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Abstract

Sleeping difficulties are often associated with Attention Deficit Hyperactivity Disorder (ADHD). Both children with ADHD and their parents report sleeping 
difficulties more often than healthy controls. The purpose of this study was to examine the effect of weighted Ball Blanket on sleep onset latency, number of 
awakenings and duration of sleep, severity of ADHD symptoms, daily level of functioning and Quality of Life in a group of children with both ADHD and 
actigraphy-verified sleeping difficulties.

Material and Methods: The study investigated 36 children between 8 and 13 years of age diagnosed with ADHD. The participants were recruited after 
referred to an outpatient child and adolescent psychiatric department. The participants slept with a Ball Blanket for 8 weeks and sleep, Quality of Life and 
daily functioning were measured.

Results: The use of a Ball Blanket over a period of 8 weeks improved sleep, in particular sleep onset latency and reduced the score on core symptoms of 
ADHD. The daily level of functioning and the Quality of Life were increased. The Ball Blanket was the only new intervention in the group during the 8 weeks 
period.

Conclusions: We conclude that the Ball Blanket might be an effective non-pharmacologic treatment of sleep problems in ADHD.

INTRODUCTION
Attention Deficit Hyperactivity Disorder (ADHD) is one of the 

most common psychiatric conditions in children; 3-6% of school-
aged children are affected by attention deficit dysfunction, 
inattention and impulsivity [1]. Furthermore, ADHD are often 
associated with comorbid conditions, such as anxiety, depression 
and behavioural disorders [2-5]. ADHD are also commonly 
associated with sleeping difficulties [6] and Parents of children 
with ADHD often report a range of sleeping difficulties in their 
children like little need for sleep, difficulty falling asleep, 
unsettled sleep, numerous awakenings and increased morning 
fatigue [7-9]. Children with ADHD also report sleeping difficulties 
more often than children without ADHD such as prolonged 
sleep onset latency, frequent night awakenings, restless sleep 
and sleep-disordered breathing [10-12], and more than half of 
children with ADHD report subjective sleeping difficulties [8,13-
15]. Furthermore, sleeping difficulties in their children form 
a significant stress factor, and are often a cause of worry for 
parents [16,17].

Studies have shown increased instability in sleep-waking 
patterns with regard to sleep onset latency, length of sleep 
and real sleep time in ADHD individuals compared to controls 
[18,19]. Hvolby [20], found a significant positive correlation 
between sleep onset latency and high scores on the ADHD-RS in 
a group of healthy children. Additionally, another study found 
that treatment of sleep rhythm disturbances drastically reduced 
ADHD symptoms in a child referred for ADHD assessment [21].

In some clinical populations, sleeping difficulties have been 
associated with various comorbid conditions, e.g. anxiety and 
behavioural disorders [22,23], and psychiatric comorbidity was 
found associated with more severe sleeping difficulties [24]. 
Especially internalizing or autistic disorder lead to higher sleep 
problem score [25]. Whereas other studies have not been able 
to prove this hypothesis that comorbidity rather than ADHD is 
associated with sleeping difficulties [19,26]. However, there 
might be an increased risk of developing depression as a result of 
sleeping disturbance [27].

The core symptoms of ADHD - inattention, impulsivity and 
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hyperactivity - are strikingly similar to those seen in primary 
sleep disorders, such as sleep-related breathing disorders and 
periodic limb movement disorder. Evidence is indicating that 
these sleep disorders are related to hyperactivity and inattention 
[28,33]. Additionally, treatment of the sleep disorders has been 
found to simultaneously improve symptoms of ADHD [34]. 
Some studies have shown that non-medicated children with 
ADHD have more sleep problems compared to other children 
[19,26], and that sleep problems can worsen the symptoms 
of ADHD and also behavioural problems [35,36]. An earlier 
study has shown that children with sleeping difficulties tend 
to present learning disabilities more often than other children 
[37]. And sleeping problems is associated with poor executive 
functions [38]. and individuals with poor sleep are shown to 
have altered connectivity in the frontostriatal network [39], 
which is associated with executive functioning deficits [40]. In 
the light of a possible connection between ADHD symptoms and 
sleep disorders it would make sense to target existing sleeping 
difficulties in individuals with ADHD regardless of their status 
as the primary diagnosis or an artefact of medical treatment 
[11,21,36].

Previous studies have shown that sleep hygiene and 
melatonin can relieve sleeping problems (41+42), and 
behavioural interventions have shown positive effect on both 
ADHD symptoms, Quality of Life (QoL) and daily functioning [43]. 

