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Abstract
Sleep disturbances are common in attention deficit hyperactivity disorder (ADHD) and associated with poor outcomes. 
We tested whether, in children with ADHD, (1) polygenic liability for sleep phenotypes is over- or under-transmitted from 
parents, (2) this liability is linked to comorbid sleep disturbances, and (3) ADHD genetic risk is associated with comorbid 
sleep disturbances. We derived polygenic scores (PGS) for insomnia, chronotype, sleep duration, and ADHD, in 758 chil-
dren (5–18 years old) diagnosed with ADHD and their parents. We conducted polygenic transmission disequilibrium tests 
for each sleep PGS in complete parent–offspring ADHD trios (N = 328) and an independent replication sample of ADHD 
trios (N = 844). Next, we tested whether insomnia, sleep duration, and ADHD PGS were associated with co-occurring sleep 
phenotypes (hypersomnia, insomnia, restless sleep, poor sleep quality, and nightmares) in children with ADHD. Children’s 
insomnia and chronotype PGS did not differ from mid-parent average PGS but long sleep duration PGS were significantly 
over-transmitted to children with ADHD. This was supported by a combined analysis using the replication sample. Insomnia, 
sleep duration, and ADHD PGS were not associated with comorbid sleep disturbances. There is weak evidence that children 
with ADHD over-inherit polygenic liability for longer sleep duration and do not differentially inherit polygenic liability for 
insomnia or chronotype. There was insufficient evidence that childhood sleep disturbances were driven by polygenic liability 
for ADHD or sleep traits, suggesting that sleep disturbances in ADHD may be aetiologically different to general population 
sleep phenotypes and do not index greater ADHD genetic risk burden.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a com-
mon and impairing neurodevelopmental condition, which 
frequently co-occurs with sleep disturbances. Children with 
ADHD are more likely to experience sleep disorder symp-
toms such as insomnia, hypersomnia, and delayed sleep 
phase syndrome compared to children without ADHD [1]. 
These sleep disturbances are important to identify and treat, 

as they are associated with ADHD persistence [2], reduced 
quality of life [3], and reduced individual and family func-
tioning [4]. Furthermore, ADHD is associated with other 
aspects of sleep and sleep duration may moderate treatment 
response [5]. There is also evidence that improving sleep 
could improve ADHD symptoms [6, 7]. It is, therefore, 
important to determine why ADHD and sleep disturbances 
co-occur and identify which individuals with ADHD are at 
heightened risk for developing such problems.

Sleep disturbances may arise in individuals with ADHD 
due to shared genetic influences. This theory has been sup-
ported by twin studies [2] and in a genome-wide associa-
tion study (GWAS) of ADHD, which identified a positive 
genetic correlation between ADHD and insomnia [8]. Poly-
genic scores are an individual index of genetic liability for 
a phenotype of interest and can be used to better understand 
the genetic relationship between ADHD and sleep problems. 
For example, recent studies have found that ADHD symp-
toms in children in the general population are associated 
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with polygenic scores for insomnia [9] and narcolepsy [10]. 
Additionally, ADHD polygenic scores are associated with 
sleep disturbances in children in the general population, 
particularly excessive somnolence and difficulties initiating 
and maintaining sleep [11]. Further investigation is needed 
of whether polygenic liability for several different sleep 
phenotypes is associated with ADHD clinical diagnosis in 
children. Case–control studies can be confounded by popula-
tion stratification and other factors (e.g., differences between 
cases and controls in age, sex, medical history, educational 
attainment or socioeconomic background). An alternative 
method which is robust to these factors is the polygenic 
transmission disequilibrium test (pTDT) [12]. The pTDT 
can be used to test whether common variant liability for 
complex traits is over- or under-transmitted from parents 
to children ascertained on the basis of a particular disorder. 
Such differential transmission of polygenic liability related 
to sleep phenotypes would further support shared genetic 
liability between ADHD and sleep phenotypes.

A further question is whether the common polygenic 
liability to sleep traits in general populations also indexes 
comorbid sleep disturbances in children with ADHD. This 
is important to test because it is possible that these sleep 
disturbances arise from different mechanisms to those in 
the general population. For example, they could arise due to 
ADHD symptoms (e.g. a racing mind), which are indexed 
by genetic liability to ADHD, rather than a genetic liabil-
ity to sleep phenotypes. There are also environmental fac-
tors associated with ADHD that increase the likelihood of 
experiencing sleep disturbances (e.g. socioeconomic status, 
medication) [13].

Finally, a related question concerns why children with 
ADHD are at heightened risk for developing sleep prob-
lems. As sleep problems in children with ADHD are asso-
ciated with symptom severity, co-occurring disorders and 
neurocognitive deficits [14, 15], these problems may index 
neurodevelopmental or clinical severity. Previous work has 
shown that genetic risk for ADHD is associated with other 
comorbid difficulties in children with ADHD (e.g. conduct 
disorder) [16]. In addition, sleep disturbances are common 
in the context of many other psychiatric disorders such as 
depression [17], which also share polygenic liability with 
sleep problems [17, 18] and ADHD [19, 20]. Polygenic 
scores for ADHD and psychiatric disorders can be used to 
test whether sleep disturbances observed in children with 
ADHD are an indicator of neurodevelopmental or clinical 
severity.

