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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is one of 
the most common childhood psychiatric disorders, with a 
prevalence rate of 5–8% in school-age children. It is charac-
terized by symptoms of inattention, hyperactivity, and im-
pulsivity1 that can lead to behavioral problems as well as edu-
cational and occupational underachievement.2

ADHD is associated with a high rate of comorbid psychi-
atric disorders.2 It has been reported that more than half of 
children and adolescents with ADHD experience comorbid 
psychiatric disorders, including oppositional defiant disorder 
(ODD) or conduct disorder (CD)3; anxiety disorder, depression, 
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or dysthymia,4,5 and learning disorders.6 Studies from clinic-
referred samples in both Western4,5 and Asian countries7,8 have 
reported ODD to be the most common comorbid disorder, 
followed by anxiety or other mood disorders. Further, com-
munity surveys in other countries have reported CD, including 
ODD, to be the most common comorbid disorder in ADHD.3 
In contrast, an epidemiological study in Korea reported that 
specific phobias were the most common comorbidity, fol-
lowed by ODD and tic disorder.9 These comorbid psychiatric 
disorders have marked effects on the severity and impairment 
associated with ADHD symptoms, as well as on the long-term 
treatment response and outcomes in children and adolescents 
with ADHD.10 Therefore, it is crucial that we identify comor-
bid psychiatric disorders so that better intervention can be 
offered.

Beside psychiatric comorbidities, youths with ADHD are 
also more likely to have comorbid medical disorders.11 In ad-
dition, several medical conditions are known to be associated 
with ADHD, particularly neurological disorders such as epi-
lepsy that directly influence the central nervous system.12 Other 
specific medical disorders, including strabismus, otitis me-
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dia, and chronic diseases of tonsils and adenoids (including 
adenotonsillar hypertrophy), may also cause attention prob-
lems and/or aggravate symptoms and functional impairments 
in those with pre-existing ADHD.13-16 Lastly, ADHD could co-
occur with a childhood medical disorder, without there being 
a causative link; an example of this is asthma, which is one of 
the most common chronic childhood disorders. Nevertheless, 
it has been suggested that there is an increased risk of asthma 
in children with ADHD17 and that ADHD could be worsened 
by co-existing asthma.18 Indeed, impatience and impulsivity 
among subjects with ADHD could affect treatment adher-
ence in chronic medical conditions and worsen outcomes.18 
Appropriate management of these comorbid disorders could 
decrease the symptoms of ADHD, and ADHD treatment could 
improve the outcome and prognosis of the medical disorder 
itself.16 Therefore, identifying medical and psychiatric comor-
bidities is important to ensure proper treatment and to im-
prove the symptoms, functions, and quality of life of children 
with ADHD.

To date, although psychiatric comorbidities have been wide-
ly studied, there are only a few studies concerning medical 
comorbidities in patients with ADHD. Therefore, we aimed to 
investigate the medical and psychiatric comorbidities in Ko-
rean children and adolescents with ADHD using a nationwide 
population-based database.

METHODS

Participants
Korea has a single National Health Insurance program that 

covers 97% of the population. Health Insurance Review and 
Assessment (HIRA) covers all claims from National Health 
Insurance (97%) and Medical Aid (other 3%). HIRA database 
contains information pertaining to individual beneficiaries, 
including healthcare services such as diagnoses, procedures, 
and prescriptions. However, researchers have had problems 
accessing the database for research purposes considering its 
large size. To solve this problem, HIRA conducted a study to 
develop the National Patient Sample (NPS) using HIRA data-
base in order to provide sample data for use in research.19 The 
HIRA-NPS database includes anonymous information con-
cerning diagnoses based on the International Classification 
of Disease, 10th revision (ICD-10), medications prescribed, 
and hospital visits for approximately one million people. Data 
were extracted using random sampling methods and strati-
fied by age and gender. The representativeness and validity of 
the sample was confirmed by comparing the estimation from 
the data and the whole population.19

The dataset analyzed by us comprised data from 1,375,842 
patients (3% of the total population) who received medical 

treatment from January 2011 to December 2011 (HIRA-NPS- 
2011-0101). In 2011, there were 221,550 children and adoles-
cents (age, 6–18 years) in the HIRA-NPS database. We subdi-
vided these children and adolescents into two groups based 
on the ICD-10 (F90) classification of ADHD: those with ADHD 
and those without ADHD (non-ADHD).

