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Abstract

Objective: Children with acute lymphoblastic leukemia (ALL) may be at increased risk of psy-

chiatric disorders. This study analyzed the incidence of psychiatric disorders in children with ALL

in South Korea.

Methods: Using nationwide claims data for January 2009 to March 2016, we identified three

major psychiatric disorders (depression, anxiety and stress/adjustment disorder) among children

diagnosed with ALL. We analyzed the incidence of psychiatric disorders before and after ALL

diagnosis.

Results: Overall, 2160 children diagnosed with ALL were identified. Seventy-five children (3.5%)

were diagnosed with at least one major psychiatric disorder from 1 year before ALL diagnosis to

the last follow-up point (range: 42.5–111.5 months). Of these, 70 (93.3%) patients were identified

after ALL diagnosis, with the incidence peaking 1 year after ALL diagnosis. Depression, anxiety

and stress/adjustment disorders were diagnosed in 30 (1.4%), 15 (0.7%) and 30 (1.4%) patients,

respectively.
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Conclusions: Among pediatric patients with ALL, most psychiatric disorders were identified

after the diagnosis of leukemia, and psychiatric disorder incidence differed according to patient

age and time since ALL diagnosis. Timely screening for and proper management of mental

disorders are needed during all stages of ALL treatment.
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Introduction

Acute lymphoblastic leukemia (ALL) is the
most common childhood and adolescent

cancer, accounting for 25% of all cases.1

The survival rate of pediatric ALL has sub-

stantially improved with treatment intensity
adjustment based on the risk group in

which a patient is classified.2 Whereas allo-

geneic hematopoietic stem cell transplanta-

tion is used for very high-risk patients,
stronger chemotherapeutic regimens are

usually administered in recurrent ALL.3

Although treatment duration differs

according to risk group, treatment can last

over 2 to 3 years. These intensive and pro-
longed therapies for pediatric ALL may

increase the risk of psychiatric distress and

various physical complications. Notably,

chemotherapy affects emotional function
in children with ALL and treatment with

corticosteroids causes behavioral and psy-

chological problems, such as mood swings,

irritability, anxiety and depression.4

Psychiatric distress can impair treatment

compliance and quality of life in pediatric

patients with cancer. Although one study
reported that pediatric ALL patients expe-

rience similar emotional difficulties to those

of their peers,5 other studies have shown

that approximately 10% to 30% of pediat-

ric ALL patients experience psychiatric

disorders.6,7 Moreover, some children expe-
rience emotional distress that occurs during
their treatment and continues after treat-
ment has ended.4,8 These results suggest
that longitudinal studies are needed to
observe the pattern of and identify potential
risk factors for mental disorders in children
with ALL. Previous studies are limited by
small sample sizes or the use of cross-
sectional designs. Therefore, we designed a
nationwide population-based longitudinal
study to analyze the pattern of psychiatric
disorders in children with ALL using claims
data from South Korea. The study aim was
to analyze the incidence of depression, anx-
iety and stress/adjustment disorders using
longitudinal analysis from the point of
diagnosis of pediatric ALL.

Materials and methods

Using the International Classification of
Diseases, Tenth Revision (ICD-10) code
for ALL (C91.0), we identified a cohort of
children with ALL (aged 0–18 years) using
the Health Insurance Review and
Assessment Service (HIRA) claims data
for January 2009 to March 2016. The
HIRA claims data are derived from the
national medical insurance system, which
covers 90% of the South Korean popula-
tion.9 We identified three main psychiatric
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disorders in this cohort using ICD-10 codes:

depression (F32 and F33), anxiety (F40 and

F41) and stress/adjustment disorder (F43).

The flowchart describing selection of the

study population is shown in Figure 1.
The types of treatment for mental disorders

were identified using the corresponding

codes for medication (antipsychotic drugs,

antidepressants, mood stabilizers and anti-

anxiety drugs) and psychotherapy (individu-

al psychotherapy: NN011–NN013, group

psychotherapy: NN021–NN023 and family

therapy: NN031–NN032). We evaluated

treatment intensity using the number of psy-

chotherapy and medication prescriptions.
We analyzed the incidence of psychiatric

disorders and observed the longitudinal

incidence pattern according to the time of

ALL diagnosis. We reviewed data starting

from 1 year before ALL diagnosis to focus

on the changes in psychiatric disorders

around the time of ALL diagnosis.

