
Editorial

Chronobiological research for cognitive science: A multifaceted view

Chronobiology is on the rise: The Nobel Prize in Medicine

in 2017 has been awarded to three chronobiologists (Jeffrey

C. Hall, Michael Rosbash, and Michael W. Young) for their

work on the molecular mechanisms controlling circadian

rhythms. The circadian clock represents an internal time-

keeping system that generates nearly 24-hr rhythms in phys-

iology and behavior. It provides an adaptive advantage for

living organisms to the 24-hr periodicity of the Earth’s rota-

tion by anticipating environmental changes (e.g., Hastings &

Goedert, 2013; Hastings, Reddy, & Maywood, 2003; Kon-

dratova & Kondratov, 2012). Synchronization is also crucial

for cognitive processes: The brain provides the temporal

platform necessary for perception or attentional modulation,

and being desynchronized, whatever the period of the inves-

tigated rhythm, can jeopardize brain function and associated

health outcomes (Bao et al., 2015). Research on temporal

organization indeed perfectly lends itself to vertical interdis-

ciplinarity (from molecules to behavior) such that, besides

the term chronobiology, we could equally speak today about

chrono-psycho-socio-biology.

Extensive research over the past decades has highlighted

a full range of human physiology and behavior that is

under circadian control. Cell-based autonomous clocks reg-

ulate gene expression, be it at the level of transcription,

post-transcription, intracellular signaling, or even at the

level of mitochondrial activity (Brown, 2014). In addition,

more recent studies suggest that circadian clocks play a sig-

nificant role in developmental, regenerative, and degenera-

tive cellular processes (Brown, 2014).

At the physiological level, oscillators co-ordinate or syn-

chronize various operations within and across neuronal net-

works. The hypothalamic suprachiasmatic nucleus is

usually referred to as the circadian “pacemaker” in mam-

mals because it controls not only the daily fluctuations in

body temperature, hormone secretion, heart rate, and blood

pressure, but also the sleep and wake periods and associ-

ated cognitive and brain functions. When assessed under

strictly controlled environmental conditions, cognitive per-

formance has been shown to present circadian rhythmicity,

the amplitude (and putatively also the phase) of which

depends on the investigated cognitive domain (Schmidt,

Collette, Cajochen, & Peigneux, 2007). A recent report fur-

ther detected circadian rhythmicity in a large set of human

brain responses underlying vigilant attention (Muto et al.,

2016). Importantly, the phase of circadian rhythmicity was

locally modulated such that the timing of peak activation

depended on the investigated brain region. This is of partic-

ular relevance in our 24/7 society, where about one-fifth of

the population regularly encounters some kind of shift work

or where trans-meridian flights, space travel, and artificial

light pollution, all sensitizing misalignment between the

internal clock and the environment, are widely spread.

By providing temporal organization to the sleep–wake

cycle, chronobiology is profoundly and pervasively linked

to sleep research. Under entrainment, clock-induced adap-

tive arousal mechanisms are timed to achieve a continuous

period of wakefulness during daytime and consolidated

sleep during nighttime (Borbély, 1982; Daan, Beersma, &

Borbély, 1984; Dijk & von Schantz, 2005). Maximal circa-

dian wake promotion occurs towards the end of a classical

waking day to maintain wakefulness despite increasing

sleep pressure levels (Strogatz, Kronauer, & Czeisler,

1987). By contrast, maximal circadian sleep promotion

occurs towards the end of the biological night, to maintain

sleep despite dissipating sleep pressure levels. Perturbation

of the fine-tuned interaction between circadian and sleep–

wake-dependent processes leads to fragility of sleep and

wakefulness states and associated deterioration in neurobe-

havioral performance (Dijk & von Schantz, 2005). As such,

the interaction between these processes also determines

time-of-day modulations in sleepiness and alertness levels,

and affects performance in cognitive tasks.