Medical and psychiatric diagnoses
Medical conditions were categorized according to the Ko-

rean Standard Classification of Diseases, 6th revision (KCD-6). 
We compared medical comorbidities using chapters of KCD-
6. Chapters I–XVII relate to diseases and other morbid con-
ditions, and chapter XIX relates to Injury, poisoning and certain 
other consequences of external causes. We excluded chapters 
which have no subjects in either the ADHD or the non-AD-
HD group: ‘pregnancy, childbirth and the puerperium’ and ‘cer-
tain conditions originating in the perinatal period’. In addition, 
we chose five common medical disorders based on previous 
research,12-17 and these were categorized using three character 
categories from KCD-6, as follows: strabismus (ICD-10 codes: 
H49–50), otitis media (H65–67), chronic diseases of the ton-
sils and adenoids (J35), asthma (J45), and epilepsy (G40).

Psychiatric diagnoses were classified based on the ICD-10, 
as follows: intellectual disabilities (F70–79; 88), communica-
tion disorder (F80), autism spectrum disorder (F84), specific 
learning disorder (F81), tic disorder (F95), schizophrenia spec-
trum and other psychiatric disorders (F20–29), bipolar disor-
der (F30; 31), depressive disorder (F32; 33; 34.1) anxiety dis-
order (F40; 41; 43; 93.0; 94.0–94.2), somatoform disorder (F44; 
45), obsessive compulsive disorder (F42), eating disorder (F50; 
98.2; 98.3), ODD and CD (F91; 92), and sleep disorder (F51).

Statistical analyses
We compared demographic characteristic and the prevalence 

rates of comorbidities between the ADHD and non-ADHD 
groups. Chi-squared tests and independent t-tests were used 
for categorical and continuous variables, respectively. Weight-
ed logistic regression analyses were performed, adjusting for 
age and gender to determine the odds of diagnoses in children 
with ADHD compared with non-ADHD. Odds ratios (ORs) 
and 95% confidence intervals (CIs) are reported. Statistical 
analyses were performed using R software (v2.15.3, R Founda-
tion for Statistical Computing, Vienna, Austria).

RESULTS

Participant characteristics
Table 1 summarizes the demographic characteristics. The 

HIRA-NPS data for 2011 included 221,550 (mean age, 12.4± 
3.7 years; boys, 115,414) children and adolescents. Among 
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them, 2,140 (mean age, 10.9±3.1 years; boys, 1,710) were diag-
nosed as ADHD; ADHD prevalence was estimated to be 0.97%. 
The mean age was younger in the ADHD group than in the 
non-ADHD group (t=19.48, p<0.001). The gender distribution 
was also significantly different between the groups (χ2=266.82, 
p<0.001). There were four-times as many boys as girls in the 
ADHD group.

Comparison of the ADHD and non-ADHD groups 
by comorbidity

Comorbid medical disorders
Most medical disorders were more frequent in the ADHD 

group than in the non-ADHD group. In the order of decreas-

ing likelihood, the following comorbidities were present: 
nervous system disease (OR, 2.59; 95% CI, 2.52–2.66); endo-
crine, nutritional, and metabolic disease (OR, 2.09; 95% CI, 
2.04–2.15); congenital malformations, deformations, and 
chromosomal abnormalities (OR, 2.00; 95% CI, 1.90–2.11); 
disease of the circulatory system (OR, 1.79; 95% CI, 1.71–1.87); 
disease of the blood and blood-forming organs and certain 
disorders of the immune mechanism (OR, 1.78; 95% CI, 1.70–
1.86); disease of the genitourinary system (OR, 1.66; 95% CI, 
1.61–1.71); disease of the eye and adnexa (OR, 1.46; 95% CI, 
1.44–1.48); disease of the ear and mastoid process (OR, 1.32; 
95% CI, 1.29–1.34); disease of the respiratory system (OR, 
1.31; 95% CI, 1.29–1.34); injury, poisoning, and other conse-
quences of external causes (OR, 1.31; 95% CI, 1.29–1.33); dis-

