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[Abstract] Objective To investigate the potential causal associations between 3 common subjective
sleep problems, daytime sleepiness, insomnia, and sleep apnea, and epigenetic age acceleration.
Methods A two-sample Mendelian randomization (MR) study was conducted the publicly available genome-
wide association study (GWAS) data to assess the causal effects of self-reported sleep problems on 4 indicators
of epigenetic age acceleration, including intrinsic epigenetic age acceleration (IEAA), GrimAge acceleration,
HannumAge acceleration, and PhenoAge acceleration. The primary analytical method was inverse-variance

weighting (IVW), supplemented by sensitivity analyses using MR-Egger regression and the weighted median
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(WM) method to examine the robustness of the findings. Results

IVW showed that daytime sleepiness was

significantly positively associated with TEAA (B =1.83, 95%CI: 0. 17~2.49, P=0.031) and HannumAge
acceleration (8=1. 81, 95%CI: 0. 21~2. 42, P=0. 027), suggesting a potential accelerating effect on epigenetic
aging. Insomnia also showed significant positive associations with IEAA (B=1.57, 95%CI: 0. 40~2.73, P=
0. 009) and GrimAge acceleration (8=1. 37, 95%CI: 0. 18~2. 56, P=0. 024). No significant causal relationship

was observed between sleep apnea and any indicator of epigenetic age acceleration (P>0.05).

Conclusion Daytime sleepiness and insomnia may accelerate epigenetic aging, indicating their potential

biological role in the aging process. The impact of sleep apnea remains unclear and warrants further

investigation.
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Table 1 GWAS sample characteristics of exposure and outcome traits

Phenotype Sample Size Gender Distribution Population Mean Age/years Age Rangelyears PMID
Daytime sleepiness 452071 - European - 40.0~69.0 31409 809
Insomnia 453 379 - European - 40. 0~69. 0 30 804 566
Sleep apnea 523 366 48% female, 52% male European - Not specified 36 525 587
Epigenetic age markers 34710 42. 7% female, 57. 3% male European 54.8 27.2~79. 1 34 187 551

GWAS: Genome-wide association study
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Figure 1 Illustration of the 3 core assumptions of MR
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Figure 2 Forest plot of the causal effects of insomnia, daytime sleepiness, and obstructive sleep apnea on 4 epigenetic

age-acceleration measures (IVW and WM analyses)
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Figure 3 Sensitivity Analysis (scatter plots) of daytime sleepiness on 4 epigenetic age acceleration measures
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Figure 4 Sensitivity analysis (scatter plots) of insomnia on 4 epigenetic age acceleration measures
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Figure 5 Sensitivity analysis (scatter plots) of sleep apnea on 4 epigenetic age acceleration measures
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Table 2 Sensitivity analysis (scatter plots) of sleep apnea on 4 epigenetic age acceleration measures
MR-Egger Regression Cochran’s Q MR-PRESSO
Exposures Outcomes

Egger intercept P Q P Global Test P
PhenoAge 0. 027 0.422 26. 69 0.535 0. 544 20. 55
GrimAge -0.029 0.313 40.72 0. 139 0.114 17. 44

Daytime sleepiness
HannumAge 0.013 0. 635 13.18 0.988 0.985 20.55
IEAA 0. 053 0. 064 14. 69 0.973 0.962 19. 84
PhenoAge 0.022 0.377 15.91 0.977 0.983 17.36
GrimAge 0.013 0.523 15.06 0.985 0.99 18.51
Insomnia
HannumAge 0.019 0.302 25.74 0.734 0.738 17.36
TEAA -0.012 0.598 28.54 0.593 0. 635 18.51
PhenoAge 0. 043 0. 196 30.22 0. 506 0.536 16.19
GrimAge 0. 009 0.724 26.71 0.731 0.722 16. 68
Sleep apnea

HannumAge 0. 022 0.395 28.34 0. 698 0. 681 16. 19
IEAA 0.019 0.491 38.55 0.233 0.211 17.20
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