Our overall aim in this study was to test whether sleep 
disturbances in children with ADHD are driven by polygenic 
liability for general population sleep phenotypes and are an 
indicator of ADHD severity. First, we hypothesised that 
polygenic liability for insomnia would be over-transmitted 
from parents to children diagnosed with ADHD, and that 

polygenic liability for sleep duration and chronotype (i.e. 
delayed sleep phase) would be over- or under-transmitted. 
These expectations were based on previously estimated 
genetic correlations between ADHD and sleep phenotypes 
(positive genetic correlation with insomnia and no evidence 
of correlation in either direction for other sleep phenotypes) 
in primarily case–control samples [8]. Second, we hypoth-
esised that greater polygenic liability for sleep phenotypes 
(measured in adult populations) would be associated with 
increased risk of insomnia, poor sleep quality and hypersom-
nia in children with ADHD. Finally, we hypothesised that 
a greater polygenic risk for ADHD would increase the risk 
of sleep disturbances in children with ADHD. In explora-
tory analyses, we examined whether greater genetic risks 
for other disorders commonly comorbid with ADHD (i.e. 
anxiety, depression, and Autism Spectrum Disorder (ASD)) 
are associated with increased risk of sleep disturbances in 
children with ADHD.

Method

The sample comprised children with ADHD (aged 
5–18 years), recruited from out-patient clinics (including 
Child and Adolescent Mental Health Services and Pae-
diatrics) in Wales. Parents and children aged 16 years or 
older provided written informed consent and children under 
16 years old provided assent to take part in the study. Ethi-
cal approval was obtained from the North West England 
and Wales Multicentre Research Ethics Committees and 
the Cardiff University School of Medicine Research Ethics 
Committee.

ADHD diagnosis was confirmed using the Child and 
Adolescent Psychiatric Assessment (CAPA; [21]), a semi-
structured diagnostic interview completed with parents by 
trained and clinically supervised psychologists. Children 
in the sample who were aged ≥ 12 years were also inter-
viewed using the CAPA. Presence of the 18 DSM-IV/ICD-
10 ADHD symptoms, 2 additional ADHD symptoms for 
DSM-III-R, impairment, and age of onset of symptoms 
were ascertained. Symptom pervasiveness was confirmed 
via teacher report using the Child ADHD Teacher Telephone 
Interview (CHATTI) [22] or Conners’ Teacher Rating Scale 
[23]. Children were included if they met ADHD diagnostic 
criteria according to (the then current) DSM-IV at the time 
of the interview, with a small subset (N = 72) from an earlier 
part of the study who met DSM-III-R criteria (where teacher 
information on symptom pervasiveness was not available).

Presence of sleep disturbances was also assessed using 
the CAPA criteria. The following items were assessed: any 
insomnia of ≥ 1 h of being unable to get to sleep (includ-
ing any of the following: delayed sleep onset, night waking, 
early morning waking), hypersomnia, restless sleep, poor 
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sleep quality (defined in the CAPA as being inadequately 
rested by sleep), and nightmares. All sleep disturbance items 
were coded as binary variables (0 = absent, 1 = present). For 
children aged > 11 years who also completed the CAPA, a 
symptom was considered present if either the parent or child 
reported it. The presence of nightmares was only assessed 
in the parent CAPA. Parents also reported whether their 
children were currently taking any medication for ADHD 
(i.e. stimulants or risperidone) or for sleep disturbances (e.g. 
melatonin). Children with missing parent CAPA information 
for sleep variables (from a part of the study when this sec-
tion was not included) were excluded (N = 101) from that 
part of the analysis.

Children and both biological parents were asked to pro-
vide a DNA sample (saliva or blood). The samples were 
genotyped in several batches, with rigorous quality con-
trol (QC) procedures (see Supplement). We used publicly 
available large discovery GWAS summary statistics based 
on studies of individuals of European ancestries that were 
independent of our sample, to derive polygenic scores (PGS) 
using PLINK version 1.9 [24]. We used the following pri-
mary discovery phenotypes: frequent insomnia symptoms 
(129,270 cases and 108,357 controls) [18], chronotype 
(252,287 cases and 150,908 controls) [25], self-reported 
sleep duration (total length of hours: 446,118 individuals; 
short sleep duration: 106,192 cases and 305,742 controls; 
long sleep duration: 34,184 cases and 305,742 controls) 
[26], and ADHD (18,378 cases and 29,113 controls; after 
excluding our sample) [8]. For the exploratory analyses, we 
used the following discovery phenotypes: anxiety disorders 
(31,977 cases and 82,114 controls) [27], major depressive 
disorder (MDD; 59,851 cases and 113,154 controls) [28], 
and autism spectrum disorder (ASD; 18,382 cases and 
27,969 controls) [29].

For each of these GWAS, common variants (Minor allele 
frequency (MAF) > 5%) that overlapped with our sample 
were used to calculate PGS for each individual by summing 
the number of alleles (weighted by the log of the odds ratio) 
across the set of single nucelotide polymorphisms (SNPs) 
in PLINK (using command –score). We then used the PGS-
PCA approach [30], in which a principal component analysis 
was conducted on scores derived using 7 p value thresh-
olds and the first principal component was extracted and 
standardised using z-score transformations (further details 
in Supplement).

Analyses

For aim 1, we used the pTDT [12], in which we compared the 
mean proband PGS to the mean parental mid-point PGS. This 
tests for over- or under-transmission of alleles for a given phe-
notype in the proband compared to what would be expected 
given the average of the parental genotypes. For aim 2, we 

tested whether insomnia PGS were associated with insomnia 
and poor sleep quality and whether sleep duration PGS were 
associated with insomnia, poor sleep quality and hypersomnia. 
For aim 3, we tested whether ADHD PGS were associated 
with any of the sleep disturbances. We also performed explora-
tory analyses testing whether PGS for anxiety, depression, or 
ASD were associated with any sleep disturbances.

The sample included 40 families with full- or half-siblings. 
Only one child per family was selected for pTDT analyses. 
For all other analyses, we accounted for genetically related 
samples using a sandwich estimator to correct the standard 
errors of regression coefficients, using generalised estimat-
ing equations implemented in the drgee R package. For all 
PGS analyses, the top 5 PCs, genotyping batch and child’s 
age at assessment were included as covariates. Nagelkerke 
R2 differences between null and full models were calculated 
to obtain estimates of variance explained, and we applied 
correction for multiple testing using a false discovery rate 
(FDR) threshold of 0.05. We ran several sensitivity analyses: 
(a) using only CAPA information from parents, (b) including 
sex and ADHD medication as additional covariates, and (c) 
excluding children taking any medication for sleep.

