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Study Objectives: We sought to examine how much of the heritability of self-report sleep duration is tagged by common genetic variation in populations of
European ancestry and to test if the common variants contributing to sleep duration are also associated with other diseases and traits.

Methods: We utilized linkage disequilibrium (LD)-score regression to estimate the heritability tagged by common single nucleotide polymorphisms (SNPs)

in the CHARGE consortium genome-wide association study (GWAS) of self-report sleep duration. We also used bivariate LD-score regression to investigate
the genetic correlation of sleep duration with other publicly available GWAS datasets.

Results: We show that 6% (SE = 1%) of the variance in self-report sleep duration in the CHARGE study is tagged by common SNPs in European populations.
Furthermore, we find evidence of a positive genetic correlation (rG) between sleep duration and type 2 diabetes (rG = 0.26, P = 0.02), and between sleep

duration and schizophrenia (rG = 0.19, P = 0.01).

Conclusions: Our results show that increased sample sizes will identify more common variants for self-report sleep duration; however, the heritability tagged
is small when compared to other traits and diseases. These results also suggest that those who carry variants that increase risk to type 2 diabetes and

schizophrenia are more likely to report longer sleep duration.
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Significance

test for a role in sleep regulation

Sleep duration is an important epidemiological variable and both short and long sleep have been associated with a range of negative outcomes. In this
paper, we demonstrate that genetic variants that are common in populations of European ancestry explain 6% of the total variance in sleep duration

and more genetic variants that highlight biological pathways underlying sleep duration will be found with larger studies. Moreover, we find that genetic
variants that increase sleep duration also show evidence of increasing risk to schizophrenia and type 2 diabetes. This suggests that association between
short sleep and diabetes may be due to nongenetic factors. Future studies should follow up known genetic variants for schizophrenia and diabetes to

INTRODUCTION

Both short and long sleep duration have been associated with
a number of negative health outcomes including obesity,'*
cardiovascular disease,’® hypertension,>® depression,'* and di-
abetes mellitus.""'> However, the mechanisms behind these as-
sociations remain elusive. It is unclear whether environmental
changes such as increased stress lead to a change in sleep pat-
terns and thus increased risk to disease, or whether there are
shared biological mechanisms between sleep regulation and a
range of diseases.

A nontrivial proportion of the variance in sleep duration is
due to genetic variation. A recent genome-wide association
study (GWAS) from the CHARGE consortium that included
more than 47,000 participants from 18 population-based co-
horts identified 2 genome-wide significant signals on chromo-
some 2 and chromosome 6, respectively.”® The signal from
chromosome 2, found between the PAXS and CBWD?2 genes,
replicated in a cohort of 4,400 African Americans. Nominal
associations for the associated variants were found with meta-
bolic traits such as glycated hemoglobin and also with atten-
tion deficit hyperactivity disorder, thus highlighting potential
shared etiology between sleep duration and metabolic and psy-
chiatric disorders.

Despite such a large sample size, it is perhaps surprising that
only two genome-wide significant loci were found in the study.
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This raises questions about the genetic architecture of sleep
duration. Is the reason for not finding more common variants
associated due to the sample size being too small, or is the
majority of the heritability explained by rare variants not well
tagged by GWAS chips used in the CHARGE analysis? The
aim of this study was to investigate how much of the overall
heritability of sleep duration that is explained by common
single nucleotide polymorphisms (SNPs) and not yet found by
GWAS, and to investigate whether variants that predispose to
short or long sleep also predispose or protect against diseases
and disease-related traits.

METHODS

We utilized a recently developed method called linkage dis-
equilibrium (LD)-score regression for assessing the heritability
explained by common SNPs. This method can distinguish
between population stratification and polygenicity in GWAS
studies and requires only summary statistics rather than actual
genotypes."

