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Intimate partner violence affects millions of people globally.
One possible contributing factor is poor self-control. Self-control
requires energy, part of which is provided by glucose. For 21 days,
glucose levels were measured in 107 married couples. To measure
aggressive impulses, each evening participants stuck between
0 and 51 pins into a voodoo doll that represented their spouse,
depending how angry they were with their spouse. To measure
aggression, participants competed against their spouse on a 25-
trial task in which the winner blasted the loser with loud noise
through headphones. As expected, the lower the level of glucose
in the blood, the greater number of pins participants stuck into the
voodoo doll, and the higher intensity and longer duration of noise
participants set for their spouse.

self-regulation | hangry | ego-depletion

Quarrel not at all. No man resolved to make the most of himself can
spare time for personal contention. Still less can he afford to take all
the consequences, including the vitiating of his temper and loss of
self control.

Abraham Lincoln

As former US President Abraham Lincoln notes, quarrels and
contentions not only waste time, they can also produce
harmful consequences, such as damaging relationships. It is some-
what ironic that such quarrels and contentions often occur be-
tween people who are closest to each other: intimate partners.
Sometimes these “lovers’ quarrels” can escalate beyond hurtful
words to physical acts of aggression and violence. Intimate
partner violence refers to physical, sexual, or psychological
harm caused by a partner or spouse (1). Intimate partner vio-
lence affects millions of people around the world (2). As Lincoln
suggests, loss of self-control may help explain why people quarrel
and contend with others, even their intimate partners.

Self-Control

Self-control refers to the ability to override an urge, desire, im-
pulse, or habitual tendency (3). In intimate relationships, it is
especially important to keep angry feelings in check. The need to
vent one’s anger is one of the most frequently cited motivations
for intimate partner violence among male and female perpe-
trators (4). Unfortunately, people have fewer and less effec-
tive techniques for controlling anger than for controlling any
other emotion (5). To override an aggressive urge, self-control
is needed.

However, self-control is not an unlimited resource. When
people use self-control energy, it becomes depleted, an effect
called “ego depletion” (6). Numerous studies have shown that
when people engage in one act of self-control, they have less self-
control for subsequent tasks (3). Of particular relevance to the
present study is research showing that when people engage in
an initial act of self-control, they are less able to subsequently
control their aggressive impulses (7). Overriding aggressive impulses
requires self-control energy, and, when some of that energy is
depleted, people become more aggressive.
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Self-control requires energy, and that energy is provided in
part by glucose. Glucose is made from nutritious intake that
becomes converted into neurotransmitters that provide energy
for brain processes. Low glucose levels can undermine self-control
because people have insufficient energy to overcome challenges
and unwanted impulses. Numerous studies have found a re-
lationship between low glucose levels and poor self-control (8).
For example, when glucose levels are low, people have more
difficulty controlling their attention (9), regulating their emo-
tions (10, 11), and overriding their aggressive impulses (12).
Some evidence suggests that low glucose levels might even in-
crease the risk of violent criminal behavior, including spousal
abuse (13). To our knowledge, our study is the first systematic
investigation that tests the hypothesis that low glucose levels
relate to greater intimate partner violent tendencies.

Overview

The present study tests the hypothesis that evening glucose levels
will predict aggressive impulses and also aggressive behavior in
married couples. For 21 consecutive days, glucose levels were
measured each morning before breakfast and each evening be-
fore bedtime. Our prediction was based on evening glucose levels
because previous research has shown that self-control becomes
more and more depleted as the day wears on, such that it is
easier to exercise self-control early in the day than later in the
day (14). Glucose also breaks down into energy less effectively as
the day progresses (15), which offers further evidence that self-
control energy may be compromised later in the day. To measure
aggressive impulses, each participant was given a voodoo doll
and was told to stick between 0 and 51 pins in the doll each
evening, depending how angry they were with their spouse. After
the 21 days, participants came into the laboratory and completed