Sleeping or being awake at adverse circadian times

reflects misalignment (i.e., the offset between sleep–wake

cycles and clock-regulated physiology; e.g., Wittmann,

Dinich, Merrow, & Roenneberg, 2006), which has been

associated with suboptimal health outcomes, including cog-

nitive fitness (Vetter, Fischer, Matera, & Roenneberg, 2015;
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Vetter, Juda, & Roenneberg, 2012). Typically reported situ-

ations of inadequate timing include total or partial sleep

deprivation or nighttime and rotating shift work (Wright,

Hull, Hughes, Ronda, & Czeisler, 2006). Dysfunction of the

circadian clock induced by shift work, for example, signifi-

cantly increases the risk of developing metabolic syndromes

(e.g., diabetes, stroke), cardiovascular diseases, or cancer. Fur-

thermore, as highlighted by a review by Helfrich-Förster

(2017) in this special collection, the circadian system interacts

with the stress system such that not only stress responsiveness

varies over the course of the day, but repeated psychosocial

stress is also able to disturb the circadian clock.

Circadian misalignment occurs in circumstances of odd

timing between external or social and biological time. The

interference between socioprofessional timing constraints

(e.g., school or work) with individual sleep preference has

been referred to as social jetlag (Wittmann et al., 2006).

Social jetlag inherently depends on the specific chronotype

of an individual. Chronotype is very generally defined as a

person’s preferences with regard to the times of day when

they prefer to sleep or when they are most alert and is gener-

ally viewed as a continuum with a Gaussian distribution

ranging from extreme morningness on one side to extreme

eveningness at the other. Chronotype is estimated by specific

questionnaires (Zavada, Gordijn, Beersma, Daan, & Roenne-

berg, 2005) and is frequently derived from sleep timing on

free days, corrected or not for sleep debt on workdays. In an

original report for this special collection, Kantermann and

Burgess (2017) compare this index to circadian phase assess-

ments from in-lab melatonin measures and propose the score

as a proxy for circadian phase in field studies.

The process of aging significantly affects circadian and

sleep variables. The biological clock of adolescents has a

markedly late circadian phase compared to younger chil-

dren and older adults (Roenneberg et al., 2007). Impor-

tantly, late sleep timing in adolescents stays in conflict with

socially desired early school schedules leading to the accu-

mulation of sleep debt: Late chronotypes, and thus most

adolescents, show the largest differences in sleep timing

between work/school and free days (Wittmann et al., 2006).

In this special collection, Zerbini and Merrow (2017) provide

a literature review of the relationships between chronotype

and school performance and suggest mechanisms that medi-

ate this association. In a complementary manner, data

reported by Wang et al. (2017) in this special collection sug-

gest an association between sleep length and depressive

symptoms and behavior problems in a large study sample of

adolescents between 9 and 20 years, coming from different

cities of China.

Besides developmental and socioprofessional timing

constraints, the situation of desynchronization is also fre-

quently encountered in disease. Research on seasonal affec-

tive disorder initiated the first use of light, the main

circadian time giver or zeitgeber, as an effective treatment

for mood disorders (Wirz-Justice, 1996, 2003; Wirz-Justice

et al., 2005). Since then, therapy has been extended to non-

seasonal major depression and sleep–wake cycle distur-

bances in many psychiatric and medical illnesses. The

notion that sufficient light is important for psychological

well-being led to the development of novel lighting solu-

tions in architecture and a more conscious use of natural

light to improve lifestyle quality (Wirz-Justice, 2017).

Getting older goes along with the shift of habitual bed-

times and getting-up times to earlier hours, which has been

associated with an advance in circadian phase at the physi-

ological level (Duffy & Czeisler, 2002; Duffy, Dijk, Hall, &

Czeisler, 1999). Furthermore, an amplitude reduction in

circadian rhythm output markers, such as salivary melato-

nin or core body temperature (Münch et al., 2005), has

been observed. Importantly, 24-hr modulations in neurobe-

havioral performance are contingent upon the chronotype,

and particularly upon the synchronicity between the indi-

vidual’s peak periods of circadian arousal and the time of

day at which testing occurs (Hasher, Goldstein, & May,

2005). Indeed, not taking into account such daily modula-

tions when inspecting cognitive processes might lead to

aberrant results, or at least increase data variability. Due to

the developmental shift to an earlier phase with advanced

age, the synchrony effect should be particularly considered

in cognitive aging research when comparing different

age populations and thus also different chronotypes.

