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Study Objectives: Sleep problems are frequently associated with
childhood ADHD, as indicated by numerous polysomnographic investigations showing increased nocturnal movements, reduced sleep efficiency, and decreased percentage of REM sleep (although findings
are not consistent over all studies). Data on objective and subjective
sleep parameters in adults with ADHD are sparse, and to date the impact of stimulants, the most widely used pharmacological treatment for
ADHD, on sleep in adults with ADHD has not been examined. Thus the
objectives of our study were to assess objective and subjective sleep
parameters in adults with ADHD and the impact of stimulant medication
on sleep.
Design: Two-group comparison and open-label therapy study.
Participants: We enrolled 34 nonmedicated patients with ADHD, of
whom 24 were without current comorbid psychiatric disorders, and 34
sex- and gender-matched control subjects without current psychiatric
disorders or psychotropic medication.
Interventions: Ten patients were treated with methylphenidate over
≥26 days with a mean daily dose of 36.7 ± 11.2 mg.
Measurements: Polysomnographic recording over 2 consecutive

nights as well as assessments of subjective sleep parameters were
performed in all patients and controls before treatment and reassessed
in those patients receiving methylphenidate.
Results: Compared to controls untreated patients showed increased
nocturnal activity, reduced sleep efficiency, more nocturnal awakenings
and reduced percentage of REM sleep. Treatment with methylphenidate resulted in increased sleep efficiency as well as a subjective feeling of improved restorative value of sleep.
Conclusions: Sleep problems in patients with ADHD continue from
childhood to adulthood, with similar objective sleep characteristics in
adults and children with ADHD. Medication with methylphenidate appears to have beneficial effects on sleep parameters in adults with
ADHD.
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ATTENTION DEFICIT HYPERACTIVITY DISORDER
(ADHD) WAS LONG CONSIDERED AS A DISORDER
PREVALENT ONLY IN CHILDREN AND ADOLESCENTS.
MORE recently, however, ADHD has been conceptualized as
a lifelong disorder prevalent in most afflicted individuals from
childhood to adulthood. Data from independent longitudinal
studies clearly provide evidence of a continuation of the disorder into adulthood in up to 60% of afflicted children.1,2 Additionally, the results of the National Comorbidity Survey Replication show a prevalence of ADHD among the general adult
U.S. population to be 4.4%3.
Due to the clinical observation that sleep problems are common in children with ADHD and the former inclusion of excessive movements during sleep in the diagnostic criteria according to DSM-III,4 sleep quality and disturbances have been the

topic of numerous studies carried out in children with ADHD
(for review see reference 5). Studies assessing subjective sleep
disturbances consistently revealed more problems with falling
asleep along with longer sleep latencies, more bedtime struggles, nocturnal awakenings, restless sleep, daytime sleepiness,
and a higher rate of enuresis compared to control children without ADHD, indicating an approximately fivefold increase in
the rate of sleep problems in children with ADHD.5,6 Although
conflicting in some aspects, investigations of objective sleep
parameters have quite consistently shown reduced REM sleep,
more nocturnal movements, increased frequency of periodic
limb movements (PLMS) and PLMS-associated arousal as well
as elevated daytime somnolence in children with ADHD when
compared to controls.7-11
While sleep problems are also common in the clinical practice of adult ADHD, studies examining sleep in adults with
ADHD are relatively sparse. To the best of our knowledge there
are 3 questionnaire studies (n = 219, n = 141, n = 120), one
controlled actigraphic (n = 8) and one controlled polysomnographic (n = 20) study assessing sleep parameters in adults with
ADHD.12-17 As a common finding the cited questionnaire studies consistently report high rates of sleep problems in up to 83%
of the assessed adults, including sleep onset problems, restless
sleep, and insufficient restorative value of sleep.12-14 Both studies assessing objective sleep parameters report significantly
more nocturnal periodic leg movements and an elevated movement level during sleep, whereas no differences in sleep architecture or efficiency were found between patients with ADHD
and healthy controls.15,16
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While the influence of stimulants, the most widely used pharmacological treatment for ADHD, on sleep parameters has been
extensively studied in children18-26 there is currently only one
small actigraphic study assessing the effect of stimulant medication on sleep patterns and quality in adults with ADHD.15
The aim of our study was to investigate the following topics.
As the results of the only available polysomnographic study
on sleep in adults with ADHD differ in some aspects from data
obtained in polysomnographic studies in children we wanted to
assess objective (polysomnographic) and subjective (self-rated
sleep questionnaires) sleep parameters in an independent sample of adults with ADHD. As the majority of studies in children
with ADHD found a reduction of REM sleep, which was not
the case in the polysomnographic study in adults with ADHD,16
we were especially interested to see, if our study would confirm
this finding. We expected to observe a reduction in the percentage of REM sleep in adult patients as previously been described
in children with ADHD.
As there is no polysomnographic or corresponding subjective data on the influence of stimulant medication on sleep parameters in adults with ADHD, we wanted to assess the impact
of treatment with methylphenidate on objective and subjective
sleep parameters. According to the preliminary results of the
actigraphic study we expected a reduction of nocturnal movement level and improved subjective sleep quality.