LD-score regression has also been extended to permit esti-
mation of the genetic correlation between traits using GWAS
summary statistics.”” We obtained the summary statistics from
a number of large GWAS studies across a range of traits of po-
tential relevance to sleep duration. In each instance, the GWAS
summary statistics were freely available for download for
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Table 1—Results from LD-score regression bivariate analyses by trait.
Univariate rG with
Heritability Sleep
TraitTTr Reference z-score Duration SE of rG P
Schizophrenia Ripke et al. 2013 Nature Genetics 214 0.190 0.07 0.011
Diabetes case/control Morris et al. 2012 Nature Genetics' 10.3 0.259 0.11 0.019
Major depressive disorder Ripke et al. Molecular Psychiatry 2013 5.02 -0.221 0.157 0.158
Body mass index Speliotes et al. 2010 Nature Genetics' 26 0.064 0.055 0.245
Alzheimer disease Lambert et al. 2013 Nature Genetics? 5.7 -0.152 0.142 0.286
C-reactive protein Dehghan et al. 2011 Circulation?' 7.1 0.105 0.113 0.353
High-density lipoprotein Global Lipids Genetics Consortium et al. 2013 Nature 7.6 -0.056 0.062 0.364
cholesterol Genetics?
Triglycerides Global Lipids Genetics Consortium et al. 2013 Nature 6.2 0.038 0.066 0.562
Genetics?
Educational attainment Rietveld et al. 2013 Science® 16.2 0.05 0.087 0.564
Bipolar disorder Sklar et al. 2011 Nature Genetics* 104 0.043 0.114 0.704
Fasting glucose Dupuis et al. 2010 Nature Genetics® 5.7 -0.027 0.125 0.828
Cigarettes smoked per day | Tobacco and Genetics Consortium 2010 Nature Genetics? 43 0.011 0.132 0.936
rG, genetic correlation; SE, standard error.

academic research purposes. We could therefore test whether
there is evidence for shared genetic risk factors between sleep
duration and a number of disease-related outcomes. It has been
noted that genetic correlations are likely to only be meaningful
where the heritability z-score of the individual traits estimated
from univariate LD-score regression are greater than 4. We
therefore only include studies where the z-score was greater
than 4. For each trait, we calculated the genetic correlation (rG)
with the CHARGE sleep duration results.

We obtained summary statistics from the CHARGE GWAS
study of self-report sleep duration. The study is described
in detail in the published primary GWAS study. Briefly, the
discovery sample included 18 community-based cohorts that
included only participants of European ancestry. Phenotype
data were obtained from standardized questionnaires and
self-completion questionnaires. The measure of sleep duration
varied across studies. Where possible, weekday sleep duration
was used as the measure for analysis. We use the genome-wide
summary statistics from approximately 45,000 individuals.

We applied the same quality control steps as described by
Bulik-Sullivan et al.” to select SNPs for inclusion from each
study. Only SNPs with minor allele frequency (MAF) > 5%
were used. As imputation quality scores were not available
for the CHARGE study, HapMap 3 SNPs were used because
of their ability to be well imputed in most studies. All of the
studies included only individuals of European ancestry.

RESULTS

Using LD-score regression with SNPs included in HapMap 3
(950,000 SNPs), we estimate that 6.2% of the variance in sleep
duration is explained by common variants (SE = 1.4%). This
corresponds to a heritability z-score of 4.38.
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Genetic Correlations with Sleep Duration

The results of the genetic correlation analysis'®2® are presented
in Table 1. The results have been sorted to present those with
the highest statistical significance first.

16-26

DISCUSSION

We estimate that 6% of the variance of sleep duration in the
CHARGE meta-analysis is explained by common SNPs. This
indicates that studies that include even larger sample sizes than
the CHARGE study will identify more common variants as-
sociated with sleep duration and reveal more about the under-
lying biological regulation of sleep.