Table 1. Sample characteristics for youth with ADHD and youth without ADHD 

Characteristics
ADHD, N=2,140

% (95% CI)
Non-ADHD, N=219,410

% (95% CI)
t or χ2 p

Age (yrs) 19.48 <0.001
6–11 58.87 (58.67–59.08) 41.39 (41.19–41.60)
12–18 41.12 (40.92–41.33) 58.61 (58.40–58.81)

Boys (yrs) 266.82 <0.001
6–11 80.32 (80.15–80.48) 51.71 (51.51–51.92)
12–18 79.32 (79.15–79.49) 51.90 (51.69–52.11)

ADHD: attention-deficit/hyperactivity disorder, CI: confidence interval 

Table 2. Prevalence and odds ratios of medical comorbidities in youth with ADHD and without ADHD

Medical comorbities
ADHD

N=2,140 
% (95% CI)

Non-ADHD
N=219,410
% (95% CI)

Odds ratios
 95% CI

Certain infectious and parasitic diseases 35.23 (35.03–35.43)* 30.20 (30.01–30.40) 1.08 (1.06–1.10)*
Neoplasm 1.36 (1.31–1.40) 1.45 (1.40–1.50)* 0.90 (0.84–0.96)*
Diseases of the blood and blood forming organs and certain 

disorders involving the immune mechanism
2.62 (2.55–2.68)* 1.92 (1.86–1.97) 1.78 (1.70–1.86)*

Endocrine, nutritional and metabolic diseases 8.79 (8.67–8.90)* 4.82 (4.73–4.91) 2.09 (2.04–2.15)*
Diseases of the nervous systems 8.36 (8.25–8.48)* 4.06 (3.97–4.14) 2.59 (2.52–2.66)*
Diseases of the eye and adnexa 48.83 (48.62–49.04)* 39.31 (39.10–39.51) 1.46 (1.44–1.48)*
Diseases of the ear and mastoid process 21.64 (21.46–21.81)* 15.72 (15.56–15.87) 1.32 (1.29–1.34)*
Diseases of the circulatory systems 3.08 (3.01–3.16)* 2.06 (2.00–2.12) 1.79 (1.71–1.87)*
Diseases of the respiratory systems 87.20 (87.06–87.34)* 80.35 (80.18–80.51) 1.31 (1.29–1.34)*
Diseases of the digestive systems 85.56 (85.41–85.71)* 81.44 (81.28–81.60) 1.23 (1.20–1.26)*
Diseases of the skin and subcutaneous tissues 44.11 (43.90–44.32)* 37.83 (37.63–38.04) 1.24 (1.22–1.26)*
Diseases of the musculoskeletal systems and connective tissues 27.90 (27.71–28.09)* 26.02 (25.83–26.20) 1.26 (1.24–1.28)*
Diseases of the genitourinary systems 6.68 (6.58–6.79)* 5.91 (5.81–6.01) 1.66 (1.61–1.71)*
Congenital malformations, deformations and chromosomal 

abnormalities
2.06 (2.00–2.12)* 0.91 (0.87–0.94) 2.00 (1.90–2.11)*

Injury, poisoning and certain other consequences of external 
causes

49.44 (49.23–49.65)* 38.93 (38.73–39.14) 1.31 (1.29–1.33)*

All p value adjusted for age and gender. *significant at the p=0.05 level. ADHD: attention-deficit/hyperactivity disorder, CI: confidence interval
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ease of the musculoskeletal system and connective tissues (OR, 
1.26; 95% CI, 1.24–1.28); disease of the skin and subcutane-
ous tissues (OR, 1.24; 95% CI, 1.22–1.26); disease of the diges-
tive system (OR, 1.23; 95% CI, 1.20–1.26); and certain infectious 
and parasitic diseases (OR, 1.08; 95% CI, 1.06–1.10). Neoplasm 
(OR, 0.90; 95% CI, 0.84–0.96) was the only disorder which was 
less prevalent in the ADHD group (Table 2).

