, and these studies have examined a
broad array of self-regulatory behaviors, such as stereotype suppression and the control of prejudicial reactions
(Gordijn et al., 2004; Richeson & Shelton, 2003;
Richeson & Trawalter, 2005), accommodating behaviors
in romantic relationships (Finkel & Campbell, 2001),
dietary restraint (Kahan, Polivy, & Herman, 2003; Vohs
& Heatherton, 2000), and impression management
(Vohs et al., 2005). These findings fit an energy model
because they suggest that the first act of self-control
consumes or depletes some resource, thereby impairing
self-regulation on the subsequent task.
Evidence from outside the laboratory is also consistent with the view that self-control relies on some sort
of finite energy. One study found that people who tried
to limit their alcohol intake in situations outside of the
laboratory were less able to do so after they had previously self-regulated (e.g., controlled their mood; Muraven,
Collins, Shiffman, & Paty, 2005). Furthermore, coping
with stress requires self-control (e.g., Muraven &
Baumeister, 2000), and after coping with everyday
stresses outside the laboratory, people are less successful at self-control (e.g., dieting; Cohen & Lichtenstein,
1990; Wadden & Letizia, 1992; Wevers, 1988).
Controlling emotions requires self-control (e.g., Baumeister,
Heatherton, & Tice, 1994), and after controlling emotions in their daily lives, people are less able to exert
self-control (e.g., quit smoking; Ashton, 1982; Bradley,
Phillips, Green, & Gossip, 1989; Brownell, Marlatt,
Lichtenstein, & Wilson, 1986; Greeno & Wing, 1994;
Hodgins, el Guebaly, & Armstrong, 1995; Marlatt &
Gordon, 1985; Shiffman, 1982).
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Thus, self-control appears to rely on a limited energy
source, but it is not currently known what this energy
source might be. The purpose of this review is to survey
evidence suggesting that glucose is one important component of the energy source of self-control.
Glucose and How It Operates
Glucose is the fuel for the brain. The brain’s activities
rely almost exclusively on glucose for energy (e.g., Siesjo,
1978; Weiss, 1986). Glucose from the bloodstream is
metabolized in brain regions needed to carry out a particular task (e.g., light stimulation increases glucose
metabolism in the visual cortex; McNay, McCarty, &
Gold, 2001; Reivich & Alavi, 1983). Glucose enables
cerebral functioning by providing the fuel for neurons to
fire impulses. The brain must receive an adequate supply
of glucose in order to function effectively.
All cerebral activity requires glucose as its fuel under
normal conditions. Cerebral activity therefore consumes
glucose and reduces available quantities of glucose in the
brain and periphery (e.g., Benton, Owens, & Parker,
1994; Fairclough & Houston, 2004; McNay et al., 2001;
McNay, Fries, & Gold, 2000). Glucose can be consumed
in the brain faster than it can be replenished, however, and
so cerebral activities can deplete the brain’s supply of glucose (e.g., Benton, Parker, & Donohoe, 1996; Fairclough
& Houston, 2004; McNay et al., 2001).
When glucose levels are severely low, cerebral functioning is profoundly disrupted, producing numerous cognitive and behavioral deficits (e.g., impaired coordination,
blurred vision, amnesia, bizarre behavior and personality
change, confusion, and anxiety). Relatively subtle changes
in glucose can also have an important influence on
thought and behavior (Benton, Brett, & Brain, 1987;
Donohoe & Benton, 1999a; Fairclough & Houston,
2004; D. O. Kennedy & Scholey, 2000; Scholey, Harper,
& Kennedy, 2001), though some scholars previously
believed otherwise (e.g., Van den Berg, 1985).
Though the level of available glucose is important to
cognitive functioning, so too is the body’s ability to use
glucose effectively (e.g., Benton et al., 1996). The body’s
quantity of glucose is normally increased by eating, and
this shows up first as an increase in the blood glucose levels. The body then releases insulin to help store the glucose, and blood glucose levels return to baseline. In this
fashion, the body is able to obtain and store glucose for
future use. Some individuals, however, demonstrate poor
glucose tolerance as a stable trait. Their bodies use glucose ineffectively, such that they are less able than other
people to store and use glucose. After these individuals
take in glucose, their blood glucose level either remains
high or, after the body releases insulin, drops well below
baseline. The body must use glucose effectively, which

requires being able to store glucose and then to mobilize
glucose from its stores as needed. Thus, people with good
glucose tolerance seem more capable than others of transporting glucose to the brain in the face of cognitive
demand. As a result, those with good glucose tolerance
have been found to perform better on some cognitive
tasks (e.g., tests of logical reasoning), compared to those
with poor glucose tolerance (Benton et al., 1996).
In short, the brain relies on glucose to function. When
the flow of glucose to the brain is inadequate—either
because glucose is low or because glucose cannot be
transported to the brain (i.e., poor glucose tolerance)—
cerebral functioning is impaired.
Self-Control Depletion and Glucose
Though nearly all cerebral functions rely primarily on
glucose for fuel, some mental capacities appear more sensitive than others to changes in glucose. Specifically, the
influence of glucose seems most pronounced on effortful,
controlled, or executive processes (e.g., Benton et al.,
1994; Benton et al., 1996; Donohoe & Benton, 1999a,
1999b; Fairclough & Houston, 2004; Korol & Gold,
1998; D. O. Kennedy & Scholey 2000; Owens &
Benton, 1994; Parker, 1995; Scholey et al., 2001;
Sünram-Lea, Foster, Durlach, & Perez, 2002; cf. Benton,
1990). Effortful, controlled, or executive processes
require more glucose than simpler, less effortful, or automatic processes, and they are more likely to be impaired
when glucose is low or cannot be used effectively. In this
sense, effortful, controlled, or executive process are quantitatively different from other processes in that they
require more glucose. It is plausible that effortful
processes require more glucose because they are somehow qualitatively different from other processes, yet
these qualitative differences are unknown at present.
Regardless of whether the difference in biological process
is quantitative or qualitative, however, the implication is
that psychological theories about effortful, controlled,
and executive processes, such as self-control, will have to
incorporate energy dynamics much more centrally and
prominently than will psychological theories that invoke
the simpler and more automatic processes.
One central hypothesis of this review is that low levels of glucose and the inability to transport glucose
effectively to the brain (i.e., poor glucose tolerance) should
be associated with impaired self-control. Conversely,
restoring the amount of available glucose to higher and
optimal levels should then improve self-control. This
does not entail a linear relationship between glucose
and self-control, such that a person who downs a large
bag of candy will become a paragon of self-discipline for
the next few hours. Rather, we hypothesize that the differences will be between having inadequate or depleted
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glucose and having enough. Getting more glucose beyond
having enough will not yield further increments in selfcontrol, whereas getting enough glucose to recover from
a depleted state will yield improvements until the optimal level is reached.

REVIEW OF EMPIRICAL FINDINGS
Reviewing Strategy and Relevant Methods
To test the hypothesis that glucose is one important
component of self-control energy, we reviewed a variety
of studies that examined a broad set of self-control behaviors. Specifically, we reviewed studies on impulsivity,
attention control, emotion regulation, crime and aggression, smoking cessation, the ability to cope with stress,
alcohol consumption, and day and evening patterns of
self-control. Each of these behaviors is related to selfcontrol. Reviewing each of these areas of research allowed
us to test whether problems with glucose impair the general capacity for self-control.
To provide multimethod converging evidence, we also
reviewed evidence using a variety of techniques used to
assess or manipulate blood glucose levels or assess the
ability to use glucose effectively. A glucose testing meter
or other similar device is oftentimes used to assess glucose
levels. These devices intake a sample of blood and measure the amount of glucose in the blood sample. This
method allows researchers to examine the relationship
between glucose levels and other factors (e.g., aggressive
behavior). There exists an equilibrium between glucose in
the bloodstream and the brain (Lund-Anderson, 1979),
and thus, it can be assumed that glucose in the bloodstream reflects that in the brain.
Another approach to assess the influence of glucose
is to examine the behavior of people prone to experience low glucose levels in comparison to those who are
less prone to experience low glucose. People with diabetes or hypoglycemia more frequently experience low
glucose than other people. One can examine potential
consequences of low glucose by comparing the two
groups on various dimensions.
To manipulate glucose experimentally, researchers
frequently use a glucose injection. This is accomplished
either intravenously by injecting glucose directly into
the bloodstream or orally by having participants consume a meal or glucose shake or tablet. Control participants in these studies typically receive a placebo
treatment. The effects of increased glucose can be examined by comparing the consequences of receiving glucose versus a placebo. One should note, however, that
glucose injections do not necessarily produce the same
effects as regular meals outside of the laboratory.
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A hyperinsulinaemic glucose clamp is sometimes used
to experimentally decrease glucose. The clamp infuses
insulin into the bloodstream, thereby decreasing glucose.
A similar device that does not alter glucose levels is used
among control participants. Any cognitive or behavioral
changes that occur as a result of the glucose clamp are
presumably attributable to the reduction in glucose.
Other studies have examined the consequences of
skipping breakfast, and these studies are relevant to glucose insofar as skipping breakfast reduces available
quantities of glucose or undermines the effective use of
glucose. Participants are randomly assigned to skip
breakfast or asked whether they have spontaneously
done so. Skipping breakfast produces glucose levels that
are lower than those of participants who eat breakfast
because breakfast foods (typically high in carbohydrates) provide the body with glucose to counteract the
low levels that occur after the nocturnal fast.
This review does not include studies on hyperglycemia
(i.e., when levels of peripheral glucose are abnormally
high). Hyperglycemia is not necessarily associated with
increased levels of cerebral glucose, because the flow of
glucose across the blood-brain barrier is restricted during
a hyperglycemic state. In addition, the hypothesis that
glucose partly underlies self-control energy implies that
glucose levels below an optimal range should impair selfcontrol, whereas glucose levels above the optimal range
are not necessarily either detrimental or beneficial to selfcontrol. Research on hyperglycemia therefore does not
provide a clear test of the hypothesis that glucose partly
underlies self-control energy.
To assess the ability to transport glucose effectively,
researchers most frequently use a glucose tolerance test.
