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Sufficient sleep with minimal interruption during the circadian/biological night supports daytime cognition and emotional regulation. Conversely, disrupted sleep involving significant nocturnal wakefulness leads to cognitive and behavioral dysregulation. Most studies to-date have examined how fragmented or insufficient sleep affects next-day functioning, but recent work highlights changes in cognition and behavior that occur when someone is awake during the night. This review summarizes the evidence for day-night alterations in maladaptive behaviors, including suicide, violent crime, and substance use, and examines how mood, reward processing, and executive function differ during nocturnal wakefulness. Based on this evidence, we propose the Mind after Midnight hypothesis in which attentional biases, negative affect, altered reward processing, and prefrontal disinhibition interact to promote behavioral dysregulation and psychiatric disorders.
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INTRODUCTION
Circadian rhythms influence human physiology and behavior, promoting wakefulness and cognition during the day and reducing cortical activity for sleep at night. Disrupted sleep increases the risk for incident and worsening psychiatric illness (Pigeon et al., 2012; Li et al., 2016; Hertenstein et al., 2019; Zhang et al., 2019; Freeman et al., 2020), and this risk may partially derive from nocturnal wakefulness, which we define as being awake during the circadian or biological night. During the biological night, cognitive capacity and mood regulation are diminished and “reason sleeps” (Perlis et al., 2016b), probably due to both intrinsic sleep loss and circadian rhythm influences. This review examines the evidence for a nocturnal propensity for dysregulated behavior, explores neurophysiological changes that may facilitate such behavior, and presents the Mind After Midnight hypothesis that postulates that nocturnal wakefulness-associated changes in attentional biases, affective regulation, reward processing, and executive functioning set the stage for dysregulated behaviors and psychiatric disorders.
NOCTURNAL CHANGES IN DYSREGULATED BEHAVIOR
Nighttime is associated with an increase in impulsive and maladaptive behaviors. The empirical data for four such behaviors are considered here: suicide/self-harm, violent crime, alcohol or other substance use, and food intake.
Suicide and Self-Harm
Although most suicides occur during the day, particularly from 10 AM to 2 PM (Vollen and Watson, 1975; Barraclough, 1976; Williams and Tansella, 1987; Maldonado and Kraus, 1991; Altamura et al., 1999; Preti and Miotto, 2001; van Houwelingen and Beersma, 2001; Erazo et al., 2004), unadjusted counts are not appropriate to evaluate time-of-day differences in behavioral risk. Since wakefulness is a prerequisite to any volitional behavior, such analyses must also account for time-of-day changes in population wakefulness. In the United States, population wakefulness reaches its nadir around 3 AM, and then rises to maximal wakefulness between 10 AM and 8 PM. This means that the maximal incidence for any population-assessed behavior should be between 10 AM and 8 PM. Deviations from this pattern would reflect changes in underlying risk. For example, Perlis and colleagues (Perlis et al., 2016a) reported that the incident risk of suicide was three-fold greater between midnight and 6 AM than any other time of day (Figure 1) after adjusting for population sleep/wake timing.
[image: Figure 1]FIGURE 1 | The prevalence and risk for suicide across 24 h. Although most suicides (grey bars, representing % of maximum hourly suicide count) occur around noon, population wakefulness (light grey shaded area) is also maximal at this time and throughout the afternoon and evening. After adjusting for population wakefulness, the incident risk ratio of suicide is substantially increased at night (black line, 95% confidence interval represented by dark grey band), with a 4.25-fold greater risk at 2AM than the 24-h average. Data are derived from the American Time Use Survey and the National Violent Death Reporting System for 2003 to 2010. Data are double-plotted to improve visualization of increased risk during nighttime hours.
Multiple subsequent analyses extend these initial findings. Veterans are eight-fold more likely to die by suicide between midnight and 3 AM (McCarthy et al., 2019), and this nocturnal peak in suicide risk does not vary by month or method of suicide (Tubbs et al., 2020b). The nocturnal propensity for suicide is apparent in some populations without adjusting for population wakefulness: the raw suicide counts among Japanese males over the past 40 years peaked between midnight and 3 AM (Boo et al., 2019), and the raw peak in suicides among heavy drinkers occurs around 9 PM compared to noon for non-heavy drinkers (Chakravorty et al., 2018).
Nocturnal wakefulness may also increase risk for suicidal thinking. Objectively-measured wakefulness at 4 AM predicted next-day suicidal ideation in individuals with treatment-resistant depression (Ballard et al., 2016), and self-reported wakefulness between 11 PM and 5 AM was associated with greater likelihood of suicidal ideation in both community (Tubbs et al., 2020a) and national samples (Tubbs et al., 2021). A similar pattern emerges when examining data from the Internet forum Reddit: posts on a subforum called “SuicideWatch” peaked between 2 AM and 5 AM, whereas posts on a non-suicide related subforum called “AskReddit” peaked between 8 PM and 11 PM (Dutta et al., 2021). The increase in volume of posts suggests that suicide-related thinking may be increased during those times, although the content of these posts was not analyzed.
Violent Behavior
Homicide and violent crime also increase in prevalence at night. A 1958 study reported that murders were more likely to occur between 6 PM and 1 AM (Gibbens, 1958). Subsequent studies reported that murder rates in Manhattan peak between 6 PM and midnight (Messner and Tardiff, 1985), and that homicides in Italy peak between midnight and 6 AM (Sisti et al., 2012). More broadly, an estimated 55% of violent crimes are committed between 7 PM and 7 AM (Kelsay et al., 2017), which seems only a minor difference except that most individuals are asleep during this interval. Thus, the relative incidence is likely higher at night than during the day. A review of attempted and completed rapes (Belknap, 1987) showed that 39.5% of incidents occurred between 6 PM and midnight and 32% occurred between midnight and 6 AM. Thus, even without adjusting for population wakefulness, only 28.5% of rape incidents occur during the daytime.
Alcohol and Other Substance Use
