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Objectives: Attention-deficit hyperactivity disorder (ADHD) is characterized by inattentive
and impulsive behavior. Many ADHD patients reportedly have cognitive dysfunction and sleep
problems, including longer sleep latency, lower sleep efficiency, and shorter total sleep time. The
purpose of this study was to examine neurocognitive functions and nocturnal sleep parameters
in patients with ADHD, using a cognitive function test and actigraphy.

Methods: Subjects included 37 male patients with ADHD and 32 controls (7—12 years of age).
For each participant, we determined intelligence quotient (IQ) and administered the Match-
ing Familiar Figures Test (MFFT) and 72-hour actigraphy. The relationships between sleep
parameters and cognitive functions were assessed.

Results: ADHD patients significantly differed from controls in several cognitive functions and
sleep variables. In the MFFT, response error rate (P<<0.001) and error counts (P=0.003) were
significantly increased in ADHD patients compared with control children. MFFT response
latency was significantly shorter in ADHD patients than in controls (P<<0.001). In addition,
sleep latency (P=0.01), wake after sleep onset (WASO) (P<<0.001), and fragmentation index
(P<<0.001) were evaluated by actigraphy and found to be significantly increased in patients
with ADHD compared with controls. However, no significant differences in total sleep time or
sleep efficiency were observed. WASO and response error rates were positively correlated in
patients with ADHD (rho =0.52, P=0.012). Furthermore, fragmentation index sleep variables
were significantly positively correlated with response error (rho =0.44, P=0.008) and response
latency rates (rho =0.4, P=0.018) in the MFFT. Reaction error rate was significantly associated
with the fragmentation index (beta =0.94, P=0.024).

Conclusion: Patients with ADHD had more sleep problems, including significantly increased
sleep latency, WASO, and fragmentation index, and poorer cognitive function, compared with
controls. Some of these sleep problems, including WASO and the fragmentation index, were
positively correlated with impulsivity, illustrated by the cognitive function tests in patients with
ADHD. However, further studies with large sample sizes and the addition of polysomnography
and determination of ADHD subtypes should be performed to confirm our results regarding
sleep and cognitive problems in patients with ADHD.
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Introduction

Attention-deficit hyperactivity disorder (ADHD), one of the most common mental
disorders, is found in 3%-5% of school-age children and is characterized by an inat-
tentiveness and increased impulsivity. These characteristics could lead to cognitive
and behavioral dysfunction, such as poor schoolwork, socially maladaptive behaviors,
and difficulties in frontal lobe higher functions.' Another characteristic of ADHD is
daytime hyperactivity and uncontrollable impulsivity. In addition to these symptoms,
children and adolescents with ADHD are highly sensitive to stimuli and often have
unstable responses.>
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Approximately 25%—-50% of ADHD patients reportedly
have sleep problems.® Earlier studies demonstrated that the
variable sleep pattern in these patients is caused by ADHD
therapeutic agents, particularly stimulants.*® However, it is
now generally accepted that the effect of stimulants is just
one of the causes of these patients’ sleep problems,® and
behavioral symptoms related to ADHD can cause sleep
problems, including a higher level of nocturnal activity,”’
longer sleep latency,'® lower sleep efficiency,!! more frequent
night awakenings,'? and shorter total sleep time.'" "

Conversely, other studies reported that primary sleep
disorders, such as obstructive sleep apnea (OSA),'*!* restless
leg syndrome (RLS),%'¢ and periodic limb movement disorder
(PLMD),'>'7 can induce daytime attention deficiency, hyper-
activity, and cognitive dysfunction in children. Moreover,
it has been reported that these ADHD-like symptoms are
improved with sleep disorder treatment.!8!