Descriptive statistics were used to describe

the frequency of psychiatric disorders. We

plotted density curves to illustrate the

timing of mental disorders over the course

of leukemia diagnosis. The density curves

show the probability of each mental illness;
the area under the curve¼ 100%. All statis-

tical analyses were performed using R 3.0.2

software (www.r-project.org). Comparisons

between and within groups were conducted

using the chi-square test or Fisher exact

test. This study was approved by the insti-

tutional review board of our institution

(IRB No. AJIRB-441) and the requirement

for informed consent was waived because

we analyzed deidentified claims data. The

reporting of this study conforms to

the Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) statement guidelines.10

Results

A total of 2160 children with ALL were

identified from the South Korean HIRA

claims data for January 2009 to March

2016. Of the total, there were 1276

(59.1%) male patients. The follow-up time

ranged from 42.5 to 111.5 months. Seventy-

five (3.5%) of the pediatric ALL cases were

coded with a psychiatric disorder at least

once from 1 year before ALL diagnosis

until the last follow-up. Among the children

with a psychiatric disorder, the median age

was 6 years (range, 3.0–18.0) and there were

41 (54.7%) male patients. The incidences of

psychiatric disorders among male and

female patients with ALL were 3.2% and

Figure 1. Flowchart of patient selection.
HIRA, Health Insurance Review and Assessment Service.
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3.8%, respectively. The frequencies of
psychiatric disorders are summarized in
Table 1. The incidence in the groups aged
0 to 4 years, 5 to 9 years, 10 to 14 years and
15 to 18 years was 1.8%, 2.3%, 5.4% and
7.3%, respectively. Psychiatric disorders
were more frequent in older (10–18 years)
patients than in younger (0–9 years)
patients (6.2% vs 2.0%). Depression, anxi-
ety and stress/adjustment disorders were
identified in 30 (1.4%), 15 (0.7%) and 30
(1.4%) patients, respectively.

The frequency of psychiatric disorders
before and after ALL diagnosis is shown
in Table 2. Seventy children were identified
as having a psychiatric disorder (93.3%)
after their ALL diagnosis. The proportions
of depression and stress/adjustment disor-
der cases were relatively higher after ALL
diagnosis than before ALL diagnosis. There
was a significant difference between depres-
sion, anxiety and stress/adjustment disor-
ders after ALL diagnosis (P¼ 0.024), but
not before ALL diagnosis. The frequencies
of each psychiatric disorder showed signifi-
cant differences between before and after
ALL diagnosis (depression, P< 0.001; anx-
iety, P¼ 0.009; stress/adjustment disorder,
P< 0.001).

The overall incidence of psychiatric dis-
orders peaked at 1 year after the diagnosis
of ALL. In children younger than 5 years,
the incidence of psychiatric disorders
showed a delayed peak at approximately
3 years after ALL diagnosis (Figure 2a).
Children aged 15 to 18 years had a higher
incidence of psychiatric disorders than chil-
dren of other ages. The incidence density
plot for each psychiatric disorder is shown
in Figure 2b. The incidence of depression
was higher than that of the other psychiat-
ric disorders at 1 year after ALL diagnosis.
The incidence of depression and anxiety
peaked again after 5 years after ALL
diagnosis.

The treatments for psychiatric disorders
are shown in Table 3. Seventy-two children T
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(96.0%) were treated for psychiatric disor-

ders with medication and/or psychothera-

py. Of patients, 40 (53.4%), 4 (5.3%) and

28 (37.3%) were treated with psychothera-

py only, medication only, and both

treatments, respectively. There was no sig-

nificant difference between treatment

modalities according to psychiatric disor-

der, but treatment modality showed signif-

icant differences according to age group

(P¼ 0.012). The number of prescriptions

for psychotherapy and medication are sum-

marized in Table 4. There was a significant

difference between the number of

prescriptions for psychotherapy and medi-

cation (P¼ 0.013).

