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Short and long sleep duration have been associated
with poorer cognition in observational studies
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Can we answer with
Mendelian randomization?



Mendelian randomization

Assumption 3:
Exclusion restriction
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Study design
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Exposure

Sleep duration

» Baseline self-reported average hours of
Exposure
sleep (including naps) in every 24 hours Sieep duration

* Excluding sleep duration <2 hrs/day and
>12 hrs/day

« Avg.=7.17 hrs/day (1.07 SD)

<5 hrs/day 6 hrs/day 7 hrs/day 8 hrs/day 9 hrs/day 2 10 hrs/day

N=19926 N=73813 N=155333 N=116573 N =23 536 N =6622

(5.0%) (18.7%) (39.3%) (29.5%) (6.0%) (1.7%)




enetic instruments

« 78 SNPs associated with self-reported sleep
duration (P < 5x 1098) :

* 0.69% variance explained

« Avg. effect per allele = 1.04 min (0.34 SD)
« PAXS8 has largest effect = 2.44 min (0.16 SE)

Steep duration Heritability = 9.8 (0.1)%
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Outcomes

Visual memory Reaction time

* Number of errors made in pairs-matchingtest + Mean duration to first press of snap-button
- Higher value — poorer visual memory summed over rounds in which both cards matched

« Higher value — poorer (slower) reaction time

senetic instruments Exposure Outcomes

78 SNPs Sleep duration | 1) Visual memory
) atio ours / da 2) Reaction time




Study design: Linear and Non-linear MR

Genetic association

estimation All sample (N =395 803)
+ SNP - exposure association (G-X_)
+ SNP - outcome association (G-Y ) i
Half-sample A (N =197 902) Half-sample B (N = 197 901)
«SNP - exposure association ( G-XA) +«SNP - exposure association ( G-XB)
+ SNP - outcome association ( G-Y,) - SNP - outcome association ( G-Y,)
Y
Sample SNP-exposure | SNP-outcome Non-linear MR (All Sample)
association association piece-wise linear model
Al GX, Gy, |=—>
Y
Meta-analysis of AonB GX, G-Y,
AonB&BonA .
(Meta A &B) BonA GX, G, . I e
Linear MR Gy | .
nverse-variance
Weighted’ I \\)((\ @((\’)’ &\)((\q’ @((\D‘ \\)((\C’ X
e Lzl ECP S S
MR-Egger*  ___o---"""" ST e )
S e e
° --2? °
L-mT T G-X
e e SNP
: *for testing pleiotropy




Results: Linear MR

Visual memory Reaction time

P Pleiotropy =0.72 P Pleiotropy = 0.38

Observational i |
unadjusted : ® : ®
Observational i |
adjusted :- :.
1 1
! ® = e
1 1
MR ! o i H o i
Inverse-Variance : :
Weighted ‘ i @ i ®
i o = | —e—
1 1
1 1
b L—e@ { b l—@ {
1 1
b 1 ! F— !
MR ! 1 © ! F | @ 1
Weighted Median | 4 [ ®
1
1 1
[ e i —e—
1 1
0.96 1.00 1.04 1.08 0.98 0.99 1.00 1.01 1.02 1.03
Exp(Beta) Exp(Beta)

Sample -@ MetaA&B -@ BonA -@ AonB -@ Al



Results: Linear MR

Visual memory Reaction time
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Non-linear MR

Non-linear MR with piecewise linear model
Staley JR, Burgess S. Genet Epidemiol. (2017)



Non-linear MR

Non-linear MR with piecewise linear model
Staley JR, Burgess S. Genet Epidemiol. (2017) X

« Derive IV-free exposure Residual = V-free X

_—

IV (Genetic Risk Score)




Non-linear MR

Non-linear MR with piecewise linear model
Staley JR, Burgess S. Genet Epidemiol. (2017) X

« Derive IV-free exposure Residual = V-free X

« Stratify on the IV-free exposure
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Non-linear MR

Non-linear MR with piecewise linear model
Staley JR, Burgess S. Genet Epidemiol. (2017) X

« Derive IV-free exposure Residual = V-free X
« Stratify on the IV-free exposure

« Estimate localized average causal effect

(LACE) in each stratum —
IV (Genetic Risk Score)

coef Y ~ Wseratum
coef X ~1V A

LACE =

« Test of non-linearity (Cochran’s Q or quadratic)

\ v > % )
& & &7 & &
N I S RN S N S BN o

—_—
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Non-linear MR

Non-linear MR with piecewise linear model
Staley JR, Burgess S. Genet Epidemiol. (2017) X