Replication sample

Replication data for Aim 1 were available from the Interna-
tional Multicentre ADHD Genetics (IMAGE) study, con-
sisting of 844 complete trios of ADHD probands and both 
biological parents [31] (see Supplement for details of sample 
QC). PGS were calculated using GWAS of sleep phenotypes, 
using the same method as described above. Secondary phe-
notype data relating to sleep phenotypes were limited in this 
sample and were not analysed.

ADHD diagnosis was confirmed in IMAGE using the 
ADHD section of the Parental Account of Childhood Symp-
toms [32], a semi-structured interview in which parents rate 
the frequency or severity of their child’s ADHD symptoms 
(details in Supplement). Further information on study pro-
cedures is outlined elsewhere [33].

To increase the power of the pTDT analysis, we also 
performed a joint analysis of the primary and replication 
samples to give an overall estimate of the effect sizes across 
both samples. To do this, we combined the deviation of chil-
dren’s PGS from their parents’ average PGS across the two 
datasets and performed the pTDT in the combined sample 
(N = 1172 trios).

Results

758 children with diagnosed ADHD had available infor-
mation about sleep disturbances and genetic data after 
QC and were included in the analyses. Table 1 displays 
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the frequencies of sleep problems in the sample, and other 
descriptive variables. Sleep disturbances were common, with 
restless sleep being the most commonly reported problem.

The pTDT analysis of 328 complete parent–offspring 
trios indicated that polygenic liability for sleep dura-
tion was over-inherited by children with ADHD, com-
pared to the average of their parents’ polygenic profiles 
[mean = 0.13(0.05),  pFDR = 0.032]. This association origi-
nated specifically from polygenic liability for longer sleep 
duration [mean = 0.14(0.05),  pFDR = 0.032]. There was no 
evidence of differential transmission of polygenic liabil-
ity for short sleep duration, insomnia, or chronotype. See 
Fig. 1a and Table S1 for detailed results.

We used a second sample of 844 children with ADHD 
from the IMAGE dataset [31], to try to replicate these 
analyses; see Table S2 for a description of the sample. 
The results showed a weaker and non-significant result for 
over-transmission of long sleep duration polygenic liability 
[mean = 0.06(0.03), p = 0.077] (Fig. 1b and Table S1). This 
result was significant in the combined sample analysis of 
1,172 trios [mean = 0.08(0.03), p = 0.0039]; see Table S1.

Insomnia PGS were not associated with insomnia in chil-
dren with ADHD (Table 2). Despite over-transmission of sleep 
duration polygenic liability to children with ADHD, based 
on the pTDT analysis, this liability was not associated with 
co-occurring insomnia, sleep quality, or hypersomnia in the 
sample (Table 2). ADHD PGS were also not associated with 
any of the sleep disturbances in the sample (Table 3). Finally, 
PGS for other commonly comorbid psychiatric disorders 
(anxiety, depression, and ASD) were also not associated with 

co-occurring insomnia or other sleep problems (Table 4). The 
pattern of results did not differ in sensitivity analyses (Tables 
S3–S5).

Sensitivity analyses using only CAPA information from 
parents, including additional covariates (sex and ADHD 
medication) and including only children not taking any 
sleep medication showed a similar pattern of results 
(Tables S3–S5).

Discussion

In this study, we used PGS to investigate associations 
between sleep disturbances and ADHD using a clinical 
sample of children diagnosed with ADHD and their par-
ents. First, we found that polygenic liability for long sleep 
duration was over-transmitted from parents to children 
with ADHD and this finding was supported in a combined 
analysis using an independent replication sample. Sec-
ond, we did not find evidence that polygenic liability for 

Table 1  Primary ADHD sample description

Binary phenotypes N (%)

Sex (female) 101(13.3)
Any insomnia 192(25.6)
Restless sleep 294(55.9)
Poor sleep quality 104(19.7)
Nightmares 97(18.4)
Hypersomnia 31(4.1)
Low family social status 315(48.5)
Low family income 269(62.9)
Low parental education 129(28.2)
ADHD medication use 214(30.3)
Sleep medication use 76(14.8)

Continuous phenotypes Mean(SE)

Child’s age at assessment 10.3(0.1)
Inattention symptoms 7.34(0.062)
Hyperactive-impulsive symptoms 7.72(0.055)
Total ADHD symptoms 15.1(0.09)

Fig. 1  Results of the pTDT analysis displaying the mean deviation 
of the child’s polygenic score from the mid-parent polygenic score, 
along with standard errors, in a) the primary sample and b) the rep-
lication sample. INS insomnia, CHRON chronotype, SLDUR sleep 
duration, SDLONG sleep duration (long), SDSHORT sleep duration 
(short). *p < 0.05; **p < 0.01
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sleep disturbances was associated with an increased risk of 
insomnia, poor sleep quality or hypersomnia in children with 
ADHD. Finally, we did not find evidence that greater genetic 
risk for ADHD or other frequently comorbid disorders were 
associated with increased risk of sleep disturbances in chil-
dren with ADHD.

