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Objective We aimed to investigate the neurocognitive and behavioral endophenotypes of premorbid mood disorder. We compared in-
telligence, neuropsychological functioning, and behavioral problems among three groups: 1) a high-risk group [attention-deficit hyperac-
tivity disorder (ADHD) children of parents with a history of a mood disorder], 2) a low-risk group (ADHD children of parents without a
history of a mood disorder), and 3) normal comparison subjects.

Methods We used the Korean Educational Development Institute Wechsler Intelligence Scale for Children-Revised (KEDI-WISC-R),
the Stroop Color Word Interference Test (Stroop), the Wisconsin Card Sorting Test (WCST), and the Rey-Osterrieth Complex Figure Test
(RCFT) as neurocognitive measures, and we used the Child Behavior Checklist (CBCL) as a behavioral measure. Performance on these
neuropsychological tests and score on the CBCL of 18 high-risk children were compared to those of 20 low-risk children and 24 healthy
children. We also assessed the children’s current mood state and familial functioning to control for the confounding effects of these variables.

Results Compared to low-risk and healthy children, high-risk children were impaired on the Picture Completion and Stroop Word

subtest and showed higher scores on the CBCL subscales representing internalizing symptoms. These significant group differences per-
sisted even after adjustment for the childrens current mood state and familial functioning.

Conclusion Neuropsychological deficits in the offspring of parents with a mood disorder may be associated with the current mood
state rather than with innate characteristics, while their internalizing symptoms may partially stem from innate characteristics that are en-

dophenotypes of a premorbid mood disorder.
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INTRODUCTION

The children of parents with unipolar and bipolar affective
disorders have notably high rates not only of mood disorders
but also of other behavioral problems compared to the chil-
dren of parents without mood disorders."® The at-risk off-
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spring of parents with a mood disorder - particularly bipolar
disorder - also show neurocognitive deficits such as deficits

o1 selective deficits in spatial mem-

in executive functioning,
ory and attention,” and deficits in academic achievement."
Possible causal relationships between parental mood prob-
lems and children’s cognitive, emotional, and behavioral prob-
lems include genetic transmission, observational learning re-
sulting from exposure to parental symptoms, and impaired
parenting.”"*"* Children’s behavior problems could contrib-
ute to the development of parental depression."
Attention-deficit hyperactivity disorder (ADHD) is a high-
ly prevalent disorder in childhood with a significantly greater
prevalence in the children of affectively ill parents.'*'® Family
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studies of ADHD and family studies of unipolar or bipolar af-
fective disorders strongly support the assertion of a familial
link between ADHD and unipolar or bipolar affective disor-
der.”*! The high rates of ADHD in the offspring of parents
with a mood disorder may have complicated the results of
previous high-risk studies,"* which compared the children of
parents with unipolar and/or bipolar affective disorder with
the children of parents without these disorders. Thus, it is dif-
ficult to determine whether the specific neuropsychological
and behavioral profiles observed in these children are char-
acteristics of ADHD or are endophenotypes of a premorbid
mood disorder. The possible effects of current mood state and
familial functioning on the neuropsychological and behavior-
al characteristics of at-risk offspring could make it more dif-
ficult to determine whether the characteristics are innate or
state-dependent.

Considering the limitations of these earlier high-risk stud-
ies, we compared the neuropsychological and behavioral pro-
files among the ADHD children of parents with a history of a
mood disorder (high-risk group), those of parents without a
history of a mood disorder (low-risk group), and healthy con-
trols. We also examined the effects of possible mediating fac-
tors including the current mood state of the children and their
parents as well as the familial relationship on the neuropsy-
chological and behavioral problems of children with ADHD.
We hypothesized that the high-risk groups would have spe-
cific neurocognitive deficits and behavioral profiles atypical
for ADHD and independent of current mood state or familial
functioning.

METHODS

Subjects and procedures

Psychiatric outpatients aged 6-15 years with a primary di-
agnosis of ADHD based on the Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition, Text Revision (DSM-
IV-TR)* were enrolled by a child psychiatrist in a general
hospital located in Bundang, Seongnam City. A history of a
mood disorder including major depressive disorder or bipo-
lar disorder in their parents was obtained from a clinical in-
terview of the parent by two board certified psychiatrists who
have substantial clinical experience on a mood disorder for
more than ten years, based on the DSM-IV-TR.” Children
with ADHD were classified into high- and low-risk groups
according to the history of a mood disorder in their parents.
Eighteen subjects (ages 7-15, mean+SD: 9.78+2.56; 15 males)
were the offspring of parents with a history of a mood disor-
der (the high-risk group), and 20 subjects (age 6-15, meant
SD: 9.40+2.30; 17 males) had parents without a history of a
mood disorder (the low-risk group).
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Patients were excluded if they had any of the following: bi-
polar disorder or major depressive disorder; any other clini-
cally significant Axis I disorders except for ADHD, tic disor-
der, oppositional defiant disorder, and mild depressive or
anxiety disorders; mental retardation [Intelligence quotient
(IQ)<70 on the Korean Educational Development Institute
Wechsler Intelligence Scale for Children-Revised (KEDI-
WISC-R)]; language difficulties or developmental disorders
including autism; a past or present history of brain damage,
convulsive disorder or any neurological conditions affecting
the results of the study.