When compared to other traits and diseases, however, 6% is
on the smaller end of estimates of variance explained by vari-
ants on GWAS chips. For example, the variance explained by
common SNPs for Crohn disease is 23%,”” for intelligence it is
40%, for body mass index it is 21%,* and for bipolar disorder
it is 35%.7

There are a number of reasons why the estimate is compa-
rably small. In the CHARGE study, genomic control was ap-
plied to each cohort individually prior to the meta-analysis. As
described by Bulik-Sullivan et al.", this may have led to some
polygenic signal being removed. Therefore, the estimate given
here may have been lower than the true value. It is also pos-
sible that the heritability across all of the cohorts in CHARGE
is comparably small or that the genetic architecture of sleep
duration is skewed toward rare variants not tagged by GWAS
chips. For nearly every trait studied so far, common variants
explain nearly one-half of the overall heritability. Currently,
there is no reason to believe that sleep duration has an architec-
ture different from other traits. It is more likely that the overall
heritability of sleep duration across the entire meta-analysis is
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low because of the heterogeneity of the individual studies. As
described in the GWAS, there were differences in how sleep
duration was assessed and some studies only had information
on weekend sleep duration.

Twin studies have estimated the narrow-sense heritability
of sleep duration to be between 0.09 and 0.44.°3" However,
twin studies rely on correlations between individuals of the
same age to estimate the genetic contribution to sleep dura-
tion. It is known that sleep duration declines with age and en-
vironmental influences change throughout life. It has not been
demonstrated that the heritability is the same across different
age groups and it is possible that some of the genetic variants
that influence sleep duration in young adulthood are not the
same as those that influence it in older adults. There is sub-
stantial variation in the mean age among cohorts included in
the CHARGE study. For instance, the mean age of the Young
Finns Study is 37.7 and the Queensland Institute of Medical
Research sample is 34.5, whereas the mean age in the Cardio-
vascular Health Study is 77.9 and in the Rotterdam Study I, it is
76.1. The genome-wide significant variant was found to have a
higher effect size in the older cohorts compared to the younger
ones. It is reasonable to conclude that combining data from
multiple cohorts from different countries, with different age
profiles and different questionnaires for assessing sleep dura-
tion, leads to an increase in the proportion of environmental
variance and thus there is less genetic signal to detect.

In order to test this hypothesis, LD-score analysis would
need to be applied in a very large cohort with a less variable
age profile and where the same method of assessing sleep du-
ration is used. Finding a higher estimate than the 6% found in
this study would give credence to the idea that different vari-
ants might be affecting sleep duration in different age groups,
and that the within-sample heritability of sleep duration is
higher than that across all samples. This is an important direc-
tion of future research for understanding the genetics of self-
report sleep duration.

Furthermore self-report sleep duration is a somewhat unre-
liable measure of sleep. Previous studies have found the cor-
relation of self-report sleep with objectively measured sleep to
be 0.45.%* Objectively measured sleep duration may be a more
heritable phenotype and have a higher contribution to the heri-
tability from common SNPs.

Genetic Correlations with Sleep Duration

None of the genetic correlations were significant at a Bonfer-
roni-corrected significance threshold of P < 0.004. However,
some of the tests are correlated and so Bonferroni correction
is likely overly conservative in this instance. The most statisti-
cally significant genetic correlations with sleep duration are
with schizophrenia (P = 0.011) and type 2 diabetes (P = 0.019).
Intriguingly, in both cases, the estimate of the genetic cor-
relation is positive, implying that genes that increase sleep
duration also increase risk of diabetes and schizophrenia. It
should be noted that the statistical significance of the estimate
is influenced by the sample size of the GWAS for each trait,
in addition to how much variance is explained by common
SNPs for that trait. For example, the GWAS of schizophrenia
included approximately 14,000 cases and 18,000 controls and
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the proportion of variance explained by the SNPs is 30%. By
contrast, common variants only tag approximately 3% of the
variation in cigarettes smoked per day.