We found weak evidence that children with ADHD over-
inherit polygenic liability for longer sleep duration. Both 
long and short sleep duration have previously been phe-
notypically associated with ADHD [34]. Prolonged sleep 
duration is a symptom of hypersomnia, which is common 
in people with ADHD [35]. Other evidence pointing to a 
shared pathophysiology comes from research on narcolepsy; 

Table 2  Association of 
insomnia and sleep duration 
polygenic scores with sleep 
disturbances in children with 
ADHD

FDR false discovery rate, R2 variance explained by PGS (polygenic score)

Polygenic score Outcome N OR(95% CI) p pFDR R2

Insomnia Insomnia 750 1.05(0.88–1.24) 0.61 0.76 0.00055
Sleep quality 527 1.17(0.94–1.46) 0.16 0.76 0.0056

Sleep duration Insomnia 750 0.93(0.79–1.10) 0.43 0.76 0.0012
Sleep quality 527 1.04(0.83–1.29) 0.74 0.81 0.0003
Hypersomnia 755 1.01(0.69–1.48) 0.96 0.96 0.000013

Sleep duration (long) Insomnia 750 1.19(1.00–1.40) 0.045 0.50 0.0077
Sleep quality 527 1.06(0.84–1.33) 0.62 0.76 0.00075
Hypersomnia 755 0.86(0.61–1.20) 0.36 0.76 0.0032

Sleep duration (short) Insomnia 750 1.09(0.92–1.29) 0.31 0.76 0.002
Sleep quality 527 1.12(0.91–1.39) 0.27 0.76 0.0031
Hypersomnia 755 0.89(0.64–1.23) 0.49 0.76 0.0017

Table 3  Association of ADHD polygenic scores with sleep disturbances in children with ADHD

FDR false discovery rate, R2 variance explained by PGS (polygenic score)

Polygenic score Outcome N OR(95% CI) p pFDR R2

ADHD Insomnia 750 1.02(0.86–1.20) 0.68 0.95 0.00033
Restless sleep 526 0.92(0.77–1.09) 0.33 0.95 0.0024
Sleep quality 527 0.93(0.75–1.15) 0.57 0.95 0.00096
Nightmares 527 0.95(0.76–1.19) 0.93 0.95 0.000025
Hypersomnia 755 1.01(0.69–1.50) 0.71 0.95 0.00067

Table 4  Association of 
neurodevelopmental/psychiatric 
polygenic scores with sleep 
disturbances in children with 
ADHD

FDR false discovery rate, R2 variance explained by PGS, ASD Autism Spectrum Disorder, MDD Major 
Depressive Disorder

Polygenic score Outcome N OR(95% CI) p pFDR R2

Anxiety Insomnia 748 0.97(0.82–1.16) 0.77 0.90 0.00018
Restless sleep 524 1.05(0.87–1.25) 0.63 0.90 0.0006
Sleep quality 525 1.04(0.84–1.29) 0.73 0.90 0.00031
Nightmares 525 1.19(0.93–1.52) 0.16 0.75 0.0059
Hypersomnia 753 1.04(0.71–1.51) 0.85 0.91 0.00016

ASD Insomnia 750 0.91(0.77–1.07) 0.25 0.75 0.0026
Restless sleep 526 0.90(0.75–1.07) 0.24 0.75 0.0033
Sleep quality 527 0.80(0.64–0.99) 0.044 0.66 0.012
Nightmares 527 0.96(0.75–1.24) 0.78 0.90 0.00025
Hypersomnia 755 1.18(0.84–1.66) 0.33 0.83 0.0035

MDD Insomnia 750 1.05(0.88–1.24) 0.60 0.90 0.00057
Restless sleep 526 1.05(0.88–1.26) 0.57 0.90 0.00081
Sleep quality 527 0.93(0.75–1.15) 0.48 0.90 0.0013
Nightmares 527 1.01(0.81–1.26) 0.94 0.94 0.000014
Hypersomnia 755 1.24(0.87–1.77) 0.23 0.75 0.0059
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both narcolepsy and ADHD can be treated using psycho-
stimulants such as methylphenidate [36] and the prevalence 
of ADHD in children with narcolepsy is greater than in the 
general population [37]. Moreover, narcolepsy PGS have 
been associated with ADHD traits in the general population 
[10]. One theory is that inattentive and hyperactive-impul-
sive symptoms are a coping mechanism for deficits in alert-
ness, but research supporting this is mixed [38]. Although 
our finding of over-transmission of sleep duration polygenic 
liability was not significant in an independent, larger ADHD 
sample, the direction of the effect was the same and the 
result was significant in analysis combining both samples. 
The effect size was stronger in the primary sample com-
pared to the replication sample or combined analysis. This 
may be due to differences in the two samples; for example, 
fewer children in the IMAGE replication sample had sleep 
problems compared to the primary sample.

We did not find evidence in the primary or replication 
samples that children with ADHD over- or under-inherit 
polygenic liability for other sleep traits, specifically insom-
nia or chronotype. This did not support our hypothesis that 
sleep disturbances in ADHD arise due to shared genetic 
influences and contrasts with the previously reported genetic 
correlation between ADHD diagnosis and insomnia [8]. This 
could be due to differences in methodology, given we com-
pared polygenic liability for insomnia in children to their 
parents’ average liability, rather than to screened controls. 
Our results also contrast with previous PGS studies in chil-
dren in the general population, which found genetic links 
between ADHD and sleep phenotypes [9–11]. One possibil-
ity is that previous results were influenced by the fact that 
ADHD and sleep problems co-occur in the general popula-
tion, which was not accounted for. Our results indicate that 
when potential confounders (e.g. ancestry, socioeconomic 
background) are taken into account using a trio design, there 
is limited evidence of shared genetic effects between child-
hood diagnosed ADHD and sleep phenotypes measured in 
adults.

