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ABSTRACT
Background Consistent evidence suggests a strong 
association between attention- deficit/hyperactivity 
disorder (ADHD) and subjectively reported sleep 
problems. However, the prevalence of clinically 
ascertained sleep disorder diagnoses and sleep 
medication prescriptions in individuals with ADHD 
remains unclear.
Objective To determine the rates of sleep disorder 
diagnoses and sleep medication prescriptions in children, 
adolescents and adults with ADHD.
Methods We linked Swedish national registers to 
create a cohort of individuals born 1945–2008. We 
estimated the absolute and relative risks (using logistic 
regression models) of different sleep disorder diagnoses 
and medication prescriptions in individuals with and 
without ADHD. The analyses were performed across five 
different age groups: children (5–11 years), adolescents 
(12–17 years), young adults (18–30 years), middle- aged 
adults (31–45 years) and older adults (46–60 years).
Findings Among individuals with ADHD (N=145 490, 
2.25% of the cohort), 7.5% had a sleep disorder 
diagnosis and 47.5% had been prescribed sleep 
medication. Individuals with ADHD, across all age groups, 
had a statistically significantly increased risk of having 
any sleep disorder diagnosis (ORrange=6.4–16.1) and 
any sleep medication prescription (ORrange=12.0–129.4) 
compared with individuals without ADHD. While rates of 
sleep disorders were highest in older adults, the relative 
risks were highest in youth.
Conclusions Individuals with ADHD have a 
substantially increased risk of sleep disorder diagnoses 
and sleep medication prescriptions, from childhood into 
older adulthood.
Clinical implications More clinical efforts are 
needed to tackle impairing sleep problems in 
individuals with ADHD via systematic sleep assessment, 
appropriate diagnosis, and pharmacological and non- 
pharmacological interventions. Sleep medication use 
should be informed by sleep disorder diagnosis.

BACKGROUND
Attention- deficit/hyperactivity disorder (ADHD) is 
a neurodevelopmental condition characterised by 

impairing levels of inattention and/or hyperactivity/
impulsivity. The prevalence of ADHD is around 5% 
in youth and 2.5% in adults.1 ADHD often co- oc-
curs with other mental and physical disorders,1 and 
one of the most frequently reported co- occurring 
issues is sleep problems.2 Adequate sleep is essen-
tial for maintaining optimal mental and phys-
ical health. Indeed, robust associations have been 
found between poor quality or restricted sleep and 
increased risk for cardiometabolic issues, low mood, 
anxiety and impaired cognitive performance.3 4 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Studies mainly in children and adolescents 
show a significant association between 
attention- deficit/hyperactivity disorder (ADHD) 
and subjectively reported (eg, parent report) 
sleep problems and, to a lesser extent, objective 
(eg, wrist worn actigraphy) sleep problems.

 ⇒ However, the prevalence of clinically 
ascertained sleep disorders and medications 
for sleep disorders in individuals with ADHD 
through the lifespan is unknown.

WHAT THIS STUDY ADDS
 ⇒ In this large nationwide register study 
(N=6 470 658), we found that 7.5% of 
individuals with ADHD had a formal sleep 
disorder diagnosis and 47.5% had been 
prescribed medication(s) for sleep disorders.

 ⇒ This corresponded to an 8- fold increased risk 
of having a sleep disorder diagnosis and a 
substantial 14- fold increased risk of having 
sleep medication prescribed compared with 
individuals without ADHD.

 ⇒ The prevalence of sleep disorders was highest in 
the middle- aged and older adult cohorts, while 
the relative risks were highest in the child and 
adolescent cohorts.

 ⇒ The prevalence rates of clinically diagnosed 
sleep disorders in individuals with ADHD were 
substantially lower than the rates of medication 
prescriptions for sleep.
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Furthermore, sleep problems may also exacerbate symptoms of 
ADHD.5

Most of the studies to date on the association between ADHD 
and sleep problems have used subjective, such as self- rating 
scales, and objective, including wrist- worn actigraph measures 
of sleep parameters. Systematic reviews and meta- analyses 
of studies based on such subjective and objective measures of 
sleep have reported significant associations between ADHD 
and sleep alterations, which often present themselves in early 
childhood.6–9 Previous studies are characterised by substantial 
differences in study populations (eg, children or adults), defini-
tions of ADHD (eg, symptoms or diagnoses) and sleep outcomes 
(eg, subjective or objective, persistent or transient). While these 
associations are valuable for understanding the link between 
ADHD and different aspects of poor sleep, there is a lack of 
studies providing evidence on the prevalence of clinically diag-
nosed sleep disorders, as well as of medication prescriptions, in 
individuals with ADHD. Furthermore, previous studies on sleep 
problems in ADHD have mainly been conducted among chil-
dren and adolescents and using relatively small clinical samples 
with limited generalisability.6 7 Thus, much less is known about 
disordered sleep in adults with ADHD and how the rates of 
different sleep disorder diagnoses may change over the lifespan. 
Large population- based cohort studies are therefore needed to 
examine the prevalence rates of different sleep disorders and 
medical prescriptions in ADHD across different age groups from 
childhood to late adulthood.

Determining the prevalence rates of diagnosed sleep problems 
in individuals with ADHD and gaining a better understanding of 
the trends in clinical practices across different age groups may 
lead to more targeted efforts to assess and prevent the devel-
opment of sleep problems in ADHD and to improve treatment 
efforts. Greater knowledge of the prevalence of sleep disorders, 
and the patterns of sleep medication used, in individuals with 
ADHD is therefore important for public health and healthcare 
planning.

