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“Early to bed, early to rise makes a 
man healthy, wealthy and wise.”

Benjamin Franklin
(1706 -1790)
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Depression is now the single leading cause 
of disability worldwide
(WHO, Global Health Estimates, 2017)

Circadian rhythms are vital for health 
and wellbeing, especially mental health





• Prefrontal cortex: loss of dendritic length, decreased neuronal complexity
• Associated with decreased cognitive flexibility and changes in emotionality





United Nations, 2014
World Urbanization 

Prospects
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• 17% of the employed participants in UK Biobank are shift‐workers
• More likely to be male, smokers, higher social deprivation
• Shift‐workers more likely than controls to be:

o Obese
o Depressed
o Higher neuroticism score
o Reporting disturbed sleep



Activity monitoring in UK Biobank
(100,000 participants)



Sleep parameters:
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Circadian rhythmicity parameters:



Association of disrupted circadian rhythmicity with mood disorders, 
subjective wellbeing and cognitive function in UK Biobank

• Relative amplitude (RA): relative difference between the most active continuous 
10‐hour period (M10) and the least active continuous 5‐hour period (L5) within an 
average 24‐hour period:

RA =  (M10‐L5)    = measure of rhythmicity of rest‐activity cycles
(M10+L5)

• Outcomes assessed: major depressive disorder (MDD); bipolar disorder; mood 
instability; neuroticism score; loneliness; subjective happiness; health satisfaction 
scores; reaction times.

• Controlling for confounders (demographic, lifestyle, education, overall activity)
Lyall et al, in submission.



Low relative amplitude and mood disorder phenotypes in UK Biobank

Model 1 Model 2

N (cases;
controls)

OR (95% CI) p N (cases;
controls)

OR (95% CI) p

MDD 13,880;
39,154

1∙16 (1∙14, 1∙18) <0∙0001 13,805;
38,968

1∙08 (1∙07, 1∙10) <0∙0001

Bipolar Disorder 585;
39,154

1∙24 (1∙16, 1∙32) <0∙0001 582;
38,968

1∙15 (1∙06, 1∙24) <0∙0001

Mood instability 36,960;
52,948

1∙07 (1∙06, 1∙08) <0∙0001 36,695;
52,672

1∙04 (1∙02, 1∙05) <0∙0001

Neuroticism 76,413 1∙02 (1∙02, 1∙03) <0∙0001 76,025 1∙01 (1∙01, 1∙02) <0∙0001

Model 1 adjusted for age, season, sex, ethnicity and Townsend score.
Model 2 additionally adjusted for alcohol intake, smoking status, degree, and overall mean acceleration

Lyall et al, in submission.



Low relative amplitude and subjective happiness, health satisfaction, 
loneliness, reaction time:

Model 1 adjusted for age, season, sex, ethnicity and Townsend score.
Model 2 additionally adjusted for alcohol intake, smoking status, degree, and overall mean acceleration

Model 1 Model 2

N OR (95% CI) p N OR (95% CI) p

Happiness 34,614 0∙89 (0∙88, 0∙90) <0∙0001 34,378 0∙92 (0∙90, 0∙94) <0∙0001

Health
satisfaction

34,629 0∙78 (0∙77, 0∙79) <0∙0001 34,393 0∙88 (0∙87, 0∙90) <0∙0001

Loneliness 14,115;
76,247

1∙14 (1∙13, 1∙16) <0∙0001 14,003;
75,800

1∙11 (1∙09, 1∙13) <0∙0001

Reaction time 91,234 2∙17 (1∙71, 2∙64) <0∙0001 90,656 1∙71 (1∙13, 2∙29) <0∙0001

Lyall et al, in submission.



Low relative amplitude:
• Increased risk of depression
• Increased risk of bipolar disorder
• Greater mood instability
• Higher neuroticism

• Lower overall happiness
• Lower health satisfaction
• Greater loneliness
• Longer reaction time

Lyall et al, in submission.

Association of disrupted circadian rhythmicity with mood disorders, 
subjective wellbeing and cognitive function in UK Biobank



Neurofascin (NF186)

SLC25A17

Genome‐wide associations with low relative 
amplitude in N=74,137 UK Biobank participants

Ferguson et al, in preparation



Neurofascin (NF186) is a key component of the Axon Initial Segment:

Ferguson et al, in preparation
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Clinical predictors of good lithium response:
• Episodic/remitting pre‐treatment clinical course
• Positive family history of bipolar disorder
• Low rates of medical and psychiatric comorbidity (and substance misuse)
• ‘Typical’ clinical presentation (severe mania and severe depression)
• Good compliance with medication
• Higher social class
• Good social support
• Being in employment
• Low number of life events
• Less childhood trauma

Alda, M., 2015, Molecular Psychiatry



• Han Chinese sample
• Not replicated since
• GADL1





Dichotomous lithium response phenotype: Continuous lithium response phenotype:

Two genes for long 
non‐coding RNAs







Mood instability: "Does your mood often go up and down?” (N=53,320 cases versus N=48,092 controls)



Polygenic risk for mood instability and non‐response to lithium:
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Bipolar disorder, 
severe depression

Neuroprotective 
properties

Stabilisation of 
circadian rhythms



“Five groups of two volunteers lived during four
weeks under arctic summer conditions isolated in
huts, without time information. They received
lithium carbonate or placebo. All showed free‐run
of their circadian temperature and activity/rest
rhythms with periods longer than 24 hours.
Under lithium carbonate, a period‐lengthening
effect can be shown. This could help to
understand the prophylactic effect of lithium salts
in manic‐depressive episodes.”

Johnsson et al (1979) Effect of lithium carbonate on circadian periodicity in humans. 
Pharmakopsychiatr Neuropsychopharmakol. 12(6):423‐5.



Future work:

1. Lithium may work for bipolar disorder because it stabilises circadian 
rhythmicity.

2. This property could be exploited to develop a stratified medicine 
approach for bipolar disorder.

3. This will require integrating multi-trait polygenic scores with 
environmental, clinical and demographic predictors of response.
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