
SUPPLEMENTAL MATERIAL 

 

Causal effects of sleep traits on ischemic stroke and its subtypes: 

a Mendelian randomization study 



Supplementary Table 1 Details of data sources in the Mendelian randomization (MR) analysis 

 

Phenotype Pubmed ID Sample size (cases) Source 

Short sleep duration 30846698 411,934 (106,192) https:// http://sleepdisordergenetics.org/ 

Long sleep duration 30846698 339,926 (34,184) https:// http://sleepdisordergenetics.org/ 

Continuous sleep 30846698 446,118 https:// http://sleepdisordergenetics.org/ 

Frequent insomnia symptoms 30804566 254,767 (146,410) https:// http://sleepdisordergenetics.org/ 

Any insomnia symptoms 30804566 532,378 (362,171) https:// http://sleepdisordergenetics.org/ 

Chronotype 30696823 651,295 (372,765) https:// http://sleepdisordergenetics.org/ 

Large artery stroke 29531354 150,765 (4,373) http://www.megastroke.org/download.html 

Small vessel stroke 29531354 198,048 (5,386) http://www.megastroke.org/download.html 

Cardioembolic stroke 29531354 211,763 (7,193) http://www.megastroke.org/download.html 

Any ischemic stroke 29531354 440,328 (34,217) http://www.megastroke.org/download.html 



Supplementary Table 2 Single nucleotide polymorphisms (SNPs) used to construct the 

instruments for short sleep duration 

 

SNP Effect allele Other allele EAF β SE p value 
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SNP, single nucleotide polymorphism; EAF, effect allele frequency; SE, standard error



Supplementary Table 3 SNPs used to construct the instruments for frequent insomnia 

symptoms 

 

SNP Effect allele Other allele EAF β SE p value 
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Supplementary Table 4 Steiger tests of short sleep duration and frequent insomnia 

symptoms causally linked to ischemic stroke and its subtypes 

 

Exposure and outcome Direction of causality Directionality p value 

Short sleep duration   

Large artery stroke Exposure causes outcome 5.67E-77 

Small vessel stroke Exposure causes outcome 2.97E-43 

Cardioembolic stroke Exposure causes outcome 1.63E-73 

Any ischemic stroke Exposure causes outcome 1.55E-83 

Frequent insomnia symptoms   

Large artery stroke Exposure causes outcome 7.58E-217 

Small vessel stroke Exposure causes outcome 1.34E-136 

Cardioembolic stroke Exposure causes outcome 6.98E-232 

Any ischemic stroke Exposure causes outcome 6.10E-228 



Supplementary Table 5 Results and sensitivity analyses of two-sample MR of any insomnia symptoms, continuous sleep, long sleep duration, 

and chronotype against ischemic stroke and its subtypes 

 

Exposure 
Large artery stroke Small vessel stroke Cardioembolic stroke Any ischemic stroke 

OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value 

Any insomnia symptoms         

  IVW 1.19 (1.00-1.42) 0.049 0.95 (0.81-1.11) 0.517 0.97 (0.85-1.11) 0.666 1.01 (0.94-1.08) 0.817 

  MR-PRESSO 1.25 (1.03-1.50) 0.024 - - - - - - 

  MR-RAPS 1.25 (1.02-1.53) 0.032 0.96 (0.79-1.16) 0.679 0.98 (0.85-1.14) 0.827 1.01 (0.93-1.10) 0.741 

  WME 1.29 (0.99-1.68) 0.060 0.95 (0.74-1.23) 0.718 1.02 (0.84-1.25) 0.811 1.02 (0.91-1.14) 0.757 

  MR-Egger 1.09 (0.57-2.06) 0.408 1.11 (0.62-1.99) 0.339 1.24 (0.78-1.96) 0.178 1.07 (0.83-1.38) 0.313 

Continuous sleep         

  IVW 0.74 (0.50-1.11) 0.143 0.86 (0.59-1.24) 0.410 1.11 (0.81-1.51) 0.524 0.93 (0.79-1.09) 0.364 

  MR-RAPS 0.74 (0.47-1.16) 0.188 0.83 (0.55-1.26) 0.394 1.20 (0.86-1.68) 0.290 0.98 (0.82-1.16) 0.773 

  WME 0.91 (0.48-1.71) 0.767 0.85 (0.47-1.54) 0.581 1.23 (0.76-1.97) 0.395 0.98 (0.76-1.25) 0.857 

  MR-Egger 0.93 (0.22-3.97) 0.457 0.47 (0.13-1.71) 0.125 1.15 (0.44-3.00) 0.392 0.84 (0.48-1.48) 0.277 

Long sleep duration         

  IVW 1.17 (0.87-1.56) 0.291 1.04 (0.79-1.36) 0.789 1.23 (0.98-1.55) 0.073 0.98 (0.87-1.10) 0.723 

  MR-RAPS 1.17 (0.86-1.59) 0.319 1.03 (0.78-1.38) 0.816 1.23 (0.96-1.56) 0.101 0.98 (0.86-1.11) 0.733 

  WME 1.05 (0.72-1.52) 0.812 1.01 (0.72-1.41) 0.967 1.18 (0.90-1.56) 0.233 0.99 (0.85-1.15) 0.850 

  MR-Egger 0.78 (0.40-1.53) 0.249 0.99 (0.54-1.81) 0.501 1.13 (0.69-1.83) 0.323 0.93 (0.69-1.24) 0.303 