All patients with ADHD who met the following criteria were
excluded from study participation:
• Comorbid axis-I disorders, as assessed in a semi-structured
clinical interview, which required being treated with priority
or could explain the assessed symptoms.
• Comorbid substance abuse/dependency.
• Working on night shift.
• Patients with apnea index >5 in adaptation night.
• Patients with obstructive snoring.
• Contraindication to methylphenidate treatment, e.g., hypertension, hyperthyroidism.
None of the control subjects were suffering from psychiatric
or sleep disorders; no subjects were taking psychotropic medication. They participated in different sleep studies.30-33
Sleep Recordings
Each patient and control subject spent two consecutive
nights (adaptation, baseline) in our sleep laboratory for polysomnographic recording. The first night served as adaptation
night and for the exclusion of sleep related breathing disorders
(apnea index >5). Data from the baseline night will be presented in the results section. Polysomnography encompassed
EEG (C3-A2, C4-A1), horizontal and vertical eye movements,
submental and leg electromyogram (left and right anterior tibial
muscles), and electrocardiogram. Respiration (oral and nasal
air flow, thoracoabdominal respiratory movements, and oxygen
saturation) was recorded during the first night only. PLMS were
scored according to standard criteria,34 i.e., if they were part of
a series of 4 or more movements lasting ≥5 sec. All recordings
were carried out from 23:00 (lights out) to 07:00 (lights on).
All sleep recordings were scored in 30-sec epochs, according to
Rechtschaffen and Kales criteria.35
The following sleep parameters were determined: total time in
bed (in minutes); sleep onset latency (min); sleep efficiency (total
sleep time/time in bed*100); REM sleep latency (time between
sleep onset and first epoch of REM sleep); REM sleep density
(ratio of 3-sec mini-epochs of eye movements per REM period
including ≥1 REM to the total number of 3-sec mini-epochs per
REM sleep*100%); number of awakenings; duration of first REM
sleep period (min); REM density of first REM sleep period; percentage wakefulness after sleep onset (time spent awake between
sleep onset and final end of sleep); percentage NREM1, NREM2,
slow wave sleep (defined as stages NREM3 or NREM4), and
REM sleep of total sleep time; PLMS index (number of PLMS/h
total sleep time); PLMS arousal index (number of PLMS associated with arousals/h total sleep time, PLMS-A).

METHODS
Subjects
The study was approved by the local ethics committee; all participants gave written informed consent before participating in
the study. Thirty-four adult patients with ADHD recruited from
consecutive referrals to the ADHD outpatient specialty clinic at
the Central Institute of Mental Health in Mannheim, Germany,
and 34 age- and gender-matched medication-free controls without psychiatric or sleep disorders were included in the study.
All patients met the following inclusion criteria:
• ADHD during childhood and at present according to DSMIV criteria27 as assessed in a structured clinical interview.
• Chronic course of the disorder from childhood to adulthood,
defined as clinically assessed evidence for ongoing presence
of ADHD symptoms since onset, i. e., functional impairment
caused by hyperactivity/impulsivity and/or inattention.
• Consensus of a senior psychiatrist (B. A.) and a senior childand adolescent psychiatrist (E. S.) experienced in the field of
ADHD about diagnosis of child and adult ADHD.
• At least 30 points in the short version of the Wender Utah
Rating Scale.28
• At least 50 points in the Brown Attention Deficit Disorder
Scales.29
• Healthy on the basis of physical examination.
• Results of routine blood testing (blood count, renal, hepatic,
and thyroid function) within normal limits.
• Negative urinary drug screen (including barbiturates, benzodiazepines, cannabinoids, amphetamines, MDMA, cocaine,
and opiates).
• Free from psychotropic medication including methylphenidate for the last 4 weeks.
SLEEP, Vol. 31, No. 3, 2008

