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Attention Deficit Hyperactivity Disorder in Paediatric
Patients with Malignant Haematologic Diseases or Epilepsy:
Experience at a Tertiary Care Hospital in Korea
JY HAN, JW LEE, B CHO, NG CHUNG, IG LEE
Abstract

Background: Paediatric patients with epilepsy and malignant haematologic diseases (MHD) are at
increased risk of mental health problems compared to the general population. The purpose of this study
was to determine the prevalence of attention-deficit hyperactivity disorder (ADHD) among paediatric
patients treated for MHD or epilepsy compared to that in healthy children in South Korea. Methods:
We retrospectively reviewed 184 patients diagnosed with epilepsy and 172 patients diagnosed with
malignant haematologic diseases in the paediatric department of Seoul St. Mary's Hospital from May
2009 to May 2013. Normal controls were selected from the out-patient clinic among those who visited
the clinic for vaccination. Results: Paediatric patients with epilepsy or MHD exhibited significantly
higher rate of ADHD compared to the controls (37.5% or 29.6% vs. 11.9%, P=0.039). Among children
with both MHD and ADHD, 69.5% had the inattentive subtype and 30.5% had the combined subtype of
ADHD. Among children with both epilepsy and ADHD, 70.6% had the inattentive subtype, 23.5% had the
combined subtype, and 5.9% had the hyperactive type of ADHD. There were statistically significant
differences between MHD patients with ADHD and MHD patients without ADHD of sex, age at onset of
haematologic diseases (≤5 years), intrathecal chemotherapy, treatment duration and cranial radiation.
Patients with epilepsy and concomitant ADHD showed significantly poorer response to epilepsy treatment
than patients without ADHD. Conclusions: Paediatric patients with MHD and epilepsy are at significant
risk for ADHD. Baseline testing of all patients with MHD or epilepsy is needed to assess their
neuropsychological and academic skills over time to facilitate early intervention and prevent academic
failure.
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Introduction
With the introduction of multimodal therapy in the early
1970s, 5-year survival rates for most paediatric malignant
haematologic diseases have improved dramatically. Over
the past four decades, improved prognosis of childhood
acute lymphoblastic leukaemia (ALL) and acute myeloid
leukaemia (AML) has resulted in 5-year survivor rate of
around 80% in developed country.1,2 Although medical
advances have resulted in increased life expectancy of
many chronically ill children, a substantial proportion of
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these children experience long-term neurocognitive
sequelae associated with treatment- and disease-related
factors.
Children surviving cancer frequently experience
deficits in attention, learning, and memory, that are
secondary to the disease process itself and requisite
treatment that may include surgery, chemotherapy and/or
cranial radiation therapy. 3 Attention problems occur
frequently among childhood cancer survivors. It has been
estimated that approximately one-quarter of ALL survivors
demonstrate significant dysfunction.4
The prevalence of epilepsy in the general population
ranges from 0.5% to 1%. Attention deficit hyperactivity
disorder (ADHD) occurs in 3-7% of all children.5,6 Among
children with epilepsy, the prevalence of ADHD is much
higher than that among the general paediatric population,
ranging widely from 8 to 77%.7 Difficulties with attention
appear to be very prevalent in patients with childhood
epilepsy compared to those in healthy children. It is
possible that ADHD could be attributable to seizure
characteristics or effect of antiepileptic drugs (AED).
Paediatric patients with epilepsy or malignant
haematologic diseases (MHD) are at increased risk of
mental health problems compared to the general
population. The purpose of this study was to determine
the prevalence of ADHD among children treated for MHD
and epilepsy in South Korea. This knowledge will be helpful
for developing clinical intervention and determining
relevant outcomes.