Our results also indicated that polygenic liability for sleep 
disturbances was not associated with an increased risk of 
insomnia, poor sleep quality, or hypersomnia in children 
with ADHD. One explanation is that existing GWAS of 
sleep problems in adults do not index sleep problems in 
childhood, which extends to sleep problems in the context of 
clinically-diagnosed ADHD. The GWAS summary statistics 
we used are the largest available GWAS of sleep phenotypes 
but were derived from the UK Biobank, which consists of 
adults aged 40–69 years [39]. There is emerging evidence 
that the heritability of sleep traits changes across the lifespan 
[40, 41] and it is possible that the genetic architecture of 
sleep phenotypes is different in adults compared to children, 
regardless of ADHD diagnosis. However, currently available 
sleep GWAS in children are based on much smaller samples 

(e.g. [42]). Another possibility is that participants in our 
primary sample ranged in age from 5 to 18 years, whereas 
a recent study found that the association between ADHD 
and sleep disturbances peaked between 8 and 10 years of 
age [43]. It is, therefore, possible that genetic associations 
would also be greatest in this age range. In addition, we 
observed low rates of some sleep disorders in our sample 
(e.g. only 31 children in our sample had hypersomnia). This 
could be due to the interview method used to assess sleep 
phenotypes, or because a high proportion of our sample was 
taking medication for ADHD or sleep. Rates of hypersom-
nia might increase as children with ADHD become adults; 
it would therefore be pertinent to investigate associations 
between polygenic liability for adult sleep traits and sleep 
disturbances in adult samples with ADHD.

We did not find support for our hypothesis that greater 
polygenic liability for ADHD increased the risk of sleep dis-
turbances in children with ADHD. This suggests that unlike 
other phenotypes (e.g. conduct disorder) [16], sleep distur-
bances in children with ADHD do not index a greater burden 
of risk for ADHD. It is possible that sleep disturbances in 
ADHD arise due to other factors, which should be investi-
gated further. For example, children with ADHD are more 
likely to live in families of lower socioeconomic status [44], 
which is a risk factor for poor sleep and daytime sleepiness 
in children [13]. Symptoms of ADHD may make it more 
difficult for children and their parents to adopt healthy sleep 
practices, such as regular bedtimes. Randomised controlled 
trials of sleep interventions that improve sleep practices have 
been shown to be effective in improving sleep and ADHD 
symptoms in children with ADHD [6, 7]. Medications to 
treat ADHD may also improve or disrupt sleep [45]; how-
ever, we observed the same pattern of results in sensitiv-
ity analyses adjusting for ADHD medication and excluding 
children taking medication for sleep.

Other explanations for the link between ADHD and sleep 
should be considered. First, in our study we examined com-
mon genetic variants for sleep traits, but it is possible that 
sleep disturbances comorbid with ADHD also arise due to 
rare or de novo genetic variants for sleep traits or ADHD. 
Second is the role of gene-environment interplay; sleep 
disturbances in children with ADHD could arise in those 
who have a genetic predisposition to sleep problems and 
are exposed to particular environmental risk factors. Third 
is the role of power as the PGS were based on examining a 
small fraction of the genome (tens of thousands of SNPs) 
and our sample is much smaller than those typically used 
in GWAS and genome-wide genetic correlation analyses. 
Finally, disorders such as ASD, oppositional defiant dis-
order, anxiety, and depression are highly comorbid with 
ADHD [46, 47]. These disorders are also associated with 
sleep problems [48, 49] and may drive associations between 
ADHD and sleep disturbances. However, in this study, we 
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did not find evidence that sleep problems in children with 
ADHD were driven by polygenic liability for ASD, MDD 
or anxiety. Future research needs to explore the impact of 
these comorbidities on sleep disturbances in children with 
ADHD.

Limitations

Our study has several limitations, in addition to those out-
lined above. We measured sleep phenotypes using an inter-
view, and a combination of parent and child-ratings. Some 
studies have shown discrepancies between parent and child 
reports of sleep, and their association with genetic factors; 
Breitenstein et al. [50] found that the heritability of sleep 
phenotypes in children differed depending on measurement 
method (self-report, parent-report or actigraphy). Future 
research should explore associations between ADHD and 
sleep using multiple measures of sleep phenotypes.

Our study also lacked phenotypic measures of chrono-
type, sleep duration, and other sleep disorders previously 
associated with ADHD [1], therefore we could not examine 
associations between ADHD/sleep PGS and these pheno-
types. We were unable to test in our sample whether chil-
dren with ADHD (regardless of sleep difficulties) had a 
higher burden of polygenic liability for sleep phenotypes, 
as we did not have a comparison sample of children with-
out ADHD. Sleep disturbances were assessed when 30% 
of the sample were taking medication for ADHD and 15% 
were taking sleep medication, which may have influenced 
our results, although our sensitivity analyses indicated this 
is unlikely to fully explain our results. Our study may also 
have been underpowered due to only having 328 trios in 
the primary sample and 844 trios in the replication sample. 
Detailed sleep phenotypes were not available in the replica-
tion sample.

Conclusions

Sleep problems are common in children with ADHD and 
impact on illness course, quality of life and family relation-
ships [2–4]. Understanding why these sleep problems occur 
is important for understanding the aetiology of ADHD and 
identifying individuals who may be at higher risk of devel-
oping these problems. Using two large samples of children 
with ADHD, we find limited evidence for over-transmission 
of polygenic liability for sleep phenotypes, with weak evi-
dence that polygenic liability for long sleep duration may be 
over-transmitted from parents to children. Our results also 
suggest comorbid sleep problems are not driven by genetic 
factors linked to sleep phenotypes measured in adults, or 
driven by polygenic liability for ADHD or other commonly 
comorbid neurodevelopmental and psychiatric disorders. 
However, our analyses utilised data from adult sleep GWAS 

and need to be extended using data from sleep GWAS in 
children, once sufficiently large samples are available. Fur-
ther exploration of the role of sleep comorbidities in indi-
viduals with ADHD, and examination of this relationship 
using a wider range of sleep phenotypes is also needed. Our 
findings also highlight the need for additional exploration of 
biological and environmental factors that may give rise to 
sleep disturbances in children with ADHD.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00787- 021- 01931-2.