Accordingly, it was observed that classical age-related

changes in memory functions were weakened or even abol-

ished when older morning-type individuals were tested in

the evening hours and compared to younger evening types

tested in the morning hours (Hasher et al., 2005). Circa-

dian regulation has also been largely underestimated as a

contributing factor for shaping the cognitive aging trajec-

tory. This appears surprising, since circadian mechanisms

are active in local brain regions and may thereby impinge

upon physiological and pathophysiological processes

implicated in brain aging and neurodegenerative diseases

(Hastings & Goedert, 2013; Kondratova & Kondratov,

2012). Globally, less daily modulation at the neuronal level
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might be indicative for degenerative disease (e.g., Blautzik

et al., 2014).

Especially in old age, proper functioning of the circadian

timing system may become more dependent on regularly

timed exposure to zeitgeber stimuli (Van Someren &

Riemersma-Van Der Lek, 2007) or on appropriate sleep–

wake timing and amount. In this special collection,

Novotny and Plischke (2017) question the benefits of light

therapy in the older population and propose chromatic

pupillometry as a tool to probe functionality of arousal-

promoting non-visual effects of light in older adults.

In this special collection, we want to direct attention to

the importance of chronobiological aspects in psychology

research and cognitive neurosciences by applying a transla-

tional approach and further highlighting that chrono-psy-

cho-biology is bench-to-bedside research. This special

issue aims at bridging the gap between research on tempo-

ral organization within a circadian framework and research

streams of the psychological sciences.

Christina Schmidt,1,2 and Yan Bao3,4

1GIGA-CRC in vivo Imaging, University of Liège, Liège,

Belgium, 2Psychology and Neurosciences of Cognition

Research Unit, University of Liège, Liège, Belgium, 3School of

Psychological and Cognitive Sciences, Peking University,

Beijing, China, 4Institute of Medical Psychology and Human

Science Center, Ludwig Maximilian University, Munich,

Germany

References

Bao, Y., Pöppel, E., Wang, L., Lin, X., Yang, T., Avram, M., …
Zhou, B. (2015). Synchronization as a biological, psychological
and social mechanism to create common time: A theoretical
frame and a single case study. PsyCh Journal, 4, 243–254.
https://doi.org/10.1002/pchj.119

Blautzik, J., Vetter, C., Schneider, A., Gutyrchik, E., Reinisch, V.,
Keeser, D., … Meindl, T. (2014). Dysregulated daily rhythmic-
ity of neuronal resting-state networks in MCI patients. Chrono-
biology International, 31, 1041–1050. https://doi.org/10.3109
/07420528.2014.944618

Borbély, A. A. (1982). A two process model of sleep regulation.
Human Neurobiology, 1, 195–204.

Brown, S. A. (2014). Circadian clock-mediated control of stem
cell division and differentiation: Beyond night and day. Devel-
opment, 141, 3105–3111. https://doi.org/10.1242/dev.104851

Daan, S., Beersma, D. G. M., & Borbély, A. A. (1984). Timing of
human sleep: Recovery process gated by a circadian pace-
maker. American Journal of Physiology: Regulatory, Integra-
tive and Comparative Physiology, 246, R161–R178.

Dijk, D.-J., & von Schantz, M. (2005). Timing and consolidation
of human sleep, wakefulness, and performance by a symphony
of oscillators. Journal of Biological Rhythms, 20, 279–290.
https://doi.org/10.1177/0748730405278292

Duffy, J. F., & Czeisler, C. A. (2002). Age-related change in the
relationship between circadian period, circadian phase, and
diurnal preference in humans. Neuroscience Letters, 318,
117–120. https://doi.org/10.1016/S0304-3940(01)02427-2

Duffy, J. F., Dijk, D.-J., Hall, E. F., & Czeisler, C. A. (1999).
Relationship of endogenous circadian melatonin and tempera-
ture rhythms to self-reported preference for morning or evening
activity in young and older people. Journal of Investigative
Medicine, 47, 141–150.

