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chose the intensity of punishment because they believed that
was the experimenter wanted them to do. One participant in
the melatonin group reported suspicion of the TAP and was
excluded from data analysis.

Procedures

Participants completed questionnaires, ingested melatonin/
placebo, and completed the two tasks according to the se-
quence illustrated in Fig. 1. Upon arrival, participants com-
pleted a battery of questionnaires, including the Stanford
Sleepiness Scale (SSS), Positive and Negative Affect
Schedule (PANAS), Buss–Perry Aggression Questionnaire
(BPAQ), Barratt Impulsiveness Scale (BIS-11), and
Morningness-Eveningness Questionnaire (MEQ), which mea-
sured subjective sleepiness, emotional states, trait aggression,
trait impulsiveness, and circadian preference, respectively (de-
tails of these questionnaires are presented in Supplementary
Materials). At 1340 h, participants orally ingested either melato-
nin or placebo and then completed the threshold tests for the
loudest bearable noise and the quietest audible noise (details
are presented in Supplementary Materials). At 1505 h, they an-
swered SSS and PANAS questionnaires for a second time. At
1510 h, participants first completed the Taylor Aggression
Paradigm and then the Stroop Color-Word Task. Participants
were seated in a dimly lit room after ingestion of melatonin or
placebo and remained in this environment for the duration of the
experiment.

Stanford Sleepiness Scale

The Stanford Sleepiness Scale (Hoddes et al. 1973) was used
to track changes of subjective sleepiness following melatonin/
placebo administration. The SSS is a one-item seven-point
scale with seven options (e.g., B1 = Feeling active, vital, alert,
or wide awake,^ 7 = BNo longer fighting sleep, sleep onset
soon; having dream-like thoughts^), in which the respondents
evaluate the degree of alertness they feel at the moment. A
high score indicates a high amount of sleepiness.

Melatonin/placebo administration

The drug sample consisted of 5 mg of melatonin and 200 mg
of starch; the placebo sample consisted of 200 mg of starch.
Previous studies have found that the peak effect of exogenous
melatonin (0.1–10 mg, orally) on serum concentration is gen-
erated between 1 and 2 h after administration (Dollins et al.
1994; Rogers et al. 1998). We thus asked participants to com-
plete the TAP and Stroop tasks 90 min after oral administra-
tion of the melatonin or placebo capsule. During the waiting
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Discussion

This study investigated whether melatonin increased reactive
aggression in humans. We found that when given the oppor-
tunity to administer high or low punishments to opponents in
the Taylor Aggression Task, participants who ingested mela-
tonin selected high punishments more frequently than those
who ingested placebo. This finding is in line with animal
studies showing that endogenous and exogenous melatonin
increases resident-intruder aggression (Jasnow et al. 2000;
Jasnow et al. 2002; Demas et al. 2004; Wang et al. 2012),
and with clinical studies suggesting that elevating bioavail-
ability of melatonin by medical interventions in human pa-
tients increases aggressiveness (Haffmans et al. 2001; Hill
et al. 2014).

Psychological studies have shown that reactive/impulsive
aggression is related to inhibition failure (Morgan and
Lilienfeld2000;Hoakenet al. 2003;Giancola2004)or sleep-
iness (O’Brien et al. 2011). Thus, a possible explanation for
the melatonin-induced aggression may be a failure in inhibi-
tory ability or increases in sleepiness. However, in the Stroop
Color-WordTask,wefoundnosignificanteffectofmelatonin
on differences in RTs and error rates between the congruent
and incongruent conditions. Moreover, the effect of melato-
nin on reactive aggression remained significant after control-
ling for covariates including participant inhibitory ability. In
the current study, participants who ingested melatonin dem-
onstratedgreaterincreasesinsleepinessthanparticipantswho
ingested placebo, which is consistent with previous studies
(Lieberman et al. 1984; Dollins et al. 1994); however, this
increased sleepiness did not significantly mediate the impact
of melatonin on reactive aggression, and the melatonin effect
remained significant even after controlling for covariates
such as changes in sleepiness. Notably, the relatively small
sample size of the current study may be underpowered to de-
tect small effects. It is plausible that the indirect effects from
melatonin to reactive aggression through sleepiness, inhibi-
tory ability, or emotional responses could be detectable in a
large sample.

Dual-process theories propose that human behaviors, in-
cluding aggression, are governed by two different processes,
the automatic (Bhot,^ emotional) process and the controlled
(Bcold,^ cognitive) process (Bluemke and Teige-Mocigemba
2015). Our findings have shown that the melatonin-induced
aggression cannot be attributed to changes in cognitive re-
sources, which were measured with subjective sleepiness
and cognitive inhibitory abilities. This suggests that melatonin
may increase aggression more through its impact on the auto-
matic process than on the control process. This suggestion is
consistent with the observation that reactive aggression occurs
when strong emotions of anger are elicited (Wilkowski and
Robinson 2008), and is further supported by the finding that
exogenous melatonin increases aggression as well as cortisol

levels (which have been conceived as a physiological index of
emotional arousal; Abercrombie et al. 2005) in animals
(Demas et al. 2004). Based on these findings, we assume that
melatonin might elevate reactive aggression in humans by
intensifying the emotional response following provocation.
As this study measured emotional states before (not after)
provocation (see Supplementary Materials), this assumption
should be examined directly by measuring emotional states
following provocation in future melatonin administration
research.

A growing number of studies have demonstrated that in-
dividuals during the afternoon/evening or non-optimal time
are more likely to engage in cheating and lying behaviors
(Kouchaki and Smith 2014; Gunia et al. 2014), show greater
stereotypic bias in probabil i ty judgments of guil t
(Bodenhausen 1990) and in the Implicit Association Test
(Zadra and Proffitt 2014), and perform worse in facial emo-
tion recognition (Paradee et al. 2008) than individuals during
the morning or optimal time (the time during which physio-
logical and cognitive functions are at the highest point).
Given the role of melatonin in the regulation of the human
circadian rhythm (Brzezinski 1997; Cajochen et al. 2003),
our study, together with studies on circadian variations in
social behaviors, might suggest that, apart from aggression,
melatonin plays a role in a variety of anti- and pro-social
behaviors in humans and may serve as one of the biological
causes underlying the circadian variations of human social
behaviors. Clearly, these hypotheses are in need of future
studies.

Limitations of this study deserve consideration. First, as a
laboratory aggression paradigm, the modified version of the
TAP suffers from demand characteristics (Ritter and Eslea
2005). The permissive cues of aggressive responding and the
lack of a non-aggressive way to interact with the opponents
might encourage non-aggressive individuals to behave ag-
gressively. This problem is a challenge for future research
that attempts to simulate real-world aggression in the labo-
ratory. Second, the effect of melatonin on aggression was
observed here in provoking situations and was accompanied
by a large effect of provocation. This leaves an open question
regarding whether the effect of melatonin on aggression
could extend to aggression without provocation, such as pro-
active aggression.

Toconclude,by treating individualswithmelatoninorpla-
cebo and measuring these participants’ aggression with the
Taylor Aggression Paradigm, we provide novel and direct
evidence that melatonin increases reactive aggression in
humans. Our study suggests that melatonin might serve as a
biological explanation for the circadian variations in human
social behaviors, such as unethical behaviors and stereotypic
judgments. The adverse effect of melatonin on human social
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