Chronotype (morningness)         

  IVW 1.02 (0.95-1.09) 0.679 1.01 (0.94-1.08) 0.796 1.01 (0.96-1.07) 0.604 1.00 (0.97-1.03) 0.824 

  MR-PRESSO 1.02 (0.94-1.11) 0.602 - - 1.02 (0.96-1.08) 0.519 1.00 (0.97-1.03) 0.954 

  MR-RAPS 1.01 (0.93-1.10) 0.787 1.00 (0.94-1.08) 0.930 1.02 (0.95-1.08) 0.591 1.00 (0.97-1.04) 0.778 

  WME 1.02 (0.91-1.14) 0.769 1.04 (0.94-1.15) 0.485 1.01 (0.93-1.10) 0.801 1.00 (0.96-1.05) 0.903 

  MR-Egger 1.04 (0.83-1.31) 0.367 1.00 (0.81-1.24) 0.504 0.98 (0.82-1.16) 0.371 0.98 (0.89-1.08) 0.349 



MR-PRESSO results are not showed if no outlier is identified. OR, odds ratio; CI, confidence interval; IVW, inverse-variance weighted; MR-

PRESSO, MR-Pleiotropy Residual Sum and Outlier; MR-RAPS, MR-Robust Adjusted Profile Score; WME, weighted median estimate



Supplementary Table 6 Heterogeneity tests of sleep traits causally linked to ischemic stroke and its subtypes 

 

Exposure 
Large artery stroke Small vessel stroke Cardioembolic stroke Any ischemic stroke 

Cochran’s Q p value Cochran’s Q p value Cochran’s Q p value Cochran’s Q p value 

Short sleep duration 26.47 0.438 24.19 0.508 32.20 0.152 18.15 0.836 

Long sleep duration 3.69 0.594 1.96 0.854 2.02 0.846 2.36 0.797 

Continuous sleep 90.32 0.095 79.23 0.318 80.59 0.281 85.73 0.166 

Frequent insomnia symptoms 76.02 0.032 68.84 0.099 52.84 0.558 74.34 0.042 

Any insomnia symptoms 76.08 0.031 68.79 0.100 52.82 0.558 74.34 0.042 

Chronotype 431.08 1.72E-04 340.91 0.342 396.23 0.008 511.40 6.87E-10 



Supplementary Table 7 Horizontal pleiotropy tests of sleep traits causally linked to ischemic stroke and its subtypes 

 

Exposure 
Large artery stroke Small vessel stroke Cardioembolic stroke Any ischemic stroke 

Intercept SE p value Intercept SE p value Intercept SE p value Intercept SE p value 

Short sleep duration -0.011 0.022 0.618 0.015 0.021 0.480 -0.008 0.021 0.705 -0.002 0.009 0.813 

Long sleep duration -0.047 0.038 0.290 -0.015 0.036 0.691 -0.011 0.030 0.734 -0.006 0.015 0.708 

Continuous sleep 0.006 0.014 0.670 -0.008 0.012 0.530 -0.009 0.010 0.362 -0.001 0.006 0.850 

Frequent insomnia symptoms -0.005 0.012 0.692 0.004 0.011 0.736 -2.60E-04 0.008 0.974 0.004 0.005 0.445 

Any insomnia symptoms -0.004 0.012 0.725 0.005 0.011 0.666 2.34E-04 0.008 0.976 0.004 0.005 0.448 

Chronotype -0.005 0.005 0.336 -0.006 0.004 0.191 -5.57E-05 0.004 0.990 -3.95E-04 0.002 0.865 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 1  Scatterplot of SNP potential effects on short sleep duration vs 

large artery stroke, with the slope of each line corresponding to estimated MR effect per 

method. MR, Mendelian randomization; SNP, single nucleotide polymorphism



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 2  Forest plot of individual and combined SNP MR-estimated 

effects sizes for short sleep duration on large artery stroke. Data is displayed as regression 

coefficient (β) and 95% CI. CI, confidence interval; IVW, inverse variance-weighted method



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 3  Funnel plot related to the short sleep duration genetic instrument 

with respect to large artery stroke. Funnel plot reports the contribution of each variant (effect 

size on the x-axis, 1/SE on the y-axis) to MR estimate



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 4  Leave-one-out analysis related to the short sleep duration genetic 

instrument with respect to large artery stroke. Leave-one-out plot reports the MR estimate 

excluding one variant at a time from the genetic instrument



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 5  Scatterplot of SNP potential effects on frequent insomnia 

symptoms vs large artery stroke, with the slope of each line corresponding to estimated MR 

effect per method after removing the outlier SNP rs324017



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 6  Forest plot of individual and combined SNP MR-estimated 

effects sizes for frequent insomnia symptoms on large artery stroke after removing the outlier 

SNP rs324017. Data is displayed as β and 95% CI. MR-PRESSO, MR-Pleiotropy Residual 

Sum and Outlier method



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 7  Funnel plot related to the frequent insomnia symptoms genetic 

instrument with respect to large artery stroke after removing the outlier SNP rs324017. 

Funnel plot reports the contribution of each variant (effect size on the x-axis, 1/SE on the y-

axis) to MR estimate



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 8  Leave-one-out analysis related to the frequent insomnia 

symptoms genetic instrument with respect to large artery stroke after removing the outlier 

SNP rs324017. Leave-one-out plot reports the MR estimate excluding one variant at a time 

from the genetic instrument 
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