Children and adolescents with ADHD more frequently had 
epilepsy compared with non-ADHD (OR, 6.42; 95% CI, 6.16–
6.70). Strabismus (OR, 1.79; 95% CI, 1.72–1.85), chronic dis-
ease of the tonsils and adenoids (OR, 1.56; 95% CI, 1.51–1.62), 
otitis media (OR, 1.23; 95% CI, 1.21–1.26), and asthma (OR, 
1.14; 95% CI, 1.12–1.17) were also more common among chil-
dren and adolescents with ADHD, but the ratio was less than 
two-fold (Table 3).

Comorbid psychiatric disorders
Most psychiatric comorbidities were frequent in children 

and adolescents with ADHD. When compared with non-AD-
HD, ODD and CD were the most prevalent psychiatric comor-
bidities in the ADHD group (OR, 81.88; 95% CI, 79.00–84.86). 
The following psychiatric comorbidities were present in the 
order of decreasing likelihood: specific learning disorder (OR, 
75.61; 95% CI, 69.69–82.04), depressive disorder (OR, 55.76; 
95% CI, 54.44–57.11), tic disorder (OR, 51.20; 95% CI, 49.75–
52.68), bipolar disorder (OR, 50.10; 95% CI, 47.56–52.76), 
communication disorder (OR, 32.83; 95% CI, 30.80–35.01), 
intellectual disabilities (OR, 26.03; 95% CI, 25.15–26.95), ob-
sessive compulsive disorder (OR, 25.66; 95% CI, 23.84–27.61), 
anxiety disorder (OR, 22.22; 95% CI, 21.72–22.73), autism 
spectrum disorder (OR, 19.08; 95% CI, 18.16–20.05), schizo-
phrenia spectrum and other psychotic disorders (OR, 14.05; 

Table 3. Prevalence of specific medical comorbidities in youth with ADHD and youth without ADHD

Specific medical disorders
ADHD, N=2,140

% (95% CI)
Non-ADHD, N=219,410

% (95% CI)
Odds ratios

95% CI
Epilepsy 3.36 (3.29–3.44)* 0.54 (0.51–0.57) 6.42 (6.16–6.70)*
Strabismus 4.16 (4.08–4.24)* 1.98 (1.92–2.04) 1.79 (1.72–1.85)*
Otitis media 13.13 (12.99–13.27)* 8.93 (8.81–9.05) 1.23 (1.21–1.26)*
Chronic disease of tonsils and adenoids 4.21 (4.12–4.29)* 2.40 (2.34–2.47) 1.56 (1.51–1.62)*
Asthma 18.27 (18.11–18.43)* 13.00 (12.82–13.11) 1.14 (1.12–1.17)*
All p value adjusted for age and gender. *significant at the p=0.05 level. ADHD: attention-deficit/hyperactivity disorder, CI: confidence interval

Table 4. Prevalence and odds ratios of psychiatric comorbidities in youth with ADHD and youth without ADHD

Psychiatric comorbidities
ADHD, N=2,140

% (95% CI)
Non-ADHD, N=219,410

% (95% CI)
Odds ratios 

95% CI
Neurodevelopmental disorders

Intellectual disabilities 6.45 (6.35–6.55)* 0.24 (0.22–0.26) 26.03 (25.15–26.95)*
Communication disorder 2.10 (2.04–2.16)* 0.04 (0.03–0.05) 32.83 (30.80–35.01)*
Autism spectrum disorder 2.94 (2.87–3.01)* 0.12 (0.10–0.13) 19.08 (18.16–20.05)*
Specific learning disorder 1.68 (1.63–1.74)* 0.02 (0.01–0.03) 75.61 (69.69–82.04)*
Tic disorder 12.48 (12.34–12.62)* 0.19 (0.17–0.21) 51.20 (49.75–52.68)*
Schizophrenia spectrum disorder and other 
psychotic disorders

