How sleep genes affect cognition:
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hort and long sleep duration have been Study population

linked with poorer cognitive outcomes,
but it remains unclear whether this association
is causal. To investigate this issue, we performed +
the first Mendelian randomisation (MR) analy- Genotyping
sis using 34 genetic variants for sleep duration SR a%;\
in 108,760 UK Biobank participants. We further j —/z T =
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(AD) using summary statistics from the Interna- +
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What is Mendelian randomisation? »§' § z
endelian randomisation (MR) study * +

I Iuses genetic variants (single-nucleo-

tide polymorphisms - SNPs) as instrumental "normal” sleeper  “long” sleeper
variables to investigate the causal effect of @ ”‘ m <.ziz
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confounding and reverse causation than ob-
servational studies. This concept is equivalent
to that of randomised trial, with respect to
confounders being randomly allocated across
exposure groups and exposure preceding the Compare cognitive outcomes
outcome — allowing for causal inference.
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VISUAL MEMORY TEST REACTION TIME TEST

N = 108,760 N = 108,760
Analysis method Exp(Beta) [95% CI] Analysis method Exp(Beta) [95% CI]
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DEMENTIA ALZHEIMER’S DISEASE
N cases / N total = 380 / 86,096 LG (IGAP Dataset)
Analysis method OR [95% CI]

: N cases / N controls = 17,008 / 37,154
Obs (Unadjusted) O 1.04[0.95, 1.13]

Analysis method OR [95% CI]

Obs (Adjusted) - 0.96(0.88, 1.04] | |10 eie e 105[0.79,1.39

MR analysis -~ = 5.86[1.04, 33.04] | | |
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Exp(beta) = exponentiated beta; OR = odds ratio; ClI = confidence interval, N = number of
observations; Obs (Unadjusted) / (Adjusted) = observational analysis without / with adjustment for
confounders; MR analysis = Mendelian randomisation (instrumental variable) analysis

For visual memory and reaction time tests, higher Exp(beta) represents poorer performance
(more errors and slower reaction). Value represents multiplicative effect size, e.g. Exp(beta) =
1.09 indicates 9% poorer performance and OR = |.05 indicates 5% increased risk, per | hour/day
increase in genetically-instrumented sleep duration.
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What are the main findings?
e # Longer sleep duration adversely affects visual memory and potentially

~  increases the risk of all-type, early-onset dementia, but has no effect on
reaction time and Alzheimer’s disease risk.

~ .. How much sleep do we need?
- iZ We suggest to stick with the recommended 7-9 hours of sleep / day,
but individuals with prolonged sleep duration may benefit from further
assessment of sleep quality, sleep-related problems,and cognitive functions.

‘What are the next steps?
Further research should investigate non-linear association, other sleep
' parameters, dementia subypes, and validity of the genetic instruments.

Study Participants

We used individual-level data of 108,760 participants of European ancestry from the
UK Biobank cohort, a large prospective study comprising health and genetic data of
UK-based individuals aged 40-73 years. For AD, we used summary statistics data from § 3
meta-analysis in the IGAP stage |, a large consortium based upon genome-wide asso-
ciatio studies (GWAS) on individuals of European ancestry consisting of 17,008 AD
cases and 37,154 controls.
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|.Visual memory test

34 uncorrelated
§SNPS for — iSIeep. — %2. Reaction time test
sleep duration duration 3. Dementia (all-type)

SN 1 4.Alzheimer’s disease
I  Z =) 2SSOCiatioN
4 Confound
A onftounders )€ > (assumed)
o, AgE, SeX, socio-economic status, no association

‘J\/\.,] education,smoking status, alcohol intake,

BMI, comorbidities, sleep medication

Variable Ascertainment

* Sleep duration was based on self-reported data (hours/day).

* Visual memory test was measured at baseline as number of errors in a pairs-match-
ing test with 6-pairs-of-card.

* Reaction time test was measured at baseline as mean time (in milliseconds) to cor-
rectly identify matches from |2 rounds of ‘Snap’ card game.

* Dementia (all-type) was derived from hospital records based on ICD-10 codes.

* Alzheimer’s disease was estimated using IGAP summary statistics.

* The 34 SNPs for sleep duration were identified from 3 GVWAS with proportion of
variance explained (R?*) of 0.57%

Statistical Analyses

* Observational analysis; performed with two linear / logistic regression models: (1)
unadjusted and (2) adjusted for age, sex, socioeconomic status, education, smoking
status, alcohol intake, BMI, comorbidities, and use of sleep-inducing medication.

* MR analysis; performed with four methods: (1) unweighted genetic score, (2) weight-
ed genetic score, (3) inverse-variance weighted, and (4) weighted median estimator. For

ease of interpretation, only results with lowest P-value were presented.

e DIscuUsSION

* Non-linear association
The presented estimates only represent linear effect, while the true causal as-
sociation could be U-shaped / J-shaped.

* Other sleep characteristics
Sleep duration may be associated with other sleep characteristics, e.g. long sleep
may indicate poor sleep quality, which may have important effects on cognition

* Different effect across cognitive domains
Sleep disturbances may have more effect on certain brain functions;e.g. prefron-
tal cortex and dopaminergic pathways in visual memory function.

* Findings in UK Biobank vs IGAP dataset
Compared to the IGAP dataset, the UK Biobank data included all-type demen-
tia and had a younger population. Positive association in UK Biobank but not in
|GAP implies that certain dementia subtypes, particularly those with early onset,
may be more susceptible to sleep disturbances.

* Limitations
Limitations include bias due to sample overlap in two-samples MR setting, limit-
ed understanding of the genetic variants function, non-standard cognitive tests,
and low statistical power in MR analysis due to weak instrument and lack of de-

mentia cases in UK Biobank.
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