Only one previous study has dealt with the possible effect on 
sleep in particular difficulties falling asleep, using Ball Blanket 
[44]. They found that application of a Ball Blanket for two weeks 
could reduce sleep onset latency in a group of children with 
ADHD to the level of healthy controls. In that study was showed a 
small but non-significant drop in the severity of ADHD symptoms 
evaluated by teachers (approx. 10% improvement), who were 
blind to the fact that the child was using a ball blanket. Also the 
parents reported an approx. 6% improvement. Both groups 
reported continued improvement in ADHD symptoms even after  
stopping using Ball Blankets.

A Ball Blanket is a weighted blanket whose design is based 
on the American occupational therapist and psychologist A. Jean 
Ayres’ theories of sensory integration [45]. The effect of the ball 
blanket is based on the weight of loose balls inside the blanket 
that creates pressure on certain body points, stimulating both 
the sensation of touch and muscle and joint senses. Ball Blankets 
have been used in psychiatric inpatient wards for some years 
as a tranquillising method, and according to non-scientific or 
unpublished work, application of these blankets is connected to 
reduced use of medical tranquilisers.

The actigraph unit is a wrist worn activity monitor (Basic 
Mini Motionlogger, Ambulator Monitoring Inc., New York). In the 
present study actigraphs are used with the purpose to differentiate 
between sleep and waking states, and data is analysed using 
an algorithm developed to perform this differentiation in the 
Actigraphic Scoring Analysis Program. Actigraphy is a precise 
and recognised method for sleep evaluation and, despite the 
fact that no EEG measurements are performed, the method 
has demonstrated 90% agreement with polysomnography 
measurements including sleep onset latency [46,47].

The method also has the advantage of being less invasive 
to the child’s sleep as measurements can be taken in the child’s 
usual environment, which is important because children with 
ADHD are known to be more sensitive to sleep measurement 
than their control counterparts [48].

The aim of this study was to investigate whether use of a Ball 
Blanket in treatment of actigraphy-verified sleeping difficulties 
was able to improve sleep onset latency as well as to reduce 
ADHD symptoms, improve daily level of functioning and QoL in 
a group of children with ADHD. Treatment of sleeping difficulties 
in children with ADHD can help reduce ADHD core symptoms, 
improve daily level of functioning and improve QoL.

MATERIAL AND METHOD
Included were children aged 8-13 years referred to outpatient 

Child and Adolescent Psychiatric Department and received a 
clinical diagnosis based on the ICD-10 criteria for Hyperkinetic 
Disorder (DF 90.0) and Hyperkinetic Behavioural Disorder 
(DF90.1) [49]. 

Additionally, these diagnoses were subsequently verified 
with the clinical interview Kiddie-SADS [50], Danish version to 
ensure the fulfilment of the DSM-IV criteria for ADHD combined 
subtype. Furthermore, all participants underwent cognitive 
evaluation with WISCIV [51].

All children who were enrolled in the study presented 
prolonged sleep onset latency, verified by an actigraph unit prior 
to the study.

Inclusion criteria

1) ADHD-combined type, 2) Age 8-13 years, 3) average sleep 
onset latency > 25 minutes and at least 4 of 7 days with sleep 
onset latency > 30 minutes, 4) None of the participants were 
receiving any treatment for sleeping problems.

Exclusion

Participants with major sensory-motor handicaps (paralyses, 
deafness and blindness), psychoses, autism or a total IQ of < 70.

Intervention

For this project a Ball Blanket size 140 x 200 cm with 50 mm 
plastic balls and a weight of 7 kg were used and were free of 
charge for the participants of the study. The participants were 
asked to use the Ball Blanket every night for 8 weeks. Parents 
were asked to register the use of the Ball Blanket in a sleep diary.

MEASURES

Evaluation of sleep

To clarify sleep patterns, actigraphy and sleeping diaries 
completed by the parents were used. Actigraphy was used to get 
an objective evaluation of sleep onset latency, number of nightly 
awakenings and length of sleep. Actigraphic measurements were 
performed over 7 consecutive nights [52], at baseline before the 
Ball Blanket was used, and again for 7 consecutive days after 
8. weeks’ use of the Ball Blanket . Parents entered information 
on bedtime, lights out and time falling asleep into a sleeping 
diary. The sleeping diary was completed in connection with the 
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objective sleep registration (actigraphy) at baseline and again at 
follow up and was used to verify sleep onset latency.