Methods
We retrospectively reviewed 184 patients diagnosed
as epilepsy who were treated with AEDs in Pediatric
Neurology Department of Seoul St. Mary's Hospital
from May 2009 to May 2013. We also retrospectively
reviewed 172 patients diagnosed as MHD who were in
continuous complete remission since initial diagnosis
in paediatric haematology departments of Seoul St.
Mary's Hospital from May 2009 to May 2013 ALL
lymphoblastic leukaemia (87 patients). Their ages ranged
from 6 to 18 years old at the time of diagnosis. Children
who had pre-existing neurologic conditions affecting
behavioural development (cerebral palsy, developmental
delay, or mental retardation) were excluded. Normal
controls were selected at the out-patient clinic of Seoul
St. Mary's hospital from those who visited the clinic
for vaccination. Children who had significant medical

illnesses or neuropsychiatric problems were
excluded.
The Korean Child Behaviour Checklist (K-CBCL) and
the Korean ADHD Rating Scale (K-ARS) were used as
screening instruments. Diagnoses were confirmed through
the Diagnostic Interview Schedule for Children Version IV
(DISC-IV). We also used parent and teacher questionnaires
based on the DSM-IV criteria, parent interviews and direct
observation of children. These data were compared between
patients with ADHD and those without ADHD. The
following tests were performed for pre-treatment
functioning: K-WISC-II (Korean-Wechsler Intelligence
Scale for Children) and Neuropsychological test. ADHD
diagnosis was established by child psychiatrist in all
patient groups. Electroencephalography (EEG)
abnormalities defined as epileptiform discharges according
to abnormal frequency, height or shape based on ILAE
classification of the Epilepsies (2017). SPSS (ver. 19.0)
was used for all statistical analyses. Chi-square test, Fisher's
exact test and one-way analysis of variance (ANOVA) were
used to estimate significant differences. Values were
considered statistically significant at P<0.05. This study
was reviewed and approved by the Institutional Review
Board of St. Mary's Hospital (approval number:
KC13RASI0366).

Results
A total of 758 patients aged 6-18 years were identified,
including 172 patients with a history of MHD, 184 patients
who were diagnosed as epilepsy and 402 healthy controls.
Baseline characteristics of the study population are shown
in Table 1. Healthy controls with the same male-to-female
ratio and age (11.0±5.9) were assessed. Children with MHD
were younger than children with epilepsy and controls.
Children with epilepsy or MHD exhibited significantly
higher rate of ADHD) compared to controls (29.6% or 37.5%
vs. 11.9%, P=0.039). Among patients who had both MHD
and ADHD, 69.5% had the inattentive subtype and 30.5%
had the combined subtype of ADHD. Among children with
both epilepsy and ADHD, 70.6% had the inattentive
subtype, 23.5% had the combined subtype and 5.9% had
the hyperactive type of ADHD. The inattentive subtype of
ADHD was more predominant in all groups than the
combined subtype of ADHD. There was no significant
group differences in sex or age.
Of 172 patients with MHD, 69 (37.5%) patients had
both ADHD and MHD. When compared with patients
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without ADHD, MHD patients with ADHD were more
likely to be male, five or younger at the onset of
haematologic diseases, and had intrathecal chemotherapy
with longer treatment duration and cranial radiation
(P<0.05). However, relapse of MHD did not show a
significant difference between MHD patients with ADHD
and MHD patients without ADHD (P=0.081).
Fifty-one (29.6%) out of 184 epileptic patients had both
ADHD and epilepsy. In epileptic patients with ADHD,
males outnumbered females by almost two-fold (46 males

Table 1

vs. 23 females, P=0.022). For 59.1% of patients without
ADHD, their seizures remained under control with a single
AED compared to 33.3% of patients with both ADHD and
epilepsy (P=0.020). Out of 184 patients, 106 (57.6%) had
partial seizures, 72 (39.1%) had generalised seizures, and
6 (3.3%) had mixed seizures. There was no statistically
significant differences in age, seizure type, or EEG
abnormalities between epilepsy patients with ADHD and
those without ADHD (P=0.068, P=0.355, P=0.742,
respectively).