Illicit or inappropriate use of substances increases during the night. A comparison of daytime-only versus 24-h operation of a supervised drug consumption center revealed a peak in substance use encounters at 10 PM and a 4.7-fold greater risk of opioid overdose at night, despite the reduced overall use of heroin at that time (Montero-Moraga et al., 2020). Although circadian changes in metabolism may be responsible for this effect, this is, nonetheless, another example of how nocturnal wakefulness confers risk. Similarly, ecological momentary assessment studies have demonstrated that alcohol consumption among Latino youths is greater at night (63%) than any other time of day (Comulada et al., 2016), and that alcohol cravings in adolescents peak at 8 PM and again at 2 AM (Hisler et al., 2021). Later sleep timing in adolescents is also associated with at-risk alcohol use, binge drinking, and cannabis use (Hasler et al., 2017), possibly due to consumption during the night when the ability to drink responsibly and/or in reasonable quantities may be impaired. Finally, awakening during the night is associated with relapse to cigarette smoking (Boutou et al., 2008), perhaps due to an increased drive to smoke (withdrawal effect) and/or a reduced ability to not smoke (behavioral disinhibition).
Food Intake
Although prolonged wakefulness and insufficient sleep enhance metabolic demand with a concomitant increase in food intake, eating at night is not solely a consequence of metabolic demand. At night, food choices are skewed toward carbohydrates, lipids, and processed foods, and away from fruits and vegetables, with total intake often exceeding the caloric demands of prolonged wakefulness (Knutson, 2012; Markwald et al., 2013; Shechter et al., 2014). These changes might reflect impairments in metabolic decision-making and/or an increased focus on hedonic reward (Broussard and Van Cauter, 2016). One extreme example is people with night-eating syndrome, who consume the majority of their calories during uninhibited food intake at night (Vander Wal, 2012). Although not well understood, night eating syndrome is hypothesized to involve changes in reward processing and serotonergic signaling (Stunkard et al., 2009; Mendoza, 2018), all of which result from and contribute to inappropriate wakefulness at night. The possibility that nocturnal changes in reward circuitry motivate changes in food-related behavior is also seen in animal models; in mice, for example, homeostatic intake of food peaks during the nighttime active phase (the equivalent of the human day) while hedonic food intake peaks during the daytime rest phase (the equivalent of the human night) owing to changes in dopaminergic neurons (Koch et al., 2020).
NOCTURNAL CHANGES IN THE BRAIN
Increased nocturnal risk for maladaptive behaviors likely results from sleep- and circadian-changes in neurophysiology during nocturnal wakefulness. Note that for this purpose, nocturnal wakefulness does not include short (e.g., <3 min) awakenings from sleep episodes. The following section discusses synaptic saturation, neurotransmitter activity, affect regulation, reward processing, and executive function as potential mechanisms of dysregulated nocturnal behaviors.
Synapses and Neurotransmitters
Under the synaptic homeostasis hypothesis (Tononi and Cirelli, 2019), continuous wakefulness leads to synaptic saturation and impaired signal transmission. Much as a muscle fiber in continuous contraction loses strength, the saturated central nervous system eventually loses its capacity for effective cortical activity and cognition. Ordinarily, the sleep and circadian systems overlap at night to restore synaptic homeostasis via synaptic downscaling and reduced cortical excitability (Ly et al., 2016). By contrast, wakefulness at night provokes cortical activity at a time when synapses are saturated and cortical responses are impaired.
Nocturnal wakefulness also involves circadian changes in neurotransmitter availability and signaling. Although norepinephrine and serotonin decrease at night in anticipation of sleep, dopamine peaks during the latter half of the dark period in both (diurnally active) humans (Doran et al., 1990) and (nocturnally active) rats (Castaneda et al., 2004), indicating it is tied to the rhythms of light and dark, not sleep and wake. This circadian rhythm in dopamine plays an important role in the regulation of sleep (particularly REM sleep) (Monti and Monti, 2007; Kashiwagi et al., 2021), but may have unintended consequences when coincident with nocturnal wakefulness (Alonso et al., 2021). Human studies show a reduction in available dopamine D2 receptors (inhibitory) in the ventral striatum following sleep deprivation (Volkow et al., 2008; Volkow et al., 2012), which suggests an increase in dopaminergic activation. This may not only extend wakefulness but also adversely affect psychiatric symptoms associated with dopaminergic dysregulation (e.g., sensation seeking, impulsivity, delusional thinking). Nocturnal wakefulness may also produce a stress response with a surge in adrenergic signaling that further weakens prefrontal cortical activity, increases limbic/subcortical responsivity, and increases reflexive, impulsive decision-making (Arnsten, 2015; Woo et al., 2021).
Positive and Negative Affect
Positive and negative affect exhibit distinct circadian rhythmicity. Positive affect peaks during the day and reaches its nadir during the night (1 AM to 4 AM) (Murray et al., 2002; Murray et al., 2009; Golder and Macy, 2011; Hasler et al., 2012; Miller et al., 2015; Emens et al., 2020). Conversely, negative affect remains steady throughout the day before peaking sharply during the nighttime trough of positive affect (Wirz-Justice, 2008; Kline et al., 2010; Golder and Macy, 2011; Dzogang et al., 2017; Emens et al., 2020; Ten Thij et al., 2020). Nocturnal wakefulness thus occurs at a time when positive affect is lowest and negative affect highest, which shapes how an individual attends to and interprets information. In-lab circadian investigations have shown that wakefulness during the habitual sleep period is linked to significantly worse subjective ratings of mood (Boivin et al., 1997; Chellappa et al., 2020). Nocturnal wakefulness also impairs regulation of negative affect (Harrington et al., 2021) and promotes depressive, anxious, and/or paranoid thinking (Kahn-Greene et al., 2007; Killgore, 2010; Reeve et al., 2015; Sheaves et al., 2016; Cosgrave et al., 2018; Reeve et al., 2018. Nocturnal wakefulness can also increase exposure to artificial light that can further disrupt sleep-wake rhythms and potentially tilt the balance of affect towards negative mood (Bedrosian and Nelson, 2017).
Reward Processing
Reward is hypothesized to motivate behaviors that maximize survival. The survival benefit of many behaviors, however, varies as a function of time of day: for a diurnal animal, foraging for food may be beneficial during the day when food is visible, but dangerous at night due to predation. Preliminary evidence shows that activity in the nucleus accumbens, caudate, and putamen varies in accordance with the day/night cycle (Byrne et al., 2019). In one study, the responses to high- and low-calorie foods in the putamen and ventral striatum were significantly reduced in the evening, even as subjective preoccupations about food were elevated (Masterson et al., 2016). A comparison of striatal responses to a monetary reward task demonstrated that 1) reward activation was greatest in the afternoon (Hasler et al., 2014), and 2) striatal activation during reward was significantly reduced during circadian misalignment (Hasler et al., 2021). Thus, subcortical processing of reward appears to vary as a function of time of day.