Hasher, L., Goldstein, D., & May, C. (2005). It’s about time: Cir-
cadian rhythms, memory and aging. In C. Izawa & N. Ohta
(Eds.), Human learning and memory: Advances in theory and
application: The 4th Tsukuba International Conference on
Memory (pp. 199–217). Mahwah, NJ: Lawrence Erlbaum
Associates.

Hastings, M. H., & Goedert, M. (2013). Circadian clocks and
neurodegenerative diseases: Time to aggregate? Current Opin-
ion in Neurobiology, 23, 880–887. https://doi.org/10.1016/j
.conb.2013.05.004

Hastings, M. H., Reddy, A. B., & Maywood, E. S. (2003). A
clockwork web: Circadian timing in brain and periphery, in
health and disease. Nature Reviews Neuroscience, 4, 649–661.
https://doi.org/10.1038/nrn1177

Helfrich-Förster, C. (2017). Interactions between psychosocial
stress and the endogenous clock. PsyCh Journal, 6. https://doi
.org/10.1002/pchj.202

Kantermann, T., & Burgess, H. L. (2017). Average mid-
sleep time as a proxy for circadian phase. PsyCh Journal, 6.
https://doi.org/10.1002/pchj.182

Kondratova, A. A., & Kondratov, R. V. (2012). The circadian
clock and pathology of the ageing brain. Nature Reviews Neu-
roscience, 13, 325–335. https://doi.org/10.1038/nrn3208

Münch, M., Knoblauch, V., Blatter, K., Schröder, C.,
Schnitzler, C., Kräuchi, K., … Cajochen, C. (2005). Age-
related attenuation of the evening circadian arousal signal in
humans. Neurobiology of Aging, 26, 1307–1319. https://doi
.org/10.1016/j.neurobiolaging.2005.03.004

Muto, V., Jaspar, M., Meyer, C., Kussé, C., Chellappa, S. L.,
Degueldre, C., … Maquet, P. (2016). Local modulation
of human brain responses by circadian rhythmicity and sleep
debt. Science, 353, 687–690. https://doi.org/10.1126/science
.aad2993

Novotny, P., & Plischke, H. (2017). Pupillary light reflex and
circadian synchronization in the elderly. PsyCh Journal, 6.
https://doi.org/10.1002/pchj.186

Roenneberg, T., Kuehnle, T., Juda, M., Kantermann, T.,
Allebrandt, K., Gordijn, M., & Merrow, M. (2007). Epidemiol-
ogy of the human circadian clock. Sleep Medicine Reviews, 11,
429–438. https://doi.org/10.1016/j.smrv.2007.07.005

Schmidt, C., Collette, F., Cajochen, C., & Peigneux, P. (2007). A
time to think: Circadian rhythms in human cognition. Cognitive
Neuropsychology, 24, 755–789. https://doi.org/10.1080
/02643290701754158

Strogatz, S. H., Kronauer, R. E., & Czeisler, C. A. (1987). Circa-
dian pacemaker interferes with sleep onset at specific times

PsyCh Journal 251

© 2017 The Institute of Psychology, Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd

https://doi.org/10.1002/pchj.119
https://doi.org/10.3109/07420528.2014.944618
https://doi.org/10.3109/07420528.2014.944618
https://doi.org/10.1242/dev.104851
https://doi.org/10.1177/0748730405278292
https://doi.org/10.1016/S0304-3940(01)02427-2
https://doi.org/10.1016/j.conb.2013.05.004
https://doi.org/10.1016/j.conb.2013.05.004
https://doi.org/10.1038/nrn1177
https://doi.org/10.1002/pchj.202
https://doi.org/10.1002/pchj.202
https://doi.org/10.1002/pchj.182
https://doi.org/10.1038/nrn3208
https://doi.org/10.1016/j.neurobiolaging.2005.03.004
https://doi.org/10.1016/j.neurobiolaging.2005.03.004
https://doi.org/10.1126/science.aad2993
https://doi.org/10.1126/science.aad2993
https://doi.org/10.1002/pchj.186
https://doi.org/10.1016/j.smrv.2007.07.005
https://doi.org/10.1080/02643290701754158
https://doi.org/10.1080/02643290701754158


each day: Role in insomnia. American Journal of Physiology:
Regulatory, Integrative and Comparative Physiology, 253,
R172–R178.