Significance

People are often the most aggressive against the people to
whom they are closest—intimate partners. Intimate partner
violence might be partly a result of poor self-control. Self-
control of aggressive impulses requires energy, and much of
this energy is provided by glucose derived from the food we
eat. We measured glucose levels in 107 married couples over 21
days. To measure aggressive impulses, participants stuck 0-
51 pins into a voodoo doll that represented their spouse each
night, depending how angry they were with their spouse. To
measure aggression, participants blasted their spouse with
loud noise through headphones. Participants who had lower
glucose levels stuck more pins into the voodoo doll and blasted
their spouse with louder and longer noise blasts.
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a measure of aggressive behavior. They competed with their spouse
on a task in which the winner got to blast the loser with loud noise
through headphones. The intensity and duration of noise partic-
ipants set for their spouse on the 25 trials was used to measure
aggression. We predicted that evening glucose levels would be
negatively related to aggressive impulses (i.e., the number of pins
stuck into the voodoo doll) and to aggressive behaviors (i.e., the
intensity and duration of noise participants set for their spouse).

Methods

Participants. Participants were 107 heterosexual couples [mean age, 35.6 +
10.9 y (SD); 78% white] who had been married 12 y on average (SD 9.9) and
were recruited via advertisements and paid $100 ($50 each).

Procedure. Although participants were tested in couples, responses were
collected individually. After giving informed consent, participants completed
the 10-item relationship satisfaction subscale of the Investment Model Scale
(16) (e.g., "I feel satisfied with our relationship;” with 1 indicating “strongly
disagree” and 7 indicating “strongly agree”; Cronbach « = 0.95 for men and
0.94 for women) in the laboratory. The experimenter also showed couples
how to take glucose samples by using an Accu-Chek Aviva blood glucose
meter, which they did every morning before breakfast and every evening
before bed for 21 consecutive days.

To obtain daily measures of aggressive inclinations toward their partner,
each participant received a voodoo doll along with 51 pins, and was told:
“This doll represents your spouse. At the end of each day, for 21 consecutive
days, insert between 0 and 51 pins in the doll, depending how angry you are
with your spouse. You will do this alone, without your spouse being present.”
Participants recorded the number of pins they stuck into the voodoo doll.
Previous research has shown that this procedure is a valid way to measure
aggressive inclinations in couples (17).

After 21 days, participants returned to the laboratory to complete a be-
havioral measure of aggression. Participants were told that they would
compete with their spouse to see who could press a button faster when
atarget square turned red on the computer, and that the winner on each trial
could blast the loser with loud noise through headphones. The noise was
a mixture of sounds that most people hate (e.g., fingernails scratching on
a chalkboard, dentist drills, ambulance sirens). The noise levels ranged from
level 1 (60 dB) to level 10 (105 dB; approximately the same level as a fire
alarm). The winner could also determine the duration of the loser’s suffering
by controlling the noise duration [from level 1 (0.5 s) to level 10 (5 s)]. A
nonaggressive no-noise option (level 0) was also provided. The participants
actually competed against a computer rather than their spouse. Participants
lost 13 of the 25 trials (randomly determined) and heard noise on each of
those 13 trials. (If participants waited more than 0.5 s to respond, they au-
tomatically lost the trial; we added this option so participants would not
become suspicious if they were slow but still won the trial.) The computer
chose random noise intensity and duration levels for the spouse across the
25 trials. Basically, within the ethical limits of the laboratory, participants
controlled a weapon that could be used to blast their spouse with un-
pleasant noise. This is a well-validated measure of laboratory aggression (18)
that has been used for decades (19). A debriefing followed. Only three
participants of 214 (1%) suspected that their partner during the aggression
task was not their spouse, but these concerns were only expressed after they
were told that they were playing against a computer. The results did not
differ when these suspicious participants were excluded, so we kept them in
the data set.