Discussion

In this study, the incidence of psychiatric

disorders among children with ALL youn-

ger than 18 years was 3.5%, and female

children showed a higher incidence than

male children. The observed incidence

may be low because claims data may not

reflect undiagnosed cases. However, we

were unable to compare our results with

those from previous studies because data

Figure 2. Frequency densities of psychiatric disorders stratified by (a) age group and (b) psychiatric
disorder (the area under the density curve for each line is 1).

Table 2. Psychiatric disorders before and after the diagnosis of ALL (N¼ 2160).

Psychiatric disorder

Before ALL diagnosis P value After ALL diagnosis P value

n % Incidence (CI) 1.000* n % Incidence (CI) 0.024*

Depression 2 0.1 (0.0–0.4) – 28 1.3 (0.9–1.9) <0.001**

Anxiety 2 0.1 (0.0–0.4) – 13 0.6 (0.3–1.1) 0.009**

Stress/adjustment 1 0.0 (0.0–0.3) – 29 1.3 (0.9–1.9) <0.001**

Total 5 0.2 (0.1–0.6) 70 3.2 (2.6–4.1) <0.001**

ALL, acute lymphoblastic leukemia; CI, 95% confidence interval.

*P value of incidence comparison between the three psychiatric disorders.

**P value of incidence comparison between psychiatric disorders before and after ALL diagnosis.
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are lacking on the incidence of psychiatric
disorders in a similar clinical setting. In
the general population, the prevalence
of depressive among children aged 3 to
17 years in the United States is approxi-
mately 3.9%.11 According to reports from
South Korea, the prevalence of childhood
depression ranges from 0.15% to 2%.12 We
found the incidence of depression to be
1.4% from 1 year before ALL diagnosis
to the time of the last follow-up. Although
we cannot directly compare our results with
prevalence data from the general population,
our data suggest that a portion of children
with ALL experienced psychiatric distress
from the time of their ALL diagnosis,
through treatment and during follow-up.

The incidence of psychiatric disorders
differed across age groups and was higher
in older children. This age-dependent
increase in the incidence of psychiatric dis-
orders may reflect age-dependent differen-
ces in reality perception ability. Younger
children (<10 years) may have a limited
ability to understand the diagnosis of leu-
kemia and the prolonged and painful treat-
ment process associated with ALL.
Moreover, younger children may not be
capable of adequately expressing their
physical and psychological symptoms. In
contrast, teenagers are more likely to
express their anxiety about death and prob-
lems with adjusting to school life, and to
experience depressed mood, than younger
children. Thus, teenagers are more likely
to be diagnosed with psychological distress.
Further, parents of children with ALL pos-
sibly neglect their psychological state
because they are more concerned about
their children’s physical health.

The density plot showed that most psy-
chiatric disorders were identified after the
diagnosis of ALL, and the incidence of psy-
chiatric disorders peaked within 1 year after
ALL diagnosis. These findings suggest that
the diagnosis and treatment of ALL
increase the risk of psychiatric disorders.T
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There are several possible reasons for the
development of psychiatric disorders peak-
ing during this period. Painful diagnostic
and therapeutic procedures, such as bone
marrow examination, spinal tapping and
catheter insertion (Hickmann or chemo-
port), can induce anxiety and posttraumatic
stress disorder.13 Intensive administration
of anticancer drugs during the first year
can increase the psychological stress
and depressive mood that accompany
chemotherapy-related acute side effects.14

The use of corticosteroids, which are
administered almost daily during the initial
4 weeks of chemotherapy as a remission-
inducing regimen and for �2 years, may
also contribute to the development of psy-
chiatric disorders.15,16 Finally, the ALL
diagnosis itself can induce psychiatric dis-
tress. Before the ALL diagnosis, only five
children were identified as having psychiat-
ric distress, which seems a relatively low
incidence rate compared with that found
in studies of adults with malignancies.17,18

During the period of diagnosis, cancer-
related symptoms and diagnostic proce-
dures can be risk factors for psychiatric
disorders. However, children with ALL
may show limited understanding of their
serious diagnosis. The rapid progressive
nature and fast diagnosis of ALL could be
one reason for the rarity of psychiatric dis-
order during this period.