Objective
The objective of this study was to help fill the current research 
gaps by rigorously assessing the prevalence rates of a compre-
hensive set of sleep disorders, using clinically ascertained diag-
noses and medication prescriptions, in children, adolescents and 
adults with and without ADHD using a large population- based 
register study. To our knowledge, this is the first study exam-
ining the prevalence of clinically assigned sleep disorders in indi-
viduals with ADHD in a nationally representative cohort from 
childhood to older adulthood.

We hypothesised that the risk of sleep disorders would be 
overall greatly increased in individuals with ADHD, from child-
hood to older adulthood, and across females and males. As there 

is limited research directly comparing age and sex differences 
in the association of sleep disorders with ADHD, and findings 
have been mixed,8 10 it is important to outline whether there 
are substantial group differences in the risks of sleep disorders. 
Furthermore, medications for ADHD can have negative effects 
on sleep quality (such as on insomnia)6 9; however, limited avail-
able research suggests that the association between ADHD and 
sleep problems is not solely driven by the effects of medication 
for ADHD.6 8 We therefore hypothesised that even individuals 
who are not on medications for ADHD will show increased rates 
of sleep disorder diagnoses and medication prescriptions for 
sleep.

METHODS
Study design and study population
We used the Swedish Total Population Register to create a cohort 
of 6 470 658 individuals born between 1945 and 2008. Individ-
uals had to be alive and living in Sweden during the study period 
(up to year 2013). The Swedish Total Population register was 
linked to the Swedish National Patient Register (NPR), which 
includes inpatient hospitalisations from 1975 to 2013 and outpa-
tient specialist diagnoses from 2001 to 2013.11 All individuals 
with at least one diagnosis of ADHD in the NPR were identi-
fied by using International Classification of Diseases- 10 (ICD- 
10: code F90). Individuals with ADHD were also identified by 
dispensions of ADHD medications (Anatomical Therapeutic 
Chemical Classification System codes (ATC codes: N06BA01/
N06BA02/N06BA04/N06BA09/N06BA12) in the Prescribed 
Drug Register (PDR, linkage from 2005 to 2013). Previous 
research has indicated high specificity for this register- based 
ADHD definition in Sweden.12 The PDR records all prescribed 
drugs in Sweden from 2005 and onwards.13 We studied 10 sleep 
disorders (eg, insomnia, sleep apnoea, hypersomnia), identified 
through ICD diagnoses, and 5 medications for sleep (zopiclone, 
zolpidem, melatonin, propiomazine, zaleplon), obtained via 
ATC codes for prescriptions (see table 1). ADHD and sleep were 
treated as lifetime diagnoses (presence/absence).

Table 1 Iinternational Classification of Diseases- 10 (ICD- 10) 
diagnostic codes for sleep disorders and Anatomical Therapeutic 
Chemical Classification System codes (ATC codes) for medication 
prescriptions for sleep

ICD 10 diagnoses (inpatient/outpatient) Codes

Insomnia F51.0, G47.0

Hypersomnia F51.1, G47.1

Disorder of sleep- wake schedule (circadian rhythm) F51.2, G47.2

Sleepwalking F51.3

Night terrors F51.4

Nightmares F51.5

Other specified sleep disorders F51.8, G47.8

Other sleep disorders, unspecified F51.9, G47.9

Restless legs syndrome G25.8

Sleep apnoea G47.3

Narcolepsy and cataplexy G47.4

ATC medication prescriptions Codes

Sleep disorder as primary indication

  Zopiclone N05CF01

  Zolpidem N05CF02

  Melatonin N05CH01

  Propiomazine N05CM06

  Zaleplon N05CF03

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ This study provides, for the first time, the prevalence rates 
of sleep disorder diagnoses and sleep medication use in a 
national study of individuals with ADHD.

 ⇒ The findings highlight the need for greater clinical efforts 
on prevention, diagnosis and adequate treatments for sleep 
disorders in individuals with ADHD, from childhood to older 
adulthood.

 ⇒ The findings also point to the need for sleep medication to be 
informed by sleep disorder diagnosis.
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Statistical analyses
We first estimated the absolute risks (ie, lifetime prevalence 
rates) of sleep disorders and sleep medication prescriptions in 
individuals with ADHD compared with those without. We then 
estimated the relative risks of sleep disorders and sleep medica-
tions prescriptions in individuals with and without ADHD using 
logistic regression models, reporting ORs and 95% CIs. Analyses 
were performed in the full cohort and then stratified across the 
five age groups based on age at point of study: children (born 
1993–2008, followed up between 5 and 11 years), adolescents 
(born 1988–2000, followed up between 12 and 17 years), young 
adults (born 1975–1995, followed up between 18 and 30 years), 
middle- aged adults (born 1960–1982, followed up between 31 
and 45 years) and older adults (born 1945–1973, followed up 
between 46 and 60 years).

The main analyses across the full cohort were further stratified 
by sex to study whether the ADHD- sleep associations differed 
in females and males. In a sensitivity analysis, we re- ran the 
main analyses by defining the ADHD group as individuals with 
an ADHD diagnosis who had not received ADHD medication, 
to investigate whether the ADHD- sleep associations could be 

driven by ADHD medication use. All statistical models adjusted 
for birth year and sex, except the models that were stratified by 
age group or sex, respectively. Data management and statistical 
analyses were performed using SAS software V.9.4 (SAS Insti-
tute) and Stata V.15.