Sleep deprivation adds another layer of complexity to reward processing as total sleep deprivation is known to increase risky decision-making (Womack et al., 2013). Rewards following sleep loss are accompanied by greater activation of the ventral striatum (Gujar et al., 2011) and reduced activity in the anterior insula (Venkatraman et al., 2007; Venkatraman et al., 2011), possibly reflecting an exaggerated expectation of reward alongside diminished sensitivity to negative consequences. Interestingly, elevated activation in the ventral striatum at baseline predicts greater caloric and carbohydrate intake during the latter part of sleep deprivation (Satterfield et al., 2018). This suggests that individuals with elevated baseline reward sensitivity are more likely to act impulsively (e.g., overeat) during sleep deprivation because of acute increases in activity in the nucleus accumbens. No studies to date have examined interactions between sleep deprivation and circadian timing on reward processing.
Executive Function
The prefrontal cortex integrates sensory input along with assessments of subcortical salience to manage adaptive behavioral responses related to long-term planning, risk-assessment, behavioral inhibition, and cognitive control (collectively referred to as executive function (Diamond, 2013)). Prefrontal performance is particularly sensitive to accumulating sleep debt as indexed by increased sleep delta activity (0.5–4.0 Hz on EEG), and enforced sleep deprivation results in maximal accumulation of delta activity over the prefrontal cortex relative to other brain areas (Cajochen et al., 1999; Munch et al., 2004). Waking midline theta activity (4–8 Hz) arising from the anterior cingulate cortex also increases as a function of sustained wakefulness (Cajochen et al., 1995; Cajochen et al., 1999; Finelli et al., 2000; Cavanagh and Frank, 2014). Even under protocols that include wakefulness during the biological night without sleep deprivation (i.e., forced desynchrony protocols), delta and waking theta frequency power in the EEG during sleep measured at night are greatest over the prefrontal region, which suggests that the rate at which wakefulness incurs sleep-pressure/cortical-fatigue is accelerated at night versus the day (Cajochen et al., 1999; Finelli et al., 2000; Cajochen et al., 2002; Niggemyer et al., 2004; Munch et al., 2007). In addition, insufficient sleep and circadian changes associated with the biological night are linked to reduced cortical excitability (Ly et al., 2016), reduced functional connectivity within the prefrontal cortex (Verweij et al., 2014), and altered connectivity between the prefrontal cortex and the amygdala (Killgore, 2013; Muto et al., 2016).
This frontal cortical dysfunction may explain the profound deficits in executive function observed during nocturnal wakefulness and/or following sleep deprivation (Nilsson et al., 2005; Kuula et al., 2018; Cross et al., 2021). Cognitive functions such as working memory, complex attention, and problem solving deteriorate (May and Kline, 1987; Libedinsky et al., 2013), leading to an increase in attentional lapses, performance errors, and injuries (May and Kline, 1987; Nelson et al., 1995; Wright et al., 2012). Response inhibition is diminished (Drummond et al., 2006), decision-making becomes inflexible (Wimmer et al., 1992; Harrison and Horne, 1999; Maddox et al., 2009; Slama et al., 2018), and impaired risk management manifests in risky, net-loss decision-making (Killgore et al., 2006; McKenna et al., 2007; Venkatraman et al., 2007; Pace-Schott et al., 2012; Womack et al., 2013; Mantua et al., 2021). Behavioral inhibition, which is maximized during the circadian day (May and Hasher, 1998), declines as wakefulness proceeds into the circadian night (Hasler et al., 2021). As an additional caveat, executive performance is significantly disrupted immediately upon awakening, a phenomenon known as sleep inertia. Cognitive deficits associated with sleep inertia are exacerbated by chronic short sleep and abrupt awakenings during the circadian night (Horne and Moseley, 2011; McHill et al., 2019), suggesting that both sleep loss and circadian factors contribute to nocturnal deficits in executive function. Of note, some of these studies were performed in military, physician, or other participants who were highly skilled and motivated for the task (May and Kline, 1987; Nelson et al., 1995; Harrison and Horne, 1999; Maddox et al., 2009; Horne and Moseley, 2011; Mantua et al., 2021). Unfortunately, in all these studies, assessment was done during the day, not during the night of sleep deprivation.
THE MIND AFTER MIDNIGHT
“Is it a bad thing to be awake when reason sleeps?” (Perlis et al., 2016b). Sleep loss- and circadian-dependent changes in molecular signaling, affect, reward processing, and executive function provide conceptual support for behavioral dysregulation, and empirical studies demonstrate a pattern of increased risk with nocturnal wakefulness. The reasons for being awake at night can also contribute to behavioral dysregulation: insomnia, nightmares, short sleep, or circadian rhythm disorders can produce nocturnal wakefulness, hypervigilance, and limited emotion regulation; hypnotics, alcohol, and other substances can produce rebound wakefulness, even if intoxication remains; and stress, anxiety, and mood disturbances promote nocturnal wakefulness even as they undermine decision-making. Figure 2 illustrates how biological and psychological factors intersect at nocturnal wakefulness and lead to The Mind After Midnight hypothesis, which we propose as a framework for interpreting current findings and a guide for future research and interventions, including therapy.
[image: Figure 2]FIGURE 2 | The Mind after Midnight. Blue boxes on the left and right sides indicate key processes within the model discussed in the text; grey boxes indicate additional components not specifically addressed. During nocturnal wakefulness, upregulation of the amygdala (AMY), nucleus accumbens (NAcc), and the rostral anterior cingulate cortex (rACC) increase emotionally driven salience, attention, and motivation, skew anticipation of risky rewards, and drive excess rumination. Conversely, impairments in the prefrontal cortex (PFC), dorsal anterior cingulate cortex (dACC) and anterior insula (AI) lead to executive dysfunction, diminished cognitive control, and insensitivity to error or loss. These changes promote a cycle of risky behaviors and consequences that can spiral out of control. Figure adapted from Perlis et al. (2016b).
The Hypothesis
In brief, the circadian influence on (neuro)physiology differs over the 24 hours. During the day, molecular levels, neuronal activities and/or responsivity are tuned to our usual behavior, wake, which includes locomotor activity, eating, conscious interactions with our environment/people. During the night, these parameters are tuned to the usual behavior of sleep. So, if we are awake at these times, neurophysiology is prone to foster behavioral dysregulation, especially when these time-of-day effects are combined with sleep loss or disruption. We hypothesize that nocturnal wakefulness produces the Mind after Midnight, a combination of circadian-dependent decreases in molecular and cortical activity and responsiveness with sleep-loss-dependent alterations in synaptic signaling and cortical connectivity. Heightened negative affect and diminished positive affect produce a narrowed attentional focus on neutral or negative stimuli which are assigned incorrect or excessive emotional salience by an overactive amygdala. This biased information then feeds into an aberrant reward/motivation system characterized by elevated dopamine levels, altered dopamine receptor availability, increased activity in the nucleus accumbens (ventral striatum), and reduced activity in the caudate and putamen (dorsal striatum), which results in diminished activity during reward receipt but maximized anticipation/expectation of reward, particularly for risky behaviors.
