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Objective We aimed to investigate symptom trajectory of attention-deficit hyperactivity disorder (ADHD) in Korean school-age chil-
dren.

Methods Four hundred fifty six elementary school children were enrolled when they were in 1st grade and assessed once per year until
4th grade. Symptom severity was assessed by parents using the Korean version of the ADHD rating scale (K-ARS). High-risk was defined
as a K-ARS score >18; 377, 325, and 284 children participated in the subsequent assessments. Symptom trajectory was analyzed using a
mixed-model approach consistent with the longitudinal nature of the present study including missing data.

Results K-ARS scores demonstrated significant main effects of time (F=35.33; p<0.001), sex (F=20.77; p<0.001), and first-year high-
risk group (F=240.90; p<0.001). It also demonstrated a significant timeXfirst-year high-risk group interaction effect (F=38.14; p<0.001),
but not a timexsex interaction effect.

Conclusion K-ARS scores demonstrated a tendency to decline with aging. Individuals in the high-risk group demonstrated earlier de-
clining tendency than those in the non-high risk group. Although total K-ARS scores differed significantly between the sexes at all assess-
ments, the declining pattern between both sexes did not differ significantly. Further studies including larger sample sizes, diagnostic inter-
views, and complete data sets are needed to confirm findings of the present study. Psychiatry Investig 2018;15(5):470-475
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INTRODUCTION

Attention-deficit hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder with a symptom complex that in-
cludes hyperactivity, impulsivity, and inattention. The age-of-
onset criterion for ADHD required the presence of symptoms
before 7 years of age until publication of the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-
IV) to avoid misdiagnosing children who exhibit ADHD
symptoms as school stress"* and was extended to 12 years of
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age in DSM-5.> However, most ADHD children exhibit on-
set during early school age, from six to nine years of age.*

The prevalence of ADHD has been reported to be approxi-
mately 5% of children in most cultures.’ Polanczyk et al.® re-
ported that there were no regional differences in the prev-
alence of ADHD. The prevalence ratio of males to females in
school-age children has been reported to be 2:1 to 3:1.>*
Whereas males are more likely to be hyperactive and impul-
sive, females are more likely to exhibit features of inattentive-
ness.”’

The symptom severity of ADHD has been reported to de-
cline with aging.** The persistence rate of childhood ADHD
symptoms to adulthood have been reported to be approxi-
mately 50%, and previous studies reported the prevalence of
adulthood ADHD to be approximately 2.5%.>'*"' However,
declining trends of symptom severity differ according to symp-
tom domain. Whereas hyperactivity and impulsivity improve
early in childhood, the period and rate of improvement in in-
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attention symptoms appear later and are lower than for hy-
peractivity/impulsivity."* Differences in improvement ac-
cording to symptom domain may lead to a change in ADHD
subtype with aging.">"*

Studies investigating the characteristics of Korean ADHD
patients have reported similar patterns to international stud-
ies. Despite methodological differences, some studies have re-
ported the prevalence of ADHD in the Korean population to
be 5.9% to 8.5%.""7 Regarding age of onset, Byun et al.'® re-
ported that 75% of ADHD patients were diagnosed as school-
age children. The prevalence ratio of males to females in the
Korean population was also reported to be similar to interna-
tional studies. For example, Kim et al."” reported a prevalence
ratio of 2.4:1, favoring males; similarly, Song" reported a ra-
tio of 3:1, favoring males.

School-age children comprise the most prevalent group
diagnosed and experience the most symptom changes. In-
formation regarding ADHD symptom trajectory is impor-
tant for clinicians and parents to design treatment plans and
predict prognosis. There have been some normative studies
investigating the use of an ADHD rating scale for the general
population of Korean elementary school children.”**' Despite
some inconsistent findings, a slightly decreasing tendency in
symptom severity scores with aging could be inferred from
the results of those studies. However, the samples examined
in previous studies were cross-sectional, and no longitudinal
follow-up of the participants was performed. Moreover, those
studies did not divide their samples into high-risk and non-
high-risk ADHD groups. Thus, we cannot confirm the chang-
ing aspects of individual ADHD symptoms according to high-
risk and non-high-risk ADHD groups. To our knowledge,
there have been no studies investigating the symptom trajec-
tory of ADHD in the Korean school-age population using a
longitudinal follow-up sample. Therefore, the present study
investigated the symptom trajectory of ADHD according to
symptom subdomains in a longitudinal assessment of school-
age children in Korea.

