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            Abstract
Insomnia is the second most prevalent mental disorder, with no sufficient treatment available. Despite substantial heritability, insight into the associated genes and neurobiological pathways remains limited. Here, we use a large genetic association sample (n = 1,331,010) to detect novel loci and gain insight into the pathways, tissue and cell types involved in insomnia complaints. We identify 202 loci implicating 956 genes through positional, expression quantitative trait loci, and chromatin mapping. The meta-analysis explained 2.6% of the variance. We show gene set enrichments for the axonal part of neurons, cortical and subcortical tissues, and specific cell types, including striatal, hypothalamic, and claustrum neurons. We found considerable genetic correlations with psychiatric traits and sleep duration, and modest correlations with other sleep-related traits. Mendelian randomization identified the causal effects of insomnia on depression, diabetes, and cardiovascular disease, and the protective effects of educational attainment and intracranial volume. Our findings highlight key brain areas and cell types implicated in insomnia, and provide new treatment targets.
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                    Fig. 1: SNP-based results from the GWAS meta-analysis on insomnia in 1,331,010 individuals.


Fig. 2: Gene-based and gene set analyses of insomnia in 1,331,010 individuals.


Fig. 3: Genome-wide analyses of six sleep-related traits.


Fig. 4: Genetic overlap of insomnia with other sleep-related traits and psychiatric and metabolic traits.


Fig. 5: Overview of brain tissues and cell types associated with insomnia based on the GWAS results in 1,331,010 individuals.
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              The data analyzed in the current study were partly provided by the UK Biobank Study (www.ukbiobank.ac.uk), received under UK Biobank application no. 16406. Our policy is to make genome-wide summary statistics (sumstats) publicly available. Sumstats from the GWAS conducted are available for download from the CNCR Complex Trait Genetics lab at https://ctg.cncr.nl/; see also https://ctg.cncr.nl/software/summary_statistics. Note that our freely available meta-analytic sumstats (insomnia and morningness) represent results excluding the 23andMe sample. This is a non-negotiable clause in the 23andMe data transfer agreement, intended to protect the privacy of the 23andMe research participants. To fully recreate our meta-analytic results for insomnia and morningness: (1) obtain insomnia and morningness sumstats from 23andMe; (2) conduct a meta-analysis of our sumstats with the 23andMe sumstats. 23andMe participant data are shared according to community standards that have been developed to protect against breaches of privacy. Currently, these standards allow for the sharing of summary statistics for at most 10,000 SNPs. The full set of summary statistics can be made available to qualified investigators who enter into an agreement with 23andMe that protects participants’ confidentiality. Interested investigators should email dataset-request@23andme.com for more information.
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