This combination of negative attentional focus, skewed reward processing, and motivational impulsivity then rises to the prefrontal and anterior cingulate cortices. Ordinarily, coordinated activity between the dorsal anterior cingulate cortex (dACC), the rostral anterior cingulate cortex (rACC), and various regions of the prefrontal cortex (PFC) would exert cognitive control to suppress negative emotional distractors and focus on goal-oriented behavior (Etkin et al., 2006; Buckner et al., 2008; Hamilton et al., 2011; Diener et al., 2012; Niendam et al., 2012; Shenhav et al., 2016; Berry et al., 2017). Sleep loss and nighttime circadian phase, however, are associated with synaptic saturation and cortical fatigue that disrupt this coordination and produce ruminative, self-referential thinking characterized by fear/anxiety, depression, and hopelessness (Broyd et al., 2009; Sheline et al., 2009; Yoshimura et al., 2010; Toyoda et al., 2011; Nejad et al., 2013; Kaiser et al., 2015). Long-term planning and behavioral inhibition are diminished in favor of high-risk decision-making and cognitive inflexibility, leading to repeated, maladaptive behaviors that do not respond to negative feedback.
These conditions make it clear how poor mood, impaired judgement, and impulsivity could lead to maladaptive behaviors and catastrophic outcomes. For example, a previously abstinent heroin user who successfully manages cravings during the day may experience greater cravings and diminished resistance at night. The appeal of heroin use becomes more desirable and satisfying than the potential costs, and a single impulsive decision leads to a relapse. Further, a dose that was sufficiently rewarding during the day may be insufficient at night, potentially resulting in an increased dose, repeated use, or both, as the risk of overdose is downplayed or discarded. If this process repeats night after night, a conditioned pattern of nighttime heroin use may emerge (Gillman et al., 2019).
Another example is a college student experiencing nocturnal wakefulness due to a delayed sleep schedule and insomnia. Negative mood is at its peak, and the student feels isolated and alone, leading to endless rumination on prior negative relationship experiences. These particular experiences quickly, and inappropriately, generalize to all relationships, thus creating a sense of hopelessness and despair. Suicide, previously inconceivable, emerges as an escape from loneliness and pain, and before the costs of suicide are considered the student has acquired the means and is prepared to act at a time when no one is awake to stop them.
These examples demonstrate how negative affect, impaired judgment, and impulsivity during nocturnal wakefulness may increase the incidence and appeal of dangerous ideas, and promote dysregulated behaviors.
Future Directions
The Mind after Midnight hypothesis conceptualizes how disrupted or decreased sleep could contribute to psychiatric disorders and unsafe behaviors, and offers a unique opportunity for meaningful intervention. The Mind after Midnight hypothesis also integrates well with psychological models of acute behavioral risk, such as the Suicide Crisis Syndrome or Acute Suicidal Affective Disturbance (Schuck et al., 2019; Voros et al., 2021).
All aspects of this hypothesis require empirical validation. We have reviewed reports of data collected during the biological night, and, when such data were not available, we used reports of data from after a night of sleep loss. To test the Mind after Midnight hypothesis, data need to be collected during the biological night (including - when possible - using protocols that do not cause sleep loss). Adding time-of-day as a relevant metric to all studies is also extremely important, as measuring time-of-day (and time since awakening) effects on a variety of outcomes could identify behaviors (or individuals) that are most vulnerable or resilient to nocturnal wakefulness. Mechanistic studies could use known electrophysiological measures of cognition, emotion, and cortical activity (e.g., frontal alpha asymmetry, frontal midline theta, fMRI) to measure nocturnal trait and state changes in activity. Future work could also distinguish the effects of prolonged wakefulness from abrupt nighttime awakenings and the distinctions between sleep loss and circadian processes.
The Mind after Midnight naturally lends itself to clinical applications. The simplest solution would be to help vulnerable individuals to sleep through the night, thus reducing their exposure to the times with elevated risk due to behavioral dysregulation. Example interventions would include treatment for insomnia, pain, cravings, or other causes of nighttime awakening, changes in the environment, and/or the provision of greater social supports when individuals are awake at night.
AUTHOR CONTRIBUTIONS
AT, MP, MG, and EK conceived the original concepts and framework. F-XF provided subsequent input on the ideas and arguments. AT drafted the manuscript and figures, which were subsequently revised by F-XF, MP, MG, and EK. All authors reviewed and approved the final version of the manuscript.
FUNDING
AT: DOD W81XWH-16-2-0003 (F-XF, MG) NIH K24AG055602 (MP). F-XF: Velux Stiftung (Project No. 1360). MP: NIH K24AG055602, R01AG054521. MG: R01DA051321 and R01MD011600. EK: NIH K24-HL105664, U54-AG062322, R21DA052861.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Alonso, I. P., Pino, J. A., Kortagere, S., Torres, G. E., and España, R. A. (2021). Dopamine Transporter Function Fluctuates across Sleep/wake State: Potential Impact for Addiction. Neuropsychopharmacol. 46 (4), 699–708. doi:10.1038/s41386-020-00879-2
 Altamura, C., VanGastel, A., Pioli, R., Mannu, P., and Michael Maes, M. (1999). Seasonal and Circadian Rhythms in Suicide in Cagliari, Italy. J. Affective Disord. 53 (1), 77–85. doi:10.1016/s0165-0327(98)00099-8doi:10.1016/s0165-0327(98)00099-8
 Arnsten, A. F. T. (2015). Stress Weakens Prefrontal Networks: Molecular Insults to Higher Cognition. Nat. Neurosci. 18 (10), 1376–1385. doi:10.1038/nn.4087
 Ballard, E. D., Vande Voort, J. L., Bernert, R. A., Luckenbaugh, D. A., Richards, E. M., Niciu, M. J., et al. (2016). Nocturnal Wakefulness Is Associated with Next-Day Suicidal Ideation in Major Depressive Disorder and Bipolar Disorder. J. Clin. Psychiatry 77 (6), 825–831. doi:10.4088/JCP.15m09943
 Barraclough, B. M. (1976). Time of Day Chosen for Suicide. Psychol. Med. 6 (2), 303–305. doi:10.1017/s0033291700013866
 Bedrosian, T. A., and Nelson, R. J. (2017). Timing of Light Exposure Affects Mood and Brain Circuits. Transl Psychiatry 7 (1), e1017. doi:10.1038/tp.2016.262