METHODS

Participants

The present study included 456 elementary school students
who participated in an ongoing longitudinal study investigat-
ing the correlation between environmental toxins and neuro-
developmental disorders. The present study was conducted in
Cheonan, a medium-size city in South Korea with a mix of
urban and rural areas. Students from three elementary
schools participated in this study. Two schools were located in
an urban area and the other was in a rural area. The partici-
pants were enrolled when they were in 1st grade of elementary
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school and assessed every year from 2013 to 2016. Each as-
sessment was performed between March and June of each
year. A total of 456 students participated in the first assess-
ment and 245 (53.7%) were boys. Among this cohort, 377,
325, and 284 students were assessed in subsequent years, re-
spectively. All participants and their parents were informed
of the purpose of the study and provided informed written
consent. The study protocol was approved by the Institution-
al Review Board for Human Subjects at the Dankook Uni-
versity Hospital (IRB No. 2013-02-014).

Measurement

For the assessment of ADHD symptom severity, the Ko-
rean version of the ADHD rating scale (i.e., K-ARS) was
used. The ADHD rating scale was developed by Dupaul® to
assess ADHD symptom severity. It consists of 18 items and
is scored using a 4-point Likert scale. Nine items reflect in-
attentiveness, and 9 reflect hyperactivity and impulsivity. Its
total score range is between 0 and 54. The K-ARS used in this
study was validated by So et al.* The Cronbach’ alpha values
of the K-ARS used in the present study were 0.932, 0.909,
0.901, and 0.915 for the assessment in each year.

Statistical analysis

Demographic variables and K-ARS score differences be-
tween sexes were analyzed using the independent t-test, chi-
squared test, and Fisher’s exact test. Inclusion in the high-
risk group for each assessment was defined as a total K-ARS
score >18."" To remain consistent with the longitudinal na-
ture of the study, a linear mixed model, including missing
and available data, was used to analyze yearly changes in
ADHD symptom severity. To examine changes in ADHD
symptom severity in the high-risk group, children who were
categorized as high-risk in the first-year assessment were cat-
egorized into the first-year high-risk group and analyzed
longitudinally. Time, sex, and first-year high-risk group were
included as the main effect variables, and timexsex and timex
first-year high-risk group were included as interaction-effect
variables in a single mixed model. Statistical analyses were per-
formed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA)
for Windows (Microsoft Corporation, Redmond, WA, USA).

RESULTS

Demographics

The number of boys who were assessed each year was 245,
202, 171, and 144. The mean age of the participants in each
year was 6.88, 7.73, 8.56, and 9.67 years, respectively (Table
1). The ratio of high-risk group to total participants was
6.8% to 1.8%, and had a declining trend. The ratio of males
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Table 1. Demographics and K-ARS scores of total participants at each assessment

Year 2013 2014 2015 2016
Total (N) 456 377 325 284
Age, mean (SD) 6.88 (0.30) 7.73 (0.58) 8.56 (0.56) 9.67 (0.53)
Male, N (%) 245 (53.7) 202 (53.6) 171 (52.6) 144 (50.7)
High-risk group, N (%) 31(6.8) 17 (3.7) 13(2.9) 8(1.8)
Male, N (%) 25 (80.6) 12 (70.6) 10 (76.9) 4(50.0)
Total K-ARS score
Mean (SD) 6.60 (7.11) 6.63 (6.33) 5.90 (5.72) 463 (5.71)
Median (IQR) 4(2-9) 5(2-10) 4(1-9) 3(1-7)
Hyperactivity/impulsivity
Mean (SD) 2.77 (3.54) 2.63 (3.08) 2.21(2.67) 1.63 (2.54)
Median (IQR) 1(0-4) 2(0-4) 1(0-3) 1(0-2)
Inattention
Mean (SD) 3.83(3.95) 4.02 (3.73) 3.69 (3.48) 3.00 (3.54)
Median (IQR) 3 (1-5) 3 (1-6) 3 (1-6) 2(0-5)
SD: standard deviation, IQR: interquartile range, K-ARS: Korean version of the ADHD rating scale
Table 2. Sex differences of K-ARS scores at each assessment
Year (Ages) Score Male Female Statistics p
2013 (6 years) Total K-ARS score, mean (SD) 8.07 (7.79) 4.90 (5.80) 4.97 <0.001*
Hyperactivity/impulsivity score, mean (SD) 349 (3.93) 1.94 (2.80) 4.87 <0.001*
inattention score, mean (SD) 4.58 (4.26) 2.95 (3.37) 4.57 <0.001*
2014 (7 years) Total K-ARS score, mean (SD) 7.83 (6.82) 5.24 (5.42) 4.10 <0.001*
Hyperactivity/impulsivity score, mean (SD) 3.23 (3.45) 1.93 (2.40) 431 <0.001*
inattention score, mean (SD) 4.62(3.93) 3.31(3.38) 3.48 0.001*
2015 (8 years) Total K-ARS score, mean (SD) 6.96 (5.78) 4.73 (5.44) 3.56 <0.001*
Hyperactivity/impulsivity score, mean (SD) 2.62 (2.74) 1.76 (2.52) 2.97 0.003*
inattention score, mean (SD) 4.34 (3.48) 2.98 (3.35) 3.56 <0.001*
2016 (9 years) Total K-ARS score, mean (SD) 571 (5.61) 3.52 (5.62) 3.29 0.001*
Hyperactivity/impulsivity score, mean (SD) 2.08 (2.49) 1.17 (2.53) 3.09 0.002*
inattention score, mean (SD) 3.63(3.49) 2.35(3.50) 3.08 0.002*