Results

Association Between Glucose and Aggressive Impulses. We pre-
dicted that daily evening glucose levels would be negatively associ-
ated with daily aggressive inclinations, as measured by the number
of daily pins participants stuck into the voodoo doll that represented
their spouse. Our data exhibited a nested structure, such that daily
pins were nested (i.e., clustered) within participants, and partic-
ipants were nested within couples. Thus, our data violated the as-
sumption of independence in ordinary least squares regression. For
instance, a participant’s aggressive inclinations are likely to be
similar over days. In addition, aggressive inclinations are more likely
to be similar for couples than for strangers. To account for the
nested structure of our data, we used multilevel modeling proce-
dures (20). A total of 4,051 days of data were provided by 214
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participants (mean 18.93 days). Because the distribution of the
number of pins stuck in the voodoo doll each day (mean, 1.35 +
4.13) was positively skewed, we used a Poisson distribution. Data
were analyzed in Hierarchical Linear Modeling version 6.08 by
using a three-level hierarchical model (with daily observations
nested within participants, and participants nested within cou-
ples). Because glucose measurements were assessed daily, we
used a within-participant centering approach (i.e., group mean-
centered or participant-centered). That is, daily glucose was
standardized around each participant’s mean glucose level.
Within-person centering eliminates the influence of individual
differences between daily predictors and daily outcomes. In so
doing, we were able to examine whether within-participant fluc-
tuations in glucose across days significantly predicted aggressive
inclinations above and beyond the influence of a participant’s
average glucose level. We included as covariates participant sex
and relationship satisfaction (which was standardized around its
mean in our sample, i.e., grand mean-centered). The outcome
variable was the number of daily pins stuck into the voodoo doll
that represented the participant’s spouse.

As predicted, daily evening glucose levels predicted sticking
fewer pins into the voodoo doll representing one’s partner [b =
—0.007, #(213) = —-2.43, P < 0.02] before controlling for any
covariates. Daily evening glucose continued to predict fewer pin
sticks even after controlling for relationship satisfaction and
participant sex [b = —0.008, #(213) = -2.82, P = 0.006]. Re-
lationship satisfaction was also negatively related to the number
of daily pin sticks [b = —0.63, #212) = -5.19, P < 0.0001].
Women also tended to stick more pins into the voodoo doll than
men did, although the difference was not quite significant [b =
—0.37,#(213) = —1.92, P = 0.056]. Thus, having lower evening
glucose levels related to stabbing a voodoo doll that repre-
sented one’s spouse with more pins. People with lower glucose
levels had higher aggressive impulses.

Association Between Glucose and Aggressive Behavior. Because
noise intensity and duration were significantly correlated across
the 25 trials (r = 0.88), noise intensity and duration levels were av-
eraged to obtain a more reliable aggression measure (Cronbach a =
0.96). We predicted that average evening glucose levels would be
negatively associated with behavioral aggression at the end of the
study. We, again, used multilevel modeling procedures to ac-
count for the dyadic nature of our data. We analyzed our data by
using a two-level hierarchical model (with participants nested
within couples), with average evening glucose (grand mean-
centered) as our main predictor of interest, participant sex and
relationship satisfaction (grand mean-centered) entered as cova-
riates, and aggression on the noise-blast task as the outcome
variable. We used average evening glucose levels for two reasons.
First, it was not possible to compare daily evening glucose levels
to aggression levels on the noise-blast task because participants
did not complete the noise-blast task each day. Second, the av-
erage evening glucose index provided a good estimate of meta-
bolic energy levels, which should provide a guide regarding how
well participants could overcome their aggressive urges.

As predicted, average evening glucose levels predicted lower
noise intensity and duration levels given to one’s spouse [b =
—0.003, #211) = -5.79, P < 0.0001] before controlling for any
covariates. Average evening glucose continued to predict less ag-
gression even after controlling for relationship satisfaction and
participant sex [b = —0.003, #(206) = —5.63, P < 0.0001]. No sig-
nificant effects were obtained for relationship satisfaction or par-
ticipant sex [b = —0.05, #206) = —0.28, P = 0.78; and b = 0.12,
#(206) = 0.53, P = 0.60, respectively]. Thus, having lower evening
glucose levels related to blasting one’s spouse with more intense
and prolonged noise. People with lower glucose levels had higher
aggression levels. These findings for aggressive behavior replicate
and extend the previous daily diary results for aggressive impulses.
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Mediation Analysis. The correlation  between aggressive impulses
(i.e., average number of pins stuck in the voodoo doll across the
21 days) and aggressive behavior (i.e., average of noise intensity
and duration across the 25 trials) 0.24 (P = 0.001). Next, we
investigated whether aggressive impulses (i.e., average number of
pins stuck into the voodoo doll across the 21 days) mediated the
association between evening glucose and aggressive behavior.
Having shown significant relationships between glucose and ag-
gressive impulses and between glucose and aggressive behavior, we
next tested whether aggressive impulses predicted aggressive be-
havior, controlling for average evening glucose, participant sex, and
relationship satisfaction. We again used multilevel modeling pro-
cedures to account for the dyadic nature of our data. As predicted,
the association between average daily aggressive impulses and ag-
gressive behavior was significant [b = 0.17, #(205) = 2.51, P = 0.01],
such that people who stuck more pins into the voodoo doll
across the 21 days also selected louder and longer noise blasts for
their spouse.

