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Abstract

Background and Objectives

Sleep traits can have implications for ischemic stroke recovery in observational studies. The
purpose of our present study was to explore the relationship between genetically predicted
sleep traits and poststroke functional outcomes with Mendelian randomization (MR) method.

Methods

Instrumental variables for insomnia and sleep duration were adopted from genome-wide as-
sociation studies data of European ancestry individuals. Summary data for functional outcome
after ischemic stroke were retrieved from the Genetics of Ischemic Stroke Functional Outcome
network. Inverse-variance weighted approach was adopted as the main analyses. Alternative
MR approaches were used in sensitivity analyses. I* and Q value statistics were used to appraise
the heterogeneity among genetic variants.

Results

In univariable analysis, genetic liability to insomnia was significantly associated with worse
functional outcome (modified Rankin Scale >3) after ischemic stroke (odds ratio [OR] = 1.30;
95% CI: 1.10-1.54, p = 0.002). Genetic liability to short sleep, long sleep, and continuous sleep
duration were not associated with poststroke functional outcome (all p > 0.0S). Sensitivity
analyses without adjustment for stroke severity also supported that insomnia was causally
associated with poor functional outcome (OR = 1.25; 95% CI: 1.08-1.44, p = 0.003). In the
multivariable MR analysis adjusting for potentially confounding traits including body mass
index, depression, type 2 diabetes, smoking, and alcohol consumption, the overall patterns
between genetic liability to insomnia and poststroke outcome remained (all p < 0.05).

Discussion

This MR study supports potential adverse effects of liability to insomnia on functional outcome
after ischemic stroke. Interventions that address insomnia may offer a therapeutic target to
improve recovery after ischemic stroke and warrant exploration in a clinical context.
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Glossary

BMI = body mass index; GISCOME = Genetics of Ischemic Stroke Functional Outcome; IVW = inverse-variance weighted;
MR = Mendelian randomization; mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale; OR = odds ratio; SNPs = single
nucleotide polymorphisms; T2D = type 2 diabetes; UKB = UK Biobank.

Unfavorable sleep habits have tremendous public health im-
plications around the world. Over the past 2 decades, nu-
merous studies have explored the association between sleep
traits (e.g., insomnia and sleep duration) and risk of ischemic
stroke."” During a 10-year follow-up in the China Kadoorie
Biobank (n = 487,200), insomnia symptoms were associated
with a higher risk of ischemic stroke." In the Women’s Health
Initiative Observational Study (n = 93,175), both short and
long sleep duration was related with increased risk of ischemic
stroke.” For functional outcomes after ischemic stroke, ob-
servational study also indicated that insomnia may negatively
affect neurologic recovery and was associated with poor
functional outcome of stroke.® Given that the main evidences
on sleep traits and functional outcome after ischemic stroke
were from observational studies, the causality of these findings
could not be fixed as reverse causation and residual con-
founding might bias the results. Furthermore, randomized
controlled trials investigating this are unfeasible.

Mendelian randomization (MR) uses single nucleotide poly-
morphisms (SNPs) as instrumental variables for studying the
effect of modifying an exposure (e.g,, sleep traits), facilitating
causal inference.* The MR method has the potential to reduce
residual confounding because SNPs are randomly assorted
during conception and thus unlikely to be associated with en-
vironmental confounding factors. In addition, MR could also
decrease the potential for reverse causation bias because the
SNPs are fixed from conception.”® Therefore, if a SNP that
modifies the liability to sleep traits is also associated with

functional outcome after stroke, this would provide evidence to
support that the sleep traits are of causal relevance in affecting
poststroke outcomes. To our knowledge, the associations be-
tween sleep traits and poststroke outcome have not been
evaluated using MR. Thus, we used MR framework to ascertain
the causal associations of sleep traits with poststroke outcome.

Methods

Outcome Data Sources

We obtained the summary data for functional outcome after
ischemic stroke from the Genetics of Ischemic Stroke Functional
Outcome (GISCOME) network (Table).® The GISCOME
network included 12 studies from the United States, Europe, and
Australia (6,021 patients, Figure 1).5 All the participants were of
European ancestry. The modified Rankin Scale (mRS) near 3
months after ischemic stroke was selected to evaluate func-
tional outcome. Lower mRS score (0-2) represents better
outcome, whereas higher score (3-6) represents worse outcome
(Figure 1). The results were adjusted for age, sex, ancestry, and
baseline stroke severity as evaluated by the NIH Stroke Scale
(NIHSS) in the primary analysis. As a comparison, analysis
without adjustment for baseline NIHSS were also performed.