*p<0.01. K-ARS: Korean version of the ADHD rating scale

to females in the high-risk group was significantly higher for
males in the first year (5’=9.69; p=0.002), but not in the sec-
ond (;’=2.07; p=0.150), third (y*=3.21; p=0.073) or fourth [p>
0.999 (Fisher’s exact test)] year.

Sex differences in K-ARS scores

Total K-ARS scores and hyperactivity and inattentive sub-
scales in boys were significantly higher than in girls at every
assessment (Table 2 and Figure 1).

Changes in K-ARS scores over time
K-ARS scores of all participants had significant main ef-
fects of time, sex, and group (first-year high-risk versus non-
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high-risk group) (Figures 1, 2, and Table 3). Whereas the timex
sex interaction effect was not significant (Figure 1 and Table 3),
there was a significant timeXgroup interaction eftect (Figure
2 and Table 3).

In the post-hoc analysis involving all participants, K-ARS
scores among the first, second, and third years were not sig-
nificantly different. However, K-ARS scores in the fourth year
was significantly lower than the first, second, and third years
(p<0.001, <0.001 and <0.001, respectively).

However, the post-hoc analysis according to group (i.e.,
first-year high-risk versus first-year non-high risk) demon-
strated a different tendency in score change. K-ARS scores of
second-year assessment in the first-year non-high-risk group
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Figure 1. Changes of total K-ARS scores at each assessment in
boys and girls (mean). K-ARS: Korean version of the ADHD rating
scale, Cl: confidence interval.

Table 3. Linear mixed model of total K-ARS scores at each as-
sessment according to sex and first-year high risk group

Effect F-ratio P

Time 35.33 <0.001*
Sex 20.77 <0.001*
High risk 240.90 <0.001*
TimeXsex 0.20 0.898
Timexhigh risk 38.14 <0.001*

High risk: first year high-risk group. *p<0.01. K-ARS: Korean ver-
sion of the ADHD rating scale

was higher than the scores of the first-year assessment (p=
0.012), and the scores of only the fourth-year assessment were
significantly lower than the first-year assessment (p=0.042).
In contrast, K-ARS scores of the first-year high-risk group de-
creased earlier than the scores of the first-year non-high-risk
group. The K-ARS scores of second-year assessment in the
first-year high-risk group were significantly lower than the
first-year assessment (p<0.001), and there were no significant
differences among second-, third- and fourth-year scores.

DISCUSSION

The present study investigated changes in ADHD symp-
tom severity in school-age children using longitudinal assess-
ments over a four-year period. Despite studies investigating
the prevalence and symptom severity of ADHD in Korea,">"”
there have been no reports describing changes in ADHD symp-
tom severity in Korean school-age children. Most ADHD
children receive a diagnosis and start medication treatment
during the preschool or elementary school years.” The Kore-
an Food and Drug Administration has approved all ADHD
medications prescribed from 6 years of age. Song and Shin**
reported that approximately 97% of ADHD diagnoses were

Figure 2. Changes of total K-ARS scores at each assessment be-
tween first year high-risk and non high-risk groups (mean). K-ARS:
Korean version of the ADHD rating scale, Cl: confidence interval.

made after 6 years of age, and approximately 60% of ADHD
diagnoses were made from 6 to 12 years of age. Therefore,
symptom trajectory in school-age children is important infor-
mation in designing treatment plans and predicting progno-
sis in children initially diagnosed with ADHD.