Van Someren, E. J., & Riemersma-Van Der Lek, R. F. (2007).
Live to the rhythm, slave to the rhythm. Sleep Medicine
Reviews, 11, 465–484. https://doi.org/10.1016/j.smrv.2007
.07.003

Vetter, C., Fischer, D., Matera, J. L., & Roenneberg, T. (2015).
Aligning work and circadian time in shift workers improves
sleep and reduces circadian disruption. Current Biology, 25,
907–911. https://doi.org/10.1016/j.cub.2015.01.064

Vetter, C., Juda, M., & Roenneberg, T. (2012). The influence of
internal time, time awake, and sleep duration on cognitive per-
formance in shiftworkers. Chronobiology International, 29,
1127–1138. https://doi.org/10.3109/07420528.2012.707999

Wang, Y., Chen, Z., Guo, F., Huang, Z., Jiang, L., Duan, Q., &
Zhang, J. (2017). Sleep patterns and their association with
depression and behavior problems among Chinese adolescents
in different grades. PsyCh Journal, 6. https://doi.org/10.1002
/pchj.189

Wirz-Justice, A. (1996). Seasonal affective disorder and light ther-
apy. In B. Lemmer (Ed.), From the biological clock to chrono-
pharmacology (pp. 189–200). Stuttgart, Germany: Medpharm.

Wirz-Justice, A. (2003). Circadian disturbances in depression:
Therapeutic perspectives. Medicographia, 25, 29–36.

Wirz-Justice, A. (2017). Seasonality in affective disorders. Gen-
eral and Comparative Endocrinology. Advance online publica-
tion. https://doi.org/10.1016/j.ygcen.2017.07.010

Wirz-Justice, A., Benedetti, F., Berger, M., Lam, R. W.,
Martiny, K., Terman, M., & Wu, J. C. (2005). Chronotherapeu-
tics (light and wake therapy) in affective disorders. Psychologi-
cal Medicine, 35, 939–944. https://doi.org/10.1017/S003329
170500437X

Wittmann, M., Dinich, J., Merrow, M., & Roenneberg, T. (2006).
Social jetlag: Misalignment of biological and social time. Chro-
nobiology International, 23, 497–509. https://doi.org/10.1080
/07420520500545979

Wright, K. P., Hull, J. T., Hughes, R. J., Ronda, J. M., &
Czeisler, C. A. (2006). Sleep and wakefulness out of phase
with internal biological time impairs learning in humans. Jour-
nal of Cognitive Neuroscience, 18, 508–521. https://doi.org/10
.1162/jocn.2006.18.4.508

Zavada, A., Gordijn, M. C. M., Beersma, D. G. M., Daan, S., &
Roenneberg, T. (2005). Comparison of the Munich Chronotype
Questionnaire with the Horne-Östberg’s Morningness-
Eveningness score. Chronobiology International, 22, 267–278.
https://doi.org/10.1081/CBI-200053536

Zerbini, G., & Merrow, M. (2017). Time to learn: How chrono-
type impacts education. PsyCh Journal, 6. https://doi.org/10
.1002/pchj.178

252 Chronobiological research for cognitive science: A multifaceted view

© 2017 The Institute of Psychology, Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd

https://doi.org/10.1016/j.smrv.2007.07.003
https://doi.org/10.1016/j.smrv.2007.07.003
https://doi.org/10.1016/j.cub.2015.01.064
https://doi.org/10.3109/07420528.2012.707999
https://doi.org/10.1002/pchj.189
https://doi.org/10.1002/pchj.189
https://doi.org/10.1016/j.ygcen.2017.07.010
https://doi.org/10.1017/S003329170500437X
https://doi.org/10.1017/S003329170500437X
https://doi.org/10.1080/07420520500545979
https://doi.org/10.1080/07420520500545979
https://doi.org/10.1162/jocn.2006.18.4.508
https://doi.org/10.1162/jocn.2006.18.4.508
https://doi.org/10.1081/CBI-200053536
https://doi.org/10.1002/pchj.178
https://doi.org/10.1002/pchj.178

	 Chronobiological research for cognitive science: A multifaceted view
	References


