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Molecular clock

Figure from (Froy, 2011)

tau ≈ 24 h

Mean Range References

24.2±0.2 h 23.8 – 24.8

24.2±0.2 h 24.1 – 24.6 Carskadon et al., 1999

Eastman et al., 2015

tau >< tau

Testosterone
(Daan et al., 1975)

African-American
(Eastman et al., 2015 )

Equatorial latitudes
(Leocadio-Miguel et al., 2018)

High-fat diet
(Kohsaka et al., 2007)
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Lithium
(Abe et al., 2000)

Estradiol
(Morin et al., 1977 )



Circadian clock system
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Figure from (Borisenkov, 2013)
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Circadian resonance 
(Pittendrigh, Bruce, 1959)

Laboratory mouse Primates Rodents

(Wyse et al., 2010) COGNITIVE NEUROSCIENCE – 2018
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Golden hamster

(Hurd, Ralph, 1998)
tau = 20 h

(Libert et al., 2012)

Laboratory 
mouse



External desynchrony
1. Trans meridian travels 2 millions. 

2. Shift work 15-20% (Bonneford et al., 2004). 

3. Living in high latitudes of the Earth 11,5 millions.

4. Social Jetlag 70-86% (Roenneberg et al., 2015; 

Borisenkov et al., 2017).
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Jetlag

Symptoms of jetlag:
Insomnia

Fatigue

Memory impairment

Depression

Biochemical markers:
Cortisol

IL-6

Leptin

Serotonin

Melatonin

Sleep-wake

Melatonin

Cortisol

Temperature

Heart rate
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Social Jetlag

(Wittmann et al., 2006)
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Till Roenneberg
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Figure from (Borisenkov, 2012)

(Duffy et al., 2001)



External factors increasing social jetlag rate
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Permanent ST vs. DST in Europe
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Social jetlag consequences

Indicator References

1 Academic performance Haraszti et al. 2014

2 Intelligence Panev et al. 2017

2 Injury rate Sondermayer 2010

3 Alcohol consumption Wittmann et al. 2006

4 Substance use Gau et al. 2007 

5 Depression Levandovski et al. 2011

6 Stress Rutters et al. 2014

7 Obesity Roenneberg et al. 2012

8 Metabolic syndrome risk Parsons et al. 2015

9 Diabetes 2 type risk Reutrakul et al. 2013

10 Cardiovascular diseases risk Wong et al. 2015

11 Cancer risk ? Borisenkov 2011 

12 Aging rate ? Ibid.



Social Jetlag and academic 

performance

(Haraszti et al., 2014)
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Social Jetlag and non-verbal 

intelligence
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