Acknowledgements We acknowledge dbGaP, via the dbGaP accession: 
phs000016.v2.p2 https:// www. ncbi. nlm. nih. gov/ proje cts/ gap/ cgi- bin/ 
study. cgi? study_ id= phs00 0016. v2. p2. Funding support for the Inter-
national Multisite ADHD Genetics (IMAGE) project was provided by 
NIH grants R01MH62873 and R01MH081803 to S.V. Faraone and 
the genotyping of samples was provided through the Genetic Associa-
tion Information Network (GAIN). The dataset(s) used for the analy-
ses described in this manuscript were obtained from the database of 
Genotypes and Phenotypes (dbGaP) found at http:// www. ncbi. nlm. nih. 
gov/ gap through dbGaP accession number 26394. Samples and associ-
ated phenotype data for the International Multi-Center ADHD Genet-
ics Project were provided by the following investigators: S. Faraone 
(PI), R. Anney, P. Asherson, J. Sergeant, R. Ebstein, B. Franke, M. 
Gill, A. Miranda, F. Mulas, R. Oades, H. Roeyers, A. Rothenberger, 
T. Banaschewski, J. Buitelaar, E. Sonuga-Barke (site PIs), M. Daly, 
C. Lange, N. Laird, J. Su, and B. Neale (statistical analysis team). We 
would also like to acknowledge the work of Sarah Barrett for her work 
with the sleep phenotype data in the primary sample.

Author contributions All authors contributed to the study conception 
and design. Material preparation and data analysis were performed by 
KJSL, JM and RA. The first draft of the manuscript was written by 
KJSL and JM and all authors commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding The work was supported by funding from the Wellcome Trust 
(grant no. 079711), Medical Research Council Centre (grant no. MR/
L010305/1), Health and Care Research Wales (grant no. 514032), 
Action Medical Research and Baily Thomas. We also acknowledge the 
support of the Supercomputing Wales project, which is part-funded by 
the European Regional Development Fund (ERDF) via the Welsh Gov-
ernment. JM was supported by a NARSAD Young Investigator Grant 
from the Brain and Behavior Research Foundation (grant no. 27879). 
KJSL was supported by the Wellcome Trust (220488/Z/20/Z) and 
the National Centre for Mental Health (NCMH) which is funded by 
Health and Care Research Wales. KL was supported by a grant from 
The Waterloo Foundation (Grant no. 918/3021). As this research was 
funded in whole, or in part, by the Wellcome Trust, for the purpose 
of open access, the author has applied a CC BY public copyright 
licence to any Author Accepted Manuscript version arising from this 
submission.

 Code availability The code that supports the findings of this study is 
available on request from the corresponding author (KL).

Declarations 

Conflict of interests RA declares no competing interests. AMG is an 
advisor for a project initially sponsored by Johnson’s Baby and is a 
consultant for Perrigo. AMG receives royalties for two books: Nod-

https://doi.org/10.1007/s00787-021-01931-2
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000016.v2.p2
https://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000016.v2.p2
http://www.ncbi.nlm.nih.gov/gap
http://www.ncbi.nlm.nih.gov/gap


 European Child & Adolescent Psychiatry

1 3

ding Off (Bloomsbury Sigma 2018) and The Sleepy Pebble (Flying 
Eye, 2019), and has another contract with Lawrence King Publishers. 
AMG is a regular contributor to BBC Focus magazine and has contrib-
uted to other outlets (such as The Conversation, The Guardian and Bal-
ance Magazine). AMG occasionally receives sample products related 
to sleep (e.g. blue light blocking glasses) and has given a paid talk to 
a business. AMG has provided expertise on sleep to the Department 
for Education and Public Health England. KJSL reports honoraria for 
talks on sleep to Public Health Wales and the National Health Service 
Wales. AMG is a specialist subject editor at the Journal of Child Psy-
chology and Psychiatry (sleep), and is on the advisory editorial board 
for Journal of Sleep Research, and is a member of the Sleep, Circadian 
Rhythms And Mental Health in Schools (SCRAMS) team. AT is a 
member of Welsh Health Collaborative’s Together for Children and 
Young People T4CYP (2) Neurodevelopmental Steering Group; Neu-
rodiversity advisory panel; Early Help and Enhanced Support Work 
Stream. AT is also a Board member for UK Patient Charity: ADHD 
Foundation and a Member of European ADHD Guidelines Group 
(EAGG). AT was a member of the consultation panel for the National 
Institute for Health’s Research Development of a Ten-Year Strategy 
for Mental Health—Children and Young People and a member To-
gether for Children and Young People Expert Reference Group—A 
Welsh Assembly Government and CAMHS multi-agency Programme 
Board to drive forward the development and implementation of child 
and adolescent mental health service improvement plans in Wales. AT 
is a panel member of the Ruane Prize Committee (Brain and Behavior 
Research Foundation USA), is on the Journal Advisory Board for The 
Lancet Psychiatry and is an Associate Editor for the American Journal 
of Psychiatry. AT is a member of the American Psychiatric Associa-
tion Review Committee on Neurodevelopmental Disorders. KL  is a 
member of Welsh Health Collaborative’s Together for Children and 
Young People T4CYP (2) Neurodevelopmental Steering Group. KL 
is Assistant Editor for BMC Psychiatry. JM is an Associate Editor for 
JCPP Advances.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Yoon SYR, Jain U, Shapiro C (2012) Sleep in attention-deficit/
hyperactivity disorder in children and adults: past, present, and 
future. Sleep Med Rev 16:371–388

 2. Gregory AM, Agnew-Blais JC, Matthews T et al (2017) ADHD 
and sleep quality: longitudinal analyses from childhood to 
early adulthood in a twin cohort. J Clin Child Adolesc Psychol 
46:284–294