Findings
Descriptive statistics
The full cohort consisted of 6 470 658 residents in Sweden 
followed up between ages 5 and 60 years (born between 
1945 and 2008), of which 145 490 had an ADHD diagnosis 
(2.25%). Among individuals with ADHD, 7.5% had a formal 
sleep disorder diagnosis and 47.5% had been prescribed sleep 
medication, compared with 1.5% and 12%, respectively, in indi-
viduals without ADHD. The prevalence rates of sleep disorder 
diagnoses and sleep medication prescriptions were highest in 
the older adult age cohort, relative to the younger cohorts, in 
both individuals with and without ADHD (figures 1,2). The 
most common types of sleep diagnoses in the full cohort were 
unspecified sleep disorder (prevalence: 3.84% in ADHD group, 

Figure 1 Absolute and relative rates of lifetime sleep disorder diagnoses in individuals with and without attention- deficit/hyperactivity disorder 
(ADHD). OR=Odds ratio.

Figure 2 Absolute and relative rates of sleep medication prescriptions in individuals with and without attention- deficit/hyperactivity disorder 
(ADHD). OR=Odds ratio.
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0.37% non- ADHD group), insomnia (1.71% in ADHD group, 
0.14% non- ADHD group) and sleep apnoea (1.27% in ADHD 
group, 0.96% non- ADHD group). While unspecified sleep 
disorders was the most frequently diagnosed sleep condition in 
the younger ADHD cohorts, sleep apnoea was the most common 
in the oldest cohort (table 2).

Association of ADHD with sleep disorders and sleep medications
Individuals with ADHD had a statistically significant increased 
risk of having any sleep disorder diagnosis compared with 

individuals without ADHD (OR=8.38 (95% CI 8.20 to 8.57)), 
and the ORs for individual sleep disorder diagnoses ranged from 
2.66 to 20.18 (figure 1, table 3). Individuals with ADHD also 
had a statistically significant increased risk of being prescribed 
a sleep medication (OR=14.41 (95% CI 14.24 to 14.58)); the 
ORs of individual medication prescriptions ranged from 6.89 
to 37.73 (figure 2, table 3). The highest relative risks for indi-
vidual sleep disorders in individuals with ADHD were seen for 
hypersomnia (OR=20.18 (95% CI 18.18 to 22.40)), sleep- wake 
disorder (OR=19.28 (95% CI 17.70 to 21.00)) and insomnia 

Table 2 List of most common types of sleep disorder diagnoses in individuals with and without ADHD across age cohorts

Most common type of sleep diagnoses

1st 2nd 3rd

ADHD group

  Children Unspecified (2.66%) Insomnia (1.03%) Apnoea (0.43%)

  Adolescents Unspecified (2.15%) Insomnia (1.19%) Sleep wake schedule (0.50%)

  Young adults Unspecified (3.55%) Insomnia (1.43%) Sleep wake schedule (0.54%)

  Mid adults Unspecified (3.51%) Apnoea (2.51%) Insomnia (1.45%)

  Older adults Apnoea (3.84%) Unspecified (2.62%) Insomnia (1.36%)

  Full cohort Unspecified (3.84%) Insomnia (1.71%) Apnoea (1.27%)

Non- ADHD group

  Children Unspecified (0.32 %) Apnoea (0.16 %) Insomnia (0.09 %)

  Adolescents Unspecified (0.14 %) Insomnia (0.05 %) Apnoea (0.03 %)

  Young adults Unspecified (0.23 %) Apnoea (0.15 %) Insomnia (0.08 %)

  Mid adults Apnoea (0.71 %) Unspecified (0.25 %) Insomnia (0.10 %)

  Older adults Apnoea (1.39 %) Unspecified (0.22 %) Insomnia (0.10 %)

  Full cohort Apnoea (0.96%) Unspecified (0.37%) Insomnia (0.14%)

Note: Prevalence rates of diagnoses displayed in parentheses. Children (age at point of study between 5 and 11 years), adolescents (followed up between 12 and 17 years), 
young adults (followed up between 18 and 30 years), middle- aged adults (followed up between 31 and 45 years) and older adults (followed up between 46 and 60 years).
ADHD, attention- deficit/hyperactivity disorder.

Table 3 Absolute and relative rates of lifetime sleep disorder diagnoses and sleep medication prescriptions in individuals with and without ADHD 
(5–60 years)

Full cohort (born 1945–2008)

ADHD prevalence=2.25% ADHD group (n=145 490) Non- ADHD group (n=632 5168) OR 95% CI

N % N %

Diagnosed sleep disorder

  Insomnia 2492 1.71 8644 0.14 16.39 15.63 to 17.17

  Hypersomnia 523 0.36 1525 0.02 20.18 18.18 to 22.40

  Sleepwalk 70 0.05 436 0.01 6.31 4.88 to 8.17

  Sleep- wake schedule (circadian rhythm) 834 0.57 1852 0.03 19.28 17.70 to 21.00

  Sleep terror 57 0.04 329 0.01 4.80 3.61 to 6.37

  Nightmares 60 0.04 347 0.01 7.31 5.52 to 9.67

  Other 303 0.21 1174 0.02 12.71 11.14 to 14.49

  Unspecified 5584 3.84 23 289 0.37 12.37 12.00 to 12.76

  RLS 276 0.19 3535 0.06 6.85 6.04 to 7.76

  Sleep apnoea 1853 1.27 60 772 0.96 2.66 2.54 to 2.80

  Narcolepsy and cataplexy 647 0.44 461 0.01 73.12 64.44 to 82.96

  Any sleep disorder 10 856 7.46 95 075 1.50 8.38 8.20 to 8.57

Medication prescription

  Zopiclone 29 935 20.58 403 688 6.38 7.93 7.82 to 8.05

  Zolpidem 20 296 13.95 298 378 4.72 6.89 6.78 to 7.01

  Melatonin 35 433 24.35 56 969 0.90 37.73 37.15 to 38.31

  Propiomazine 31 623 21.74 357 999 5.66 8.28 8.17 to 8.40

  Zaleplon 2277 1.57 17 626 0.28 10.62 10.14 to 11.11

  Any sleep medication 69 081 47.48 757 782 11.98 14.41 14.24 to 14.58

ADHD, attention- deficit/hyperactivity disorder; RLS, restless leg syndrome.
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(OR=16.39 (95% CI 15.63 to 17.17)). The highest relative 
risk for individual sleep medications were seen for melatonin 
(OR=37.73 (95% CI 37.15 to 38.31)), zaleplon (OR=10.62 
(95% CI 10.14 to 11.11)) and propiomazine (OR=8.28 (95% 
CI 8.17 to 8.40)) (table 3).