For this test, glucose levels are assessed after an
overnight fast. A glucose load (e.g., a glucose shake) is
then administered and glucose levels are assessed at regular intervals afterwards. Being able to transport glucose effectively (i.e., good glucose tolerance) is indicated
by glucose levels rising after the glucose load and then
returning to baseline. Being unable to use glucose effectively (i.e., poor glucose tolerance) is indicated by glucose levels rising abnormally high after the glucose load
or, upon their descent, by dropping well below baseline.
One can measure differences in other domains (e.g.,
criminal behavior) between those who are able and
those who are unable to transport glucose effectively.
Another means of examining the effects of being able
to transport glucose effectively is to examine the behavior of people with diabetes. Diabetes is associated with
poor glucose tolerance or being less effective at transporting glucose, in addition to frequent occurrences of
low glucose (e.g., Goetsch, 1989). People with diabetes
are less able to use glucose as an energy source than
people without diabetes (Pohl, Gonder-Frederick, &
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Cox, 1984). One can therefore compare a diabetic population to a nondiabetic population to assess possible
consequences of glucose. As stated above, cerebral functioning requires the effective use of glucose so that one
can transport peripheral glucose to the brain (e.g.,
Benton et al., 1996). The consequences of poor glucose
utilization are therefore suggestive of the consequences
of low (cerebral) glucose. In addition to research on diabetes, research on other disorders associated with poor
glucose tolerance is also suggestive of the consequences
of poor glucose mobilization.
Based on the hypothesis that glucose is one vital component of self-control energy, we predicted that low glucose levels and poor glucose tolerance would be associated
with poor self-control. Diabetes and hypoglycemia
should be linked with poor self-control. Self-control
should deteriorate under conditions that reduce glucose
and improve under conditions that increase glucose.
People who are less able to tolerate glucose (e.g., diabetics) should exhibit lower self-control than those who
are more able to tolerate glucose.
Controlling Attention
Attention control is a pervasive and basic form of
self-control. Executive control can dictate and choose
what information is noticed and processed by the mind,
as opposed to letting salience and the environment dictate. In a review of the literature on self-regulation,
Baumeister et al. (1994) observed that attention appears
to be the front line of control for many problem behaviors, and loss of attention control is a precursor to selfcontrol failure in many different domains. Controlling
attention requires self-control because attention automatically orients toward various stimuli in the environment (e.g., Shiffrin & Schneider, 1977). It takes
self-control to override these automatic responses so as
instead to remain focused on any single task or stimulus
(Muraven & Baumeister, 2000). Consistent with the
idea that attention control depletes the same energy
needed for self-control, research has shown that people
are less able to exert self-control after having controlled
their attention and that they are less able to control
their attention after having exerted self-control (e.g.,
Vohs et al., 2005; Gailliot & Baumeister, in press;
Gailliot et al., 2006; Vohs & Faber, 2004).
One study found evidence consistent with the idea that
attention control requires a relatively large amount of
glucose (Gailliot, Baumeister, et al., 2007). Participants
watched a 6-min video that required them either to control their attention by ignoring certain stimuli appearing
on the screen or to watch the video as they would normally, thus not trying to control their attention. Among
participants who had controlled their attention, glucose

dropped after having watched the video. Among participants
who watched without controlling attention, glucose
levels did not change. The implication is that controlling
attention resulted in the consumption of relatively large
amounts of glucose. To be sure, it is more difficult to
watch the video while controlling attention than while
watching it without such effort, and participants’ ratings
of task difficulty confirmed that difference. Self-control
requires effort, and that makes it difficult. From this and
similar studies, it is not easy to infer whether the differences are due to self-control per se or to the general difficulty of performing the task.
The Stroop task is a classic psychological test of
attention control. It requires participants to state the
color ink in which words are displayed. On incongruent
trials, the ink color and meaning of the word are different (e.g., red is presented in blue ink), and so participants must exert self-control by directing their attention
away from the word’s meaning and toward the color
ink. One study found that participants whose glucose
levels were dropping prior to the Stroop task performed
worse (i.e., they had slower reaction times) on incongruent trials than participants whose glucose levels were
rising (Benton et al., 1994). Presumably, the Stroop task
required glucose, and so decreasing levels of glucose
before the task hampered performance. Participants
whose glucose levels were rising had more glucose
becoming available and hence performed better.
In this same study by Benton et al. (1994), there was
no relationship between changing glucose levels and performance on congruent Stroop trials (when the words’
meaning and color ink were the same). These trials did
not require attention control because participants did not
have to override the meaning of the word in order to state
the ink color. This finding suggests that the effect of glucose was specific to attention control and not to more
general mental capacities, such as processing speed.
Another study assessed glucose levels before, during,
and after the Stroop task (Fairclough & Houston,
2004). Participants who used less glucose during the
Stroop task made more errors than other participants
on the incongruent trials—but there was no difference
on the congruent trials, which do not require selfcontrol. Thus, it again seems that glucose is required for
successful attention control. Exerting oneself at the selfregulation task led to performing well but required and
consumed more glucose.
In another study, participants had to control their
attention while watching a video (Gailliot et al., in
press). They then completed the Stroop task. Higher
glucose levels after having watched the video predicted
better performance on the Stroop (responding faster
and making somewhat fewer errors). The implication is
that having more glucose enabled the participants to
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perform better on the Stroop. In a similar study, participants first either did or did not control their attention
while watching a video. They then received either a glucose or placebo drink, after which they completed the
Stroop task. Consistent with the idea that self-control
relies on a limited energy source (glucose), doing the
attention-control task led to poorer performance subsequently on the Stroop task—but only among participants who received the placebo. The impairments in
Stroop performance after having controlled one’s attention were eliminated among participants who received
glucose. Thus, glucose benefited attention control after
a difficult self-control task. The implication is that the
first attention-control task depleted glucose, leading to
poor performance on the Stroop task, unless a dose of
glucose replenished the body’s self-control energy.
Converging evidence supports the hypothesis that
attention control is highly dependent on glucose. One
study administered glucose drinks to participants and
found that poor glucose tolerance (indicated by glucose
levels remaining high after the person consumed the
drink) was associated with poorer performance on a
dichotic listening task, which is another classic attentioncontrol task and requires participants to ignore information presented in one earphone in order to track and
process the information coming in the other ear (Allen,
Gross, Aloia, & Billingsley, 1996). Likewise, diabetes
(which is marked by poor glucose tolerance or ineffective mobilization) is associated with increased distractibility and poor attention control among both
children and adults (e.g., Lane, Stabler, Ross, Morris,
Litton, & Surwitt, 1988; Lustman, Frank, & McGill,
1991; Rovet & Ehrlich, 1988), and a recent review concluded that low blood glucose causes these attentional
impairments (Zhao & Liu, 1999).
A few studies have found that hypoglycemia leads to
loss of control of attention and poor concentration (Smid
et al., 1987; Tager & Shelton, 1943). In one study, participants were deprived of sleep for 1 night (Wu et al.,
1991). Before and after the sleep deprivation, they completed an attention-control task that required them to
press a button every 3 s. Sleep deprivation decreased glucose metabolism in brain regions associated with attention control and impaired performance on the task, and
the reductions in glucose accounted for the task impairments. A lack of sleep thus impaired attention control,
apparently by reducing glucose.
Vigilance is another important pattern requiring the
control of attention. Experimentally increasing glucose
improves attention control and vigilance, among both
children and adults (e.g., Benton, 1990; Benton et al.,
1987; Moser, Plum, & Buckmann, 1983; cf. Parker &
Benton, 1995), as well as feelings of alertness (Wesnes,
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Pincock, Richardson, Helm, & Hails, 2003). In a study
by Benton et al. (1987), children received a glucose or
placebo drink and then completed a reaction-time test
that required the children to wait for a cue to appear
before responding. Later, they played a difficult computer game. The children who received the glucose
drink were more successful at sustaining their attention
than those who received the placebo, such that they
responded faster during the reaction-time task and
appeared more focused while playing the computer
game.
In another study, participants consumed either a glucose or placebo drink (Benton, 1990). They then watched
a screen for 25 min and had to press a button each time
a specific digit appeared on the screen. The task thus
required participants to control their attention and
remain vigilantly focused on the screen. Participants who
received the glucose drink performed better on the vigilance task than participants who received the placebo,
such that their performance improved much earlier in
the task, whereas placebo participants were slower to
master the task.
The effects of reducing (rather than increasing) glucose levels on attention control were studied by Smid
et al. (1997). Some participants were placed in a hypoglycemic state via a glucose clamp, whereas others were
not. Before and after this procedure, participants completed an attention-control task that required them to
respond to some information while ignoring other information. Participants in the hypoglycemic state performed worse on this task (as evident by slower reaction
times) compared to their baseline performance. Control
participants’ final performance did not differ from baseline. Thus, experimentally decreasing glucose impaired
attention control.
Conversely, interventions that increase glucose should
result in improvements in attention control, at least among
groups who are at risk for glucose deficiency. Schoolchildren who skip breakfast are presumably at such risk
insofar as glucose levels drop overnight and breakfast
would be required to replenish them. When grade schools
provide free breakfast for their students, attentiveness during class increases as a result (Murphy et al., 2000; cf.
Wesnes et al., 2003). Eating breakfast might improve attentiveness in part by increasing glucose or its mobilization.
Not all studies have found that glucose improves
attention control (e.g., Flint & Turek, 2003; Manning,
Hall, & Gold, 1990). One possible explanation for these
seemingly contradictory findings is that glucose might
benefit attention control primarily under difficult or
demanding situations. In particular, our view is that a
dose of glucose may be valuable to replenish a depleted
state, but it will have little or no effect when the body
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already has enough glucose. In one study described by
Benton (1990), for instance, a glucose drink (vs. placebo)
improved attention during a driving-simulation task, but
only toward the end of the task—when it was probably
more difficult to sustain attention. In the Benton et al.
(1994) study described above, the children completed the
experiment toward the end of the school day. The
children were probably fatigued by the end of the day
and perhaps wanted to go home, and therefore the task
may have been especially difficult. Likewise, studies that
used very demanding attention-control tasks (e.g., the
Rapid Information Processing Task) have typically found
that glucose improves performance (e.g., Benton et al.,
1994), whereas studies that have used less demanding
attention-control tasks (e.g., a task requiring that participants indicated when a square approached a target) have
not found any benefit of glucose (e.g., Flint & Turek,
2003). As we noted above, increasing glucose among
research participants who already have enough is not
likely to yield discernible benefits, and the effects of glucose interventions will be best observed with difficult
tasks and other measures that require effortful control
by the self.