Evaluation of ADHD symptoms

The ADHD-Rating Scale questionnaire (ADHD-RS) [53], 
Danish version was used to evaluate the severity of ADHD 
symptoms, based on DSM-IV criteria. The questionnaire consists 
of 18 items describing inattention, hyperactivity and impulsivity 
scored on a scale of 0 (“not present”) to 3 (“present to a large 
extent”). 8 items evaluate behavioural problems on a scale of 0-3. 
The questionnaire is age and sex standardised for the Danish 
population. Questionnaires were given to the parents and to the 
child’s main teacher/social educator.

Level of functioning

One of the methods used to describe the child’s level of 
functioning and quality of life was the Dundee - Difficult Times of 
the Day Scale (D-DTODS) [54]. This scale evaluates the child at 10 
different times during the day on a scale of 1-4 (1 representing 
“no problems” and 4 “many difficulties”).

In addition, the child’s QoL was evaluated, using the Weiss 
Functional Impairment RatingScale (WFIRS) [55]. The WFIRS is 
a parent questionnaire and evaluates the well-being of the child 
in 6 everyday domains - family, learning and schooling, life skills, 
the child’s self-perception, social activities and risk behaviour. 
Scores are ranging from 0 to 3 (0 indicating “never or not at all”, 
and 3 indicating “very often and very much”).

DATA ANALYSIS
Means and standard deviations are reported for all outcomes. 

Pre and post scores are tested for significant changes using a 
non-parametric Wilcoxon signed-rank test. Linear regression 
with bootstrapped error estimates is used to test the association 
between time-to-sleep improvements (difference between 
pre and post time-to-sleep measured using the Actigraph) and 
change in QoL and D-DTODS. Regression estimates are controlled 
for pre measurements of QoL and D-DTODS.

RESULTS
The study included a total of 36 children aged between 8 and 

13 years with ADHD and actigraphy-verified sleep onset latency 
(average age 10 years and 2 months (Table 1), who were referred 
to an outpatient Department of Child and Adolescent.

This study show that sleep can be improved by using a Ball 
Blanket (Table 2).On average, sleep onset latency measured by 
actigraphs improved from 30.6 minutes to 18.9 minutes, which is 
an improvement of 38.2% (p < 0.001)

Sleep onset latency registered by parents using a sleep diary 
improved from 41.1 minutes to 29.8 minutes on average, which is 
an improvement of 27.5% (p < 0.01) 13 of the 36 children spent 
more than 30 minutes on average falling asleep before using the 
ball blanket, whereas no children spent more than 20 minutes 
on average falling asleep while using the Ball Blanket. Likewise, 
the number of nightly awakenings measured by actigraphy was 
reduced by 16% (ns).

In five of the children a prolongation of sleep onset latency 

was found. All five children had measured sleep onset latency 
of more than 25 minutes both before and during the use of the 
Ball Blanket. ADHD symptoms as evaluated on the ADHD-RS 
improved both at school and at home (Table 3).

At school, the symptom ratings for inattention and 
impulsivity/hyperactivity fell by approx. 20%, while ratings for 
behavioural symptoms almost halved.

At home, as reported on the ADHD-RS, fewer symptoms of 
inattention and impulsivity/hyperactivity were also seen, with an 
improvement of approx. 20%, although the effect on behavioural 
symptoms was lower, with an improvement of only 14%. (p < 
0.01-0.001)

The daily level of functioning measured by D-DTODS 
increased markedly by 30% (p < 0.001), likewise there was a 
change of the more general evaluation of QoL, where we found an 
11% higher evaluation of QoL (p < 0.01) 

DISCUSSION
Sleeping problems can resemble the symptoms of ADHD, 

and disprove ADHD as the correct diagnosis [21,30], and in 
some cases improving sleep can reduce symptoms [43]. It 
therefore seems highly relevant to attempt to target any existing 
sleeping problems before introducing medical treatment 
for ADHD, especially in case of severe sleeping difficulties.  
This study shows that sleep can be improved by using a Ball 
Blanket.

Table 1: Descriptive characteristic of children and parents.

Numbers Daily Dose 
interval

Age
10 years 2 

month 
(8.1 – 12.8)

Gender Boys 32

Girls 4
Parent 

Social class
Self 

employed 3

Salary-
earner 30

Student 3

Family type:
Two-parent 

family* 29

Single-
parent 7

Medication:

Stimulants 24
(interval 

5-72 mg a 
day)

Atomoxetin 2 (interval 26-
60 mg a day)

Omega n-3 
fatty Acid 6 **

No 
medication 10

*Two parents in the family. Two biological parents or one biological 
parent and his/her cohabiting partner.
** In combination with medicine or no medical Treatment
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As found in Hvolby et al. [44], this present study shows that use 
of Ball Blankets can improve sleep - in particular improve sleep 
onset latency - for children with ADHD in medical treatment for 
ADHD. At the same time, the study shows fewer ADHD symptoms, 
fewer behavioural problems, especially in relation to school but 
also at home, and improved QoL and daily functioning when 
using the Ball Blanket. A relation also found by Hiscock et al. [43].