Association of ADHD with sleep disorders and sleep medications 
across age groups
There was an increased risk of having any sleep disorder 
diagnosis in individuals with ADHD across all age groups 
(ORrange=6.35–16.13; figure 1 and online supplemental tables 
1–5). The relative risk for any sleep disorder in the ADHD group 
compared with the control group was highest in the adolescent 
cohort (OR=16.13 (95% CI 15.21 to 17.10)), followed by the 
young adult cohort (OR=12.59 (95% CI 12.08 to 13.12)).

There was also an increased risk of having any sleep medication 
prescription in individuals with ADHD across all age groups (OR 
range=12.03–129.35; figure 2 and online supplemental tables 
1–5). However, children with ADHD had the highest relative 
risk of having sleep medication prescribed (OR=129.35 (95% 
CI 124.45 to 134.45)), followed by adolescents (OR=28.10 
(95% CI 27.39 to 28.83)).

Sex-specific associations of ADHD with sleep disorders and sleep 
medication
In females with ADHD, 8.39% had any sleep disorder diag-
nosis and 55.80% had been prescribed any sleep medication. 
In males with ADHD, 6.91% had any sleep disorder diagnosis 
and 42.58% had been prescribed any sleep medication (online 
supplemental tables 6,7). Females with ADHD relative to those 
without ADHD (OR=11.21 (95% CI 10.85 to 11.59)) had a 
significantly higher risk for any sleep disorder compared with 
males (OR=7.28 (95% CI 7.08 to 7.49)) (non- overlapping 95% 
CIs). The relative risk for being prescribed any sleep medica-
tion was similar between females and males (females OR=14.03 
(95% CI 13.77 to 14.29); males OR=14.17 (95% CI 13.96 to 
14.39)).

Sensitivity analyses
When we re- ran the main analyses excluding individuals who 
had received an ADHD medication prescription from the 
ADHD group, we still found a significantly increased risk, 
although attenuated, in individuals with ADHD of being diag-
nosed with any sleep disorder (OR=6.71 (95% CI 6.32 to 7.11)) 
and prescribed any sleep medication (OR=7.11 (95% CI 6.89 to 
7.34)) (online supplemental table 8). These effects were signifi-
cantly smaller than in the main analyses where the ADHD group 
also consisted of individuals who had been prescribed ADHD 
medication (non- overlapping 95% CIs).

DISCUSSION
To our knowledge, this is the first study examining the preva-
lence of clinically assigned sleep disorders (ICD diagnoses) as 
well as of sleep medication prescriptions in individuals with and 
without ADHD in a nationally representative cohort from child-
hood to older adulthood. In this study based on 6.4 million indi-
viduals, of whom 145 490 had an ADHD diagnosis, we found 
that ADHD was significantly associated with an excess risk of 
sleep disorders from childhood to older adulthood. Across the 
whole cohort, 7.5% of individuals with ADHD had any sleep 
disorder diagnosis, in contrast to 1.5% of individuals without 
ADHD. This corresponds to an overall eightfold higher risk for 
sleep disorders in individuals with ADHD. The prevalence of 

sleep disorders in ADHD was highest in the middle- aged and 
older adult cohorts, reflecting that absolute risk may increase 
over time. However, the relative risks were highest in the child 
and adolescent cohorts, reflecting the very low prevalence of 
sleep disorder diagnoses and medication prescriptions in young 
individuals without ADHD. In a clinical context, this suggests 
that individuals with ADHD should be systematically screened 
for sleep disorders across the lifespan, from childhood to older 
adulthood. Our results also point to the importance of a lifespan 
perspective in research on sleep disorders in ADHD.

Prevalence of specific sleep disorders in individuals with 
ADHD
The prevalence rates we reported in this study for individual 
types of sleep disorders in ADHD are much lower than the rates 
reported in clinical studies using best estimate clinical evalua-
tions based on a combination of validated self- reports, structured 
interviews and chart review.14 15 Previous clinical studies have, 
for example, reported that, when systematically assessed, around 
22% of children and 44%–67% of adults with ADHD meet the 
criteria for insomnia disorder, compared with our prevalence 
rates of 1.03%–1.45%.14–16 The markedly lower administrative 
prevalence of diagnosed sleep disorders in our study could be 
an indication that sleep disorders are being underdiagnosed in 
individuals with ADHD, in contrast to the much higher rates of 
medication prescriptions for sleep problems. Indeed, underdi-
agnosis of sleep disorders is a common problem in clinical prac-
tice in general,17 18 possibly because of limited coverage of sleep 
disorders in clinical psychology programmes and in medical 
school.19–21