1.03 (0.99–1.07)* 0.10 (0.09–0.12) 14.05 (12.99–15.19)*

Mood disorder
Bipolar disorder 3.08 (3.01–3.16)* 0.10 (0.08–0.11) 50.10 (47.56–52.76)*
Depressive disorder 17.15 (17.00–17.31)* 0.60 (0.57–0.63) 55.76 (54.44 –57.11)*

Anxiety disorder 15.28 (15.13–15.43)* 1.19 (1.14–1.23) 22.22 (21.72–22.73)*
Obsessive compulsive disorder 1.31 (1.26–1.36)* 0.07 (0.06–0.08) 25.66 (23.84–27.61)*
Somatoform disorder 1.17 (1.12.–1.21)* 0.54 (0.51–0.57) 3.02 (2.82–3.24)*
Eating disorder 0.37 (0.35–0.40)* 0.04 (0.03–0.05) 11.17 (9.82–12.71)*
Sleep disorder 1.26 (1.21–1.31)* 0.15 (0.13–0.16) 13.92 (12.97–14.93)*
ODD/CD 8.74 (8.62–8.86)* 0.12 (0.10–0.13) 81.88 (79.00–84.86)*
All p value adjusted for age and gender. *significant at the p=0.05 level. ADHD: attention-deficit/hyperactivity disorder, CD: conduct disor-
der, CI: confidence interval, ODD: oppositional defiant disorder
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95% CI, 12.99–15.19), sleep disorder (OR, 13.92; 95% CI, 12.97– 
14.93), eating disorder (OR, 11.17; 95% CI, 9.82–12.71), and 
somatoform disorder (OR, 3.02; 95% CI, 2.82–3.24) (Table 4).

DISCUSSION

In this study, most medical and psychiatric comorbidities 
were more frequent in the ADHD group than in the non-AD-
HD group. To the best of our knowledge, this is the only study 
to investigate medical and psychiatric comorbidities of ADHD 
in children and adolescents using a nationally representative 
sample.

We found that ADHD prevalence was 0.97% in our nation-
al insurance database, which is much lower than that report-
ed by epidemiological studies from Western countries20,21 
and by other studies from Korea.9 The worldwide prevalence 
of ADHD in children and adolescents has been reported to 
be 2.2–17.8% in epidemiological studies20 and 5.29% in a 
meta-analysis.21 Previous researchers have suggested that this 
wide variation in prevalence rates is reflective of methodolog-
ical rather than cultural differences.21 In contrast to the previ-
ous epidemiological study from Korea, which estimated the 
prevalence of ADHD to be 5.9%,9 our data were based on 
patients who received medical treatment and reflect preva-
lence of ADHD medication rather than real prevalence. Sim-
ilarly, the prevalence rate was reported to be as low as 1.64% 
with medically treated sample using national population-
based data in Taiwan.22 The Taiwanese prevalence suggested 
that over 50% of children who was diagnosed with ADHD 
did not receive treatment22 and this result is consistent with 
experiences in Western countries.23 In addition, we defined 
ADHD based on ICD-10. Because the ICD-10 definition of 
Hyperkinetic Disorder is a narrower classification equivalent 
only to the ADHD combined subtype, this could be another 
reason for the low ADHD prevalence rate in our study.21 
However, our results still suggest that the treatment rate in 
Korea is much lower than in either Taiwan or Western coun-
tries. Accordingly, early detection and treatment need to be 
improved in Korea. 

In this study, ODD or CD was the most common comorbid-
ities associated with ADHD in children and adolescents, which 
is consistent with the findings of previous studies.5,24 In our 
study, although the rate of comorbid ODD or CD (8.74%) is 
much lower than that reported by previous studies (40–84%),4,25 
OR for ODD and CD (81.88) is much higher than that report-
ed in Angold’s meta-analysis (10.7)26 or in a previous Korean 
community-based study (9.90 and 22.31 for ODD and CD, 
respectively).19 We classified ADHD based on the ICD-10 (F90). 
Therefore, those who both met criteria for ADHD and CD/
ODD (F90.1, hyperkinetic conduct disorder) were included 

in ADHD group not ADHD comorbid with CD/ODD in this 
study. This might explain that the prevalence rates of ODD 
and CD are lower than previous studies.4,25 The relationship 
between ODD and ADHD is a controversial issue. Several stud-
ies have found that ODD shares cognitive impairments, so-
cial impairments, and behavioral problems with ADHD,27,28 
whereas others have found that ODD could be more clearly 
differentiated from ADHD on the basis of clinical or psycho-
social characteristics.29,30