In the present study, the prevalence of high-risk ADHD at
the first assessment was 6.8%. This finding is comparable
with previous studies investigating the prevalence of ADHD
in Korean school-age children, which reported a prevalence of
5.9% to 8.5%.'>"” However, the prevalence of high-risk ADHD
demonstrated steep declining trends, with 3.7, 2.9, and 1.8%
at the second-, third-, and fourth-year assessments, respec-
tively. It may be inferred that the prevalence of ADHD de-
creased substantially due to the declining tendency of ADHD
symptom severity with aging.” Nevertheless, we should be
cautious when interpreting these prevalence data because 5,
13, and 14 participants among the 31 in the first-year high-
risk group were missed at the second-, third-, and fourth-year
assessments. Although previous studies reported a declining
tendency of ADHD symptom severity with aging, another
Korean study reported similar prevalence rates in children 7
to 11 years of age.”

Total K-ARS scores, and hyperactivity/impulsivity and in-
attention subscales in the total participants were significant-
ly higher in boys than girls at every assessment. Additionally,
the prevalence of high-risk group was significantly higher in
boys than girls. These findings are consistent with previous re-
ports of a high prevalence ratio of males to females.” Although
the K-ARS scores in boys were higher than in girls, the K-ARS
total scores in girls also demonstrated a declining pattern sim-
ilar to boys.

In the present study, K-ARS scores in all participants indicat-
ed the significant age-dependent decline in tendency. These
findings are consistent with previous studies that reported an
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age-dependent, declining trend of ADHD symptom severity.’
In particular, children demonstrated significantly decreased
K-ARS scores when they were 10 years of age (4th grade of
elementary school). This finding is consistent with a previous
study that reported normative data from the original ARS by
DuPaul et al.” That study reported mean ARS scores of 18.76
and 15.28 in 8- to 10-, and 11- to 13-year-old boys, respec-
tively.

Previous Korean studies of K-ARS normative data report-
ed a relatively inconsistent pattern of K-ARS scores. Where-
as Jang et al.* reported a slightly declining tendency of K-ARS
scores with aging, Kim et al.*! did not report the declining
tendency of the scores with aging. However, both of the stud-
ies may not reflect the changing tendency of ADHD symp-
tom severity exactly because they were not longitudinal stud-
ies involving the same participants.

The high-risk group also demonstrated a significantly de-
clining tendency with age in K-ARS scores. However, the
high-risk group demonstrated an earlier declining pattern of
ADHD symptom severity than the non-high risk group, which
may result in the steep decline in the prevalence rate of the
high-risk group with aging. Whereas the K-ARS scores of the
first-year non-high risk group decreased only in the fourth
year, those of first-year high-risk group decreased from the
second year. The average age of ADHD symptom alleviation
in school-age children is important information for clinicians
to design treatment plans that also accommodate the inter-
ests of parents.

Although the present study investigated the period of alle-
viation of ADHD symptoms in high-risk and non-high risk
groups, our study had many missing data points and small
sample size in the ADHD high-risk group. Therefore, addi-
tional longitudinal studies involving larger sample sizes and
fewer missing data points are needed to determine more pre-
cise estimates of symptom trajectory in ADHD, and to con-
firm the findings of our study.

This study had several limitations that should be addressed.
Our assessment was limited to a parent-rating scale and clini-
cians did not perform structured diagnostic interviews, which
limits interpretation of the results because the diagnosis was
not confirmed. Furthermore, we did not obtain information
regarding treatment history for ADHD. This may also limit
the interpretation of our results because the treatment of
ADHD could affect symptom severity. However, treatment
effect may not be as significant given that the treatment inci-
dence of ADHD in Korea is low.” Further studies including
diagnostic interviews and more information about treatment
history are needed to examine the precise symptom trajecto-
ry of ADHD in a Korean sample population. Despite these
limitations, the significance of the present study is highlight-
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ed because it is the first to report ADHD symptom trajectory
in early school-age children in a Korean population, and pro-
vides clinicians and parents with important information about
the period of ADHD symptom severity alleviation.
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