The most common sleep disorder diagnosis in individuals 
with ADHD across all age cohorts, except the older- aged adults, 
was sleep disorder ‘unspecified’, with prevalence rates ranging 
from 2.2% to 3.6% (table 2). For older- aged adults with ADHD, 
the most common sleep disorder diagnosis was sleep apnoea, 
with a prevalence of 3.8%. The high rates of ‘unspecified’ diag-
noses may reflect other sleep disorders (such as RLS or sleep- 
wake schedule disorders (ie, circadian rhythm disorders)) that 
can easily be missed by practitioners or misdiagnosed as more 
general sleep disorders, such as insomnia or unspecified sleep 
disorders.20 Practitioners who are not sleep experts may have 
inadequate knowledge or tools to assess specific sleep disorders, 
which is in line with previous reports of poor coverage of sleep 
disorders in clinical psychology programmes and in medical 
school education.19–21 Misdiagnosis of sleep disorders can be 
very serious, as treatments to alleviate sleep problems are then 
ineffective and can potentially be harmful for patients.22

Lifespan associations between ADHD, sleep disorders and 
sleep medications
The risk of being diagnosed with a sleep disorder and receiving 
medication prescriptions was elevated across all age groups for 
individuals with ADHD compared with those without. The 
prevalence rates of having any sleep disorder diagnosis or any 
sleep medication prescription were highest in the oldest cohorts. 
This is in accordance with a previous clinical chart review study 
in 1828 children, young adults and older adults with ADHD,23 
where sleep problems were more commonly self- reported in 
older adults with ADHD compared with children and youth. 
This pattern is also in line with clinical studies using best esti-
mate diagnoses by psychiatrists and psychologist.14 15 However, 
while the absolute risk of sleep problems was highest in the older 
cohorts, the relative risk of any sleep disorder was highest in the 
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adolescent cohort in our study (16- fold increased rate in those 
with ADHD), followed by the child cohort (9- fold increased 
rate). Children with ADHD had the highest relative risk of 
having a prescription for sleep medication with a 129- fold higher 
risk compared with peers without ADHD (25.7% of children 
with and 0.26% of children without ADHD). This high estimate 
is likely reflecting the fact that sleep medications other than 
melatonin are seldom prescribed to children. Similar estimates 
were found in a recent Danish population- based study, where 
29.2% of children with ADHD had sleep problems as defined 
through prescribed melatonin and/or a registered sleep disorder 
diagnosis.24 The most commonly prescribed sleep medication in 
children and adolescents in our study was melatonin (available 
via prescription only in Sweden during the study period), while 
propiomazine and zopiclone were more commonly prescribed in 
the older cohorts.

Sex-specific associations between sleep disorders, sleep 
medication and ADHD
Females with ADHD had both higher absolute and relative risk of 
any sleep disorder diagnosis compared with males with ADHD. 
This is in accordance with earlier clinical studies finding higher 
rates of sleep problems in girls and women compared with boys 
and men,23 25 although findings from the literature have been 
mixed and overall limited.8 23 25 Previous literature has often 
reported that females with ADHD have a higher relative risk of 
comorbidities compared with males8; however, the reason for 
this sex difference is largely unknown. Females also had higher 
rates of sleep medication prescriptions than males, but the rela-
tive risk of being prescribed sleep medication was similar across 
sexes. This is in accordance with other studies which have found 
a higher rate of sleep medications in girls and young women 
with ADHD but also a more general pattern with higher use of 
medications of sedatives than men.26 27

Potential impact of ADHD medication on the prevalence of 
sleep disorders in individuals with ADHD
In the sensitivity analyses where we excluded individuals who had 
received ADHD medication from the ADHD group, we found 
that the ADHD- sleep associations attenuated, even though they 
still remained significant. In particular, there was a substantial 
attenuation of the relative risk of being prescribed any sleep medi-
cation in the ADHD group (OR=7.11 vs 14.41), mainly driven 
by an attenuation of melatonin prescriptions. There are several 
possible reasons for this attenuation of effect. First, individuals 
treated with ADHD medication have more severe ADHD symp-
toms, which in turn leads to more sleep problems or may reflect 
a higher comorbidity with sleep problems. Second, individuals 
treated with ADHD medication are more likely to receive other 
medications, such as sleep medications. Third, ADHD medica-
tions, particularly stimulants, have a negative impact on sleep, 
as shown by meta- analytic evidence.28 Further investigation is 
required to uncover why stronger ADHD- sleep associations are 
found in individuals with ADHD who have also received ADHD 
medications. It is, however, important to note that there was 
still a significant association between ADHD and sleep disor-
ders after excluding individuals on ADHD medication, which 
shows that the association is not solely driven by side effects of 
medication.

Strengths and limitations
This is the first large- scale study using a representative popula-
tion cohort to examine the prevalence different types of sleep 

disorders in ADHD across the lifespan. It is important, however, 
to interpret results in the context of the limitations of the study. 
First, we relied on register- based diagnoses of ADHD and sleep 
disorders, and therefore findings refer to diagnosed patients who 
are potentially more severely affected than individuals who do 
not receive or seek healthcare support. Further, the prevalence 
estimates of sleep disorders were likely underestimated as the 
medication prescription rates were much higher than the diag-
nostic prevalence rates. Relatively low rates of clinically ascer-
tained sleep disorder diagnoses are common in registry- based 
studies.24 27 In a registry study on melatonin use in Stockholm in 
2016, 1.4% of children aged 6–12 years were prescribed mela-
tonin; however, only 20% of those who prescribed melatonin 
had a recorded ICD diagnosis of sleep disorder.27 We saw the 
same pattern in our study, where 25.5% of children 5–11 years 
in the ADHD group had a prescription of melatonin but only 
4.5% had a recorded sleep disorder diagnosis. One reason for 
the relatively low prevalence rates of sleep disorder diagnoses 
in our study could be that sleep disorders are often treated (and 
diagnosed) in primary care, which we did not have data. The 
previous study on melatonin use, however, had data from both 
psychiatric and primary care and still reported substantially 
lower rates of diagnosed sleep disorders than sleep medication 
prescriptions.27 The rates of medication prescriptions for sleep 
may also have been underestimated in our study, due to the 
common use of off- label medications, such as antihistamines and 
antidepressants, to treat sleep problems.29 We also did not have 
available information in the registers on non- pharmacological 
treatment of sleep disorders.