Subjective Sleep Parameters
To determine subjective sleep parameters, we administered
the self-rated questionnaires Schlaffragebogen A and B,36,37
which are well-validated instruments widely used in Germany
for scientific and clinical purposes. The Schlaffragebogen A
(SF-A) comprises 22 items in total and was administered each
morning after polysomnographic recording under baseline and
medication condition. It provides information about the following 5 composite scores: sleep quality (9 items), restorative
value of sleep (8 items), evening mood (5 items), fatigue in
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the evening (5 items) and psychosomatic symptoms (5 items).
The estimates refer to the previous night. The composite scores
range from 1 to 5, since most scales of the sleep questionnaire
are constructed as 5-point Likert Scales (1 = not present, 5 =
strongly). The item sleep latency is assessed with a 6-point
scale (1 = <5 min; 2 = 5 to 10 min, 3 = 10 to 20 min, 4 = 20
to 30 min, 5 = 30 to 60 min, 6 = >1 h) and the item nocturnal
awakenings with a 5-point scale (1 = no, 5 = more than 3 times).
The Schlaffragebogen-B (SF-B) assesses subjective sleep quality over the previous 2 weeks and comprises the same composite scores as SF-A. It was also administered before polysomnographic recording under baseline and medication condition.
The inter-item consistency for the composite scores range from
r = 0.77 to r = 0.87 and the retest reliability (4 weeks) is about
r = 0.79. Construct validity was shown in several factor analyses, and comparisons with expert ratings were satisfying, e.g.,
r = 0.78 between nocturnal awakenings and the diagnosis of
insomnia.36

mean age (36.2 ± 8.9 years), or symptom scores (mean total
Wurs-k score: 51.4 ± 12.0 points; mean total BADDS score:
91.7 ± 24.2 points) from the total ADHD sample but comprised
a comparatively higher proportion of ADHD combined (n = 21)
vs. inattentive type (n = 3) than the total sample.
Patients Treated with Methylphenidate
Under treatment with methylphenidate, 10 patients were reassessed with polysomnographic recording and sleep questionnaires. All reassessed patients (n = 6 combined, n = 4 inattentive type) were male; they had a mean age of 35.0 ± 8.7 years
and a mean body weight of 77.5 ± 11.1 kg. They were treated
with methylphenidate over a minimum of 26 days, starting with
5 to 10 mg twice daily. Individual doses were adjusted depending on efficacy and side effects to achieve optimal medication
effects with a mean daily dose of 36.7 ± 11.2 (20-60) mg.
Sleep Data

ADHD Assessments

Polysomnography in Nonmedicated Patients

Wender-Utah-Rating Scale, Short Version

Compared to the control group, all subjects in our ADHD
sample (n = 34) displayed reduced sleep efficiency, with longer
sleep onset latency and more nocturnal awakenings; they had
altered sleep architecture, with a higher percentage of stage 1
and reduced percentage of REM sleep. Patients also showed
a trend toward a reduced total REM density and elevated percentage of wakefulness after sleep onset. In the ADHD group
the PLMS index was 5.5 ± 8.1, the PLMS-A index 0.3 ± 0.4.
All other sleep parameters showed no significant difference between ADHD patients and controls (Table 1).
Our results in ADHD patients without comorbidity (n=24) did
not differ from those obtained in the total sample. Patients with
ADHD only showed reduced sleep efficiency with more nocturnal
awakenings and altered sleep architecture, with reduced percentage of REM sleep and REM density compared with the control
group. In the ADHD group the PLMS index was 4.6 ± 5.6, the
PLMS-A index 0.3 ± 0.5. Other sleep parameters did not differ
significantly between ADHD patients and controls (Table 2).