We tested for statistical mediation by estimating the 95%
CI of the indirect effect (i.e., mediated effect) by using the
Product Confidence Limits for Indirect Effects (PRODCLIN)
computer program, which generates a 95% CI for the indirect
effect by empirically simulating a series of distributions for the
product of coefficients that compose the indirect effect (21).
Compared with traditional approaches for testing mediation,
which are inappropriate for nested data (22), the PRODCLIN
method provides more power and more accurate type I error
rates for single-level and multilevel designs (23-25). As pre-
dicted, the indirect path through aggressive impulses was sta-
tistically significant because the 95% CI (—0.003 to —0.0002)
excluded the value zero. Thus, participants with lower levels of
evening glucose were more aggressive in part because they also
had greater aggressive impulses.

Discussion

This study attempted to find a link between glucose levels and
aggressive impulses and behaviors in a 21-day diary study of
married spouses. Numerous previous laboratory experiments
have linked low glucose levels to poor self-control. Our study found
that low glucose levels predicted higher aggressive impulses in
the form of stabbing pins in a voodoo doll that represented
a spouse. This study also found that low glucose levels predicted
future aggressive behavior in the form of giving louder un-
pleasant noise blasts for longer durations to a spouse. There also
was a link between aggressive impulses and aggressive behavior.
Lower levels of glucose predicted aggressive impulses, which, in
turn, predicted aggressive behavior. These findings remained
significant even after controlling for relationship satisfaction and
participant sex. Thus, low glucose levels might be one factor that
contributes to intimate partner violence.

Numerous studies have shown that self-control becomes de-
pleted after people use it. However, many of these studies have
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been conducted under controlled laboratory settings. Our work
tests the effects of self-control on aggression in the natural set-
ting of one’s own home and demonstrates that, even away from
the laboratory, low glucose levels relate to greater aggressive
impulses. Further, lower glucose levels over time predict future
aggressive behavior outside of the home.

The results of this study demonstrate another important phys-
iological variable that influences aggressive tendencies and behav-
iors, namely glucose. Glucose levels are an important influence
on self-control and aggression, and glucose levels stand as a
physiological factor that can be actively targeted and influenced.
The current results suggest that interventions designed to pro-
vide individuals with metabolic energy might foster more har-
monious couple interactions. Interventions that increase brain
glycogen, for instance, might help provide additional metabolic
energy that can be used for the self-controlled restraint of ag-
gressive urges (26). This may be an effective intervention beyond
couples; giving individuals more access to food could be a po-
tential tool for curbing aggression by bolstering resources for
effective self-control. This intervention might be especially im-
portant in stressful settings in which aggression might erupt, such
as in prisons, psychiatric hospitals, and schools.

We focused on daily fluctuations in glucose levels, but future
research may explore whether our effect would be strongest among
populations that have compromised glucose levels. Dieters, for ex-
ample, restrict their caloric intake in a manner that might place
them at risk for aggression. Although we did not measure whether
participants were dieting, hunger can increase feelings irritabil-
ity. If dieters have not eaten enough, they will have lower glucose
levels. As a result, they may have less energy to override their
irritable feelings and aggressive impulses. The term “hangry”
comes from the combination of the words “hungry” and “angry,”
indicating that hungry people are often angry.

Relatedly, our emphasis on glucose levels neglected the pos-
sible importance of glucose tolerance—how effectively glucose is
broken down into energy—in modulating our effects. Poor glu-
cose tolerance is a core feature of some conditions, such as
diabetes. Other research has also shown that elevated diabetic
symptoms relate to greater aggressiveness (12). Future work may
explore whether poor glucose tolerance represents a risk factor
for intimate partner violence.