During the follow- up period, there were changes in diagnostic 
practice for ADHD (eg, rate of ADHD diagnoses increased five-
fold between 2004 and 2015),30 and the coverage of the patient 
register has improved over time. Incomplete coverage by the 
register might introduce outcome misclassification bias (ie, false 
negatives), which would be most likely to bias estimates towards 
the null. Thus, our findings might reflect conservative estimates 
of true associations between ADHD and sleep disorders.

Clinical implications
We found a much higher prevalence of any sleep medication 
prescription (47.5%) than sleep disorder diagnoses (7.5%) in 
individuals with ADHD. This could indicate that clinicians are 
prescribing sleep medications based on the presence of sleep 
problems rather than on clinically impairing sleep disorders or 
formally diagnosed disorders, or that a sizeable portion of indi-
viduals with ADHD had sleep symptoms that were impairing 
but did not meet the criteria for a disorder. However, the preva-
lence of sleep disorders reported in this study is much lower than 
in clinical studies using best estimate sleep disorder diagnoses 
made by psychiatrist/psychologists using self- reports, structured 
interviews and clinical evaluations in individuals with ADHD 
(eg, 1.03%–1.45% vs 22%–67% for insomnia).14–16 This large 
discrepancy could be an indication that clinicians, on average, 
are not conducting evidence- based assessments of sleep disorders 
in individuals with ADHD. This could reflect a more general 
pattern where sleep disorders are often underinvestigated or 
completely ignored,17 18 which may be driven by the relatively 
poor coverage of sleep in medical school education and in clin-
ical psychology programmes.19–21 It is possible that sleep prob-
lems are seen as symptoms of ADHD or related problems, or 
are being overshadowed by ADHD, and therefore do not result 
in a separate sleep diagnosis. Our findings highlight the need 
for sleep problems to be rigorously assessed and appropriately 
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diagnosed in both men and women with ADHD, throughout the 
lifespan. Our findings also suggest that greater clinical attention 
should be directed towards addressing sleep problems in individ-
uals with ADHD. This entails implementing proactive measures 
through sleep education programmes and providing both phar-
macological and non- pharmacological approaches such as cogni-
tive behavioural therapy and parental sleep training.

Author affiliations
1School of Medical Sciences, Örebro University, Orebro, Sweden
2Department of Medical Epidemiology and Biostatistics, Karolinska Institute, 
Stockholm, Sweden
3Department of Psychological and Brain Sciences, Indiana University Bloomington, 
Bloomington, Indiana, USA
4Child and Adolescent Psychiatry, Stockholm Health Care Services, Region Stockholm, 
Stockholm, Sweden
5School of Clinical and Experimental Sciences, Faculty of Medicine, University of 
Southampton, Southampton, UK
6Department of Sleep Medicine, Southampton Children’s Hospital, University Hospital 
Southampton NHS Foundation Trust, Southampton, UK, Southampton, UK
7Centre for Innovation in Mental Health, School of Psychology, University of 
Southampton Faculty of Environmental and Life Sciences, Southampton, UK
8Solent NHS Trust; Division of Psychiatry and Applied Psychology, School of Medicine, 
University of Nottingham, Nottingham, UK

Correction notice This paper has been updated since it was first published. A 
duplicate affiliation has been deleted.

Twitter Ebba Du Rietz @ebbadurietz

Contributors RA and EDR are the guarantors of the manuscript. EDR, HL and 
SC conceived and designed the study. All authors provided input on the study 
design and the analysis plan. RA and EDR conducted the analysis and drafted the 
manuscript with help from all coauthors. All authors contributed to the development 
of the manuscript and interpretation of results.

Funding HL acknowledges financial support from the Swedish Research Council 
(2018- 02599; 2022- 01119) and the Swedish Brain Foundation (FO2021- 0115; 
FO2022- 0327). AB is supported by the Swedish Research Council for Health, 
Working Life and Welfare (2022- 00126), Stiftelsen Söderström- Königska 
Sjukhemmet (SLS- 969059), the Swedish Research Council (2017- 00788) and 
Stockholm Region (FoUU clinical research appointment 2018- 0718). EDR 
received financial support from the Swedish Society for Medical Research (SSMF) 
(PD20- 0036), Fredrik & Ingrid Thurings Stiftelse (2021- 00638) and The Strategic 
Research Area in Epidemiology and Biostatistics (SFOepi). SC recieved financial 
support from 101095568- HORIZON- HLTH- 2022- DISEASE- 07- 03)(European 
Research Agency) and NIHR203684, NIHR203035, NIHR130077, NIHR128472, RP- 
PG- 0618- 20003 (National Institute for Health and Care Research).