The Wender-Utah-Rating scale, short version (Wurs-k) is
a retrospective measure of ADHD symptoms. Using a cutoff
score of 30 points its sensitivity and specificity for detection of
childhood ADHD is 86% and 80% respectively.28
Brown Attention Deficit Disorder Scales
The Brown Attention Deficit Disorder Scales (BADDS) assesses current ADHD-symptoms on the basis of 40 self-rated
items encompassing the symptom cluster organizing and activating, sustaining attention, sustaining effort, managing affective interference, and working memory.29 It has been shown that
using a cutoff score of 50 points, its sensitivity was 96% while
its specificity for detection of adult ADHD was 94%.38
Statistics
Statistical analyses were carried out with SAS for Windows
(Version 8.02) software package. Unpaired and paired t-tests
were computed. Significance level was set to P < 0.05.

Subjective Sleep Measures
The results of the SF-A completed after the baseline night in
the sleep laboratory are depicted in Table 3. Similar to the polysomnographic findings, patients reported significant longer sleep
latencies and more frequent nocturnal awakenings (statistical
trend). No differences were found for sleep quality or the feeling
of being refreshed in the morning between patients and controls.
Evening mood was more positive in the patient group.

RESULTS
Subject Characteristics
The total ADHD-sample comprised 34 nonmedicated patients (n = 21 males, n = 13 females; n = 28 ADHD, combined
and n = 6 ADHD, predominately inattentive type.) with a mean
age of 36.1 ± 9.3 years. The mean total Wurs-k score was 51.1
± 12.3; the mean total BADDS score was 89.8 ± 20.4 points.
Ten patients were suffering from comorbid axis-I disorders,
namely combined motor and vocal tic disorder (n = 3), anxiety
disorders primarily social phobia (n = 6) and dysthymia (n =
2). None of the comorbid disorders required a priori clinical
intervention, and all were judged as mild. The 24 patients with
ADHD only did not differ in gender ratio (16 males, 8 females),
SLEEP, Vol. 31, No. 3, 2008

Polysomnography During Treatment with Methylphenidate
When treated with methylphenidate patients showed a significant reduction in sleep onset latency and improved sleep efficiency. All other sleep parameters remained unchanged (Table 4).
Subjective Sleep Measures During Treatment with
Methylphenidate
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Table 1—��������������������������������������������������������������������������������������������������������������������������
Polysomnographic Results in all Non-Medicated Patients with ADHD Including Patients Currently Suffering from Comorbid Disorders (n=34) and Gender- and Age Matched Healthy Controls (n=34)
		
Total time in bed (min)
Sleep onset latency (min)
Sleep efficiency (%)
REM latency (min)
Total REM density
Number of awakenings
Duration of first REM period
Density of first REM period
Sleep Stage (% of SPT)
% Wake
% Stage 1
% Stage 2
% Slow wave sleep
% REM

ADHD (n=34)
462.3 ± 34.1
26.1 ± 21.7
85.0 ± 7.3
80.7 ± 48.7
16.2 ± 8.1
32.1 ± 18.1
16.4 ± 9.3
13.2 ± 10.5

Controls (n=34)
463.9 ± 19.0
17.4 ± 13.0
89.4 ± 9.3
97.3 ± 56.1
19.1 ± 6.9
12.0 ± 7.2
20.2 ± 12.8
13.6 ± 8.3

t=
0.2
-2.0
2.2
1.3
1.6
-6.0
1.4
0.2

P=
0.8135
0.0501
0.0308*
0.1891
0.1151
<0.0001***
0.1696
0.8709

9.0 ± 6.6
11.9 ± 7.2
55.7 ± 8.6
5.5 ± 6.9
17.9 ± 4.9

5.9 ± 8.6
8.5 ± 3.4
56.0 ± 6.8
7.1 ± 6.9
21.8 ± 5.1

-1.7
-2.5
0.2
1.0
3.2

0.1009
0.0153*
0.8568
0.3421
0.0019**

*<0.05; **<0.01; ***<0.0001

Table 2—Polysomnographic Results in Nonmedicated Patients with ADHD Only Without Current Comorbid Psychiatric Disorders (n=24)
and Controls (n=24)
		