In sum, a variety of evidence is consistent with the
idea that glucose facilitates attention control. Both correlational and experimental evidence links impaired
attention control with low glucose or poor glucose tolerance. Attention control is an important form of selfcontrol (e.g., Muraven & Baumeister, 2000), and these
results are therefore consistent with the hypothesis that
glucose is the energy source of self-control. Furthermore,
glucose might be especially likely to influence attention
control under demanding situations. This too indicates
that self-control is highly susceptible to glucose. Selfcontrol demands should be highest when attention control is the most difficult, as one must exert additional
controlled effort.
Emotion Regulation
Emotions are powerful responses that can be highly
aversive and disruptive, both to individual functioning
(such as when emotions bias decision making) and
interpersonal functioning (such as when inappropriate
emotional displays offend or alienate interaction partners). Hence, many people seek to control their emotions,
particularly in regard to concealing or stifling strong states
of aversive emotion (Larsen, 2000). Emotion regulation
relies on self-control energy such that suppressing or
amplifying emotions has been shown to drain selfcontrol resources, resulting in poorer self-control afterward (e.g., Baumeister et al., 1998; Finkel & Campbell,
2001; Muraven et al., 1998; Schmeichel, Demaree,
Robinson, & Pu, in press; Vohs et al., 2005).

Emotion regulation appears to be especially sensitive
to glucose. The flow of cerebral glucose increases during aversive emotional states (e.g., anxiety), and it has
been argued that this occurs because additional glucose
is required to cope with the aversive emotion (Barglow,
Hatcher, Edidin, & Sloan-Rossiter, 1984; Kety, 1950).
Coping with or regulating emotions may therefore
require relatively large amounts of glucose.
Consistent with the idea that emotion regulation is
especially sensitive to glucose, people with poor glucose
tolerance exhibit signs of poor emotion regulation. For
instance, diabetic patients with especially poor glucose
tolerance are more likely to have a major depressive or
anxiety disorder than diabetic patients with better glucose tolerance (e.g., Eren, Erdi, & Özcankaya, 2003; Fris
& Nanjundappa, 1986; Lustman, Griffith, Clouse, &
Cryer, 1986; Popkin, Callies, Lentz, Colon, & Sutherland,
1988; Wells, Golding, & Burnam, 1989). Diabetic
patients are more likely than nondiabetic patients to
throw temper tantrums (Fabrykant & Pacella, 1948;
Wilson, 1951) and be emotionally labile (Barglow et al.,
1984). Similar to diabetes, hypoglycemia is associated
with high anxiety and low levels of happiness (Wredling,
Theorell, Roll, Lins, & Adamson, 1992). These findings
fit the overall pattern of low glucose or poor glucose tolerance being associated with poor regulation of mood and
inability to escape from unpleasant feelings. Likewise,
numerous studies demonstrate that depressed individuals
exhibit poorer glucose tolerance than other individuals
(e.g., Mueller, Heninger, & McDonal, 1968; van Pragg
& Leijnse, 1965). A broad assortment of evidence suggests that depression stems in part from being unable to
regulate moods effectively (Tomarken & Keener, 1998).
It therefore seems plausible that poor glucose tolerance
among depressed individuals might impair their ability to
regulate mood, thereby prolonging their depressed state.
Evidence concerning emotional states less extreme
than depression also suggests that glucose facilitates emotion regulation. One study, for instance, found that
children with a glucose deficiency disorder (i.e., glucose6-phosphate dehydrogenase deficiency) were rated by
their teachers as having more mood swings than children
without the disorder (Meijer, 1984). It is plausible that
the glucose disorder increased the tendency to experience
mood swings as a result of ineffective emotion regulation.
In addition to poor glucose tolerance, low levels of glucose have been linked with signs of poor emotion regulation. Several studies have found that when glucose is low,
people are more likely to report feeling anxiety, irritability, tension, and other bad moods as compared to when
glucose is high (e.g., Barglow et al., 1984; Benton &
Owens, 1993; Hepburn, Deary, MacLeod, & Frier, 1996;
Taylor & Rachman, 1988; Yaryura-Tobias & Neziroglu,
1975; cf. Reid & Hammersley, 1995; Scholey &

Downloaded from http://psr.sagepub.com by on July 6, 2009

Gailliot, Baumeister / SELF-CONTROL AND GLUCOSE
Kennedy, 2004). The relationship between low glucose
and negative mood states might be especially strong
among those with diabetes (Gonder-Frederick, Cox,
Bobbitt, & Pennebaker, 1989). To the extent that people
attempt to regulate their moods and avoid bad moods,
low glucose can be seen as undermining mood regulation
and hence contributing to both the unwarranted persistence and the inappropriate expression of emotional distress. People with diabetes are especially likely to
experience low levels of glucose, and so they possibly have
even greater difficulty regulating their moods when their
glucose is low.
Additional evidence that glucose improves emotion
regulation comes from studies that have manipulated
glucose levels. In two separate studies, participants were
placed under either a glucose clamp that reduced glucose levels or a control device that did not change glucose levels (Gold, MacLeod, Deary, & Frier, 1995;
McCrimmon, Frier, & Deary, 1999). When participants
were under the glucose clamp and their glucose had
been reduced, they reported being in more negative and
less positive mood states as compared to the control
condition in which glucose levels were not reduced.
Both the glucose clamp and the control devices penetrated the skin and therefore caused some discomfort.
Participants therefore may have had to regulate their
emotions in order to remain calm and relaxed. When
the clamp reduced available glucose, they were less successful at regulating their moods in this way.
If low glucose reduces the likelihood of regulating
negative mood states, then increasing available glucose
should lead to more positive mood states. Consistent
with that hypothesis, participants in one study reported
feeling more positive emotionally after consuming a glucose drink than participants who consumed a placebo
drink (Benton & Owens, 1993). Another study found
that children who received a glucose drink (vs. a
placebo) toward the end of the school day appeared less
irritated and frustrated when playing an impossible
computer game (Benton et al., 1987). Playing the
impossible game was likely very frustrating for these
children, perhaps especially at the end of the day, and
so it should have required some self-regulatory effort to
control their frustration. When they consumed the glucose shake, the children appeared more likely to do so.
A similar study found that adults who played an
impossible computer game showed fewer signs of frustration when they had previously consumed a glucose
shake rather than a placebo (Benton & Owens, 1993).
This effect seemed to occur, however, primarily among
participants who had been provoked by the experimenter (the experimenter told these participants that
most people were better at playing the game by that
time). The experimenter’s remark presumably increased
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participants’ frustration and other negative feelings, and
so they had to self-regulate to a greater extent in order
to control their frustration. The glucose shake seemed
to facilitate such emotion regulation.
Work in our own laboratory has indicated that glucose improves coping with induced aversive emotional
states, namely, death anxiety. There is some evidence
that after thinking about their own death, people effortfully cope with thoughts of death (Arndt, Greenberg,
Solomon, Pyszczynski, & Simon, 1997; Greenberg,
Arndt, Schimel, Pyszczynski, & Solomon, 2001). This
coping requires self-control and therefore impairs selfcontrol afterwards (Gailliot & Baumeister, 2005).
Hence, we found in one study that after thinking about
death rather than a control topic, participants quit
sooner on a task requiring effortful persistence (Gailliot
& Baumeister, 2007). Drinking a glucose shake, however, eliminated this effect, whereas drinking a placebo
did not. Coping with the thought of death therefore
reduced self-control, but glucose replenished self-control.
Other research shows that death anxiety can increase
defensiveness in the form of increased in-group favoritism
and out-group derogation (e.g., Baldwin & Wesley,
1996). Consistent with this idea, we found that thinking
about death rather than a control topic increased defensiveness about one’s culture among participants who had
consumed a placebo drink but not among participants
who consumed a glucose drink (Gailliot, 2005). When
participants had additional glucose, they presumably
coped more easily with the aversive thought of death and
therefore did not respond defensively.
The effects of skipping breakfast on mood were
investigated by Smith, Clarka, and Gallaghera (1999).
Participants were randomly assigned to eat or to skip
breakfast. Participants who had eaten breakfast later
reported being in a more positive mood than those who
had skipped breakfast. Eating breakfast perhaps
improved mood and hence self-regulation by increasing
glucose or improving the effective use of glucose.
Thus, a review of the evidence on glucose and emotion suggests that glucose might improve emotion regulation. Correlational and experimental evidence shows
that low levels of glucose and poor glucose tolerance are
associated with a greater incidence of negative mood
states. Alternatively, it is possible that glucose might
improve mood directly, and some of the published evidence seems consistent with this possibility as well. Our
hypothesis for future testing is that glucose will mainly
elevate mood by means of self-control when people seek
to regulate their moods. Despite the alternative possibility, findings on glucose and mood are consistent with
the overall trend of glucose improving self-control.
Glucose might benefit self-control in the form of
emotion regulation.
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Crime, Aggression, and Violence
One of the most important functions of self-control
is to enable people to conform to the rules of their
society, including laws and moral restrictions that condemn violent, destructive, and exploitative actions.
Conversely, low self-control is a leading cause of criminal and aggressive behavior (e.g., Baron, 1976, 1983;
DeWall, Stillman, Baumeister, & Gailliot, in press;
Gottfredson & Hirschi, 1990; Pratt & Cullen, 2000;
Stucke & Baumeister, 2006; Tangney et al., 2004).
Criminal acts provide immediate gratification, whereas
the long-term costs (such as prison) generally outweigh
the long-term benefits, and they require little to no planning. Criminal acts are therefore the opposite of behaviors that require good self-control, which typically
entail delaying gratification to secure long-term benefits. Rather than working regular hours and saving
money, for instance, a criminal might lounge around at
home and then rob a convenience store to get money for
paying rent or purchasing beer. Contrary to the impression one gets from the carefully planned crimes in popular films, most crimes are impulsive acts initiated on
the spur of the moment when an opportunity was perceived, and so low self-control contributes to these
impulsive acts (Gottfredson & Hirschi, 1990). Similar
to criminal behavior, aggressive or violent acts are
caused by low self-control because the individual experiences a desire to behave aggressively but fails to stifle
that desire and refrain from behaving aggressively
(DeWall et al., in press; Stucke & Baumeister, 2006). If
glucose supports self-control, then glucose problems
could release criminal and aggressive impulses.