Comparison of characteristics in controls, patients with malignant haematologic diseases, and patients with epilepsy

Parameters
No. of participants
Age (year, mean ± SD)
Male:Female
ADHD accompaniment
Inattentive
Hyperactive
Combined

Patients with MHD

Patients with epilepsy

Controls

p-value

172

184

402

10.2±3.2

12.62±3.4

11.0±5.9

0.121

88:84

103:81

191:211

0.081

69 (37.5%)

51 (29.6%)

49 (11.9%)

0.039

69.5% (48/69)

70.6% (36/51)

63.2% (34/49)

0.075

0% (0/69)

5.9% (3/51)

4.5% (2/49)

0.198

30.5% (21/69)

23.5% (12/51)

26.5% (13/49)

0.072

MHD: malignant haematologic diseases; ADHD: attention deficit hyperactivity disorder; SD: standard deviation.

Table 2

Comparison of malignant haematologic disorders with ADHD and without ADHD

Mean age (year)
Male:Female

MHD with ADHD (N=51)

MHD without ADHD (N=121)

p-value

10.0± 4.1

10.4± 3.4

0.475

35:16

53:68

0.002

Age group of onset (year)

0.004

11-18

11 (21.6%)

43 (35.5%)

6-10

11 (21.6%)

42 (34.7%)

1-5

29 (56.8%)

36 (29.8%)

Treatment
Intrathecal chemotherapy
No intrathecal chemotherapy

0.031
46 (90.2%)

97 (80.2%)

5 (9.8%)

24 (19.8%)

Response to treatment
No relapse

0.081
42 (82.3%)

105 (86.8%)

9 (7.7%)

16 (3.2%)

Yes

8 (15.6%)

12 (10.0%)

No

43 (84.4%)

109 (90.0%)

3.0±1.1

1.9±0.7

Relapse
Cranial radiation

Treatment duration (year)

0.049

MHD: malignant haematologic diseases; ADHD: attention deficit hyperactivity disorder.

0.042
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Discussion
The prevalence of ADHD in Korean studies has been
reported to be 3.9-13.3%.8,9 Estimated ADHD prevalence
during paediatric period has shown wide variation around
the world, ranging from 0.9% to 20%.10,11 In our study,
ADHD prevalence was 11.9% in healthy controls. It is
generally accepted that the combined type of ADHD is the
most common type in the general population.7 However,
the inattentive type of ADHD was more common in healthy,
epileptic and MHD children in our study.
ADHD is a common neuropsychiatric disorder that
impairs social, academic and vocational functions in
children and adolescents. By their young adulthood, ADHD
youth are at high risk for a wide range of adverse psychiatric
outcomes, including elevated prevalence of antisocial,
addictive, behavioural and anxiety disorders.12
The scope of chronic health condition is broad. It can
affect the neuropsychiatric system. Survivors of paediatric
brain tumour and ALL are at risk for lasting cognitive
impairment attributable to disease and treatments that can
affect the central nervous system (e.g., cranial radiation
therapy, intrathecal chemotherapy).13,14 Patients diagnosed
with ALL at younger age suffer greater cognitive deficits
than patients diagnosed at older age, especially when they
Table 3

are treated with cranial irradiation. 15 Neurocognitive
impairment is estimated to occur in 20-40% of long-term
survivors of childhood ALL. Neurocognitive deficits can
negatively impact learning and academic achievement of
patients compromising their educational and vocational
opportunities.16 Despite these well-established findings,
there have been few empirically validated interventions
to remediate cognitive impairments emerging secondary
to treatment for MHD.17
Results of our study demonstrate that the rate of
symptoms of ADHD in survivors of MHD is higher than
that in healthy controls, suggesting that MHD has a
significant relation with ADHD in paediatric patients. In
addition, in males under 5 years of age at onset, intrathecal
chemotherapy and cranial radiation might be necessary to
predict ADHD. Therefore, early detection and establishment
of countermeasure for ADHD are needed to maintain their
quality of life.
Paediatric patients with epilepsy are more likely to have
difficulties with 'attention problems' than healthy controls.
It is often assumed to be the consequence of recurrent
seizures, medical treatment, or characteristics of epilepsy.18
Patients with epilepsy and concomitant ADHD show
significantly poorer response to epilepsy treatment
compared to patients without ADHD. In our study, there