Total time in bed (min)
Sleep onset latency (min)
Sleep efficiency (%)
REM latency (min)
Total REM density
Number of awakenings
Duration of first REM period
Density of first REM period
Sleep Stage (% of SPT)
% Wake
% Stage 1
% Stage 2
% Slow wave sleep
% REM

ADHD (n=24)
461.2 ± 37.7
26.5 ± 20.5
84.7 ± 7.9
79.7 ± 35.7
15.3 ± 6.7
31.5 ± 14.6
16.9 ± 8.3
12.1 ± 8.0

Controls (n=24)
462.0 ± 21.1
18.5 ± 14.7
90.1 ± 7.1
94.2 ± 43.1
19.3 ± 6.7
12.7 ± 8.2
22.2 ± 13.0
14.7 ± 8.8

t=
0.1
-1.6
2.5
1.3
2.1
-5.0
1.7
1.1

P=
0.9234
0.1253
0.0150*
0.1967
0.0435*
< 0.0001***
0.1029
0.2876

9.4 ± 7.1
10.2 ± 5.6
56.1 ± 7.7
6.2 ± 7.5
18.0 ± 4.8

5.4 ± 5.6
9.0 ± 3.5
56.2 ± 5.1
6.0 ± 5.4
22.5 ± 5.0

-2.2
-0.9
0.1
-0.1
3.2

0.0344*
0.3598
0.9525
0.9316
0.0023**

*<0.05; **<0.01; ***<0.0001

Under treatment with methylphenidate patients reported
improved evening mood, less psychosomatic symptoms while
falling asleep, reduced sleep latency, and fewer nocturnal awakenings during the night spent in our sleeping laboratory (SF-A),
though statistically significant only at the trend. For the 2 weeks
at home preceeding their polysomnographic investigation
(SF-B) patients reported significantly better restorative value
of sleep and a trend for less nocturnal awakenings compared to
baseline. Details are provided in Tables 5 and 6.

which also found reduced sleep efficiency39 and more nocturnal
awakenings.10,40,41 These results, however, conflict with some
studies showing no differences in sleep efficiency and number
of nocturnal awakenings42,43 between children with ADHD and
healthy controls.
Consistent with our hypothesis and paralleling the results
of polysomnographic studies in children with ADHD,5,9,40,41 we
observed a reduced percentage of REM sleep in our adult patients with ADHD, as compared to controls. Although the clinical significance and correlates of this REM reduction in ADHD
are unknown, REM sleep has been associated with learning and
performance, particularly with measures of executive functions,
attention, memory, and language; a decrease in REM percentage has been correlated with deficits in these functions.45
Data from polysomnographic studies, e.g., Philipsen et al.,
also show that adult ADHD is associated with increased movements during sleep. The PLMS index in our total ADHD sample was 5.3 ± 5.7, corresponding with the PLMS index found

DISCUSSION
In contrast to Philipsen et al.,16 we found polysomnographic
differences between ADHD patients and healthy controls, with
patients experiencing reduced sleep efficiency along with an
elevated number of awakenings and percentage wakefulness
after sleep onset. This is in accordance with results from studies
assessing objective sleep parameters in children with ADHD,
SLEEP, Vol. 31, No. 3, 2008
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Table 3—Subjective Sleep Measures During Baseline Night in Sleeping Laboratory (SF-A) in Nonmedicated Patients with ADHD Only
(n=24) and Controls (n=24)
		
Sleep quality
Restorative value of sleep
Evening mood
Fatigue in the evening
Psychosomatic symptoms during sleep onset
Sleep latency
Nocturnal awakenings

ADHD (n=24)
3.03 ± 0.66
2.94 ± 0.68
3.14 ± 0.72
2.70 ± 0.94
1.71 ± 0.59
3.29 ± 1.33
3.50 ± 1.29

Controls (n=24)
2.97 ± 0.30
2.60 ± 0.72
2.39 ± 0.90
2.96 ± 0.67
1.43 ± 0.41
2.00 ± 0.96
2.71 ± 1.07

t=
-0.3
-1.3
-2.5
0.8
-1.4
-2.9
-1.8

P=
0.7427
0.2071
0.0216*
0.4061
0.1656
0.0068**
0.0905‡

<0.1; *<0.05; **<0.01; ***<0.0001.