Unfortunately, the findings describing the relationship
between ADHD and sleep problems differ depending on
the measurement tool used to evaluate sleep problems. For
example, studies based on reporting from parents of ADHD
patients reveal many sleep problems, but results based on
objective measurements have yielded more controversial
results. Specifically, findings based on polysomnography
and actigraphy are not consistent,?*?' but results based on
objective measurements have yielded more controversial
results. Specifically, findings based on polysomnography and
actigraphy are not consistent,’?*?* except those showing
increased activity during sleep’?**>2*25 and high night-to-
night sleep variability in ADHD patients.?*?® In contrast,
results based on the multiple sleep latency test (MSLT)
consistently show that ADHD patients have a shorter sleep
latency during the daytime.!>%

Polysomnography and MSLT are the most objective and
comprehensive tests. However, these tests also have some
disadvantages, in that daily activity is limited during the
test, the cost is considerable, and the results are limited by
test time. To overcome these disadvantages, sleep research
using actigraphy, the measurement of body movement with
a compact computerized wrist device, is increasing. These
results have greater reliability than those based on patient or
parent memory. Also, actigraphy-based sleep parameters are
closely correlated with polysomnography results.?”-*

Sleep restrictions or sleep disturbance in ADHD patients
could lead on to neurobehavioral dysfunction, especially
vigilance and attention.?*! Also, topographical electroen-
cephalogram (EEG) study showed neuromaturational delay
in ADHD patients.

Our hypothesis is that cognitive and behavioral dysfunction
might be associated with sleep problems in ADHD patients.
The authors investigated nocturnal sleep parameters using
actigraphy, in addition to cognitive dysfunction, in ADHD
patients.

Methods

Subjects

Drug-naive ADHD patients (n=37), as determined by Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision (DSM-IV-TR) criteria, were selected
from 7- to 12-year-old outpatients that visited St Vincent’s
Hospital Child and Adolescent Psychiatry Clinic at the
Catholic University of Korea. By means of a mental status
examination, actigraphy, and physical examination, patients
who had psychiatric disorders other than ADHD, including
primary sleep disorders (eg, OSA, RLS, and PLMD), and
physical and neurologic disorders were excluded. Age- and
sex-matched healthy controls (n=32) were selected to par-
ticipate in this study. The mean age of the ADHD patients
was 8.712.1 years (age range 7—12 years), and the control
group mean age was 9.3+1.9 (age range 7—12 years). Both
the ADHD and control groups comprised males. There were
no significant differences between the two groups.

The contents and methods of the study were explained to
all subjects and to their parents, and written informed consent
was obtained for each participant. Research was carried out
in accordance with the rules of the institutional review board
at St Vincent’s Hospital, the Catholic University of Korea,
and the Declaration of Helsinki.

Cognitive function tests
Cognitive function tests included intelligence quotient (IQ)
and Matching Familiar Figures Test (MFFT) to identify
executive function. The Korea Wechsler Intelligence Scale
for children (K-WISC-III)*? was used to determine 1Q. This
test is divided into three parts: verbal 1Q, performance 1Q,
and total 1Q. Testing items in the verbal IQ include infor-
mation, digit span, vocabulary, arithmetic, comprehension,
and similarity; testing items in the performance 1Q include
picture completion, picture arrangement, block design, object
assembly, coding, maze, and symbol search. From the verbal
1Q, we can determine linguistic understanding and concen-
tration ability; from the performance IQ, we can determine
cognitive organization and processing speed. These four
factors make up the 1Q.

The Matching Familiar Figures Test for Korean Children
(MFFT-KC)* was used in this study. This is an objective
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test comprised of pictures used to determine impulsivity in
children and does not require linguistic or numeric ability.
Subjects ranging from 7 to 12 years of age complete the test
in 15 minutes. Time is measured with a stopwatch from the
start of question presentation to the subject until the subject
begins to respond. Twelve items in the MFFT book are used
for the test, and the subject is instructed to select the picture
identical to the sample from the six pictures available. The
time of the first response and the number of incorrect answers
are recorded, and the result is automatically checked by com-
puter. In this study, the percentile of response error and the
percentile of response latency (the shorter the time until the
first response, the greater the percentile of response latency)
as well as response error counts and response latency time
were calculated.