Genetic Instruments for Sleep Traits

Genetic variants associated with insomnia at p < S x 108 were
obtained from a meta-analysis of GWASs in the UK Biobank
(UKB) and 23andMe (n = 1,331,010 individuals of European

Table Detailed Information on Included Traits in This Study

Traits Data source Sample size or cases PMID
Insomnia UK Biobank and 23andMe 1,331,010 individuals 30804565
Short sleep UK Biobank 106,192 cases 30846698
Long sleep UK Biobank 34,184 cases 30846698
Sleep duration UK Biobank 446,118 individuals 30846698
Ischemic stroke outcome GISCOME network 6,021 patients 30796134
Depression (summary-level) UK Biobank and Psychiatric Genomics Consortium 500,199 individuals 30718901
Body mass index GIANT and UK Biobank 806,834 individuals 30239722
Smoking initiation GSCAN consortium 1,232,091 individuals 30643251
Alcohol consumption GSCAN consortium 941,280 individuals 30643251
Type 2 diabetes mellitus DIAGRAM consortium 898,130 individuals 30297969
Abbreviations: GISCOME = Genetics of Ischemic Stroke Functional Outcome; UKB = UK Biobank.
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Figure 1 Study Design Overview
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ancestry, Table).” The study identified 248 independent lead
genetic variants, explaining 2.6% of the variance in insomnia.”
Insomnia was evaluated with a touchscreen device in the UKB
and online surveys in 23andMe.” The associations were ad-
justed for age, sex, genotype array, and 10 genetic principal
components in the UKB and age, sex, and the top S principal
components in 23andMe. To consider the potential for ge-
netic confounding through traits such as depression, type 2
diabetes (T2D), body mass index (BMI), smoking, and al-
cohol consumption, we further disentangled the direct effect
of insomnia on poststroke outcome by adjusting for these
factors using the multivariable MR approach. Summary data
for these factors were adopted from corresponding GWASs
(eTables 1-5, links.Iww.com/WNL/C552).5!!

Sleep duration was evaluated by inquiring the following:
“About how many hours sleep do you get in every twenty four
hours? (include naps)” in UKB (Table)."” Summary data for
short sleep (<6 hours; 106,192 cases/305,742 controls; 27
SNPs), continuous sleep duration (number of hours sleep;
446,118 participants; 78 SNPs), and long sleep (>9 hours;
34,184 cases/305,742 controls; 8 SNPs) at p<Sx 10°® were

Neurology.org/N

available."* The associations were adjusted for age, sex, geno-
typing array, 10 principal components of ancestry, and genetic
correlation matrix. For continuous sleep duration, the results
were scaled to per hour increase in sleep duration. In addition,
genetic instruments for obstructive sleep apnea were used."
The genetic instrument includes 5 SNPs associated with ob-
structive sleep apnea in the FinnGen Study (p < 5 x 107%)."?

Statistical Analysis

The inverse-variance weighted (IVW) method was adopted as
the main statistical method. Sensitivity analyses, such as the
weighted median, MR-Egger, and MR-PRESSO approaches,
were performed to investigate the consistency of the results
when making different assumptions on the inclusion of variants
with pleiotropic effects that may be violating the requisite as-
sumptions of the IVW MR model. The weighted median af-
fords consistent MR estimates if >50% of weight are from valid
SNPs.'* The MR-Egger can detect pleiotropy through its in-
tercept and generate pleiotropy-corrected estimates."”> How-
ever, this method typically has less statistical power."> The MR-
PRESSO approach can discern outliers and produce estimates
after removing such identified outliers.'®
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Figure 2 Genetically Predicted Sleep Traits With Functional Outcome After Ischemic Stroke

Sleep traits SNPs OR (95% CI) p
Insomnia
IVW with fixed effects 244 —— 1.30(1.11,1.53)  0.002
IVW with random effects 244 —— 1.30(1.10,1.54)  0.002
MR-PRESSO 244 —— 1.30(1.10,1.54)  0.002
Weighted median 244 —i— 1.24(0.98,1.56) 0.073
p for pleiotropy = 0.003
Short sleep
IVW with fixed effects 26 i 1.50(0.79,2.84) 0.214
IVW with random effects 26 L 1.50(0.70,3.21)  0.296
MR-PRESSO 25 i 1.80(0.95,3.42) 0.084
Weighted median 26 ] 1.17(0.44,3.07)  0.757
p for pleiotropy = 0.477
Long sleep
IVW with fixed effects 7 1.02(0.49,2.10)  0.967
IVW with random effects 7 1.02(0.49,2.10) 0.967
MR-PRESSO 7 1.02(0.51,2.03) 0.966
Weighted median 7 L ] 1.27 (0.50, 3.25)  0.620
p for pleiotropy = 0.135
Sleep duration
IVW with fixed effects 77 L 0.60(0.28,1.30) 0.196
IVW with random effects 77 i 0.60(0.28,1.30) 0.196
MR-PRESSO 77 ] 0.60(0.29,1.22) 0.164
Weighted median 77 L 0.91(0.28,2.96) 0.880
p for pleiotropy = 0.923
T T T T T
0.3 0.6 1.0 1.5 3.0 5.5
OR (95% CI)

IVW = inverse-variance weighted; MR-PRESSO = Mendelian Randomization Pleiotropy Residual Sum and Outlier; SNPs = single nucleotide polymorphisms.