‡

Table 4—Polysomnographic Results in ADHD-Patients (n=10) Before and Under Treatment with Methylphenidate
		
Total time in bed (min)
Sleep onset latency (min)
Sleep efficiency (%)
REM latency (min)
Total REM density
Number of awakenings
Duration of first REM period
Density of first REM period
Sleep Stage (% of SPT)
% Wake
% Stage 1
% Stage 2
% Slow wave sleep
% REM
PLMS Index
PLMS-A Index

Baseline (n=10)
441.3 ± 42.9
40.4 ± 30.5
82.0 ±10.4
79.0 ± 33.7
15.6 ± 9.0
24.0 ± 22.9
15.2 ± 7.1
12.8 ± 12.2

Treatment (n=10)
435.3 ± 54.4
12.7 ± 6.1
89.5 ± 7.4
99.2 ± 49.7
15.4 ± 6.4
25.3 ± 23.9
21.1 ± 14.2
10.7 ± 7.9

t=
-0.3
-2.7
2.5
1.2
-0.1
0.4
1.6
-0.8

P=
0.7717
0.0237*
0.0354*
0.2510
0.9486
0.6916
0.1566
0.4532

8.3 ± 9.7
9.7 ± 8.0
58.2 ± 9.9
5.9 ± 9.1
17.8 ± 6.3
5.5 ± 6.1
0.3 ± 0.5

7.2 ± 7.4
8.0 ± 5.9
60.4 ± 8.1
4.8 ±7.1
19.3 ± 7.6
4.1 ± 4.6
0.4 ± 0.6

-0.5
-1.0
1.2
-1.3
1.0
-1.1
0.3

0.6378
0.332
0.2757
0.2362
0.3480
0.3008
0.7505

*<0.05; **<0.01; ***<0.0001.

by Philipsen et al.,16 which was 5.18 ± 5.92 (significantly elevated compared to control subjects, whose PLMS-index was
1.66 ± 3.25). Contrary to Philipsen et al.,16 the PLMS-A index
in our patients was 0.3 ± 0.4, much lower than that reported by
Philipsen et al., (1.56 ± 2.19 in ADHD patients compared to
0.31 ± 0.54 in controls).16
Though our findings regarding subjective sleep parameters
during the baseline night parallel polysomnographic findings
(prolonged sleep latency, more nocturnal awakenings) the effects were not as pronounced as reported by Philipsen et al.16
and Kooij et al.15
In accordance with our hypothesis, our results furthermore
show that medication with methylphenidate has a significant
positive effect on sleep, with improved sleep efficiency and substantially shortened sleep onset latencies compared to baseline
without medication. Sleep architecture and number of PLMS
with and without arousal remained unchanged. The unchanged
number of PLMS under stimulant medication did not support
our hypothesis of a reduction of movements during sleep due to
stimulants; it also did not correspond with the findings of the actigraphic study of Kooij et al.15 reporting a significant reduction
in nocturnal activity in treated patients compared to baseline.
A major difference between the two studies lies in the different
SLEEP, Vol. 31, No. 3, 2008

doses of methylphenidate, with a mean dosage of 36.7 mg/day
in our study and 51 mg/day in the actigraphic study. Further
studies are needed to clarify whether methylphenidate exerts a
marked effect on periodic limb movements during sleep.
The positive effect of stimulant treatment on sleep was also
present in patients’ subjective sleep estimates both the home
(SF-B) and in the laboratory setting (SF-A). Compared to baseline without medication, patients reported a subjective feeling of
shortened sleep latency and improved restorative value of sleep.
Thus, our findings are in line with the results by Kooij et al.15 who
also reported improved subjective sleep quality under stimulant
medication. Interestingly, the most significant effect of treatment
on sleep was obtained for the restorative value of sleep. In our
correlational study,14 we found this variable to correspond most
closely to the severity of ADHD symptoms during the day. Thus
it would be most interesting to look for parallels between improvement of daytime ADHD symptoms due to stimulants and
changes in subjective and objective sleep parameters.
Studies assessing the effect of methylphenidate in children
with ADHD provide inconsistent and conflicting findings. While
some studies parallel the results obtained in our study by also
showing reduced latency of sleep onset in medicated compared
to stimulant-free children with ADHD,18,19 other studies report
379
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Table 5—Subjective Sleep Measures (SF-A) for the Night in Sleep Laboratory Under Baseline and Medication Condition
		