 3. Grünwald J, Schlarb AA (2017) Relationship between subtypes 
and symptoms of ADHD, insomnia, and nightmares in connec-
tion with quality of life in children. Neuropsychiatr Dis Treat 
13:2341–2350

 4. Sung V, Hiscock H, Sciberras E, Efron D (2008) Sleep prob-
lems in children with attention-deficit/hyperactivity disorder: 

prevalence and the effect on the child and family. Arch Pediatr 
Adolesc Med 162:336–342

 5. Morash-Conway J, Gendron M, Corkum P (2017) The role of 
sleep quality and quantity in moderating the effectiveness of 
medication in the treatment of children with ADHD. Atten Defic 
Hyperact Disord 9:31–38

 6. Sciberras E, Mulraney M, Mensah F et al (2020) Sustained 
impact of a sleep intervention and moderators of treatment out-
come for children with ADHD: a randomised controlled trial. 
Psychol Med 50:210–219

 7. Hiscock H, Sciberras E, Mensah F et al (2015) Impact of a 
behavioural sleep intervention on symptoms and sleep in chil-
dren with attention deficit hyperactivity disorder, and parental 
mental health: randomised controlled trial. BMJ. https:// doi. org/ 
10. 1136/ bmj. h68

 8. Demontis D, Walters RK, Martin J et al (2019) Discovery of 
the first genome-wide significant risk loci for attention deficit/
hyperactivity disorder. Nat Genet 51:63–75

 9. Akingbuwa WA, Hammerschlag AR, Jami ES et  al (2020) 
Genetic associations between childhood psychopathology and 
adult depression and associated traits in 42 998 individuals: a 
meta-analysis. JAMA Psychiat. https:// doi. org/ 10. 1001/ jamap 
sychi atry. 2020. 0527

 10. Takahashi N, Nishimura T, Harada T et al (2020) Polygenic risk 
score analysis revealed shared genetic background in attention 
deficit hyperactivity disorder and narcolepsy. Transl Psychiatry 
10:284

 11. Ohi K, Ochi R, Noda Y et al (2021) Polygenic risk scores for 
major psychiatric and neurodevelopmental disorders contribute 
to sleep disturbance in childhood: adolescent brain cognitive 
development (ABCD) study. Transl Psychiatry 11:187

 12. Weiner DJ, Wigdor EM, Ripke S et al (2017) Polygenic trans-
mission disequilibrium confirms that common and rare variation 
act additively to create risk for autism spectrum disorders. Nat 
Genet 49:978–985

 13. Bagley EJ, Kelly RJ, Buckhalt JA, El-Sheikh M (2015) What 
keeps low-SES children from sleeping well: the role of presleep 
worries and sleep environment. Sleep Med 16:496–502

 14. Mayes SD, Calhoun SL, Bixler EO et al (2009) ADHD sub-
types and comorbid anxiety, depression, and oppositional-defi-
ant disorder: differences in sleep problems. J Pediatr Psychol 
34:328–337

 15. Schneider HE, Lam JC, Mahone EM (2016) Sleep disturbance 
and neuropsychological function in young children with ADHD. 
Child Neuropsychol 22:493–506

 16. Hamshere ML, Langley K, Martin J et al (2013) High loading of 
polygenic risk for ADHD in children with comorbid aggression. 
Am J Psychiatry 170:909–916

 17. Krystal AD (2012) Psychiatric disorders and sleep. Neurol Clin 
30:1389–1413

 18. Lane JM, Jones SE, Dashti HS et al (2019) Biological and clini-
cal insights from genetics of insomnia symptoms. Nat Genet 
51:387–393

 19. Cross-Disorder Group of the Psychiatric Genomics Consortium 
(2019) Genomic relationships, novel loci, and pleiotropic mecha-
nisms across eight psychiatric disorders. Cell 179:1469-1482.e11

 20. Zhao H, Nyholt DR (2017) Gene-based analyses reveal novel 
genetic overlap and allelic heterogeneity across five major psy-
chiatric disorders. Hum Genet 136:263–274

 21. Angold A, Prendergast M, Cox A et al (1995) The child and ado-
lescent psychiatric assessment (CAPA). Psychol Med 25:739–753

 22. Holmes J, Lawson D, Langley K et al. (2004) The Child Atten-
tion-Deficit Hyperactivity Disorder Teacher Telephone Interview 
(CHATTI): reliability and validity. Br J Psychiatry 184:74–78. 
https:// doi. org/ 10. 1192/ bjp. 184.1. 74

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/bmj.h68
https://doi.org/10.1136/bmj.h68
https://doi.org/10.1001/jamapsychiatry.2020.0527
https://doi.org/10.1001/jamapsychiatry.2020.0527
https://doi.org/10.1192/bjp.184.1.74


European Child & Adolescent Psychiatry 

1 3

 23. Conners CK, Sitarenios G, Parker JD, Epstein JN (1998) The 
revised conners’ parent rating scale (CPRS-R): factor struc-
ture, reliability, and criterion validity. J Abnorm Child Psychol 
26:257–268

 24. Purcell S, Neale B, Todd-Brown K et al (2007) PLINK: a tool 
set for whole-genome association and population-based linkage 
analyses. Am J Hum Genet 81:559–575

 25. Jones SE, Lane JM, Wood AR et al (2019) Genome-wide asso-
ciation analyses of chronotype in 697,828 individuals provides 
insights into circadian rhythms. Nat Commun 10:343

 26. Dashti HS, Jones SE, Wood AR et al (2019) Genome-wide asso-
ciation study identifies genetic loci for self-reported habitual sleep 
duration supported by accelerometer-derived estimates. Nat Com-
mun 10:1100