Low glucose and poor glucose tolerance contribute to
criminal and aggressive behavior. Numerous case studies
have shown that hypoglycemia is commonly experienced
among unlawful individuals (e.g., shoplifters; e.g., Hill &
Sargant, 1943; Moyer, 1976; Wilder, 1947; Wolfgang &
Ferracuti, 1967). Wilder (1940) found that individuals
with low glucose committed a wide variety of crimes,
including child or spouse abuse, false fire alarms, embezzlement, destruction of property, and traffic violations.
Other case studies have found that hypoglycemia is
common among those who commit illegal sex acts, such
as public masturbation and exhibitionism (Elia &
Goldstein, 1932; Powell, 1936). Socially inappropriate
though legal behaviors, such as using excessive profanity
in public, have been reported to be common during a
hypoglycemic state (Greenwood, 1935; Powell, 1936).
Though this evidence is largely anecdotal, it is consistent
with the idea that low glucose contributes to criminal and
socially undesirable behavior.
Stronger, more systematic evidence linking crime to
low glucose was provided by Rojas and Sanchi (1941),

who assessed glucose levels among delinquents shortly
after they were apprehended. Approximately 90% of
129 delinquents exhibited glucose levels below the normal range. Such a high incidence of low glucose suggests that low glucose contributes to delinquency, even
though it could be that glucose was depleted during the
process of being arrested and possibly during the criminal activity that immediately preceded it.
Glucose tolerance tests have confirmed that adolescent criminals and delinquents have poorer glucose tolerance than noncriminals. Adjudicated adolescents
tolerate glucose less effectively than nonadjudicated
adolescents (Matykiewicz, La Grange, Vance, Mu, &
Reyes, 1997), as do adolescent delinquents compared to
nondelinquents (Gans et al., 1990). Many researchers
have argued that this relationship is causal such that
low glucose among delinquents causes unlawful and
other impulsive behavior (e.g., Rojas & Ferrer, 1941).
Glucose has been linked to criminal behavior among
adults, too. A history of illegal behavior is one criterion
for a diagnosis of antisocial personality disorder
(American Psychiatric Association, 1994), and people
with antisocial personality disorder have been found to
exhibit poorer glucose tolerance than those without any
diagnosed disorders (Virkkunen, 1983). Poor glucose tolerance seems especially common among criminal offenders who are impulsive, such as among those who set fires
(Roy, Virkkunen, Guthrie, & Linnoila, 1986; Virkkunen,
1984, 1986). It seems possible that poor glucose tolerance leads to criminal behavior among both arsonists and
those with antisocial personality disorder. Consistent
with this idea, hypoglycemia is unusually common
among the Quolla inhabitants of Peru, and their society
is marked by relatively high rates of criminal activities,
such as throwing rocks and stealing (Bolton, 1979).
Social norms among the Quolla clearly discourage such
behavior, and rule breakers are punished, so individuals
should have some incentive to refrain from criminal acts,
yet hypoglycemia presumably undermines criminal
restraint and increases criminal behavior.
Thus, a variety of evidence links glucose with
increased criminality. To be sure, the data are only correlational, and so it is unclear whether problems with
glucose cause criminal behavior or vice versa. Research
on aggressive or violent illegal acts, however, suggests
that problems with glucose might cause some forms of
criminal and antisocial behavior.
Aggression has been linked to glucose in multiple studies. Among the Quolla (who exhibit high rates of hypoglycemia), fighting and other forms of aggression are
especially frequent, and individuals with poor glucose tolerance are among the most aggressive (Bolton, 1973).
Meijer (1984) found that Israeli students with an illness
associated with low glucose (i.e., glucose-6-phosphate
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dehydrogenase deficiency) were rated by their teachers as
being more aggressive than other students. Most likely,
the students were more aggressive because the glucose illness undermined aggressive restraint. Thus, some evidence
has linked low glucose to increased aggressive behavior.
Other evidence shows that poor glucose tolerance predicts aggressive behavior. Adolescents convicted of aggressive offenses, for instance, scored higher on a personality
measure of aggression than their less aggressive peers,
and they also performed worse on a glucose tolerance test
(Matykiewicz, La Grange, Vance, et al., 1997). Their
inability to tolerate glucose might have contributed to
their aggressive tendencies. Likewise, adolescents with diabetes appear more aggressive than others (Swift, Seidman,
& Stein, 1967). Among incarcerated individuals, the ability to tolerate glucose has been shown to predict who had
versus had not committed violent and aggressive acts
prior to incarceration (e.g., Virkkunen, 1982, 1984,
1986; Virkkunen & Huttunen, 1982).
Laboratory and scenario studies have likewise linked
glucose to aggression. In two studies, participants completed a glucose tolerance test and then indicated how they
would respond to several hypothetical scenarios describing
an interpersonal conflict (Benton, Kumari, & Brain, 1982;
Donohoe & Benton, 1999a). Participants with poor glucose tolerance were more inclined than others to favor
aggressive responses. Another study associated poor glucose tolerance with increased fantasy aggression, as indicated by responding with more aggressive words on a
sentence completion task (Bolton, 1979). Thus, individuals
with poor glucose tolerance exhibit an aggressive temperament and seem predisposed toward violence.
Other evidence indicates a causal relationship between
glucose and aggression. Participants in one study received
either a glucose or placebo drink (Benton & Owens,
1993). They then played an impossible computer task.
The task was sufficiently frustrating to cause some participants to bang on the computer equipment or curse
aloud, but such aggressive responses were much reduced
among participants who had had the glucose drink. An
additional and very revealing finding emerged in a condition in which the experimenter provoked the participants’ anger by suggesting that they should have
performed better. The beneficial effect of glucose for
reducing aggression was strongest in that condition. This
suggests that glucose allowed participants to control their
aggression, especially when the combination of frustrating failure and provoking criticism gave them the
strongest urge to behave aggressively.
Evidence from case studies portrays a similar picture.
There have been several reports of hypoglycemia being
associated with aggressive acts, such as murder and torture (Moyer, 1976; Wolfgang & Ferracuti, 1967; for a
review, see Wilder, 1947). In one instance, a hypoglycemic
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individual was reported to have pushed a woman off of a
trolley car (Henner, 1936). In another, a hypoglycemic
man stabbed his mother to death (Hill & Sargant, 1943).
Partially through the police investigation, the researchers
were able to determine that low glucose was one likely
cause of the aggression. Hypoglycemic individuals seem to
become aggressive when glucose levels are low, and they
stop acting aggressively when glucose increases. Such patterns support the conclusion that glucose permits the selfcontrol of aggressive impulses.
Glucose imbalances have also been linked with
increased aggressive behavior, as assessed by reports
from the participants, their families, and their psychiatrists (Yaryura-Tobias & Neziroglu, 1975). Treating
the glucose imbalance with a low-carbohydrate, highprotein, high-fat diet helped reduce aggressive behavior,
suggesting that the glucose imbalance was the cause of
their aggression.
Several other studies have shown that improving the
diet of incarcerated adolescents or adult prisoners reduces
the incidence of violence in prison (e.g., “New Studies
Show Strong Link,” 2004). It is plausible that the reduction in prison violence by improved diet is partially attributable to improved glucose levels or glucose tolerance.
A remarkable longitudinal field study of criminal
recidivism by Virkkunen, DeJong, Bartko, Goodwin, and
Linnoila (1989) sought to predict violent criminal acts
over several years after release from prison. It found that
glucose tolerance correctly predicted further violence for
84% of criminals. In view of the many extraneous variables and error variance in measuring criminal behavior,
it would be hard to ask for a stronger result. Prisoners
who exhibited poor glucose tolerance were much more
likely to commit violent acts years later as compared to
prisoners with better glucose tolerance. This relationship
did not appear to be attributable to any other relevant
physiological or demographic factors. That glucose tolerance at one point predicted violent acts at a later point is
consistent with the interpretation that poor glucose tolerance partially caused the violent acts. Individuals who
exhibit poor glucose tolerance as a stable trait seem predisposed to behave violently when opportunities beckon.
Thus, a relatively wide body of evidence suggests that
low glucose and poor glucose tolerance lead to aggressive, antisocial, and even criminal behavior. Low glucose and poor glucose tolerance are associated with
increased aggression. This association is strengthened
by the convergence across methods used to measure
aggression, including self-report and objective measures
of dispositional aggression, paper-and-pencil responses,
and behavioral data. Both correlational and experimental evidence links glucose with aggression, thereby suggesting that problems with glucose cause aggressive
behavior. The overall pattern of results is consistent
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with the hypothesis that glucose is the fuel for selfcontrol. It is well established that low self-control causes
crime and aggression (e.g., Gottfredson & Hirschi,
1990; Pratt & Cullen, 2000), and it seems that glucose
improves self-control and thereby contributes to a
reduced level of aggressive and criminal behavior.
Impulsive Versus Socially Desirable Behavior
A central and ongoing task of self-control is to restrain
impulses from causing problem behaviors. Most people
experience problematic or inappropriate impulses occasionally, and self-control is therefore vital for restraining
these. It takes self-control to resist immediate temptation
and instead pursue long-term goals (e.g., Mischel et al.,
1988; Shoda et al., 1990). If self-control depends on glucose, then problems with glucose should increase impulsivity, the essence of which is acting on the basis of
here-and-now feelings, desires, and circumstances, even if
at the expense of long-term goals, enlightened self-interest, and socially desirable standards.
Some evidence has linked impulsivity with glucose.
Numerous case studies have suggested that hypoglycemia
causes individuals to become more impulsive (e.g., Tager
& Shelton, 1943). One study examined glucose levels while
participants fasted, using questionnaire measures to assess
past behavior (Svanborg, Mattila-Evenden, Gustavsson,
Uvnäs-Moberg, & Åsberg, 2000). Among men, lower glucose levels were related to increased impulsivity across a
broad range of behaviors, such as acting on the spur of the
moment, lying, sexual promiscuity, arriving late to work,
behaving recklessly, being selfish, and exploiting others.
Glucose levels were not significantly related to impulsivity
among women, though the failure may have been due to
a floor effect insofar as the women reported relatively few
impulsive behaviors generally.