		
Sleep quality
Restorative value of sleep
Evening mood
Fatigue in the evening
Psychosomatic symptoms during sleep
Sleep latency
Nocturnal awakenings

ADHD baseline
(n=10)
2.81 ± 0.52
2.76 ± 0.66
2.98 ± 0.49
2.42 ± 0.72
1.93 ± 0.58
3.9 ± 1.45
3.4 ± 1.43

ADHD treatment
(n=10)
3.22 ± 0.73
2.81 ± 0.80
3.34 ± 0.66
2.75 ± 0.80
1.60 ± 0.45
3.1 ± 1.52
2.7 ± 1.42

t=

P=

1.7
0.2
2.1
1.0
-1.9
-2.2
-1.1

0.1224
0.8292
0.0609‡
0.3588
0.0961‡
0.0528‡
0.0886‡

<0.1; *<0.05; **<0.01; ***<0.0001.

‡

Table 5—Subjective Sleep Measures (SF-B) for the 2 Weeks Before Baseline and Medication Polysomnographic Recording
		
		
Sleep quality
Restorative value of sleep
Evening mood
Fatigue in the evening
Psychosomatic symptoms during sleep
Sleep latency
Nocturnal awakenings

ADHD baseline
(n=10)
3.52 ± 0.55
2.4 ± 0.72
3.39 ± 0.61
4.00 ± 0.74
1.93 ± 0.59
2.7 ± 1.57
2.90 ± 1.10

ADHD treatment
(n=10)
3.57 ± 0.65
2.95 ± 0.71
3.29 ± 0.78
3.70 ± 0.79
1.88 ± 0.84
2.5 ± 1.35
2.33 ± 1.00

t=

P=

0.9
2.9
-0.6
-1.7
0.3
-1.0
-2.0

0.3829
0.0174*
0.5957
0.1212
0.7854
0.3434
0.0805‡

<0.1; *<0.05; **<0.01; ***<0.0001.

‡

no differences in sleep quantity.20,21,24 The same applies for findings concerning changes in sleep architecture under stimulant
medication. While one study reports no significant changes in
the percentage of REM sleep,24 another study using a twice daily
dosing of methylphenidate notes an increased number of REM
periods and activity,42 while yet another using a t.i.d. dosing
of dextroamphetamine with additional nighttime applications
found a decrease in percentage of REM sleep and REM periods
as well as an increased REM onset latency when comparing
medicated to unmedicated children with ADHD.26 Taken together, these data suggest that medication schedule and type of
stimulant has an influence on sleep parameters, though it is still
far from clear by what physiological mechanism methylphenidate influences sleep in ADHD. Given the short plasma half-life
of stimulants it is not probable that improved sleep-quality is a
direct effect of methylphenidate on ADHD symptoms during
the night. A possible explanation is that stimulants influence
chronobiological brain functions resulting in improved sleep.
Another possibility is that overall better adjustment during the
day due to medication also has a beneficial influence on sleep
during the night.
When interpreting the results of our study, we must keep limitations in mind. First, our study was conducted in a psychiatric
hospital setting, and a selection bias of patients must be considered as all patients were recruited from our ADHD-outpatient
clinic (i.e., we studied ADHD patients seeking help because their
daytime functioning was impaired by their symptoms). Additionally, the effect of methylphenidate treatment was assessed in a
relatively small patient sample using an open-label design, which
requires a verification of the results by randomized placebo-conSLEEP, Vol. 31, No. 3, 2008

trolled trials with sufficiently powered sample size. Our positive
findings in the retest polysomnography might, for example, be
partly explained by habituation to the sleep laboratory setting,
although we applied the standard procedure of including an adaptation night in laboratory before each measurement night.
Despite these limitations the findings of our study show that
sleep characteristics and problems in adults with ADHD are similar to those in children and add evidence to the hypothesis that
sleep problems related to ADHD continue during patients’ life
span. They also suggest that medication with methylphenidate
has beneficial effects on sleep parameters resulting in improved
sleep efficiency and improved restorative value of sleep.
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