Actigraphy

Following the cognitive function tests, all subjects under-
went actigraphy by wearing a device on the wrist of the non-
dominant arm for 72 continuous weekday hours (Actiwatch;
MiniMitter, Bend, OR, USA). To evaluate and compare
the sleep patterns of ADHD patients and normal controls
using actigraphy data, we assessed total sleep time, sleep
latency, sleep efficiency, wake after sleep onset (WASO),
and the fragmentation index. Total sleep time is defined
as the time from sleep onset to arising, that is, the real
sleep time plus wake time (WASO) calculated in minutes.
Sleep latency is the period in minutes from lying in bed
or turning off the light to the point identified as sleep by
actigraphy. Sleep efficiency is defined as the ratio between
total sleep time and the entire time spent lying in bed at
night. WASO is the total time in minutes of “waking” after
sleep has been initiated. Finally, the fragmentation index,
which is equivalent to a movement or restlessness index, is
calculated as the total sum of movement time against time
without movement.

Statistical analysis

Demographic data, IQ, MFFT, and sleep parameters are
presented as mean * standard deviation (SD) and percent-
age. The differences in demographic data, IQ, MFFT, and
sleep parameters between ADHD patients and controls were
analyzed using independent #-tests and chi-square tests.
The relationships between these variables were analyzed by
Pearson’s correlation and multiple linear regression tests. The
significance level used for all statistical data was P<<0.05. All
tests were performed using SPSS 10.0 for Windows (SPSS
Inc., Chicago, IL, USA).

Results
IQ and MFFT

The ADHD patient group MFFT response error rate
(P<<0.001) and response error counts (P=0.003) were sig-
nificantly higher than those of the control group. In addition,
response initiation was significantly shorter in the ADHD
group than in the control group (P<<0.001). No significant
differences were observed between the ADHD and control
groups regarding mean total 1Q, verbal 1Q, and performance
1Q (Table 1).

Sleep parameters

The ADHD group had significantly longer sleep latency than
the control group (16.2£19.7 minutes vs 6.616.2 minutes)
(P=0.01). The ADHD group also had a significantly lon-
ger WASO than the control group (57.4423.2 minutes vs
30.7£13.7 minutes) (P<<0.001). Moreover, the fragmentation
index was significantly higher in the ADHD group compared
with the control group (16.74.5 vs 10.314.4) (P<<0.001). In
contrast, no significant differences between the ADHD and
control groups were found in the total sleep time or sleep
efficiency measured by actigraphy (Table 2).

Relationship between cognitive

function and sleep parameters
WASO measured by actigraphy positively correlated with the
error rate of response measured by the MFFT in the ADHD
patient group (tho=0.52, P=0.012). Moreover, the fragmenta-
tion index positively correlated with the response error rate
(rho =0.44, P=0.008) and the response latency rate (rho =0.4,
P=0.018) in the MFFT (Table 3).

The reaction error rate was significantly associated with
the fragmentation index (beta =0.94, P=0.024) (Table 4).

Discussion

In this study, the ADHD patient group did not differ signifi-
cantly from the control group in total sleep time or sleep effi-
ciency, but they exhibited longer sleep latency, more WASO,
and a higher fragmentation index. These results are partially
consistent with a large meta-analysis of sleep research in
ADHD patients, in which objective sleep measurements
using actigraphy showed that ADHD patients have longer
sleep latency and shorter total sleep time than controls but are
not significantly different from controls with regard to sleep
efficiency and WASO.!! The longer sleep latency in this study
may explain why the parents of affected children report sleep
resistance and sleep initiation problems. However, actigraphy
revealed marked differences among studies. For example,

Neuropsychiatric Disease and Treatment 2014:10

submit your manuscript

1801

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Lee etal Dove
Table I Demographic and cognitive characteristics
Characteristic ADHD (N=37) Controls (N=32) P-value
Age, mean (SD) (years) 8.7 (2.1) 9.3 (1.9) 0.244
Sex, male (%) 100 100 NS
IQ, mean (SD) 98.6 (16.6) 104.8 (14.9) 0.1l
Verbal IQ 97.1 (14.3) 101.6 (13.7) 0.190
Performance 1Q 100.9 (18.1) 106.0 (18.1) 0.244
MFFT, mean (SD)
Response error (percentile) 57.6 (26.5) 323 (22.2) <0.001*
Response error (counts) 12.3 (7.4) 7.6 (4.6) 0.003*
Response latency (percentile) 69.8 (22.1) 44.0 (23.2) <0.001*
Response latency (s) 108.7 (51.8) 177.0 (67.4) <0.001*

Note: *P<<0.05 as determined by independent t-test.