 Belknap, J. (1987). Routine Activity Theory and the Risk of Rape: Analyzing Ten Years of National Crime Survey Data. Criminal Justice Pol. Rev. 2 (4), 337–356. doi:10.1177/088740348700200403
 Berry, A. S., Sarter, M., and Lustig, C. (2017). Distinct Frontoparietal Networks Underlying Attentional Effort and Cognitive Control. J. Cogn. Neurosci. 29 (7), 1212–1225. doi:10.1162/jocn_a_01112
 Boivin, D. B., Czeisler, C. A., Dijk, D. J., Duffy, J. F., Folkard, S., Minors, D. S., et al. (1997). Complex Interaction of the Sleep-Wake Cycle and Circadian Phase Modulates Mood in Healthy Subjects. Arch. Gen. Psychiatry 54 (2), 145–152. doi:10.1001/archpsyc.1997.01830140055010
 Boo, J., Matsubayashi, T., and Ueda, M. (2019). Diurnal Variation in Suicide Timing by Age and Gender: Evidence from Japan across 41 Years. J. Affective Disord. 243, 366–374. doi:10.1016/j.jad.2018.09.030
 Boutou, A. K., Tsiata, E. A., Pataka, A., Kontou, P. K., Pitsiou, G. G., and Argyropoulou, P. (2008). Smoking Cessation in Clinical Practice: Predictors of Six-Month Continuous Abstinence in a Sample of Greek Smokers. Prim. Care Respir. J. 17 (1), 32–38. doi:10.3132/pcrj.2008.00009
 Broussard, J. L., and Van Cauter, E. (2016). Disturbances of Sleep and Circadian Rhythms. Curr. Opin. Endocrinol. Diabetes Obes. 23 (5), 353–359. doi:10.1097/MED.0000000000000276
 Broyd, S. J., Demanuele, C., Debener, S., Helps, S. K., James, C. J., and Sonuga-Barke, E. J. S. (2009). Default-mode Brain Dysfunction in Mental Disorders: a Systematic Review. Neurosci. Biobehavioral Rev. 33 (3), 279–296. doi:10.1016/j.neubiorev.2008.09.002
 Buckner, R. L., Andrews-Hanna, J. R., and Schacter, D. L. (2008). The Brain's Default Network. Ann. N. Y Acad. Sci. 1124, 1–38. doi:10.1196/annals.1440.011
 Byrne, J. E. M., Tremain, H., Leitan, N. D., Keating, C., Johnson, S. L., and Murray, G. (2019). Circadian Modulation of Human Reward Function: Is There an Evidentiary Signal in Existing Neuroimaging Studies. Neurosci. Biobehavioral Rev. 99, 251–274. doi:10.1016/j.neubiorev.2019.01.025
 Cajochen, C., Foy, R., and Dijk, D. J. (1999). Frontal Predominance of a Relative Increase in Sleep delta and Theta EEG Activity after Sleep Loss in Humans. Sleep Res. Online 2 (3), 65–69.
 Cajochen, C., Brunner, D. P., Krauchi, K., Graw, P., and Wirz-Justice, A. (1995). Power Density in Theta/alpha Frequencies of the Waking EEG Progressively Increases during Sustained Wakefulness. Sleep 18 (10), 890–894. doi:10.1093/sleep/18.10.890
 Cajochen, C., Wyatt, J. K., Czeisler, C. A., and Dijk, D. J. (2002). Separation of Circadian and Wake Duration-dependent Modulation of EEG Activation during Wakefulness. Neuroscience 114 (4), 1047–1060. doi:10.1016/s0306-4522(02)00209-9doi:10.1016/s0306-4522(02)00209-9
 Castañeda, T. R., Prado, B. M., Prieto, D., and Mora, F. (2004). Circadian Rhythms of Dopamine, Glutamate and GABA in the Striatum and Nucleus Accumbens of the Awake Rat: Modulation by Light. J. Pineal Res. 36 (3), 177–185. doi:10.1046/j.1600-079x.2003.00114.x
 Cavanagh, J. F., and Frank, M. J. (2014). Frontal Theta as a Mechanism for Cognitive Control. Trends Cogn. Sci. 18 (8), 414–421. doi:10.1016/j.tics.2014.04.012
 Chakravorty, S., Smith, R. V., Perlis, M. L., Grandner, M. A., and Kranzler, H. R. (2018). Circadian Pattern of Deaths Due to Suicide in Intoxicated Alcohol-dependent Individuals. J. Clin. Psychiatry 79 (6), 17m11800. doi:10.4088/JCP.17m11800
 Chellappa, S. L., Morris, C. J., and Scheer, F. A. J. L. (2020). Circadian Misalignment Increases Mood Vulnerability in Simulated Shift Work. Sci. Rep. 10 (1), 18614. doi:10.1038/s41598-020-75245-9
 Comulada, W. S., Swendeman, D., and Wu, N. (2016). Cell Phone-Based Ecological Momentary Assessment of Substance Use Context for Latino Youth in Outpatient Treatment: Who, what, when and where. Drug and Alcohol Dependence 167, 207–213. doi:10.1016/j.drugalcdep.2016.08.623
 Cosgrave, J., Haines, R., van Heugten-van der Kloet, D., Purple, R., Porcheret, K., Foster, R., et al. (2018). The Interaction between Subclinical Psychotic Experiences, Insomnia and Objective Measures of Sleep. Schizophrenia Res. 193, 204–208. doi:10.1016/j.schres.2017.06.058
 Cross, N. E., Pomares, F. B., Nguyen, A., Perrault, A. A., Jegou, A., Uji, M., et al. (2021). An Altered Balance of Integrated and Segregated Brain Activity Is a Marker of Cognitive Deficits Following Sleep Deprivation. Plos Biol. 19 (11), e3001232. doi:10.1371/journal.pbio.3001232
 Diamond, A. (2013). Executive Functions. Annu. Rev. Psychol. 64, 135–168. doi:10.1146/annurev-psych-113011-143750
 Diener, C., Kuehner, C., Brusniak, W., Ubl, B., Wessa, M., and Flor, H. (2012). A Meta-Analysis of Neurofunctional Imaging Studies of Emotion and Cognition in Major Depression. Neuroimage 61 (3), 677–685. doi:10.1016/j.neuroimage.2012.04.005
 Doran, A. R., Labarca, R., Wolkowitz, O. M., Roy, A., Douillet, P., and Pickar, D. (1990). Circadian Variation of Plasma Homovanillic Acid Levels Is Attentuated by Fluphenazine in Patients with Schizophrenia. Arch. Gen. Psychiatry 47 (6), 558–563. doi:10.1001/archpsyc.1990.01810180058009
 Drummond, S. P. A., Paulus, M. P., and Tapert, S. F. (2006). Effects of Two Nights Sleep Deprivation and Two Nights Recovery Sleep on Response Inhibition. J. Sleep Res. 15 (3), 261–265. doi:10.1111/j.1365-2869.2006.00535.x
 Dutta, R., Gkotsis, G., Velupillai, S., Bakolis, I., and Stewart, R. (2021). Temporal and Diurnal Variation in Social media Posts to a Suicide Support Forum. BMC Psychiatry 21 (1), 259. doi:10.1186/s12888-021-03268-1
 Dzogang, F., Lightman, S., and Cristianini, N. (2017). Circadian Mood Variations in Twitter Content. Brain Neurosci. Adv. 1, 239821281774450. doi:10.1177/2398212817744501
 Emens, J. S., Berman, A. M., Thosar, S. S., Butler, M. P., Roberts, S. A., Clemons, N. A., et al. (2020). Circadian Rhythm in Negative Affect: Implications for Mood Disorders. Psychiatry Res. 293, 113337. doi:10.1016/j.psychres.2020.113337
 Erazo, N., Baumert, J., and Ladwig, K.-H. (2004). Sex-specific Time Patterns of Suicidal Acts on the German Railway System. An Analysis of 4003 Cases. J. Affective Disord. 83 (1), 1–9. doi:10.1016/j.jad.2004.04.012
 Etkin, A., Egner, T., Peraza, D. M., Kandel, E. R., and Hirsch, J. (2006). Resolving Emotional Conflict: a Role for the Rostral Anterior Cingulate Cortex in Modulating Activity in the Amygdala. Neuron 51 (6), 871–882. doi:10.1016/j.neuron.2006.07.029
 Finelli, L. A., Baumann, H., Borbély, A. A., and Achermann, P. (2000). Dual Electroencephalogram Markers of Human Sleep Homeostasis: Correlation between Theta Activity in Waking and Slow-Wave Activity in Sleep. Neuroscience 101 (3), 523–529. doi:10.1016/s0306-4522(00)00409-7doi:10.1016/s0306-4522(00)00409-7
 Freeman, D., Sheaves, B., Waite, F., Harvey, A. G., and Harrison, P. J. (2020). Sleep Disturbance and Psychiatric Disorders. The Lancet Psychiatry 7 (7), 628–637. doi:10.1016/S2215-0366(20)30136-Xdoi:10.1016/s2215-0366(20)30136-x
 Gibbens, T. C. N. (1958). Sane and Insane Homicide. J. Criminal L. Criminology, Police Sci. 49 (2), 110–115. doi:10.2307/1140920
 Gillman, A. G., Rebec, G. V., Pecoraro, N. C., and Kosobud, A. E. K. (2019). Circadian Entrainment by Food and Drugs of Abuse. Behav. Process. 165, 23–28. doi:10.1016/j.beproc.2019.05.017