The second most prevalent comorbid disorder was specific 
learning disorder. Previous studies have reported that learn-
ing disorder is comorbid with ADHD in 20–30% children and 
that ADHD is comorbid with learning disorder in 9–60% chil-
dren.2,6,31 We found a much lower comorbidity rate of specific 
learning disorder than that previously reported. Because 
treatment for learning disorder is not covered by National 
Health Insurance, learning disorder tends to be diagnosed 
more in educational settings than in clinics. This could con-
tribute to the low prevalence of learning disorder in our 
study. However, the OR was 75.61 for having a learning dis-
order. In addition to inattention, comorbid learning disorder 
could contribute to the poor academic performance in chil-
dren with ADHD. Although there are still controversies sur-
rounding the relationship between ADHD and learning dis-
orders, evidence from genetic and neurobiological studies 
imply that learning disorders, particularly dyslexia, share com-
mon pathophysiological pathways. Moreover, ADHD and 
dyslexia share neuropsychological profiles in attention and re-
sponse inhibition, processing speed, and working memory.31

In our study, mood and anxiety disorders were more prev-
alent in the ADHD group. Children and adolescents with 
ADHD have been shown to have a higher likelihood of hav-
ing comorbid mood and anxiety disorders in previous clinic-
referred samples and meta-analysis5,26; this finding is consis-
tent with our results. However, compared to previous studies, 
we showed that there was a much higher OR for comorbid bi-
polar disorder. Concerning the relationship between ADHD 
and internalizing disorders, several studies have found that 
depressive disorders share genetic components with ADHD, 
whereas anxiety disorders do not.6 Besides, difficulties in reg-
ulating emotions, high levels of parent-child conflict, poor ac-
ademic performance, and peer problems among youths with 
ADHD could influence the occurrence of comorbid internal-
izing disorders.32,33 Consequently, the relationship between 
ADHD and bipolar disorder appears to be more complex than 
previously thought. Indeed, while some researchers have 
suggested that ADHD could be a prodromal manifestation 
of pediatric-onset bipolar disorder and that it may share a com-
mon biological etiology,34 other experts have pointed out pos-
sibility of overdiagnosis of ADHD as a bipolar disorder or as 
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a comorbid disorder.26

Consistent with previous research, we found that most 
medical disorders were more prevalent in children and ado-
lescents with ADHD.11 Although there is limited literature 
pertaining to comorbidities in ADHD, some researchers have 
attempted to explain the reason why ADHD is associated 
with several general medical disorders. They have suggested 
that a diminished concern for health-conscious behavior in 
ADHD is a possible cause,35 but this does not completely explain 
the higher incidence of general medical disorders in ADHD.

Neoplasm was the only disorder which was less prevalent 
in the ADHD group. ADHD had a reported prevalence of 9.0–
10.5% in survivors of childhood leukemia or brain tumor.36,37 
These rates are similar to those in the general population. How-
ever, another study reported that the prevalence of ADHD in 
childhood cancer may be lower than in the general popula-
tion38 for several reasons. First, it may be difficult to distin-
guish symptoms of ADHD from treatment sequelae of child-
hood cancer. After cranial radiation therapy or intrathecal 
chemotherapy for childhood cancer, clinically significant 
deficits in attention, processing speed and executive function 
were reported,39 and these deficits overlap with core neurocog-
nitive deficits of ADHD. Second, parents have paid less at-
tention to cognitive impairment, especially ADHD, in children 
with cancer compared to the physical symptoms and emo-
tional and/or behavioral problems,40 and relatively little re-
search has been conducted on cognitive problems including 
ADHD in childhood cancer.41 Further studies are needed to 
better understand the relationship between ADHD and neo-
plasm in children and adolescents.