Despite these differences that affect power, it is informative
to look at the estimates of rG. In addition to the positive cor-
relations with diabetes and schizophrenia, there are also large
negative correlation estimates with major depressive disorder
(MDD) (-0.221) and Alzheimer disease (—0.152). The negative
correlation suggests that genetic variants that increase sleep
duration decrease risk of MDD or Alzheimer disease. Changes
in sleep form part of an MDD diagnosis. This can include both
insomnia and hypersomnia; however, insomnia is far more
commonly reported in MDD than hypersomnia.

It has previously been observed that there are shared genetic
risk factors between psychiatric disorders.** MDD shares a
substantial amount of genetic risk with schizophrenia, bipolar
disorder, etc. It might therefore be expected that the genetic
correlations with sleep duration would be similar across disor-
ders. However, this is not the case. Genetic variants for schizo-
phrenia and MDD appear to have opposite correlations with
sleep duration, whereas there is little evidence of a correla-
tion between bipolar disorder and sleep duration. A possible
explanation for this is that the genetic risk that is unique to
MDD and not shared with other psychiatric disorders influ-
ences sleep duration.

There have been a number of studies of the relationship be-
tween sleep quality and schizophrenia, and they have consis-
tently shown that self-reported sleep quality is poorer in cases
than in controls. Less focus has been placed on sleep duration
specifically. One study that used actigraphy to measure sleep
in cases and controls found that although schizophrenia cases
took longer to fall asleep than controls, their total sleep dura-
tion was significantly longer.** Another GWAS study of sleep
duration identified an associated variant in the DRD2 gene
that increased sleep duration and also increased risk to schizo-
phrenia.*> A polygenic risk score constructed from 12 SNPs
genome-wide significant for schizophrenia was also associated
with increased sleep duration, supporting the findings of the
genetic correlation analysis.

The relationship between type 2 diabetes risk and sleep
duration has been investigated in a number of studies. A re-
cent meta-analysis of 10 studies confirmed that there is a U-
shaped distribution of risk with sleep duration.*® Both short
and long sleepers are at increased risk of the development of
type 2 diabetes compared to those who sleep 7 to 8 h per night.
The results presented here suggest that the genetic variants
that predispose to type 2 diabetes also predispose to longer
sleep duration. Therefore, there may be environmental factors
that lead to short sleep duration and risk of the development
of diabetes. One previous study evaluated whether type 2 dia-
betes risk variants are associated with sleep duration and did
not find an association.’’” However, the study was based on 27
genome-wide significant SNPs and was not a genome-wide
analysis, which may explain the difference in findings to the
current study.

The genetic correlation with type 2 diabetes contrasts with
the finding that one of the genome-wide significant variants
from the CHARGE GWAS that is associated with increased
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sleep duration is also associated with a better metabolic profile.
The genetic correlation analysis uses a set of SNPs that are
representative of common SNPs across the genome. Therefore,
the genetic correlation suggests an overall pattern of increased
risk of type 2 diabetes for alleles that lengthen self-report sleep;
some individual alleles may have opposite effects.

The negative correlation with Alzheimer disease supports
findings from a number of studies showing decreases in sleep
duration and efficiency associated with an increasing load of
B-amyloid.*”** The results presented here suggest that shared
genetic risk factors play a role in this relationship.

A number of other disorders and traits that have previously
been found to be associated with decreased sleep duration
such as body mass index, cigarette smoking, triglycerides, and
fasting glucose do not show evidence of genetic correlation
with sleep duration. Because of statistical power, it is not pos-
sible to rule out shared genetic factors, but our results suggest
that any association is likely to be due to environmental factors.

The results of this study have implications for future re-
search. Genetic variants associated with diabetes and schizo-
phrenia should be investigated further for their potential role in
sleep regulation. Although no variants have yet been found for
MDD, it may be useful to incorporate measures of sleep into
future studies of depression in order to help identify genetic
associations. Future studies with larger, more homogeneous
populations may help untangle the genetic architecture of
sleep duration further. Large studies with objective measures
of sleep duration are also needed.
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