Competing interests HL reports receiving grants from Shire Pharmaceuticals; 
personal fees from and serving as a speaker for Medice, Shire/Takeda 
Pharmaceuticals and Evolan Pharma AB; and sponsorship for a conference on 
attention- deficit/hyperactivity disorder from Shire/Takeda Pharmaceuticals and 
Evolan Pharma AB, all outside the submitted work. HL is the editor- in- chief of 
JCPP Advances. EDR has served as a speaker for Shire Sweden AB, a Takeda 
Pharmaceutical Company outside of this work. SC declares honoraria and 
reimbursement for travel and accommodation expenses for lectures from the 
following non- profit associations: Association for Child and Adolescent Central 
Health (ACAMH), Canadian ADHD Alliance Resource (CADDRA), British Association 
of Pharmacology (BAP), and from Healthcare Convention for educational activity on 
ADHD. CH has received an educational grant from Flynn Pharma and has acted on 
an expert advisory board for Neurim Pharmaceuticals.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are 
not publicly available. Data cannot be shared publicly due to the Swedish Secrecy 
Act. Data from Swedish national registers were used for this study and made 
available by ethical approval. Researchers may apply for access through the Swedish 
Research Ethics Boards ( www. etik prov ning smyn digheten. se) and from the primary 
data owners Statistics Sweden ( www. scb. se), and the National Board of Health and 
Welfare ( socialstyrelsen. se), in accordance with Swedish law.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 

includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Rickard Ahlberg http://orcid.org/0000-0003-4206-8401
Miguel Garcia- Argibay http://orcid.org/0000-0002-4811-2330

REFERENCES
 1 Faraone SV, Banaschewski T, Coghill D, et al. The world Federation of ADHD 

International consensus statement: 208 evidence- based conclusions about the 
disorder. Neurosci Biobehav Rev 2021;128:789–818. 

 2 Cortese S, Faraone SV, Konofal E, et al. Sleep in children with attention- deficit/
hyperactivity disorder: meta- analysis of subjective and objective studies. J Am Acad 
Child Adolesc Psychiatry 2009;48:894–908. 

 3 Chaput J- P, Dutil C, Featherstone R, et al. Sleep duration and health 
in adults: an overview of systematic reviews. Appl Physiol Nutr Metab 
2020;45(10 Suppl. 2):S218–31. 

 4 Scott AJ, Webb TL, Martyn- St James M, et al. Improving sleep quality leads to better 
mental health: A meta- analysis of randomised controlled trials. Sleep Med Rev 
2021;60:101556. 

 5 Harris U, Svedberg P, Aili K, et al. Parents’ experiences of direct and indirect 
implications of sleep quality on the health of children with ADHD: A qualitative study. 
Int J Environ Res Public Health 2022;19:15099. 

 6 Bondopadhyay U, Diaz- Orueta U, Coogan AN. A systematic review of sleep and 
circadian rhythms in children with attention deficit hyperactivity disorder. J Atten 
Disord 2022;26:149–224. 

 7 Díaz- Román A, Hita- Yáñez E, Buela- Casal G. Sleep characteristics in children with 
attention deficit hyperactivity disorder: systematic review and meta- analyses. J Clin 
Sleep Med 2016;12:747–56. 

 8 Díaz- Román A, Mitchell R, Cortese S. Sleep in adults with ADHD: systematic review 
and meta- analysis of subjective and objective studies. Neurosci Biobehav Rev 
2018;89:61–71. 

 9 Wynchank D, Bijlenga D, Beekman AT, et al. Adult attention- deficit/hyperactivity 
disorder (ADHD) and insomnia: an update of the literature. Curr Psychiatry Rep 
2017;19:98. 

 10 Du Rietz E, Brikell I, Butwicka A, et al. Mapping Phenotypic and Aetiological 
associations between ADHD and physical conditions in adulthood in Sweden: a 
genetically informed register study. Lancet Psychiatry 2021;8:774–83. 

 11 Ludvigsson JF, Andersson E, Ekbom A, et al. External review and validation of the 
Swedish National inpatient register. BMC Public Health 2011;11:450. 

 12 Larsson H, Rydén E, Boman M, et al. Risk of bipolar disorder and schizophrenia 
in relatives of people with attention- deficit hyperactivity disorder. Br J Psychiatry 
2013;203:103–6. 

 13 Wettermark B, Hammar N, Fored CM, et al. The new Swedish prescribed drug register-
-opportunities for Pharmacoepidemiological research and experience from the first six 
months. Pharmacoepidemiol Drug Saf 2007;16:726–35. 

 14 Fadeuilhe C, Daigre C, Richarte V, et al. Insomnia disorder in adult attention- deficit/
hyperactivity disorder patients: clinical, Comorbidity, and treatment correlates. Front 
Psychiatry 2021;12:663889. 

 15 Gau SS- F, Chiang H- L. Sleep problems and disorders among adolescents with 
persistent and subthreshold attention- deficit/hyperactivity disorders. Sleep 
2009;32:671–9. 

 16 Brevik EJ, Lundervold AJ, Halmøy A, et al. Prevalence and clinical correlates of 
insomnia in adults with attention- deficit hyperactivity disorder. Acta Psychiatr Scand 
2017;136:220–7. 

 17 Bloom HG, Ahmed I, Alessi CA, et al. Evidence- based recommendations for the 
assessment and management of sleep disorders in older persons. J Am Geriatr Soc 
2009;57:761–89. 

 18 Kallestad H, Hansen B, Langsrud K, et al. Differences between patients’ and 
Clinicians’ report of sleep disturbance: a field study in mental health care in Norway. 
BMC Psychiatry 2011;11:186. 

 19 Gumport NB, Gasperetti CE, Zieve GG, et al. Therapist training in treating sleep 
problems: A survey study of clinical practice. J Clin Psychol 2023;79:1943–56. 

 20 Meltzer LJ, Phillips C, Mindell JA. Clinical psychology training in sleep and sleep 
disorders. J Clin Psychol 2009;65:305–18. 

 21 Mindell JA, Bartle A, Wahab NA, et al. Sleep education in medical school curriculum: a 
glimpse across countries. Sleep Med 2011;12:928–31. 

 22 Ingram KK. Circadian rhythm sleep- wake disorders (Crswds): linking circadian 
misalignment to adverse health outcomes. EBioMedicine 2020;62:103142. 