 Golder, S. A., and Macy, M. W. (2011). Diurnal and Seasonal Mood Vary with Work, Sleep, and Daylength across Diverse Cultures. Science 333 (6051), 1878–1881. doi:10.1126/science.1202775
 Gujar, N., Yoo, S.-S., Hu, P., and Walker, M. P. (2011). Sleep Deprivation Amplifies Reactivity of Brain Reward Networks, Biasing the Appraisal of Positive Emotional Experiences. J. Neurosci. 31 (12), 4466–4474. doi:10.1523/JNEUROSCI.3220-10.2011
 Hamilton, J. P., Furman, D. J., Chang, C., Thomason, M. E., Dennis, E., and Gotlib, I. H. (2011). Default-mode and Task-Positive Network Activity in Major Depressive Disorder: Implications for Adaptive and Maladaptive Rumination. Biol. Psychiatry 70 (4), 327–333. doi:10.1016/j.biopsych.2011.02.003
 Harrington, M. O., Ashton, J. E., Sankarasubramanian, S., Anderson, M. C., and Cairney, S. A. (2021). Losing Control: Sleep Deprivation Impairs the Suppression of Unwanted Thoughts. Clin. Psychol. Sci. 9 (1), 97–113. doi:10.1177/2167702620951511
 Harrison, Y., and Horne, J. A. (1999). One Night of Sleep Loss Impairs Innovative Thinking and Flexible Decision Making. Organizational Behav. Hum. Decis. Process. 78 (2), 128–145. doi:10.1006/obhd.1999.2827
 Hasler, B. P., Forbes, E. E., and Franzen, P. L. (2014). Time-of-day Differences and Short-Term Stability of the Neural Response to Monetary Reward: a Pilot Study. Psychiatry Res. Neuroimaging 224 (1), 22–27. doi:10.1016/j.pscychresns.2014.07.005
 Hasler, B. P., Franzen, P. L., de Zambotti, M., Prouty, D., Brown, S. A., Tapert, S. F., et al. (2017). Eveningness and Later Sleep Timing Are Associated with Greater Risk for Alcohol and Marijuana Use in Adolescence: Initial Findings from the National Consortium on Alcohol and Neurodevelopment in Adolescence Study. Alcohol. Clin. Exp. Res. 41 (6), 1154–1165. doi:10.1111/acer.13401
 Hasler, B. P., Germain, A., Nofzinger, E. A., Kupfer, D. J., Krafty, R. T., Rothenberger, S. D., et al. (2012). Chronotype and Diurnal Patterns of Positive Affect and Affective Neural Circuitry in Primary Insomnia. J. Sleep Res. 21 (5), 515–526. doi:10.1111/j.1365-2869.2012.01002.x
 Hasler, B. P., Soehner, A. M., Wallace, M. L., Logan, R. W., Ngari, W., Forbes, E. E., et al. (2021). Experimentally Imposed Circadian Misalignment Alters the Neural Response to Monetary Rewards and Response Inhibition in Healthy Adolescents. Psychol. Med. 17, 1–9. doi:10.1017/S0033291721000787
 Hertenstein, E., Feige, B., Gmeiner, T., Kienzler, C., Spiegelhalder, K., Johann, A., et al. (2019). Insomnia as a Predictor of Mental Disorders: A Systematic Review and Meta-Analysis. Sleep Med. Rev. 43, 96–105. doi:10.1016/j.smrv.2018.10.006
 Hisler, G. C., Rothenberger, S. D., Clark, D. B., and Hasler, B. P. (2021). Is There a 24-hour Rhythm in Alcohol Craving and Does it Vary by Sleep/circadian Timing. Chronobiology Int. 38 (1), 109–121. doi:10.1080/07420528.2020.1838532
 Horne, J., and Moseley, R. (2011). Sudden Early-Morning Awakening Impairs Immediate Tactical Planning in a Changing 'emergency' Scenario. J. Sleep Res. 20 (2), 275–278. doi:10.1111/j.1365-2869.2010.00904.x
 Kahn-Greene, E. T., Killgore, D. B., Kamimori, G. H., Balkin, T. J., and Killgore, W. D. S. (2007). The Effects of Sleep Deprivation on Symptoms of Psychopathology in Healthy Adults. Sleep Med. 8 (3), 215–221. doi:10.1016/j.sleep.2006.08.007
 Kaiser, R. H., Andrews-Hanna, J. R., Wager, T. D., and Pizzagalli, D. A. (2015). Large-Scale Network Dysfunction in Major Depressive Disorder. JAMA Psychiatry 72 (6), 603–611. doi:10.1001/jamapsychiatry.2015.0071
 Kashiwagi, M., Kanuka, M., Tanaka, K., Fujita, M., Nakai, A., Tatsuzawa, C., et al. (2021). Impaired Wakefulness and Rapid Eye Movement Sleep in Dopamine-Deficient Mice. Mol. Brain 14 (1), 170. doi:10.1186/s13041-021-00879-3
 Kelsay, J. D., Tillyer, M. S., Tillyer, R., and Ward, J. T. (2017). The Violent Victimization of Children, Adolescents, Adults, and the Elderly: Situational Characteristics and Victim Injury. Violence Vict 32 (2), 342–361. doi:10.1891/0886-6708.VV-D-16-00004
 Killgore, W. D. S., Balkin, T. J., and Wesensten, N. J. (2006). Impaired Decision Making Following 49 H of Sleep Deprivation. J. Sleep Res. 15 (1), 7–13. doi:10.1111/j.1365-2869.2006.00487.x
 Killgore, W. D. S. (2010). Effects of Sleep Deprivation on Cognition. Prog. Brain Res. 185, 105–129. doi:10.1016/B978-0-444-53702-7.00007-5
 Killgore, W. D. S. (2013). Self-reported Sleep Correlates with Prefrontal-Amygdala Functional Connectivity and Emotional Functioning. Sleep 36 (11), 1597–1608. doi:10.5665/sleep.3106
 Kline, C. E., Durstine, J. L., Davis, J. M., Moore, T. A., Devlin, T. M., and Youngstedt, S. D. (2010). Circadian Rhythms of Psychomotor Vigilance, Mood, and Sleepiness in the Ultra-short Sleep/wake Protocol. Chronobiology Int. 27 (1), 161–180. doi:10.3109/07420521003648604
 Knutson, K. L. (2012). Does Inadequate Sleep Play a Role in Vulnerability to Obesity. Am. J. Hum. Biol. 24 (3), 361–371. doi:10.1002/ajhb.22219
 Koch, C. E., Begemann, K., Kiehn, J. T., Griewahn, L., Mauer, J., Hess, M. E., et al. (2020). Circadian Regulation of Hedonic Appetite in Mice by Clocks in Dopaminergic Neurons of the VTA. Nat. Commun. 11 (1), 3071. doi:10.1038/s41467-020-16882-6
 Kuula, L., Pesonen, A.-K., Heinonen, K., Kajantie, E., Eriksson, J. G., Andersson, S., et al. (2018). Naturally Occurring Circadian Rhythm and Sleep Duration Are Related to Executive Functions in Early Adulthood. J. Sleep Res. 27 (1), 113–119. doi:10.1111/jsr.12581
 Li, L., Wu, C., Gan, Y., Qu, X., and Lu, Z. (2016). Insomnia and the Risk of Depression: a Meta-Analysis of Prospective Cohort Studies. BMC Psychiatry 16 (1), 375. doi:10.1186/s12888-016-1075-3
 Libedinsky, C., Massar, S. A. A., Ling, A., Chee, W., Huettel, S. A., and Chee, M. W. L. (2013). Sleep Deprivation Alters Effort Discounting but Not Delay Discounting of Monetary Rewards. Sleep 36 (6), 899–904. doi:10.5665/sleep.2720
 Ly, J. Q. M., Gaggioni, G., Chellappa, S. L., Papachilleos, S., Brzozowski, A., Borsu, C., et al. (2016). Circadian Regulation of Human Cortical Excitability. Nat. Commun. 7, 11828. doi:10.1038/ncomms11828
 Maddox, W. T., Glass, B. D., Wolosin, S. M., Savarie, Z. R., Bowen, C., Matthews, M. D., et al. (2009). The Effects of Sleep Deprivation on Information-Integration Categorization Performance. Sleep 32 (11), 1439–1448. doi:10.1093/sleep/32.11.1439
 Maldonado, G., and Kraus, J. F. (1991). Variation in Suicide Occurrence by Time of Day, Day of the Week, Month, and Lunar Phase. Suicide Life Threat Behav. 21 (2), 174–187.
 Mantua, J., Bessey, A. F., Mickelson, C. A., Choynowski, J. J., Noble, J. J., Burke, T. M., et al. (2021). Sleep and High-Risk Behavior in Military Service Members: a Mega-Analysis of Four Diverse U.S. Army Units. Sleep 44 (4), zsaa221. doi:10.1093/sleep/zsaa221
 Markwald, R. R., Melanson, E. L., Smith, M. R., Higgins, J., Perreault, L., Eckel, R. H., et al. (2013). Impact of Insufficient Sleep on Total Daily Energy Expenditure, Food Intake, and Weight Gain. Proc. Natl. Acad. Sci. 110 (14), 5695–5700. doi:10.1073/pnas.1216951110
 Masterson, T. D., Kirwan, C. B., Davidson, L. E., and LeCheminant, J. D. (2016). Neural Reactivity to Visual Food Stimuli Is Reduced in Some Areas of the Brain during Evening Hours Compared to Morning Hours: an fMRI Study in Women. Brain Imaging Behav. 10 (1), 68–78. doi:10.1007/s11682-015-9366-8