The hypothesized link between glucose and impulsivity has also emerged in our own laboratory work. In one
study, White participants discussed their views toward
controversial racial issues with either a White or Black
experimenter (Gailliot, Baumeister, et al., 2007). It takes
self-control to refrain from impulsively expressing negative attitudes or prejudice during an interracial interaction (and to avoid saying anything that anyone else might
erroneously but embarrassingly construe as prejudiced).
Discussion with the Black experimenter caused glucose
levels to drop. Talking to a White experimenter about the
same topics had no discernible effect on glucose.
Moreover, these effects were mainly found among participants whose habitual motivation to avoid stereotypes
and prejudice was low, and so the task of discussing controversial racial issues with a Black experimenter was
most onerous (see Gailliot, Plant, Butz, & Baumeister,
2007; Plant & Devine, 1998; Richeson & Shelton, 2003;

Richeson & Trawalter, 2005; Richeson et al., 2005),
hence depleting their available glucose. In contrast, participants who habitually stifle prejudicial or stereotyped
thoughts have less difficulty doing so under highly
charged circumstances of interracial discussion.
In three other studies in our lab, participants completed an initial self-control task by either controlling
their attention, regulating their emotions, or suppressing
their thoughts (Gailliot, Baumeister et al., 2007). They
then completed a task requiring effortful persistence,
namely, working on a figure-tracing task. In fact, the task
was impossible, but participants could not ascertain this.
As a measure of self-control, we assessed how long they
persisted. The impulsive response would be to give up relatively early, and persistence therefore served as a measure of impulsivity. In each study, a higher level of
glucose after completing the initial self-control task predicted longer persistence. Glucose presumably allowed
participants to overcome the impulse to give up.
We have also found that ingesting glucose reduced
impulsivity after an initial self-control task (Gailliot,
Baumeister, et al., 2007). Participants first completed
either a thought-suppression task (suppressing thoughts
of a white bear) or a control task. They then received
either a glucose drink or looked at magazines. Last, their
self-control was measured by persistence on a frustrating
(actually impossible) task. The thought-suppression task
was designed to deplete self-control resources, and sure
enough it did lead to quitting sooner on the impossible
task as compared to a task that did not require thought
suppression. However—and crucially—the glucose
drink eliminated this effect. The implication is that the
thought-suppression task depleted glucose, whereas getting a drink of glucose replenished this supply and
thereby increased persistence.
Like low glucose levels, poor glucose tolerance has
been linked to increased impulsivity. People with intermittent explosive disorder, which is marked by seemingly
uncontrollable acts of destructive impulsivity such as
smashing or breaking objects, seem worse at mobilizing
glucose than others, as assessed by a glucose tolerance
test (Virkkunen, Nuutila, Goodwin, & Linnoila, 1987).
People with diabetes are more impulsive than those without diabetes (Lustman, Frank, & McGill, 1991).
Diabetics are more likely than nondiabetics to display an
opportunistic and explosive temperament style (as
assessed by personality measures), defined by being less
able to work toward long-term goals and persist on difficult or frustrating tasks. Arsonists likewise demonstrate
poor glucose tolerance, and arson is viewed as a disorder
of impulse control (Virkkunen, 1984).
Converging evidence linking impulsivity with glucose
comes from studies on nutrition. Children who experience food insufficiency or hunger are more likely than
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others to behave in impulsive ways, such as being
hyperactive in class, arriving late to class, and talking
during inappropriate times (Murphy et al., 1998). It
seems plausible that part of this relationship might be
attributable to food insufficiency reducing or interfering
with the use of glucose. Without a proper supply of glucose, these children seem less likely to follow norms of
appropriate classroom behavior.
Thus, some studies have shown a link between glucose and impulsivity. These studies are limited, to be
sure, insofar as most relied on correlational evidence.
Although they are consistent with the hypothesis that
problems with glucose cause impulsivity, they are also
amenable to the reverse interpretation that impulsive
action causes low glucose or to third-variable explanations. One review on impulsive behavior has, however,
concluded that low glucose is probably a cause of
impulsivity (Linnoila, Virkkunen, George, & Higley,
1993). It thus seems most likely that problems with glucose contribute to impulsivity, though more evidence
demonstrating a causal relationship would be desirable.
The overall pattern of results is thus broadly consistent with the idea that self-control relies on glucose as
an energy source. Low glucose and poor glucose tolerance are associated with increased impulsivity, often in
the form of increased socially inappropriate behavior.
The most likely explanation is that glucose problems
cause impulsivity, although the data are not sufficient to
support a strong causal explanation.
Alcohol Use
Consuming alcohol clearly impairs most forms of selfcontrol (for reviews, see Hull, 1981; also Baumeister et al.,
1994). By and large, people fail to exert self-control when
they drink. For example, people are more prone to
overeat, overspend, and engage in illicit or inappropriate
sexual acts when they have consumed alcohol. Alcohol
causes people to indulge themselves in immediate gratifications and disregard long-term goals and plans. Might
glucose at least partially mediate the effect of alcohol on
impaired self-control?
Alcohol consumption reduces glucose metabolism
throughout the body and brain (e.g., Altura, Altura,
Zhang, & Zakhari, 1996; Wang et al., 2000; Zhu,
Volkow, Ma, Fowler, Wang, & Gene-Jack, 2004).
Kokavec and Crowe (2003) found that glucose dropped
after participants had consumed white wine after a meal.
Furthermore, alcohol is especially likely to reduce the flow
of glucose to brain regions that underlie self-control (e.g.,
the frontal cortex; Volkow et al., 1990). It is therefore
possible that alcohol consumption causes failures in selfcontrol by reducing glucose in brain regions that underlie
self-control. Indeed, some researchers has posited that
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impairments to overall cognitive functioning following
alcohol consumption stem from reductions in glucose
(Altura et al., 1996).
More direct evidence also suggests a link between
alcohol, glucose, and self-control. Participants in one
study consumed alcohol or a nonalcoholic placebo and
then completed a divided-attention task (Haier et al.,
1999). As noted above, controlling attention is highly
demanding, especially under difficult circumstances,
and requires self-control (e.g., Muraven & Baumeister,
2000). Performance on the divided-attention task
can therefore be viewed as a measure of self-control.
Consistent with the idea that alcohol impairs selfcontrol because of lowered glucose levels, participants
who drank alcohol performed worse on the dividedattention task than those who drank the placebo. This
effect seemed attributable to reductions in cerebral glucose metabolism among those who drank alcohol.
Additional evidence indicates that low blood glucose
and poor glucose tolerance are associated with alcohol
abuse and violent or criminal behavior among both
adolescents and adults (Linnoila & Virkkunen, 1992;
Matykiewicz, La Grange, Reyes, Vance, & Wang,
1997). One possibility is that these individuals’ drinking
disrupts the transportation of glucose throughout the
body and brain, thereby causing failures in self-control
(e.g., violent and criminal behavior).
The ability to refrain from drinking should be directly
dependent on self-control. Refraining from drinking
requires self-control to break the habit of drinking and
restrain the recurrent desires to drink. Low glucose seems
to undermine drinking restraint. Individuals who exhibit
poor glucose tolerance and criminal and violent behavior
are more likely than others to abuse alcohol (e.g.,
Linnoila & Virkkunen, 1992). Poor glucose tolerance
might therefore lead individuals both to abuse alcohol
and to engage in criminal and violent behavior.
Likewise, individuals addicted to drugs and alcohol
are more likely than others to experience low blood glucose (see Wright, 1977), and administering glucose to
recovering alcoholics seems to reduce their alcohol consumption (Kissin & Gross, 1968). The implication is
that low glucose makes it less likely that one will refrain
from using drugs and alcohol, and therefore restoring
glucose to higher and optimal levels increases drug and
alcohol restraint.
Additional evidence that low glucose reduces drinking
restraint comes from studies showing that people with
diabetes are more likely to have alcohol-use disorder than
people without diabetes (e.g., Goodwin, Hoven, &
Spitzer, 2003; Rehm et al., 2003). To be sure, the link is
a correlation, and the causal arrow could point in either
direction. However, several studies suggest that alcohol
use does not cause diabetes (e.g., Saremi, Hanson,
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Tulloch-Reid, Williams, & Knowler, 2004; cf.
Wannamethee, Shaper, Perry, & Alberti, 2002), and so
diabetes might lead to excessive alcohol use if, in fact,
diabetes and alcohol use are causally related. Thus, low
glucose and poor glucose tolerance might undermine
efforts toward restraining alcohol consumption.
In summary, several studies have shown that alcohol
reduces glucose. Given the link between self-control and
alcohol, it seems reasonable to infer that alcohol might
undermine self-control in part by reducing glucose or
impairing the effective transportation of glucose. In
addition, some research is consistent with the idea that
low glucose or poor glucose tolerance reduces drinking
restraint. This also suggests that self-control relies heavily on glucose: When a sufficient amount of glucose is
not available, people might have a more difficult time
limiting their consumption of alcohol. To be sure, the
effects of alcohol are multifarious, and thus any link
between self-control and alcohol likely could involve
not only glucose but other factors (e.g., insulin release).
Smoking Cigarettes
Quitting smoking requires self-control because a
person must override the habit of smoking and ignore
any urges or impulses to smoke (e.g., Baumeister et al.,
1994). Several studies have examined the relationship
between glucose and smoking cessation, and the majority of these studies have found that glucose increases the
likelihood of successfully quitting smoking. For instance,
research participants in one study who received glucose
tablets for 1 month were more likely to remain abstinent during that month as compared to participants
who received placebo tablets (West & Willis, 1998). In
fact, that study found that glucose tablets were more
effective than nicotine patches at helping smokers
remain abstinent. Based on these and other findings,
one recent and thorough review concluded that glucose
tablets are an effective means of helping people to quit
smoking (West, 2001).
Glucose has also been found to reduce the subjective
urge to smoke (e.g., Berlin, Vorspan, Warot, Maneglier,
& Spreux-Varoquaux, 2003; West, Courts, Beharry,
May, & Hajek, 1999; cf. Jarvik, Olmstead, Schneider,
Iwamoto-Schaap, & Madsen, 1998). This could be
because glucose in some way directly reduces the actual
bodily craving for nicotine, or it could reflect good selfcontrol in the form of stifling one’s urges. Past research
seems unable to tease apart these two possibilities.