 27. Purves KL, Coleman JRI, Meier SM et al (2019) A major role for 
common genetic variation in anxiety disorders. Mol Psychiatry. 
https:// doi. org/ 10. 1038/ s41380- 019- 0559-1

 28. Wray NR, Ripke S, Mattheisen M et al (2018) Genome-wide asso-
ciation analyses identify 44 risk variants and refine the genetic 
architecture of major depression. Nat Genet 50:668–681

 29. Grove J, Ripke S, Als TD et al (2019) Identification of common 
genetic risk variants for autism spectrum disorder. Nat Genet 
51:431–444

 30. Coombes BJ, Ploner A, Bergen SE, Biernacka JM (2020) A prin-
cipal component approach to improve association testing with 
polygenic risk scores. Genet Epidemiol 44:676–686

 31. Neale BM, Lasky-Su J, Anney R et al (2008) Genome-wide asso-
ciation scan of attention deficit hyperactivity disorder. Am J Med 
Genet B Neuropsychiatr Genet 147B:1337–1344

 32. Taylor E, Schachar R, Thorley G, Wieselberg M (1986) Conduct 
disorder and hyperactivity: I. Separation of hyperactivity and anti-
social conduct in British child psychiatric patients. Br J Psychiatry 
149:760–767

 33. Müller UC, Asherson P, Banaschewski T et al (2011) The impact 
of study design and diagnostic approach in a large multi-centre 
ADHD study. Part 1: ADHD symptom patterns. BMC Psychiatry. 
https:// doi. org/ 10. 1186/ 1471- 244X- 11- 54

 34. Bogdan AR, Reeves KW (2018) Sleep duration in relation to 
attention deficit hyperactivity disorder in American adults. Behav 
Sleep Med 16:235–243

 35. Oosterloo M, Lammers GJ, Overeem S et al (2006) Possible con-
fusion between primary hypersomnia and adult attention-deficit/
hyperactivity disorder. Psychiatry Res 143:293–297

 36. Sharbaf Shoar N, Marwaha R, Molla M (2021) Dextroampheta-
mine-amphetamine. StatPearls Publishing, Treasure Island

 37. Lecendreux M, Lavault S, Lopez R et al (2015) Attention-deficit/
hyperactivity disorder (ADHD) symptoms in pediatric narcolepsy: 
a cross-sectional study. Sleep 38:1285–1295

 38. Bioulac S, Micoulaud-Franchi J-A, Philip P (2015) Excessive day-
time sleepiness in patients with ADHD–diagnostic and manage-
ment strategies. Curr Psychiatry Rep 17:608

 39. Sudlow C, Gallacher J, Allen N et al (2015) UK biobank: an open 
access resource for identifying the causes of a wide range of com-
plex diseases of middle and old age. PLoS Med. https:// doi. org/ 
10. 1371/ journ al. pmed. 10017 79

 40. Kocevska D, Barclay NL, Bramer WM et al (2021) Heritability of 
sleep duration and quality: a systematic review and meta-analysis. 
Sleep Med Rev. https:// doi. org/ 10. 1016/j. smrv. 2021

 41. Breitenstein RS, Doane LD, Clifford S, Lemery-Chalfant K (2018) 
Children’s sleep and daytime functioning: increasing heritability 
and environmental associations with sibling conflict. Soc Dev 
27:967–983

 42. Marinelli M, Pappa I, Bustamante M et al (2016) Heritability and 
genome-wide association analyses of sleep duration in children: 
the EAGLE consortium. Sleep 39:1859–1869

 43. Shen C, Luo Q, Chamberlain SR et al (2020) What is the link 
between attention-deficit/hyperactivity disorder and sleep distur-
bance? A multimodal examination of longitudinal relationships 
and brain structure using large-scale population-based cohorts. 
Biol Psychiatry 88:459–469

 44. Russell AE, Ford T, Williams R, Russell G (2016) The association 
between socioeconomic disadvantage and attention deficit/hyper-
activity disorder (ADHD): a systematic review. Child Psychiatry 
Hum Dev 47:440–458

 45. Hvolby A (2015) Associations of sleep disturbance with ADHD: 
implications for treatment. Atten Defic Hyperact Disord 7:1–18

 46. Thapar A, Cooper M (2016) Attention deficit hyperactivity disor-
der. Lancet 387:1240–1250

 47. Nelson JM, Liebel SW (2018) Anxiety and depression among 
college students with attention-deficit/hyperactivity disorder 
(ADHD): cross-informant, sex, and subtype differences. J Am 
Coll Health 66:123–132

 48. Souders MC, Zavodny S, Eriksen W et al (2017) Sleep in children 
with autism spectrum disorder. Curr Psychiatry Rep 19:34

 49. Shanahan L, Copeland WE, Angold A et al (2014) Sleep problems 
predict and are predicted by generalized anxiety/depression and 
oppositional defiant disorder. J Am Acad Child Adolesc Psychia-
try 53:550–558

 50. Breitenstein RS, Doane LD, Lemery-Chalfant K (2021) Children’s 
objective sleep assessed with wrist-based accelerometers: strong 
heritability of objective quantity and quality unique from parent-
reported sleep. Sleep 44(1):zsaa142. https:// doi. org/ 10. 1093/ sleep/ 
zsaa1 42

https://doi.org/10.1038/s41380-019-0559-1
https://doi.org/10.1186/1471-244X-11-54
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1016/j.smrv.2021
https://doi.org/10.1093/sleep/zsaa142
https://doi.org/10.1093/sleep/zsaa142

	Sleep disturbances in ADHD: investigating the contribution of polygenic liability for ADHD and sleep-related phenotypes
	Abstract
	Introduction
	Method
	Analyses
	Replication sample

	Results
	Discussion
	Limitations
	Conclusions

	Acknowledgements 
	References