Importantly, this study raises the hope that the behavioural 
problems often seen in relation to ADHD and sleeping problems 
[4,36] can be effectively improved - especially in relation to 
school.

In agreement with Hvolby et al. [19], this study has shown 
that there is a difference between the parents’ evaluation of sleep 
and the measurements shown using actigraphy. Sleep onset 
latency is often perceived longer by parents than measured by 
actigraphy. Furthermore, we found that only 64% of the parents 
experienced an improvement in their child’s sleep when using a 
Ball Blanket, while the actigraph unit measured improvements in 
sleep in 86% of the participants.

This difference could be related to the child’s difficult 
behaviour around bedtime. However, it could also be a 
consequence of the substantial day-to-day variations that typify 
the sleeping patterns of children with ADHD [18,19].

We found that the use of a Ball Blankets over a period of 8 
weeks improved sleep, in particular sleep onset latency, and 
that the improved sleep seemed to reduce the core symptoms of 
ADHD (inattention, impulsivity/hyperactivity), the daily level of 
functioning and also quality of life.

It seems relevant to treat sleeping problems in children who 
are already in medical treatment for ADHD because - as this study 

has shown - it could help further reduce symptoms and improve 
daily level of functioning.

CONCLUSION
Based on this study, it can be concluded that the Ball Blanket 

can be an effective method for treating sleeping difficulties, 
especially sleep onset latency in children with ADHD. Despite 
some promising results, we cannot with certainty conclude a direct 
relation between better sleep and the positive changes found in 
daytime symptoms. More studies will be needed to examine the 
effect of sleep improving on ADHD symptoms, QoL and daily level of  
functioning.

LIMITATIONS
This study has a number of weaknesses. It is a relatively small 

study and we did not make an power calculation before including 
participants. The study was not controlled, and the patients were 
not randomised to a Ball Blanket. .The children were used as their 
own controls (sleep pattern before and after using ball blanket) 
and it is a limitation that we did not use a control group. We 
were not able to compare children with and without medication. 
However, the participants did not change their medication or 
other treatment during the study, neither for ADHD nor sleeping 
difficulties.

In this study, we did not diagnose any primary sleep disorders, 
e.g. sleep apnoea or Restless Leg Syndrome, although these sleep 
disorders are seen in children with ADHD [28-33]. We included 
a clinically referred group of children diagnosed with ADHD, but 
we did not consider or adjust for any comorbidity. This study 
included children aged 8-13, and it is not possible on the basis 
of this study to make any conclusion regarding the effect of sleep  

Table 2: Sleep parameters, minutes (mean).

Before use of Ball Blanket After 8 weeks use of Ball Blanket p-value*

Sleep onset latency measured with actigraph 30.6 (15,0) 18.9 (12,1) p<0,001

Sleep onset latency, parent estimate 41,1 (19,9) 29,8 (12,5) p<0,01

Number of awakenings, numbers 8.1    (4.8) 6.8 (4.3) ns

* Wilcoxon sign rank test

Table 3: Attention-Deficit Hyperactivity Disorder Rating Scale Scores (ADHD-RS), Quality of Life (QoL) and Dundee – Difficult Times of the Day Scale 
(D-DTODS) Mean Scores, (SD.)
 Before Use of Blanket After 8 weeks of Blanket use p-value **

ADHD-RS School: total score    

Inattention 13,1 (6,8) 11.0 (5.9) p<0,001

Hyperactivity/impulsivity 15,0 (5,1) 13,0 (5.6) p<0,001

Behaviour 7,5 (6.9) 5,7 (5.9) p<0,01

ADHD-RS Home: total score    

Inattention 14.1 (6.3) 11,6 (6.5) p<0,001

Hyperactivity/impulsivity 12,4 (6,2) 10.0 (5.8) p<0,01

Behaviour 8,0(5.6) 5,9 (4,6) p<0,01

QoL total score 43.8 (20,6) 38.8 (20.9) P<0,01

D-DTODS total score 19.3 (4.7) 13.4 (4.8) p<0.001

** Wilcoxon sign rank test



Hvolby A (2020)

J Sleep Med Disord 6(1): 1100 (2020) 5/6

Central

treatment using ball blankets for younger children, adolescent or 
adults.
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