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://m

entalhealth.bm
j.com

/
B

M
J M

ent H
ealth: first published as 10.1136/bm

jm
ent-2023-300809 on 1 S

eptem
ber 2023. D

ow
nloaded from

 

https://twitter.com/ebbadurietz
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4206-8401
http://orcid.org/0000-0002-4811-2330
http://dx.doi.org/10.1016/j.neubiorev.2021.01.022
http://dx.doi.org/10.1097/CHI.0b013e3181ac09c9
http://dx.doi.org/10.1097/CHI.0b013e3181ac09c9
http://dx.doi.org/10.1139/apnm-2020-0034
http://dx.doi.org/10.1016/j.smrv.2021.101556
http://dx.doi.org/10.3390/ijerph192215099
http://dx.doi.org/10.1177/1087054720978556
http://dx.doi.org/10.1177/1087054720978556
http://dx.doi.org/10.5664/jcsm.5810
http://dx.doi.org/10.5664/jcsm.5810
http://dx.doi.org/10.1016/j.neubiorev.2018.02.014
http://dx.doi.org/10.1007/s11920-017-0860-0
http://dx.doi.org/10.1016/S2215-0366(21)00171-1
http://dx.doi.org/10.1186/1471-2458-11-450
http://dx.doi.org/10.1192/bjp.bp.112.120808
http://dx.doi.org/10.1002/pds.1294
http://dx.doi.org/10.3389/fpsyt.2021.663889
http://dx.doi.org/10.3389/fpsyt.2021.663889
http://dx.doi.org/10.1093/sleep/32.5.671
http://dx.doi.org/10.1111/acps.12756
http://dx.doi.org/10.1111/j.1532-5415.2009.02220.x
http://dx.doi.org/10.1186/1471-244X-11-186
http://dx.doi.org/10.1002/jclp.23511
http://dx.doi.org/10.1002/jclp.20545
http://dx.doi.org/10.1016/j.sleep.2011.07.001
http://dx.doi.org/10.1016/j.ebiom.2020.103142
http://mentalhealth.bmj.com/


8 Ahlberg R, et al. BMJ Ment Health 2023;26:1–8. doi:10.1136/bmjment-2023-300809

Open access

 23 Fisher BC, Garges DM, Yoon SYR, et al. Sex differences and the interaction of age 
and sleep issues in neuropsychological testing performance across the LifeSpan in an 
ADD/ADHD sample from the years 1989 to 2009. Psychol Rep 2014;114:404–38. 

 24 Hvolby A, Christensen J, Gasse C, et al. Cumulative incidence and relative risk of sleep 
problems among children and adolescents with newly diagnosed neurodevelopmental 
disorders: A nationwide register- based study. J Sleep Res 2021;30:e13122. 

 25 Becker SP, Cusick CN, Sidol CA, et al. The impact of comorbid mental health symptoms 
and sex on sleep functioning in children with ADHD. Eur Child Adolesc Psychiatry 
2018;27:353–65. 

 26 Loikas D, Wettermark B, von Euler M, et al. Differences in drug utilisation between 
men and women: a cross- sectional analysis of all dispensed drugs in Sweden. BMJ 
Open 2013;3:e002378. 

 27 Tedroff K, von Euler M, Dahlén E. Melatonin usage in children and young adults, a 
Registry- based cohort study. Eur J Paediatr Neurol 2022;39:30–4. 

 28 Faraone SV, Po MD, Komolova M, et al. Sleep- associated adverse events during 
methylphenidate treatment of attention- deficit/hyperactivity disorder: a meta- analysis. 
J Clin Psychiatry 2019;80:18r12210. 

 29 Lie JD, Tu KN, Shen DD, et al. Pharmacological treatment of insomnia. P T 
2015;40:759–71.

 30 Rydell M, Lundström S, Gillberg C, et al. Has the attention deficit hyperactivity disorder 
phenotype become more common in children between 2004 and 2014? trends 
over 10 years from a Swedish general population sample. J Child Psychol Psychiatry 
2018;59:863–71. 

 on A
pril 28, 2024 by guest. P

rotected by copyright.
http://m

entalhealth.bm
j.com

/
B

M
J M

ent H
ealth: first published as 10.1136/bm

jm
ent-2023-300809 on 1 S

eptem
ber 2023. D

ow
nloaded from

 

http://dx.doi.org/10.2466/15.10.PR0.114k23w0
http://dx.doi.org/10.1111/jsr.13122
http://dx.doi.org/10.1007/s00787-017-1055-2
http://dx.doi.org/10.1136/bmjopen-2012-002378
http://dx.doi.org/10.1136/bmjopen-2012-002378
http://dx.doi.org/10.1016/j.ejpn.2022.05.007
http://dx.doi.org/10.4088/JCP.18r12210
http://dx.doi.org/26609210
http://dx.doi.org/10.1111/jcpp.12882
http://mentalhealth.bmj.com/

	Prevalence of sleep disorder diagnoses and sleep medication prescriptions in individuals with ADHD across the lifespan: a Swedish nationwide register-based study
	Abstract
	Background
	Objective

	Methods
	Study design and study population
	Statistical analyses
	Findings
	Descriptive statistics
	Association of ADHD with sleep disorders and sleep medications
	Association of ADHD with sleep disorders and sleep medications across age groups
	Sex-specific associations of ADHD with sleep disorders and sleep medication

	Sensitivity analyses

	Discussion
	Prevalence of specific sleep disorders in individuals with ADHD
	Lifespan associations between ADHD, sleep disorders and sleep medications
	Sex-specific associations between sleep disorders, sleep medication and ADHD
	Potential impact of ADHD medication on the prevalence of sleep disorders in individuals with ADHD
	Strengths and limitations
	Clinical implications

	References