Abbreviations: ADHD, attention-deficit hyperactivity disorder; IQ, intelligence quotient; MFFT, Matching Familiar Figures Test; NS, not significant; SD, standard

deviation.

in insomnia patients who do not move even when awake, the
sleep latency times can be measured as shorter than they actu-
ally are. Similarly, sleep apnea patients who have abnormal
movements when asleep can have inaccurately measured
sleep latency times. Therefore, some studies reported that
sleep latency is the most unreliable sleep parameter mea-
sured by actigraphy.?’*® Furthermore, a meta-analysis using
polysomnography found that the ADHD patient group and
the control group were not significantly different in terms of
sleep latency. Polysomnography measures the time of sleep
latency to sleep stage 2, using the results of EEG, electroocu-
lography, and electromyography, while actigraphy measures
sleep latency as the time from lying in bed or turning off the
light to the first epoch of inactivity of at least 10 minutes.
Thus, sleep latency can be underestimated if patients do not
move during the waking state. Because ADHD patients are
usually hyperactive, when using actigraphy, sleep latency can
be measured to be longer than it actually is.

Sleep efficiency is measured by the rate of the time
lying in bed against the total sleep time, determined by
actigraphy. In this study, no difference in sleep efficiency
between ADHD patients and controls was found. This result
corresponds to a previous meta-analysis of results deter-
mined by actigraphy.!! However, our findings differ from

Table 2 Sleep parameters of ADHD patients and controls

the previously reported polysomnography results showing
that the sleep efficiency rate of ADHD patients is lower than
that of controls.!'** Generally, polysomnography is more
efficient than actigraphy for measuring sleep efficiency
rate."! Polysomnography records the time of being awake
without movement as nonsleep time, but actigraphy records
the time of being awake without movement as sleep time.
The fact that ADHD patients have more difficulty in getting
up, according to patient and parent reports,'>** could lead to
overestimation of sleep efficacy by actigraphy.

WASO and the fragmentation index were significantly
higher in the ADHD patient group. Although no difference
in sleep efficiency between ADHD patients and the control
group was observed, we predict that ADHD patients’ real
sleep time is shorter than that of the control group, on the
basis of their significantly longer WASO. This is equivalent
to previous actigraphy results showing that ADHD patients’
real sleep time is shorter than that of the control group.!!
Moreover, some studies have reported that ADHD patients
have more frequent awakenings during sleep.'> Considering
all of these results, we suggest that ADHD patients have
more and longer sleep fragmentation. A higher fragmenta-
tion index indicates that the movement time while sleeping
is longer. Previous studies showed that ADHD patients

ADHD (N=37) Controls (N=32) P-value
Total sleep time (minutes) 461.1 (36.7) 448.3 (39.5) 0.168
Sleep latency (minutes) 16.2 (19.7) 6.6 (6.2) 0.01*
Sleep efficiency (%) 83.0 (4.6) 85.2 (6.3) 0.108
Wake after sleep onset (minutes) 574 (23.2) 30.7 (13.7) <0.001*
Fragmentation index (%) 16.7 (4.5) 10.3 (4.4) <0.001%*

Note: *P<<0.05 as determined by independent t-test.
Abbreviation: ADHD, attention-deficit hyperactivity disorder.
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—0.382*
0.530%*
—0.303
0.011

0.341*

-0.269
0.205
0.040
0.399*

—-0.261
0.153
0.179

-0.226
0217

—0.367*
0.291

—0.566**
0.222
—-0.242
-0.018

—0.492°%*
0.328
—0.305
0.040

0.225

SL
SE

—0.503**
0.279

—-0.331
0.094

—-0.192
—-0.022
0.018

—0.638**
—-0.196

0.517*

—-0.257
0.110

WASO

FI

0.356*

—-0.167

-0.215

0.456%*

0.439*

Notes: *P<<0.05 as determined by Pearson’s correlation test. **P<<0.001 as determined by Pearson’s correlation test.

Abbreviations: ADHD, attention-deficit hyperactivity disorder; Fl, fragmentation index; 1Q, intelligence quotient; MFFT-RE, Matching Familiar Figures Test—response error; MFFT—RL, Matching Familiar Figures Test-response latency;

SL, sleep latency; SE, sleep efficiency; TST, total sleep time; WASO, wake after sleep onset.