I* and Q value was used to appraise the heterogeneity in MR
estimates among SNPs. Associations with a p < 0.01 (0.05/5 ex-
posures) were considered statistically significant. All tests were
conducted with the MendelianRandomization'” and MR-
PRESSO™ packages in R and the mrrobust package18 in Stata/MP.

Standard Protocol Approvals, Registrations,
and Patient Consents

This study is based on publicly available data, and the informed
consent and ethical review were acquired in all of the original
studies. The study is reported following the STROBE-MR
statement.'”

Data Availability

The data adopted for the analysis are publicly available (eTables
1-5, links.Iww.com/WNL/CS552).

Results

Univariable MR Analyses

Genetic liability to insomnia was significantly associated with
worse functional outcome (mRS >3) after ischemic stroke
(random-effects IVW: odds ratio [OR] = 1.30; 95% CI:
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1.10-1.54, p = 0.002; Figure 2), without evidence of marked
heterogeneity in MR estimates among SNPs (I* = 4.6%; p =
0.288). Similar results were observed in the MR-PRESSO and
weighted median methods, although potentially with some bias
attributable pleiotropy was observed (Figure 2). After correcting
for pleiotropy in MR-Egger analysis, insomnia still showed a
positive association with worse functional outcome after is-
chemic stroke (OR = 3.52; 95% CI: 1.79-6.92, p = 0.001).

Genetic liability to short sleep, long sleep, and continuous sleep
duration were not strongly associated with poststroke outcome
(all p > 0.0S, Figure 2), without evidence of significant hetero-
geneity in MR estimates among SNPs (all p > 0.05). MR-
PRESSO and weighted median methods produced similar re-
sults (Figure 2). No evidence of directional pleiotropy was
identified (all p > 0.05). Genetic liability to obstructive sleep
apnea was also not significantly associated with worse functional
outcome after ischemic stroke (OR = 1.18; 95% CI: 0.63-2.20,
p =0.613).

Sensitivity Analyses
In sensitivity analyses, MR investigations using GISCOME
GWAS data without adjustment for baseline NIHSS were
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Figure 3 Genetically Predicted Sleep Traits With Functional Outcome After Ischemic Stroke in Models Without Adjustment

for Baseline Stroke Severity

Sleep traits SNPs OR (95% CI) P
Insomnia
IVW with fixed effects 245 —— 1.25(1.08,1.44)  0.002
IVW with random effects 245 —— 1.25(1.08, 1.44) 0.003
MR-PRESSO 245 —— 1.25(1.08, 1.44) 0.003
Weighted median 245 —a— 1.26 (1.02, 1.55) 0.031
p for pleiotropy = 0.056
Short sleep
IVW with fixed effects 26 L 1.27(0.73,2.22)  0.400
IVW with random effects 26 L 1.27(0.73,2.22)  0.400
MR-PRESSO 26 i 1.27(0.73,2.20)  0.400
Weighted median 26 ] 1.00(0.45,2.22) 0.995
p for pleiotropy = 0.487
Long sleep
IVW with fixed effects 7 L 0.88(0.47,1.64) 0.682
IVW with random effects 7 L 0.88(0.47,1.65) 0.684
MR-PRESSO 7 i 0.88 (0.47, 1.65) 0.698
Weighted median 7 L 0.85(0.39, 1.85) 0.676
p for pleiotropy = 0.087
Sleep duration
IVW with fixed effects 77 i 0.76 (0.39,1.49)  0.425
IVW with random effects 77 L 0.76 (0.39, 1.49) 0.425
MR-PRESSO 77 i 0.76 (0.42,1.37) 0.361
Weighted median 77 i 0.74(0.27,2.02)  0.553
p for pleiotropy = 0.752
T T T T
0.25 0.60 1.00 1.50 2.80
OR (95% ClI)

IVW = inverse-variance weighted; MR-PRESSO = Mendelian Randomization Pleiotropy Residual Sum and Outlier; SNPs = single nucleotide polymorphisms.

performed. Genetic liability to insomnia was significantly related
with poor functional outcome after ischemic stroke (random-
effects IVW: OR = 1.25; 95% CI: 1.08-1.44, p = 0.003;
Figure 3), without evidence of marked heterogeneity in MR
estimates among SNPs (I = 2.2%; p = 0.393). Similar results
were also observed in the MR-PRESSO (OR = 1.25; 95% CI:
1.08-1.44, p = 0.003) and weighted median method (OR =
126; 95% CI: 1.02-1.55, p = 0.031).