 May, C. P., and Hasher, L. (1998). Synchrony Effects in Inhibitory Control over Thought and Action. J. Exp. Psychol. Hum. Perception Perform. 24 (2), 363–379. doi:10.1037//0096-1523.24.2.36310.1037/0096-1523.24.2.363
 May, J., and Kline, P. (1987). Measuring the Effects upon Cognitive Abilities of Sleep Loss during Continuous Operations. Br. J. Psychol. 78 (Pt 4), 443–455. doi:10.1111/j.2044-8295.1987.tb02261.x
 McCarthy, M. S., Hoffmire, C., Brenner, L. A., and Nazem, S. (2019). Sleep and Timing of Death by Suicide Among U.S. Veterans 2006-2015: Analysis of the American Time Use Survey and the National Violent Death Reporting System. Sleep 42 (8), zsz094. doi:10.1093/sleep/zsz094
 McHill, A. W., Hull, J. T., Cohen, D. A., Wang, W., Czeisler, C. A., and Klerman, E. B. (2019). Chronic Sleep Restriction Greatly Magnifies Performance Decrements Immediately after Awakening. Sleep 42 (5), zsz032. doi:10.1093/sleep/zsz032
 McKenna, B. S., Dickinson, D. L., Orff, H. J., and Drummond, S. P. A. (2007). The Effects of One Night of Sleep Deprivation on Known-Risk and Ambiguous-Risk Decisions. J. Sleep Res. 16 (3), 245–252. doi:10.1111/j.1365-2869.2007.00591.x
 Mendoza, J. (2019). Food Intake and Addictive-like Eating Behaviors: Time to Think about the Circadian Clock(s). Neurosci. Biobehavioral Rev. 106, 122–132. doi:10.1016/j.neubiorev.2018.07.003
 Messner, S. F., and Tardiff, K. (1985). The Social Ecology of Urban Homicide: An Application of the “Routine Activities” Approach. Criminology 23 (2), 241–267. doi:10.1111/j.1745-9125.1985.tb00336.x
 Miller, M. A., Rothenberger, S. D., Hasler, B. P., Donofry, S. D., Wong, P. M., Manuck, S. B., et al. (2015). Chronotype Predicts Positive Affect Rhythms Measured by Ecological Momentary Assessment. Chronobiology Int. 32 (3), 376–384. doi:10.3109/07420528.2014.983602
 Montero-Moraga, J. M., Garrido-Albaina, A., Barbaglia, M. G., Gotsens, M., Aranega, D., Espelt, A., et al. (2020). Impact of 24-hour Schedule of a Drug Consumption Room on Service Use and Number of Non-fatal Overdoses. A Quasiexperimental Study in Barcelona. Int. J. Drug Pol. 81, 102772. doi:10.1016/j.drugpo.2020.102772
 Monti, J. M., and Monti, D. (2007). The Involvement of Dopamine in the Modulation of Sleep and Waking. Sleep Med. Rev. 11 (2), 113–133. doi:10.1016/j.smrv.2006.08.003
 Munch, M., Knoblauch, V., Blatter, K., Schroder, C., Schnitzler, C., Krauchi, K., et al. (2004). The Frontal Predominance in Human EEG delta Activity after Sleep Loss Decreases with Age. Eur. J. Neurosci. 20 (5), 1402–1410. doi:10.1111/j.1460-9568.2004.03580.x
 Munch, M., Knoblauch, V., Blatter, K., Wirz-Justice, A., and Cajochen, C. (2007). Is Homeostatic Sleep Regulation under Low Sleep Pressure Modified by Age. Sleep 30 (6), 781–792. doi:10.1093/sleep/30.6.781
 Murray, G., Allen, N. B., and Trinder, J. (2002). Mood and the Circadian System: Investigation of a Circadian Component in Positive Affect. Chronobiology Int. 19 (6), 1151–1169. doi:10.1081/cbi-120015956
 Murray, G., Nicholas, C. L., Kleiman, J., Dwyer, R., Carrington, M. J., Allen, N. B., et al. (2009). Nature's Clocks and Human Mood: the Circadian System Modulates Reward Motivation. Emotion 9 (5), 705–716. doi:10.1037/a0017080
 Muto, V., Jaspar, M., Meyer, C., Kussé, C., Chellappa, S. L., Degueldre, C., et al. (2016). Local Modulation of Human Brain Responses by Circadian Rhythmicity and Sleep Debt. Science 353 (6300), 687–690. doi:10.1126/science.aad2993
 Nejad, A. B., Fossati, P., and Lemogne, C. (2013). Self-referential Processing, Rumination, and Cortical Midline Structures in Major Depression. Front. Hum. Neurosci. 7, 666. doi:10.3389/fnhum.2013.00666
 Nelson, C. S., Dell’Angela, K., Jellish, S. W., Brown, I. E., and Skaredoff, M. (1995). Residents' Performance before and after Night Call as Evaluated by an Indicator of Creative Thought. J. Am. Osteopath Assoc. 95 (10), 600. doi:10.7556/jaoa.1995.95.10.600
 Niendam, T. A., Laird, A. R., Ray, K. L., Dean, Y. M., Glahn, D. C., and Carter, C. S. (2012). Meta-analytic Evidence for a Superordinate Cognitive Control Network Subserving Diverse Executive Functions. Cogn. Affect Behav. Neurosci. 12 (2), 241–268. doi:10.3758/s13415-011-0083-5
 Niggemyer, K. A., Begley, A., Monk, T., and Buysse, D. J. (2004). Circadian and Homeostatic Modulation of Sleep in Older Adults during a 90-minute Day Study. Sleep 27 (8), 1535–1541. doi:10.1093/sleep/27.8.1535
 Nilsson, J. P., Soderstrom, M., Karlsson, A. U., Lekander, M., Akerstedt, T., Lindroth, N. E., et al. (2005). Less Effective Executive Functioning after One Night's Sleep Deprivation. J. Sleep Res. 14 (1), 1–6. doi:10.1111/j.1365-2869.2005.00442.x
 Pace-Schott, E. F., Nave, G., Morgan, A., and Spencer, R. M. C. (2012). Sleep-dependent Modulation of Affectively Guided Decision-Making. J. Sleep Res. 21 (1), 30–39. doi:10.1111/j.1365-2869.2011.00921.x
 Perlis, M. L., Grandner, M. A., Brown, G. K., Basner, M., Chakravorty, S., Morales, K. H., et al. (2016a). Nocturnal Wakefulness as a Previously Unrecognized Risk Factor for Suicide. J. Clin. Psychiatry 77 (6), e726–e733. doi:10.4088/JCP.15m10131
 Perlis, M. L., Grandner, M. A., Chakravorty, S., Bernert, R. A., Brown, G. K., and Thase, M. E. (2016b). Suicide and Sleep: Is it a Bad Thing to Be Awake when Reason Sleeps. Sleep Med. Rev. 29, 101–107. doi:10.1016/j.smrv.2015.10.003
 Pigeon, W. R., Pinquart, M., and Conner, K. (2012). Meta-analysis of Sleep Disturbance and Suicidal Thoughts and Behaviors. J. Clin. Psychiatry 73 (9), e1160–e1167. doi:10.4088/JCP.11r07586
 Preti, A., and Miotto, P. (2001). Diurnal Variations in Suicide by Age and Gender in Italy. J. Affective Disord. 65 (3), 253–261. doi:10.1016/s0165-0327(00)00232-9doi:10.1016/s0165-0327(00)00232-9
 Reeve, S., Emsley, R., Sheaves, B., and Freeman, D. (2018). Disrupting Sleep: The Effects of Sleep Loss on Psychotic Experiences Tested in an Experimental Study with Mediation Analysis. Schizophr Bull. 44 (3), 662–671. doi:10.1093/schbul/sbx103
 Reeve, S., Sheaves, B., and Freeman, D. (2015). The Role of Sleep Dysfunction in the Occurrence of Delusions and Hallucinations: A Systematic Review. Clin. Psychol. Rev. 42, 96–115. doi:10.1016/j.cpr.2015.09.001
 Satterfield, B. C., Raikes, A. C., and Killgore, W. D. S. (2018). Rested-Baseline Responsivity of the Ventral Striatum Is Associated with Caloric and Macronutrient Intake during One Night of Sleep Deprivation. Front. Psychiatry 9, 749. doi:10.3389/fpsyt.2018.00749
 Schuck, A., Calati, R., Barzilay, S., Bloch‐Elkouby, S., and Galynker, I. (2019). Suicide Crisis Syndrome: A Review of Supporting Evidence for a New Suicide‐specific Diagnosis. Behav. Sci. L. 37 (3), 223–239. doi:10.1002/bsl.2397
 Sheaves, B., Bebbington, P. E., Goodwin, G. M., Harrison, P. J., Espie, C. A., Foster, R. G., et al. (2016). Insomnia and Hallucinations in the General Population: Findings from the 2000 and 2007 British Psychiatric Morbidity Surveys. Psychiatry Res. 241, 141–146. doi:10.1016/j.psychres.2016.03.055
 Shechter, A., Grandner, M. A., and St-Onge, M.-P. (2014). The Role of Sleep in the Control of Food Intake. Am. J. Lifestyle Med. 8 (6), 371–374. doi:10.1177/1559827614545315
 Sheline, Y. I., Barch, D. M., Price, J. L., Rundle, M. M., Vaishnavi, S. N., Snyder, A. Z., et al. (2009). The Default Mode Network and Self-Referential Processes in Depression. Pnas 106 (6), 1942–1947. doi:10.1073/pnas.0812686106