Table 4 Factors associated with fragmentation index

Variables Beta t P-value
Age 0.240 1.393 0.194
le] -3.161 —0.586 0.571
Verbal IQ 2.464 0.808 0.438
Performance 1Q 1.342 0.489 0.635
MFFT
Reaction error (percentile) 0.943 2.662 0.024*
Reaction error (counts) -0.270 -0.796 0.445
Response latency (percentile) 1.309 0.630 0.543
Response latency (time) 0.223 0.586 0.571
TST —0.408 —1.668 0.126
SL —0.205 —0.708 0.495
SE -0.138 -0.43| 0.675
WASO 0.621 2.767 0.020*

Note: *P<<0.05 as determined by multiple linear regression.

Abbreviations: 1Q, intelligence quotient; MFFT, Matching Familiar Figures Test;
SE, sleep efficiency; SL, sleep latency; TST, total sleep time; WASO, wake after
sleep onset.

have significantly increased movement during sleep’>¢ and
periodic limb movement disorder.'**¢ Increased movement
during sleep does not necessarily mean more frequent awak-
ening during sleep. No research to date has confirmed that
increased movement during sleep can cause sleep fragmenta-
tion. However, polysomnography studies consistently show
that movement and breathing difficulty during sleep exist in
a significant number of ADHD patients.” Thus, the relation-
ship between these symptoms and sleep fragmentation should
be investigated further.

Because impulsivity is one of the defining characteristics
of ADHD, it can be assumed that the ADHD patient group
will have a higher response error rate and shorter response
latency than the control group in the MFFT, a test designed
to measure impulsivity in children. In this study, we found
that ADHD patients had a significantly higher response error
rate and shorter response latency; these results are consistent
with prior research.”’

In this study, WASO and the fragmentation index were
positively correlated with response error in the MFFT. Also,
reaction error rates were associated with fragmentation index.
The greater the error rate of response, the more impulsive and
less controllable are the children. Just as daytime hyperactiv-
ity is accepted as a secondary symptom caused by impulse
control difficulty, patients’ hyperactivity also increases
nocturnal hyperactivity, resulting in the increased WASO
and higher fragmentation index. Similarly, some studies
have shown that involuntary movement during sleep posi-
tively correlates with impulsivity in combined-type ADHD
patients, due to the close relationship between inattention/
hyperactivity symptoms and sleep disorders like RLS and

Neuropsychiatric Disease and Treatment 2014:10
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PLMD.*#!738 Nevertheless, the results from other studies on
the relationship between ADHD subtype and sleep problems
have not been consistent.*!433

Some studies have shown that OSA has a strong rela-
tionship with hyperactivity symptoms, and chronic night
snoring is found more in patients with ADHD, predominant
hyperactive-impulsive type.*> However, others have shown
that an abnormal breathing pattern is not related to ADHD sub-
type.*® Furthermore, sleep deprivation can decrease regional
cerebral metabolic rate for glucose in the prefrontal cortex,”
resulting in performance disturbance affecting episodic
memory encoding, decision making, critical ability, deduction,
language, learning, attention, and deep thought.**!

These dysfunctional areas in sleep deprivation correspond
to those of ADHD patients, suggesting that ADHD cognitive
problems could be related to sleep problems. Therefore, the
correlation between cognitive dysfunction and sleep prob-
lems in ADHD is supported by our finding that the increased
WASO and fragmentation index are related to the increased
response error in the MFFT.

This study has several limitations. We did not perform a
structural interview for the diagnosis and not classify with
ADHD subtyping. Sample sizes were small, and they con-
sisted of only male patients.

In summary, patients with ADHD had more sleep
problems, including increased sleep latency and WASO
and fragmentation index compared with controls. Some
of these sleep problems, such as increased WASO and the
fragmentation index, were related to poor executive function
in patients with ADHD. However, further studies with large
sample sizes with female patients, classification of ADHD
subtypes, and the addition of polysomnographic findings
should be performed to confirm our results regarding sleep
problems in boys with ADHD.

Disclosure
The authors report no conflict of interest in this work.
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