Comparison between epilepsy patients with ADHD and those without ADHD

Mean age (year)
Male:Female

Epilepsy with ADHD (N=69)

Epilepsy without ADHD (N=115)

p-value

12.5±3.5

12.3±2.9

0.068

46:23

57:58

0.022

Age group of onset (year)
11-18

0.126
23 (33.3%)

41 (35.7%)

6-10

32 (46.4%)

58 (50.4%)

1-5

14 (20.3%)

16 (13.9%)

2.2±0.8

1.8±0.7

Monotherapy

23 (33.3%)

68 (59.1%)

Polytherapy

46 (66.7%)

47 (40.9%)

Duration of treatment (year)
Number of AEDs

0.020

Seizure types

0.355

Partial

46 (66.7%)

60 (52.2%)

Generalised

18 (26.1%)

54 (46.9%)

5 (7.2%)

1 (0.9%)

Abnormal

50 (72.5%)

83 (72.2%)

Normal

19 (27.5%)

32 (27.8%)

Mixed

0.036

EEG abnormalities

0.742

ADHD: attention deficit hyperactivity disorder; AED, antiepileptic drug.
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was no difference in ADHD accompaniments between
partial and generalised seizure types. However, treatment
duration and polytherapy could influence the diagnosis
of ADHD. The presence of ADHD in patients with epilepsy
could be related to therapeutic response to AEDs and could
be a useful predictive factor for response in early stage.
Another study has found that ADHD is related to illness
and seizure frequency.19 ADHD can increase the risk of
subsequent epilepsy and vice versa.20 Thus, it is important
to manage ADHD in children with epilepsy. However,
ADHD might be under treated in children with epilepsy.21
Stimulants remain to be the first-choice pharmacological
agents for the management of ADHD. Psychosocial,
behavioural and educational strategies that can enhance
specific behaviours may improve educational and social
functioning in children with ADHD.22 Evidence from a oneyear efficacy trial of methylphenidate (MPH) in paediatric
cancer survivors experiencing cognitive late effects has
recently emerged, suggesting long-term cognitive and
behavioural benefits of stimulant treatment in this
population.23 There are also reports of good response to
MPH in children with epilepsy. 24 Children could be
selected for early intervention trials to reduce symptoms
of ADHD. The goal of a comprehensive epilepsy clinic/
service is to perform an assessment and provide treatment
not only for seizures, but also for cognitive and behavioural
difficulties experienced by children with epilepsy. 25
Children with MHD and epilepsy are at significant risk for
ADHD. There is a need for more studies focusing on safe
and efficacious intervention for symptoms of ADHD.
Baseline testing of all patients with MHD or epilepsy is
needed to assess their neuropsychological and academic
skills over time to facilitate early intervention and prevent
academic failure. These results highlight the need for
continued monitoring of ADHD in survivors of paediatric
MHD and epilepsy. Future studies shall address these issues
and guide paediatrician, nurses and teachers to work
together to develop individualised plans that can help
children with MHD or epilepsy fulfill their educational
goals. Long-term social prognosis of these children appears
to be of considerable importance. Future studies are needed
to confirm our results in a larger population.

Conclusions
This study shows that paediatric patients with MHD or
epilepsy are at significant risk for ADHD. Children with
MHD were younger than children with epilepsy and
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controls. Children with epilepsy or MHD exhibited 2 to 3
folds higher rate of ADHD compared to controls. When
compared with patients without ADHD, MHD patients with
ADHD were more likely to be male, five or younger at the
onset of haematologic diseases, and had intrathecal
chemotherapy with longer treatment duration and cranial
radiation. Patients with epilepsy and concomitant ADHD
showed significantly poorer response to epilepsy treatment
than patients without ADHD. Thus, baseline testing of all
MHD or epilepsy children is needed to check their
neuropsychological and academic skills over time to
facilitate early intervention and prevent academic failure.
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