Intimate partner violence is a serious problem worldwide, and
low self-control is likely a contributing factor. Self-control
requires a lot of brain food in the form of glucose. The healthy
metabolism of glucose may contribute to more peaceful homes
by providing couples a boost to their self-control energy. Abraham
Lincoln was correct about the relationship between self-control
and quarreling. Aggression and violence often start when self-
control stops, and glucose can help increase self-control.

ACKNOWLEDGMENTS. This work was funded by National Science Founda-
tion Grant BCS1104118.

8. Gailliot MT, Baumeister RF (2007) The physiology of willpower: linking blood glucose
to self-control. Pers Soc Psychol Rev 11(4):303-327.

9. Smid H, et al. (1997) Differentiation of hypoglycaemia induced cognitive impair-
ments: An electrophysiological approach. Brain 120:1041-1056.

10. Gold AE, MacLeod KM, Deary 1J, Frier BM (1995) Hypoglycemia-induced cognitive
dysfunction in diabetes mellitus: Effect of hypoglycemia unawareness. Physiol Behav
58(3):501-511.

11. McCrimmon RJ, Frier BM, Deary 1J (1999) Appraisal of mood and personality during
hypoglycaemia in human subjects. Physiol Behav 67(1):27-33.

12. DeWall CN, Deckman T, Gailliot MT, Bushman BJ (2011) Sweetened blood cools hot
tempers: Physiological self-control and aggression. Aggress Behav 37(1):73-80.

13. Wilder J (1940) Problems of criminal psychology related to hypoglycemic states.
J Criminol Psychopathol 1:219.

14. Kouchaki M, Smith IH (2014) The morning morality effect: The influence of time of
day on unethical behavior. Psychol Sci 25(1):95-102.

15. Van Cauter E, Polonsky KS, Scheen AJ (1997) Roles of circadian rhythmicity and sleep
in human glucose regulation. Endocr Rev 18(5):716-738.

Bushman et al.


http://www.cdc.gov/ViolencePrevention/intimatepartnerviolence/index.html
http://www.who.int/violence_injury_prevention/publications/violence/intervening/en/
http://www.who.int/violence_injury_prevention/publications/violence/intervening/en/
www.pnas.org/cgi/doi/10.1073/pnas.1400619111

yd
=y

N

. Rusbult CE, Martz JM, Agnew CR (1998) The investment model scale: Measuring

commitment level, satisfaction level, quality of alternatives, and investment size. Pers
Relationships 5(4):357-387.

. Dewall CN, et al. (2013) The voodoo doll task: Introducing and validating a novel

method for studying aggressive inclinations. Aggress Behav 39(6):419-439.

. Giancola P, Zeichner A (1995) Construct validity of a competitive reaction-time ag-

gression paradigm. Aggress Behav 21:199-204.

. Taylor SP (1967) Aggressive behavior and physiological arousal as a function of

provocation and the tendency to inhibit aggression. J Pers 35(2):297-310.

. Raudenbush SW, Bryk AS (2002) Hierarchical Linear Models (Sage, Thousand Oaks,

CA), 2nd Ed.

. MacKinnon DP, Fritz MS, Williams J, Lockwood CM (2007) Distribution of the product

confidence limits for the indirect effect: Program PRODCLIN. Behav Res Methods
39(3):384-389.

Bushman et al.

22.

23.

24.

25.

26.

Bauer DJ, Preacher KJ, Gil KM (2006) Conceptualizing and testing random indirect
effects and moderated mediation in multilevel models: New procedures and recom-

mendations. Psychol Methods 11(2):142-163.

Mackinnon DP, Lockwood CM, Williams J (2004) Confidence limits for the indirect
effect: Distribution of the product and resampling methods. Multivariate Behav Res
39(1):99-128.

Pituch KA, Stapleton LM (2008) The performance of methods to test upper-level
mediation in the presence of nonnormal data. Multivariate Behav Res 43:237-267.
Pituch KA, Stapleton LM, Kang JY (2006) A comparison of single sample and boot-
strap methods to assess mediation in cluster randomized trials. Multivariate Behav
Res 41:367-400.

Gailliot MT (2008) Unlocking the energy dynamics of executive functioning: Linking
executive functioning to brain glycogen. Perspect Psychol Sci 3:245-263.

PNAS | April 29,2014 | vol. 111 | no.17 | 6257

PSYCHOLOGICAL AND

COGNITIVE SCIENCES