Though it is plausible that glucose directly reduces
urges to smoke, independent of self-control, there is some
evidence that the benefits of glucose to smoking cessation
are not caused by direct reduction in physical cravings for
nicotine. In one study examining smoking cessation over

4 weeks, participants received either glucose or placebo
tablets and wore either a nicotine or placebo patch (West
& Willis, 1998). Participants who received the glucose
tablets smoked fewer cigarettes than participants who
received the placebo tablets. The strength of the urge to
smoke did not differ between those who received glucose
and those who received the placebo tablets. Glucose,
therefore, did not seem to improve smoking cessation by
influencing the urge to smoke. Moreover, participants
who received glucose tablets and a nicotine patch smoked
fewer cigarettes than those who received the placebo
tablets and a nicotine patch. The nicotine patch reduced
participants’ urges to smoke (as compared to the
placebo), yet glucose reduced smoking even among participants who received the nicotine patch. Glucose
improved smoking cessation even when the physical craving for nicotine had been minimized by the nicotine
patch. Thus, although it is unclear whether glucose
reduces the urge to smoke directly or indirectly by
enhancing the ability to control such urges, glucose seems
to improve smoking cessation regardless of whether the
urge to smoke is reduced. It is therefore plausible that
glucose facilitates the self-controlled ability or motivation
to override the well-entrenched routine of smoking and
refrain from lighting up.
Other explanations, aside from self-control, also
seem unable to account for findings showing that glucose improves smoking cessation. For example, glucose
does not appear to facilitate smoking cessation by
reducing sick feelings or nausea (West et al., 1999).
The effect of glucose on smoking cessation seems more
pronounced among heavy than light smokers (e.g.,
Berlin et al., 2003; Harakas & Foulds, 2002), consistent with the idea that glucose facilitates smoking cessation by improving self-control. For heavy smokers,
quitting smoking should be especially difficult and taxing because it involves overriding a well-entrenched
routine of smoking and coping with relatively strong
urges to smoke.
The idea that glucose reduces hunger cravings and
consequently cigarette cravings is, however, another
explanation that might account for the relationship
between glucose and smoking cessation (e.g., McRobbie
& Hajek, 2004; West, 2001). One possibility is that
smokers learn to interpret hunger cravings as nicotine
cravings, and so by reducing hunger, glucose reduces
how often smokers believe they crave nicotine. This
explanation can potentially account for some but not all
of the findings. Some studies have found that glucose
improves smoking cessation, but that this effect is not
related to hunger cravings (e.g., Berlin et al., 2003).
Self-control gains plausibility as an explanation insofar
as reduced hunger cravings do not mediate between glucose and smoking cessation.
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Thus, several studies suggest that glucose facilitates
smoking cessation, although these findings are more
subject to alternative explanations than with most of the
other self-control phenomena we have reviewed. Despite
these ambiguities, the findings are very consistent with
the idea that glucose fosters greater self-control.
Coping With Stress
Coping with stress requires self-control because it
requires that people effortfully control their attention,
thoughts, and emotions (Baumeister et al., 1994; Glass,
Singer, & Friedman, 1969; Hancock & Warm, 1989;
Lazarus & Folkman, 1984; Wegner & Pennebaker,
1993). People who more capably exert self-control in this
fashion therefore cope with stress more effectively than
others (Gailliot et al., 2006; Muraven & Baumeister,
2000). Glucose might contribute to the success or failure
of such coping efforts.
In the face of stress, the body attempts to cope by converting stored energy into glucose and releasing it into the
bloodstream, thereby increasing the flow of glucose to
the brain, because stressful situations demand increased
cognitive activity (e.g., Alvarez, Portilla, Gonzalez, &
Ezcurra, 1989; Goetsch, 1989; Guyton, 1976; Hall &
Brown, 1979; Schneiderman & Skyler, 1995). Glucose is
thus mobilized to provide the brain with sufficient fuel to
respond to and cope with stress. Stress is an inner signal
of threat and hence of the need to cope, and so stress triggers the body to release more glucose.
Glucose has been shown to increase in response to stressful situations such as school examinations (e.g., Goetsch,
Wiebe, Veltum, & Van Dorsten, 1990). In a study by
Armario, Marti, Molina, de Pablo, and Valdes (1996), college students exhibited increased levels of glucose prior to
taking an exam on 2 different days compared to a day in
between the two exams. Presumably, the body increased its
production and use of glucose to fuel efforts toward coping
with the stressful exams. In further support of the hypothesized link between glucose and coping, self-reported measures of anxiety predicted levels of glucose. Students who
reported being the most anxious also exhibited the highest
levels of glucose. This suggests that the amount of available
glucose increased in proportion to the effort required to
cope with anxiety. Likewise, glucose levels tend to increase
on days when people are stressed out compared to days
when they are not (e.g., Aikens, Wallander, Bell, &
McNorton, 1994; Goetsch, Abel, & Pope, 1994).
Some findings indicate that glucose is reduced after
the person has coped with stress, consistent with the
view that effective coping consumes glucose. Hall and
Brown (1979) assessed college students’ glycemic
response to a stressful exam. Glucose was significantly
higher 15 min before the exam compared to 1 week
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before or 3 weeks after the exam, and glucose decreased
significantly by the end of the exam. It seems likely that
coping with the stress of the exam contributed to the
decline in glucose. This is consistent with the findings
suggesting that self-control and executive function activities deplete a psychological resource.
Another study found that glucose levels initially rose
during a stressful situation (listening to loud noise) and
later dropped (Finkel & Poppen, 1948; cf. Edwards &
Yates, 1985). Again, glucose probably increased in the
face of the stressful situation and was consumed as participants had to cope.
Dispositional differences in stress have also been linked
with glucose. People who frequently interpret events in
stressful terms, such as those scoring high in neuroticism,
exhibit increased levels of cerebral glucose, indicative of
greater efforts toward coping (for a review, see Vitaliano,
Scanlan, Krenz, & Fujimoto, 1996). Likewise, one study
found that higher stress levels were associated with higher
glucose levels among caregivers for people with
Alzheimer’s and also among matched controls (Vitaliano,
Scanlan, Krenz, Schwartz, & Marcovina, 1996).
Converging evidence that coping with stress requires
and consumes glucose comes from studies that assessed
whether experimentally increasing glucose would facilitate coping with stress. If glucose is required to cope
with stress, then increasing glucose should generally
benefit coping. Participants in one study were given
either a glucose or a water drink and then performed a
cognitive task under stressful (noisy) or nonstressful
conditions (Simpson, Cox, & Rothschild, 1974). The
stress impaired performance on the cognitive task, but
this impairment was reduced by the glucose drink. The
additional glucose presumably facilitated coping with
the stressful noise, and so participants performed better
on the cognitive task when they had consumed glucose.
Furthermore, participants who received glucose in
the stressful condition used up more glucose than those
who received glucose in the nonstressful condition. This
suggests that glucose was used to cope with the stress,
because the amount of glucose used matched the level of
stress with which participants had to cope. The superior
task performance of participants who drank the glucose
(as compared to those who drank water) indicates that
the glucose was indeed effective.
Similar evidence of the beneficial effects of glucose for
coping were found in another study in which participants
completed a visual-tracking task under stressful or nonstressful noise (e.g., Cox, Simpson, & Rothschild, 1973).
Prior to this task, participants received a glucose or water
drink. The stressful noise impaired task performance only
among participants who received water. Those who
received glucose performed relatively well on the task,
even under the stressful noise. Moreover, completing the
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task reduced glucose levels, especially among participants
under the stressful noise, and glucose dropped the most
among participants under stressful noise who received
glucose. Thus, several studies suggest that glucose facilitates coping with stress (counteracting its harmful effects)
and is consumed in the process.
Additional evidence suggests that impairments in the
use of glucose lead to less effective coping. Participants in
one study were given a glucose tolerance test (Nagornev
et al., 1999). One week later, they completed a psychoemotional test. Participants who exhibited poorer glucose
tolerance performed worse on the psychoemotional test
such that they exhibited more emotional instability.
Furthermore, among individuals who are likely to be
stressed out, those with good glucose tolerance experience
fewer stressors compared to those with poor glucose tolerance (Peyrot & McMurry, 1992). It is possible that
good glucose tolerance allows these individuals to cope
better with stress and hence experience less stress. Consistent with this idea, diabetes is associated with high anxiety
and difficulty coping with stressful events (e.g., Barglow,
Hatcher, Berndt, & Phelps, 1985). Poor glucose tolerance
among diabetics might undermine coping efforts.
Just as low glucose or poor glucose tolerance seems to
undermine coping with stress, stress also appears to sap the
effective use of glucose. Stressful conditions have been
shown to undermine glucose tolerance (e.g., Schneiderman
& Skyler, 1995), and stress has been shown to make glucose levels less stable among diabetics (Goetsch, 1989). In
one study, pregnant woman with diabetes exhibited poorer
glucose tolerance in the form of unstable glucose levels
during days when they reported experiencing more stress
(Barglow et al., 1985). In two other studies, participants
were given a carbohydrate shake and then either sat quietly
and relaxed or completed some competitive, stressful tasks
(Wing, Blair, Epstein, & McDermott 1990; Wing, Epstein,
Blair, & Nowalk, 1985). Participants who completed the
stressful tasks were less able than others to metabolize the
glucose from the shake.
In summary, glucose levels rise in the face of stress,
glucose facilitates coping, glucose is reduced after having coped with stress, stress impairs the use of glucose,
and poor glucose tolerance is associated with poorer
coping. All of these findings converge upon the notion
that coping with stress is highly contingent on glucose.
Coping with stress requires self-control, and therefore
this evidence demonstrates that self-control requires
glucose as part of its fuel. Glucose facilitates self-control
in the form of coping with stress.
Diurnal Covariation of Glucose and Self-Control
Diurnal patterns are highly relevant to the hypothesized link between glucose and self-control. Failures at

self-control are much more common in the evening and
later at night than during the morning or midday
(Baumeister et al., 1994). As the day progresses from
morning to evening and night, the odds increase that
people will break their diets, smoke cigarettes, drink
alcohol, commit sexual acts they will later regret, and
engage in violent or impulsive crimes. If failures in selfcontrol are related to glucose, then glucose would be
expected to be lower and/or used less effectively in the
evening than earlier in the day.