ADHD as a comorbidity of other medical disorders has 
been more frequently studied than have medical disorders as 
comorbidities of ADHD. Previous studies have shown that 
ADHD might be associated with specific medical disorders 
such as otitis media, strabismus, chronic disease of the tonsils 
and adenoids (including adenotonsillar hypertrophy), and 
asthma.2,11 Otitis media and adenotonsillar hypertrophy are 
related to attention deficiency, and their treatment can im-
prove attention problems.42 Similar to the results of this study, 
higher rates of strabismus have been reported in previous 
studies of ADHD,14 but the causal relationship between ADHD 
and strabismus has not been revealed. These studies implied 
that strabismus is a manifestation of immaturities in the vi-
suomotor, spatial, and attention processing mechanisms.43 In 
addition, it is known that asthma can lead to emotional dis-
turbances, low school participation and performance,44 and 
psychosocial problems, which could negatively influence pre-
existing ADHD symptoms. However, there are few studies on 
the relationship between ADHD and these specific disorders; 
further research is needed to identify the presence of a causal 

link, if any.
Many children with epilepsy report attention problems, and 

one-third have a diagnosis of ADHD.45 Our results are consis-
tent with these previous findings of a high prevalence of co-
morbid ADHD with epilepsy.45,46 The high incidence of ab-
normalities on electroencephalography in ADHD, such as 
epileptiform discharges, also implicates a pathophysiological 
overlap between ADHD and epilepsy.47 Furthermore, fronto-
striatal network dysfunction is known to be associated with 
ADHD, and epilepsy, which disrupts this network, also man-
ifests similar symptoms to ADHD.48 Several researchers have 
supported this by reporting that ADHD, particularly the in-
attentive subtype, is often associated with epilepsy.12,49 Identi-
fying and managing attention deficit or ADHD in children 
with epilepsy is important for improving academic achieve-
ment and for formation and maintenance of interpersonal re-
lationships.50

Some limitations should be considered when interpreting 
our findings. First, this study used data from the HIRA-NPS 
database. Because the HIRA-NPS data is from a clinically re-
ferred population, cautious interpretation is needed regard-
ing referral bias. Moreover, some conditions may be missing 
from the HIRA-NPS data because the HIRA-NPS data only 
includes information about reimbursable medical utilization. 
Second, the diagnosis of ADHD and comorbid psychiatric 
disorders was not based on structured interviews. Further, 
the diagnosis of specific learning disorder was not confirmed 
by individually administered standardized achievement mea-
sures. Clinical diagnoses tend to be specific, with fewer false 
positives, but they may be less sensitive to detecting comor-
bid conditions, and often identify fewer total diagnoses than 
would result from structured or semi-structured interviews.51 
Third, it is difficult to establish causality because this was a 
cross-sectional population-based study. Fourth, for the same 
reason, it is unclear whether the medical disorder was diag-
nosed first and ADHD is a comorbidity of the medical disor-
der or ADHD was diagnosed earlier. Subjects who have med-
ical disorders and are receiving treatment may have a greater 
chance of early detection and referral for ADHD treatment than 
physically healthy subjects. Fifth, we could not track the site 
where the diagnosis is made. Because medical clinics are less 
likely to make psychiatric diagnoses and psychiatric clinics are 
less likely to make medical diagnoses, the comorbidity rates 
might be affected by the site. Sixth, because individuals in the 
HIRA-NPS database were seeking treatment, rates of ADHD 
and comorbidities could have been influenced by factors such 
as severity of presentation and attitudes toward treatment.52 
Seventh, although age and gender were adjusted in weighted 
logistic regression analysis, other confounding variables such 
as socioeconomic status have not been taken into account. 
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Eighth, we presented limited demographic characteristics of 
subjects, because the HIRA dataset doesn’t include more de-
tailed information such as educational levels, parental infor-
mation and socioeconomic status which could be important 
to understand characteristics of the subjects. Lastly, we did 
not differentiate between children and adolescents, which is 
important considering previous studies have indicated that 
these groups have different rates of comorbidities.8

Despite these caveat, this study suggests that children and 
adolescents with ADHD have more medical and psychiatric 
comorbidities than those without ADHD in Korea.
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