« Derive IV-free exposure Residual = V-free X
« Stratify on the IV-free exposure

« Estimate localized average causal effect

(LACE) in each stratum —
IV (Genetic Risk Score)
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Non-linear MR

Non-linear MR with piecewise linear model

Staley JR, Burgess S. Genet Epidemiol. (2017) X
« Derive IV-free exposure Residual = V-free X
« Stratify on the IV-free exposure .
« Estimate localized average causal effect
(LACE) in each stratum —
IV (Genetic Risk Score)
LACE = coef Y ~ Wseratum
coef X ~1V A
Y
« Test of non-linearity (Cochran’s Q or quadratic)
« Set overall intercept as a reference point, e.g. . \ R
at Mean X e, o UL
Se ~LACE2 W
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Results: Non-linear MR

Piecewise linear model with 3 strata

Ln (incorrect matches + 1)

0.54

¢}

°
~

©
w

o
(N

©
-

0.04

Visual memory

P quadratic = 1.01e-07
P Cochran Q = 3.44e-09

0.09 [0.04, 0.14]

P =1.86e*
-0.05 [-0.09, -0.02] 0.09[0.05, 0.13]
P=5.18¢e? P=161e® Xref=7.17
25 50 75 10.0 12.1

Sleep duration (hours/day)

<~7 hrs/day: 5% poorer visual memory
>~9 hrs/day: 9% poorer visual memory

Ln (ms)

Reaction time

0.15{ P quadratic =2.7e-09
P Cochran Q = 6.66e-16
0.101
0.05- 0.02[0.01, 0.04]
P =2.35e*
0.04 [0.03, 0.06]
-0.02 [-0.03, -0.01] P =3.30e"
= -4 =
0.004 P=419 Xref=7.17
25 5.0 75 10.0 12.1

Sleep duration (hours/day)

<~7 and >~9 hrs/day:
2% slower reaction time



Limitation of piecewise linear model

* Three strata is not ideal Sleep
. . . Participant duration
 Itis not possible to fit the model P (hrs/day)
on a discrete exposure with a few
N 1 7 6.99 7.05 6.94 6.97
distinct values
Add a small random noise to de- 3 8 802 794 793 8.01
discretise sleep duration and re-
. . 4 7 6.97 7.06 7.07 6.92
run the analysis with 10 strata
Repeat 10 times 395803 9 9.02 9.05 9.03 9.09

\ J
1

Fit piecewise linear MR model with 10 strata
in each of the 10 de-discretised X values




Results: Visual memory

Non-Linear MR with 10 strata + de-discretised sleep duration

10 . P quadratic = 8.74e-07 2 P quadratic = 3.66e-07
' P Cochran Q = 4.54e-06 06] P Cochran Q=1.03e-05
0.4
0.4
0.2 0.2
7 8
P quadratic = 2.04e-06 0.6 P quadratic=1.7e-05
= Xref = 7.17 06 :
00 Xref=7.17 oo : P Cochran Q = 0.00277 P Cochran Q = 0.00241
25 5.0 7.5 10.0 12,5 2.5 5.0 7.5 10.0 12.5 0.4 0.4
bs P quadratic = 7.57e-06 b6 P quadratic = 5.21e-07
P Cochran Q = 0.00152 P Cochran Q = 2.46e-05 0.2 0.2
0.4 0.4
Xref=7.17 Xref=7.17
0.0 0.0
0.2 02 2.5 5.0 7.5 10.0 125 2.5 5.0 7.5 10.0 125
6 P quadratic = 1.4e-05 10 P quadratic = 6.43e-06
0.0 Xref=7.17 o Xref=7.17 P Cochran Q = 0.000799 P Cochran Q= 0.00172
T T T T T : T T T T T 0.4 04
25 5.0 7.5 10.0 12,5 25 5.0 7.5 10.0 12.5
5 6
P quadratic = 1.23e-07 P quadratic = 1.3e-07 02
61 P Cochran Q= 4.37¢-06 961 P Cochran Q= 1.87e-07 02 '
0.4 0.4 0.0 Xref=7.17 00 Xref=7.17
2.5 5.0 7.5 10.0 12,5 2.5 5.0 7.5 10.0 125
0.2 0.2
Xref=717 Xref=7.17
0.0 0.0

25 5.0 7.5 10.0 125 25 5.0 75 10.0 125



Results: Reaction time

Non-Linear MR with 10 strata + de-discretised sleep duration
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Summary

» Observational and MR analysis results are consistent

* Alinearincrease in sleep duration is associated with poorer
reaction time and visual memory with small effect size

« Non-linear (J-shaped) association is likely, hence the small
linear effect size

» Improving sleep habits within the general population might be
useful as a potential therapeutic target to improve cognition
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