Research has confirmed that glucose problems
increase as the day progresses. A recent and extensive
review demonstrated convincingly that glucose is used
less effectively later in the evening than earlier during the
day, and furthermore, that glucose use becomes increasingly inefficient as the night progresses (Van Cauter,
Polonsky, & Scheen, 1997). More than two decades of
empirical research have documented this effect. These
studies have used a diverse range of measures and methods, such as oral and intravenous glucose injection, and
morning and afternoon meal consumption. Indeed, the
impairments in glucose use throughout the day have been
observed so frequently that some researchers have used
the term “afternoon diabetes” to describe the effect
(Jarrett, Viberti, & Sayegh, 1978). Afternoon diabetes is
likely the result of the time of day and not other factors,
such as fasting duration (Carroll & Nestel, 1973; Jarrett,
Baker, Keen, & Oakley, 1972), and it is probably attributable to changing circadian rhythms. Though glucose is
used less effectively as the day progresses, glucose is used
most effectively after sleep and upon waking in the morning. This pattern too mirrors patterns of self-control such
that the ability to exert self-control is replenished by sleep
and is strongest in the morning (Baumeister et al., 1994).
Because people are especially likely to fail at selfcontrol in the evening or late at night, degraded utilization of glucose at those times is highly consistent with
the idea that self-control relies on glucose as its fuel. It
seems reasonable that the impaired use of glucose in the
evening contributes to the failures of self-control. Poor
glucose tolerance is associated with poor sleeping
habits, antisocial behavior (e.g., violence), and impulsivity among the same individuals (e.g., Virkkunen,
1986). It is possible that these individuals do not get the
sleep they need, resulting in impairments of their ability
to use glucose and contributing to impulsive and antisocial behavior.
Thus, glucose is used less effectively as the day progresses, which parallels findings that self-control failures become more and more likely as the day wears on.
People are likely to fail at self-control during the same
times when they are less able to use glucose. We
acknowledge that alternative explanations, unbeknownst
to us, for self-control fluctuations throughout the day
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are possible. We only suggest that glucose dynamics
might contribute to these fluctuations.

GENERAL DISCUSSION
A growing body of research has suggested that effortful self-regulation depends on some kind of limited
resource that operates like a strength or energy, especially insofar as it becomes depleted when used.
Although the behavioral patterns of self-regulatory
depletion have been well replicated (for review, see
Baumeister, Gailliot, DeWall, & Oaten, 2006), the
nature of the energy resource has remained a matter of
metaphor and speculation. The purpose of this review
was to evaluate the possibility that blood glucose may
be one important aspect of that resource. We searched
multiple patterns of findings to see whether blood glucose becomes depleted by acts of self-control and
related phenomena and whether low levels of blood glucose contribute to failures at self-control.
Multiple findings have indicated that acts of self-control lead to low levels of glucose. Controlling attention,
regulating emotions, resisting impulsivity, and coping
with stress have all been found to consume relatively
large amounts of glucose. Interacting with someone of a
different race, performing the difficult Stroop task, coping with the stress of taking an exam, and working under
stressful conditions have all been shown to produce drops
in glucose as compared to performing tasks that did not
require self-control. These findings all point to the conclusion that glucose is depleted by self-control processes.
There was also ample evidence that low glucose contributes to poor self-control. Controlling attention, regulating emotions, coping with stress, resisting
impulsivity, and abstaining from cigarettes and alcohol
have all been found to be impaired when glucose is low.
Low glucose has been linked to less vigilance and
greater distractibility (e.g., on a driving-simulation task
and on the Rapid Information Processing Task),
decreased attentiveness in class among schoolchildren,
more negative mood states, a higher incidence of emotional disorders (e.g., depression and anxiety disorders),
greater susceptibility to mood swings and temper
tantrums, and impaired task performance under stressful conditions. Some evidence indicates that inadequate
glucose renders recovering alcoholics less successful at
remaining abstinent. Numerous studies have linked low
glucose to a wide range of criminal, aggressive, and
impulsive behaviors, including child or spouse abuse,
false fire alarms, embezzlement, destruction of property, traffic violations, shoplifting, public masturbation,
exhibitionism, throwing rocks and fighting, striking
computer equipment and swearing, acting on the spur
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of the moment, lying, sexual promiscuity, tardiness at
work and school, reckless and selfish behavior, and
reduced effortful persistence. Studies on alcohol have
produced additional evidence that low glucose impairs
self-control such that alcohol has been found to produce
a wide assortment of self-control failures and likewise
to reduce glucose. In short, people seem more prone to
fail at many forms of self-control when glucose is low.
Complementing the evidence that low glucose has
been linked to poor self-control, we found substantial
evidence that being unable to use glucose efficiently
(poor glucose tolerance) is associated with poor selfcontrol. Poor glucose tolerance has been linked to
impaired attention control (e.g., poorer performance on
dichotic listening tasks and greater distractibility), poor
emotion regulation (e.g., an increased susceptibility
to depressive disorder), and greater impulsivity (e.g.,
breaking objects, being opportunistic). People who are
less able than others to tolerate glucose seem to cope less
successfully with stress and to be more prone to abuse
alcohol or engage in criminal and aggressive acts (e.g.,
arson, stealing, fighting). Glucose tolerance has even been
found to predict violent acts years later. Moreover, selfcontrol failures become increasingly common during the
times when glucose is used less efficiently, especially
later in the day and evening. Poor glucose tolerance presumably undermines the body’s ability to transport requisite amounts of glucose to the brain, thereby impairing
self-control.
In summary, a large body of evidence converges upon
the hypothesis that self-control is highly susceptible to
glucose. Self-control failure seems more likely when
periphery glucose levels are too low or when glucose is
not efficiently metabolized.
Alternative Explanations and Issues
for Future Research
Thus far, we have presented a broad range of evidence linking self-control to glucose. This evidence indicates that low glucose undermines self-control, thereby
unleashing numerous undesirable urges and behaviors.
There are, however, a few alternative explanations that
could be suggested. One explanation might be that low
glucose leads directly to undesirable urges or behaviors
rather than undermining self-control. For example, low
glucose might increase aggressive urges directly rather
than by the indirect route of weakening the inner
restraints on aggression.
There are several reasons to doubt the explanation
that glucose directly increases undesirable urges. First,
evidence indicates that low glucose impairs self-control
by reducing metabolic activity in brain regions associated with self-control. For instance, sleep deprivation
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has been found to impair attention control by reducing
glucose in brain regions that underlie attention control
(Wu et al., 1991). Depressed individuals exhibit lower
levels of cerebral glucose in brain regions responsible
for emotion regulation (Drevets, 2000), and increasing
the flow of glucose to these regions is associated with
recovery from depression (Buchsbaum et al., 1997;
S. H. Kennedy et al., 2001; Mayberg et al., 2000). Selfcontrol deteriorates as the day progresses, and this
effect might be partially attributable to reductions in the
flow of glucose to brain regions that underlie self-control (e.g., Drummond, Gillin, & Brown, 2001; Horne,
1993; Wu et al., 1999). If low glucose increased the
strength of people’s urges or led directly to undesirable
behaviors, then one would expect that low glucose
would be associated with increased metabolic activity in
other brain regions, but there is no evidence of this.
That low glucose reduces activity in brain regions necessary for self-control strongly suggests that low glucose
undermines self-control rather than directly increasing
undesirable behavior or the strength of one’s urges.
A second reason that the urge explanation is inadequate is that the effects of glucose on self-control often
seem independent of people’s urges. For instance, West
and Willis (1998) found that glucose improved smoking
cessation but that this effect was not attributable to glucose influencing the urge to smoke. Glucose improved
smoking cessation even when participants wore a nicotine patch, which should have reduced the urge to
smoke. If glucose improved smoking cessation by
decreasing directly the strength of the urge to smoke,
then one might expect that glucose would have had
much less of an effect when participants’ urges had been
reduced by the nicotine patch.
Third, researchers have been largely unable to find any
correlation between levels of glucose and the intensity of
aggressive acts (Yaryura-Tobias, & Neziroglu, 1975).
This suggests that glucose is not directly related to the
strength of the urge to aggress but perhaps only to the
ability to curb one’s aggression (self-control). In support
of this, Benton and Owens (1993) found that glucose
decreased aggression primarily when participants had
been provoked by the experimenter—that is, when the
urge was externally provoked and the need for aggressive
restraint would have been greatest. Similarly, glucose
seems to benefit task performance primarily under strenuous circumstances when the most self-control would be
needed, such as controlling one’s attention toward the
end (but not start) of a driving-simulation task (as cited
in Keul, Huber, Lehman, Berg, & Jakob, 1982). The difficulty of the task should be inconsequential to glucose if
glucose directly influenced urges or behavior.
Another alternative explanation is that in some cases,
low glucose might impair self-control by increasing

conscious or unconscious feelings of hunger, thereby
distracting the participants from self-control tasks or
creating a form of cognitive load. This possibility might
account for some findings, but it seems unlikely that it
accounts for the bulk of the findings. The finding that
acts of self-control use up more glucose than acts that
do not require self-control (e.g., Gailliot, Baumeister,
et al., 2007) suggests that self-control relies heavily on
glucose. It seems implausible that self-control tasks use
up glucose because they activate thoughts of hunger. A
study by Fairclough and Houston (2004) provided additional evidence that speaks against the hunger explanation. They found that using more glucose on the Stroop
task was associated with better performance. If low glucose impairs self-control by increasing hunger, then participants who used more glucose (and therefore had
lower glucose levels) should have performed worse (and
not better) because they should have felt hungrier.
Might subjective feelings of mood or arousal account
for the link between glucose and self-control? To be sure,
this would not provide an alternative explanation for the
link but rather would suggest a potential mediator for the
link. Still, studies that have directly assessed mood and
arousal have found that neither mood nor arousal
accounts for the link between glucose and self-control
performance (e.g., Gailliot, Baumeister, et al., 2007).