Similarly to the main IVW MR analysis, genetic liability to
short sleep, long sleep, and continuous sleep duration were
also not related with poststroke outcome (all p > 0.0S,
Figure 3), without evidence of heterogeneity in MR estimates
among SNPs (all p > 0.05). MR-PRESSO and weighted
median methods also produced similar results (Figure 3).

Multivariable MR Analyses

We further performed multivariable MR analysis adjusting for
the genetically predicted BMI, smoking, alcohol consumption,
depression, and T2D. The overall patterns between genetic li-
ability to insomnia and poststroke outcome was still significant
when adjusting for the effect of genetically predicted BMI (OR =

Neurology.org/N

1.24; 95% CI: 1.03-149, p = 0.022), T2D (OR = 1.20; 95% CI:
1.001-1433, p = 0.049), depression (OR = 1.34; 95% CI:
1.04-1.72, p = 0.025), smoking initiation (OR = 1.31; 95%
CIL: 1.08-1.58, p = 0.006), and alcohol consumption (OR =
1.30; 95% CI: 1.10-1.54, p = 0.002), indicating that genetic
correlation with these factors did not affect the result.

Discussion

Using the MR approach, we investigated the causal associations
between sleep traits and functional outcome after ischemic
stroke. Our results demonstrated that genetic liability to in-
somnia was causally associated with poor functional outcome
after ischemic stroke. In addition, the association remained in
multivariable analyses with adjustment for potential confound-
ing factors. By comparison, genetically liability to short or long
sleep, continuous sleep duration, and obstructive sleep apnea
was not related with poststroke outcome.

Insomnia refers to the experience of patients who are not
satisfied with sleep time and sleep quality, which may affect
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daytime social and intellectual function. Common features
of insomnia include difficulty falling asleep, decreased sleep
quality and duration, and decreased memory and concen-
tration. Moreover, the results of traditional observational
studies on insomnia and stroke outcome may also be sub-
jected to confounding and reverse causation. In this MR
study, we found that genetic liability to insomnia was sig-
nificantly associated with poor functional outcome after is-
chemic stroke.

The detailed biological mechanisms underlying the re-
lationship between insomnia and worse functional outcome
after ischemic stroke are not fully understood. Insomnia is
closely correlated with smoking, which is a risk factor for
poor stroke functional outcome. In a multicenter stroke
registry, smoking is related with higher risk of adverse out-
comes at 90 days after ischemic stroke.?® In addition, the
raised blood pressures in patients with insomnia might also
partly explain the causal association between insomnia and
poor functional outcome.*" High blood pressure is common
after ischemic stroke and associated with poor functional
outcome.”>

This study has some shortcomings. First, it is noteworthy
that GISCOME database did not have outcome data for
different subtypes of stroke. Data regarding subtypes, ex-
tension, and localization of stroke decisively influences
functional recovery in stroke survivors. The lack of these
data may be an important source of bias. Thus, the re-
lationship between sleep traits on poststroke outcome
among different stroke subtypes is still unknown and needs
further investigations. Second, our results might also be
influenced by collider bias*® because previous MR study has
indicated that genetic liability to insomnia was associated
with an increased risk of ischemic stroke,”* and recovery
after disease is conditional on first having had the disease.
Third, we used SNPs to assess risk of insomnia as a proxy
for liability to insomnia. Therefore, our results may not
necessarily suggest that insomnia itself is a cause of poor
stroke outcome. We cannot exclude that there may be other
pathways resulting in insomnia that cause poor stroke
outcome. Fourth, the diagnosis of sleep traits is made by
questionnaire and may be subjective. In the future, objective
measures such as polysomnography, sleep logs, and actig-
raphy should be used to assess the sleep traits, which could
lead to better understanding of the association between
sleep traits and functional outcome after ischemic stroke.
Finally, this study only included subjects of European de-
scent to reduce population stratification bias. However, the
population confinement may also restrict the generaliz-
ability of our results to other populations. Thus, the asso-
ciations between sleep traits and ischemic stroke outcome
need to be further explored in other population groups.

In conclusion, this MR study strengthens the evidence for in-
somnia being a causal risk factor for functional outcome after
ischemic stroke. Interventions that address insomnia may offer a

Neurology | Volume 100, Number 11 | March 14, 2023

therapeutic target to improve recovery after ischemic stroke and
warrant exploration in a clinical context.
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