The density plot showed delayed second-
ary peaks in the incidences of depression

and anxiety disorders �5 years after ALL
diagnosis. This suggests that the risk of psy-
chiatric disorders persisted during the long-
term follow-up period. Even after an ALL
cure, factors such as chronic complications,
fear of recurrence and difficulties catching
up on academic work may cause depression
or stress/adjustment disorder.19 Therefore,
healthcare providers must be diligent in
screening for psychological distress in chil-
dren long after their ALL diagnosis.

Many patients may refuse therapy for
psychiatric disorders because of the stigma
associated with mental illness. However, the
claims data suggested that patients were
willing to receive treatment: 96.0% of
patients with a psychiatric disorder were
treated with medication and/or psychother-
apy. Parents’ awareness of and ability to
address their children’s psychological dis-
tress may affect the high treatment rate
for mental disorders. However, nearly
25% to 30% of patients were prescribed
treatment only once, suggesting a lack of
continuous treatment. These findings indi-
cate the need to develop an appropriate
management protocol to guide the type
and duration of treatments for psychiatric
disorders in children with ALL.

Of the Children’s Oncology Group
(COG) protocols, ALTE07C1 includes
assessments for psychiatric disorders in
children with cancer. This protocol recom-
mends the evaluation of psychiatric disor-
ders using a set of neuropsychological tests,

Table 4. Prescription frequency of treatments for psychiatric disorders in children with ALL.

No. of prescriptions

No. of patients (%)
P value

0.013Psychotherapy (N¼ 68) Medication (N¼ 32)

1 24 (35.3) 8 (25.0)

2–5 26 (38.2) 12 (37.5)

6–9 8 (11.8) 3 (9.4)

�10 10 (14.7) 9 (28.1)

ALL, acute lymphoblastic leukemia.

P-value between the number of prescriptions for psychotherapy and medication.

Heo et al. 7



such as the Behavioral Assessment System
for Children (BASC)20, at 9, 30 and 90
months after a cancer diagnosis. However,
there are time and cost barriers to thorough
implementation of the COG program/
guideline in the clinical setting. Simpler
assessments, such as the red flag items of
the BASC (e.g., a child says “I want to
die”), may be more practical to detect psy-
chiatric problems. In the claims data ana-
lyzed here, most psychiatric disorders were
likely to be coded and managed after pre-
sentation of one of the red flag items.
Screening timing for psychiatric disorders
should be more frequent than that recom-
mended by the COG program, particularly
for high-risk age groups (>10 years).
Future studies are needed to develop prac-
tical guidelines for managing psychiatric
disorders for pediatric oncologists and
family members of children diagnosed
with ALL.

This study had several limitations. First,
the follow-up time for the cohort ranged
from 42.5 to 111.5 months, which limited
the ability to observe the effect of pediatric
ALL on the development of psychiatric dis-
orders in adulthood. We could not identify
in the claims data clinical and other param-
eters such as cancer subtype; risk group;
treatment protocol; complication profile;
patient’s educational status; and parental
economic, psychiatric and educational
status. Neither could we analyze the treat-
ment time for psychiatric disorders because
this could not be defined using the claims
data. To overcome these study limitations,
a multicenter collaborative prospective or
retrospective study is needed that includes
neuropsychological and behavioral assess-
ments. Another study limitation was the
lack of diagnosis validation. The ICD-10
codes alone do not guarantee that psychia-
trists diagnosed the psychiatric disorders
examined in this study, and we cannot
exclude the possibility of misclassification
bias. Moreover, the diagnosis of psychiatric

disorders is challenging, particularly in chil-
dren younger than 6 years. Additional stud-
ies with appropriate designs are needed to
confirm the validity of the present findings.
However, because of the stigma associated
with mental illness in South Korea, psychi-
atric diagnoses are carefully coded follow-
ing a psychiatric consultation.21 Therefore,
we believe that the psychiatric disorders
officially coded in the Korean claims data
are reliable. This study did not include
other mental disorders, such as inatten-
tion–hyperactivity, social withdrawal and
learning problems, so more studies are war-
ranted to investigate these disorders.

In conclusion, most psychiatric disorders
were identified after the diagnosis of ALL
in children, and the incidence of psychiatric
disorder differed according to patient age
and the time since ALL diagnosis. Our
results suggest that screening and appropri-
ate management for psychiatric disorders
are required immediately after an ALL
diagnosis and during the follow-up period.
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