 Shenhav, A., Cohen, J. D., and Botvinick, M. M. (2016). Dorsal Anterior Cingulate Cortex and the Value of Control. Nat. Neurosci. 19 (10), 1286–1291. doi:10.1038/nn.4384
 Sisti, D., Rocchi, M. B. L., Macciò, A., and Preti, A. (2012). The Epidemiology of Homicide in Italy by Season, Day of the Week and Time of Day. Med. Sci. L. 52 (2), 100–106. doi:10.1258/msl.2011.010147
 Slama, H., Chylinski, D. O., Deliens, G., Leproult, R., Schmitz, R., and Peigneux, P. (2018). Sleep Deprivation Triggers Cognitive Control Impairments in Task-Goal Switching. Sleep 41 (2), zsx200. doi:10.1093/sleep/zsx200
 Stunkard, A. J., Allison, K. C., Lundgren, J. D., and O'Reardon, J. P. (2009). A Biobehavioural Model of the Night Eating Syndrome. Obes. Rev. 10 (Suppl. 2), 69–77. doi:10.1111/j.1467-789X.2009.00668.x
 Ten Thij, M., Bathina, K., Rutter, L. A., Lorenzo-Luaces, L., van de Leemput, I. A., Scheffer, M., et al. (2020). Depression Alters the Circadian Pattern of Online Activity. Sci. Rep. 10 (1), 17272. doi:10.1038/s41598-020-74314-3
 Tononi, G., and Cirelli, C. (2019). Sleep and Synaptic Down‐selection. Eur. J. Neurosci. 51, 413–421. doi:10.1111/ejn.14335
 Toyoda, H., Li, X.-Y., Wu, L.-J., Zhao, M.-G., Descalzi, G., Chen, T., et al. (2011). Interplay of Amygdala and Cingulate Plasticity in Emotional Fear. Neural Plasticity 2011, 1–9. doi:10.1155/2011/813749
 Tubbs, A. S., Fernandez, F.-X., Johnson, D. A., Perlis, M. L., and Grandner, M. A. (2021). Nocturnal and Morning Wakefulness Are Differentially Associated with Suicidal Ideation in a Nationally Representative Sample. J. Clin. Psychiatry 82 (6), 20m13820. doi:10.4088/JCP.20m13820
 Tubbs, A. S., Fernandez, F.-X., Perlis, M. L., Hale, L., Branas, C. C., Barrett, M., et al. (2020a). Suicidal Ideation Is Associated with Nighttime Wakefulness in a Community Sample. Sleep 44, zsaa128. doi:10.1093/sleep/zsaa128
 Tubbs, A. S., Perlis, M. L., Basner, M., Chakravorty, S., Khader, W., Fernandez, F., et al. (2020b). Relationship of Nocturnal Wakefulness to Suicide Risk across Months and Methods of Suicide. J. Clin. Psychiatry 81 (2), 19m12964. doi:10.4088/JCP.19m12964
 van Houwelingen, C. A., and Beersma, D. G. (2001). Seasonal Changes in 24-h Patterns of Suicide Rates: a Study on Train Suicides in The Netherlands. J. Affect Disord. 66 (2-3), 215–223. doi:10.1016/s0165-0327(00)00308-6doi:10.1016/s0165-0327(00)00308-6
 Vander Wal, J. S. (2012). Night Eating Syndrome: a Critical Review of the Literature. Clin. Psychol. Rev. 32 (1), 49–59. doi:10.1016/j.cpr.2011.11.001
 Venkatraman, V., Chuah, Y. L., Huettel, S. A., and Chee, M. W. (2007). Sleep Deprivation Elevates Expectation of Gains and Attenuates Response to Losses Following Risky Decisions. Sleep 30 (5), 603–609. doi:10.1093/sleep/30.5.603
 Venkatraman, V., Huettel, S. A., Chuah, L. Y. M., Payne, J. W., and Chee, M. W. L. (2011). Sleep Deprivation Biases the Neural Mechanisms Underlying Economic Preferences. J. Neurosci. 31 (10), 3712–3718. doi:10.1523/JNEUROSCI.4407-10.2011
 Verweij, I. M., Romeijn, N., Smit, D. J., Piantoni, G., Van Someren, E. J., and van der Werf, Y. D. (2014). Sleep Deprivation Leads to a Loss of Functional Connectivity in Frontal Brain Regions. BMC Neurosci. 15, 88. doi:10.1186/1471-2202-15-88
 Volkow, N. D., Tomasi, D., Wang, G.-J., Telang, F., Fowler, J. S., Logan, J., et al. (2012). Evidence that Sleep Deprivation Downregulates Dopamine D2R in Ventral Striatum in the Human Brain. J. Neurosci. 32 (19), 6711–6717. doi:10.1523/JNEUROSCI.0045-12.2012
 Volkow, N. D., Wang, G.-J., Telang, F., Fowler, J. S., Logan, J., Wong, C., et al. (2008). Sleep Deprivation Decreases Binding of [11C]raclopride to Dopamine D2/D3 Receptors in the Human Brain. J. Neurosci. 28 (34), 8454–8461. doi:10.1523/JNEUROSCI.1443-08.2008
 Vollen, K. H., and Watson, C. G. (1975). Suicide in Relation to Time of Day and Day of Week. AJN, Am. J. Nurs. 75 (2), 263. doi:10.1097/00000446-197502000-00018
 Voros, V., Tenyi, T., Nagy, A., Fekete, S., and Osvath, P. (2021). Crisis Concept Re-loaded?-the Recently Described Suicide-specific Syndromes May Help to Better Understand Suicidal Behavior and Assess Imminent Suicide Risk More Effectively. Front. Psychiatry 12, 598923. doi:10.3389/fpsyt.2021.598923
 Williams, P., and Tansella, M. (1987). The Time for Suicide. Acta Psychiatr. Scand. 75 (5), 532–535. doi:10.1111/j.1600-0447.1987.tb02829.x
 Wimmer, F., Hoffmann, R. F., Bonato, R. A., and Moffitt, A. R. (1992). The Effects of Sleep Deprivation on Divergent Thinking and Attention Processes. J. Sleep Res. 1 (4), 223–230. doi:10.1111/j.1365-2869.1992.tb00043.x
 Wirz-Justice, A. (2008). Diurnal Variation of Depressive Symptoms. Dialogues Clin. Neurosci. 10 (3), 337–343.
 Womack, S. D., Hook, J. N., Reyna, S. H., and Ramos, M. (2013). Sleep Loss and Risk-Taking Behavior: a Review of the Literature. Behav. Sleep Med. 11 (5), 343–359. doi:10.1080/15402002.2012.703628
 Woo, E., Sansing, L. H., Arnsten, A. F. T., and Datta, D. (2021). Chronic Stress Weakens Connectivity in the Prefrontal Cortex: Architectural and Molecular Changes. Chronic Stress 5, 247054702110292. (Thousand Oaks). doi:10.1177/24705470211029254
 Wright, K. P., Lowry, C. A., and Lebourgeois, M. K. (2012). Circadian and Wakefulness-Sleep Modulation of Cognition in Humans. Front. Mol. Neurosci. 5, 50. doi:10.3389/fnmol.2012.00050
 Yoshimura, S., Okamoto, Y., Onoda, K., Matsunaga, M., Ueda, K., Suzuki, S.-i., et al. (2010). Rostral Anterior Cingulate Cortex Activity Mediates the Relationship between the Depressive Symptoms and the Medial Prefrontal Cortex Activity. J. Affective Disord. 122 (1-2), 76–85. doi:10.1016/j.jad.2009.06.017
 Zhang, Y., Ren, R., Sanford, L. D., Yang, L., Zhou, J., Zhang, J., et al. (2019). Sleep in Posttraumatic Stress Disorder: A Systematic Review and Meta-Analysis of Polysomnographic Findings. Sleep Med. Rev. 48, 101210. doi:10.1016/j.smrv.2019.08.004
Conflict of Interest: MG received grants from Jazz Pharmaceuticals and CeraZ; served as a paid consultant to Idorsia, Fitbit, Natrol, Smartypants Vitamins, Athleta, Casper Sleep, and Lyma; and serves as an advisor to Nightfood and Simple Habit. EK is consulting for Circadian Therapeutics, The National Sleep Foundation, Sanofi-Genzyme. Partner owns Chronsulting.
The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Tubbs, Fernandez, Grandner, Perlis and Klerman. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		The Mind After Midnight: Nocturnal Wakefulness, Behavioral Dysregulation, and Psychopathology		Introduction

		Nocturnal Changes in Dysregulated Behavior		Suicide and Self-Harm

		Violent Behavior

		Alcohol and Other Substance Use

		Food Intake





		Nocturnal Changes in The Brain		Synapses and Neurotransmitters

		Positive and Negative Affect

		Reward Processing

		Executive Function





		The Mind After Midnight		The Hypothesis

		Future Directions





		Author Contributions

		Funding

		Publisher’s Note

		References









OPS/images/cover.jpg
frontiers
in Network Physiology

The Mind After Midnight:
Nocturnal Wakefulness,

Behavioral Dysregulation, and
Psychopathology





OPS/images/fnetp-01-830338-g001.gif





OPS/images/fnetp-01-830338-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
in Network Physiology