An issue for future research is whether the effect of
low glucose operates by reducing the ability or the motivation for self-control. This may not be easy to establish,
insofar as motivation and ability can complement each
other. For example, physical tiredness may reduce the
muscles’ ability to perform but also affects motivation,
insofar as tired people may become unwilling to do
things that they are still capable of doing, and meanwhile
a high motivational incentive may overcome physical
tiredness. Similar patterns have been found with selfcontrol: Depleted participants conserve their remaining
resources (Muraven, Shmueli, & Burkley, 2006) but can
be inspired to exert themselves if the motivational incentives are high (Muraven & Slessareva, 2003).
The most parsimonious conclusion for the findings
reviewed here is that effective self-control requires sufficient glucose. Other explanations might account for
some of the findings, but they cannot easily account for
the bulk of evidence linking self-control to glucose.
One last issue to address is whether the effects of low
glucose occur for all individuals from time to time or
whether they occur primarily among a subset of individuals. The answer to this issue is unknown at present, and
there is reason to suspect either. When glucose in the
bloodstream is reduced, the liver should output more glucose into the bloodstream so as to maintain stable glucose
levels (Campbell & Reece, 2002). Hence, the effects of
glucose on self-control might occur primarily among
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individuals for whom the liver is ineffective at maintaining stable glucose levels (e.g., individuals with diabetes).
However, it is possible that self-control tasks might consume glucose at a rate faster than even the healthiest of
livers can output glucose into the bloodstream or among
generally healthy individuals who happen to have low
glycogen (stored glucose) in the liver for various reasons
(e.g., having skipped a meal or two). Future work focusing on individual differences should be helpful in determining whether most people or only a select few people
are prone to experience poor self-control as the result of
low glucose.
Implications
A broad range of social behaviors depends on or is
affected by self-control processes—and, by extension,
depends on or is affected by glucose. Self-control allows
people to live in groups and helps provide the basis for
sustaining modern culture, such as by facilitating adherence to morals, laws, social rules, and other regulations
(Baumeister, 2005). Self-control allows people to suppress prejudice and stereotypes toward out-group
members (Gailliot, Plant, et al., 2007; Gordijn et al.,
2004; Richeson et al., 2005; Richeson & Shelton, 2003;
Richeson & Trawalter, 2005), to avoid criticizing or
responding negatively toward their romantic partner
(Finkel & Campbell, 2001), to make a good impression
on others (Vohs et al., 2005), and to limit their spending and intake of food and alcohol (Kahan et al., 2003;
Muraven et al., 2002; Muraven et al., 2005; Vohs &
Faber, 2004; Vohs & Heatherton, 2000). If self-control
depends on glucose, then glucose should affect prejudice, interpersonal relationship maintenance, impression management, spending, and consumption—and
probably many other behaviors too.
Another implication is that effective self-regulation
may benefit from eating properly. It is possible that part
of the well-established link between poor self-control and
criminality (see Gottfredson & Hirschi, 1990; Pratt &
Cullen, 2000) may be exacerbated by poor dietary habits.
Autobiographical accounts have noted that youth gang
members do not typically eat regular meals containing
ample vitamins, protein, fruit, and vegetables, but rather
they tend to eat unbalanced diets at erratic intervals at
fast-food establishments (Shakur, 1993). More systematic studies at juvenile correctional institutions and prisons have found that replacing fried and sugary foods
with healthier fare or even just adding vitamin supplements for the inmates resulted in significant and sometimes remarkably large drops in violent and disciplinary
incidents in the prison (Gesch, Hammond, Hampson,
Eves, & Crowder, 2002; “New Studies Show Link,”
2004). It is possible that some foods reduce violence by
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fostering more efficient glucose use, which in turn may be
conducive to effective self-control.
It is also possible that many mental health difficulties
might be alleviated by glucose, and indeed, numerous
mental disorders have been linked to problems with glucose (e.g., Altschule, Grunebaum, Parkhurst, & Siegel,
1953; Catalano, 1949). Self-control benefits mental
health in multiple ways, such as by allowing more effective coping with stress and better emotion regulation
(e.g., Gailliot et al., 2006; Tangney et al., 2004). Poor
self-control can be a major obstacle to successful therapy insofar as improving one’s mental health often
requires one to exert self-control by overriding maladaptive thought patterns and behavior. Effective glucose use might be highly beneficial in developing and
maintaining good mental health.
The connection between self-control and glucose also
suggests that self-control depletion is likely caused in part
by reduced glucose. An initial act of self-control has been
shown to impair subsequent attempts at self-control
(Baumeister et al., 2006). It is possible that an initial act
of self-control depletes glucose needed for future attempts
at self-control, thereby impairing other self-control
efforts. Indeed, recent evidence in our laboratory is consistent with this possibility (Gailliot, Baumeister, et al.,
2007). Across seven studies, we found that an initial act
of self-control reduced glucose, that lower glucose levels
after an initial self-control task predicted poorer performance on a second self-control task, and that consuming
a glucose drink eliminated the detrimental effects of an
initial self-control task. In two other studies, we found
that completing an initial self-control task reduced helping toward strangers compared to a task that did not
require self-control. Drinking glucose reduced or eliminated this effect by increasing helping behavior among
participants whose self-control had been depleted. The
effects of temporary self-control depletion appear partly
attributable to glucose.
Though important, glucose is certainly not the only
influential factor in self-control processes. Biological
and psychological factors aside from glucose (e.g., selfefficacy, socialization, personality) undoubtedly influence self-control as well. Sleep and rest, for instance,
have been found to replenish the ability to exert selfcontrol (Baumeister et al., 1994), and it seems likely
that the benefits of sleep and rest are somewhat independent from glucose (Van Cauter et al., 1997). For
example, a person who has sufficient glucose stores and
uses it efficiently but gets little sleep will probably not
be very effective at self-control. We thus do not claim
that glucose provides a full explanation of self-control
processes, but glucose is an important part.
Why might self-control be highly susceptible to glucose? The answer to this question is controversial, and
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we can only speculate here. One reason, as noted above,
is that self-control processes are costly and require relatively large amounts of glucose. Processes that require
the most glucose are probably more likely than others
to be impaired when glucose is low. When glucose is
low, brain regions that carry out operations more central to survival (e.g., breathing, physical coordination)
might have first dibs on available glucose and so there
is not enough glucose to allow for more advanced
mental operations. This is consistent with the idea that
abilities that developed last ontogenetically are the
first to become impaired when cognitive resources are
compromised—the “last-in, first-out rule” (Wilder, 1947).
Another plausible yet speculative reason is that the
body might curtail more glucose-demanding endeavors,
such as self-control, when glucose is low. An analogy
would be how body metabolism slows when people are
hungry so as to conserve caloric energy. From an evolutionary perspective, any organism that could effectively
reduce its use of glucose when glucose was low and thus
conserve this vital energy source could be at a major
advantage and therefore more likely than others to survive and reproduce, provided that any temporary loss of
higher order cognitive functions stemming from the
reduction in glucose was not overly detrimental.
The link between self-control and glucose might also
be attributable to the reliance of self-control on the prefrontal cortex (Banfield et al., 2005). Processes that rely
heavily on the prefrontal cortex might require more glucose than processes that rely more on other brain regions,
because the prefrontal cortex generally underlies effortful, controlled, and executive processes, whereas it is less
influential in other processes (e.g., Banfield et al., 2005;
Kandel et al., 2000). Indeed, acts that rely on processing
in the prefrontal cortex (i.e., decision making, logical reasoning) have been found to rely on a limited energy
source such that they either impair executive functioning
later on or are impaired by previous acts requiring executive functioning (Baumeister et al., 1998; Schmeichel,
Vohs, & Baumeister, 2003; Vohs et al., 2006). It appears
that this energy source might be glucose such that high
glucose levels have been linked to better performance on
tasks relying heavily on the prefrontal cortex. Parker
(1995) found that high glucose was associated with superior performance on tasks that required some components of working memory (i.e., the visuospatial scratch
pad and the articulatory loop) only when the central
executive had to oversee the operation of those tasks.
Increased glucose has been shown to facilitate performance on difficult but not easy maze tasks (Donohoe &
Benton, 1999b), working memory tasks (D. O. Kennedy
& Scholey, 2000), and reaction-time tasks (Owens &
Benton, 1994). Keul et al. (1982) showed that giving participants glucose improved their performance near the

end but not the beginning of a difficult driving-simulation
task, which suggests that the dose of glucose only helped
when available fuel had already been depleted. Low or
hypoglycemic levels of glucose have been linked with
impaired decision making (Blackman, Towle, Lewis,
Spire, & Polonsky, 1990), poor planning and behavioral
initiation (Lee & Bernicky, 1999), and inflexible thinking
(e.g., as needed on the Water Jars test; Donohoe &
Benton, 1999b), all of which likely rely on the prefrontal
cortex. In contrast, tests of simple psychomotor abilities,
which presumably make minimal demands on the prefrontal cortex, seem relatively unaffected by glucose levels (Pramming, Thorsteinsson, Theilgaard, Pinner, &
Binder, 1986).
Further evidence for the prefrontal cortex in the link
between self-control and glucose is based on the principle that the prefrontal cortex is more important for
learning new skills than for executing familiar ones.
Haier, Siegel, Tang, Abel, and Buchsbaum (1992) found
that playing the challenging video game Tetris at first
consumed a relatively large amount of glucose when
participants were first learning how to play and hence
relying on processing by the prefrontal cortex. After
practicing for 1 to 2 months, however, participants consumed less glucose when playing Tetris, and participants who performed the best showed the greatest
decreases in glucose use. Thus, after learning the task
and hence relying less on processing by the prefrontal
cortex, the task used less glucose. We reiterate that the
precise physiological mechanisms through which glucose levels influence self-control are unknown at present. Pinpointing these mechanisms might be a fruitful
avenue for future research.
Concluding Remarks
Glucose provides energy for nearly all of the brain’s
activities, and it is plausible that self-control, as a particularly expensive process in terms of complex brain
activity, is especially dependent on glucose. The current
review indicates that fluctuations in glucose, including
even subtle or minor fluctuations, can have a profound
impact on self-control. Self-control successes and failures are driven in part by the quantity of glucose and
the ability to use it efficiently.
Glucose is not the only aspect of self-control, or else
we would be advocating the patently absurd suggestion
that consuming ever greater quantities of sugar snacks
is the path to virtuous self-control (and slimness!). But
the fluctuations in self-control capacity within an individual do seem to depend on the depletion and replenishment of some resource. Glucose seems a promising
candidate for the resource on which willpower seems to
depend.
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