ADHD and comorbid disorders were diagnosed using the
Korean version of the Kiddle Schedule for Affective Disorders
and Schizophrenia for School-Age Children-Present and
Lifetime Version (K-SADS-PL).” The Korean version of the
K-SADS-PL was translated, and its validity and reliability for
ADHD, tic disorders, and oppositional defiant disorder have
been previously established.? The severity of ADHD was as-
sessed using the parent version of the Korean version of the
ADHD Rating Scale (ADHD-RS).” The ADHD-RS is an
ADHD symptom severity scale composed of 18 items and
designed by DuPaul* according to the Diagnostic and Statis-
tical Manual of Mental Disorders, 4th edition (DSM-IV) cri-
teria. The ADHD-RS is composed of 9 items reflecting symp-
toms related to inattention and 9 items reflecting symptoms
related to hyperactivity and impulsivity. Each item has a
4-point scale (0 to 3).

Twenty-four healthy children (20 boys, 4 girls; mean age,
9.37%+1.50 years) were recruited at an elementary school in
the vicinity of our research center and were evaluated by a
child psychiatrist. Control children were also screened for
ADHD and other psychiatric disorders using the Korean ver-
sion of the K-SADS-PL* and the ADHD-RS. Exclusion crite-
ria in the healthy controls were the same as those for the high-
and low-risk groups except that they were also excluded if
they had ADHD. The age and gender distribution of the
groups were not significantly different.

The study was approved by the institutional review board
(IRB) for human subjects at the Seoul National University
Bundang Hospital. Written informed consent was obtained
from each child and the parent of each child.

Measures

Neurocognitive measurements

Subjects’ cognitive functioning was assessed with the same
battery of neuropsychological tests summarized in Table 1.
Detailed information about each neuropsychological test is as
follows:



Table 1. Tests and instruments in the neuropsychological battery
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Neurocognitive function

Test and instrument

General intelligence
Working memory

Processing speed

KEDI-WISC-R verbal, performance, and full-scale IQ
KEDI-WISC-R arithmetic and digit span
Stroop Word and color subtests

KEDI-WISC-R digit symbol/coding

Interference control

Stoop color-word and interference

WCST non-perseverative errors

Abstract thinking/set-shifting

KEDI-WISC-R similarity

WCST perseverative errors and total errors

Visuo-spatial organization

RCFT copy organization and accuracy

KEDI-WISC-R block design and object assembly

Visuo-spatial memory
Visual attention to fine detail
Knowledge and verbal competence

Social awareness and judgment

RCFT immediate recall accuracy and delayed recall accuracy
KEDI-WISC-R picture completion
KEDI-WISC-R information and vocabulary

KEDI-WISC-R comprehension and picture arrangement

KEDI-WISC-R: Korean Educational Development Institute Wechsler Intelligence Scale for Children-Revised, IQ: intellectual quotient,
Stroop: Stroop Color Word Interference Test, WCST: Wisconsin Card Sorting Test, RCFT: Rey-Osterrieth Complex Figure Test

The Korean Educational Development Institute Wechsler
Intelligence Scale for Children-Revised

The Korean Educational Development Institute Wechsler
Intelligence Scale for Children-Revised (KEDI-WISC-R)”
consists of 5 verbal subtests, including Information, Similari-
ties, Arithmetic, Vocabulary, and Comprehension, and 6 per-
formance subtests, including Digit Span, Picture Completion,
Picture Arrangement, Block Design, Object Assembly, and
Digit Symbol/Coding. The Verbal Intelligence Quotient (IQ),
Performance IQ, Full-Scale IQ (FSIQ), and 11 scaled scores
of the subtests were calculated based on Korean age norms.

Stroop Color Word Interference Test

The Stroop Color Word Interference Test (Stroop) was de-
veloped by Charles Gordon for children ages 5 through 14.
The Korean version was standardized by Shin and Park.” The
test requires that children first read the words “red, green,
blue” (Word subtest). Subsequently, they must state the colors
of the letters making up the words “red, green, blue’, which
are written in concordant (Color subtest) or discordant colors
(Color-Word subtest). The interference score is calculated from
the correct number of concordant-colored letters (Color score)
minus the correct number of discordant-colored letters (Color-
Word score). All data are presented as T-scores adjusted for age
and sex. Higher T-scores indicate better test performance.

Wisconsin Card Sorting Test

The Wisconsin Card Sorting Test (WCST)* is a neuropsy-
chological test used to measure executive function. The WCST
requires the development and maintenance of precise prob-

lem-solving strategies under various test conditions. In sum-
mary, subjects are given four stimulus cards with symbols dif-
fering in color, form, and number and are instructed to match
128 response cards with different colors, shapes, and number
combinations to one of the stimulus cards according to a spe-
cific criterion (color, form, or number). Subjects are not in-
formed of the criterion but are told after each trial whether the
match is correct. The criteria are shifted in order of color, form,
and number after 10 consecutive correct selections. This pro-
cedure is repeated until six criteria are passed. We used the to-
tal, perseverative, and non-perseverative errors. Perseveration
involves the subject sorting the cards consecutively in the same
way or repeating the previous principle.

Rey-Osterrieth Complex Figure Test

The Rey-Osterrieth Complex Figure Test (RCFT)*"* was
used to assess visuo-spatial constructional ability, visual mem-
ory, and executive function, particularly focusing on visual
organizational strategies. The testing procedure was as fol-
lows. In the first stage, the participants saw a figure and cop-
ied it without knowing that they would be asked to remember
the stimuli. After 3 min (immediate condition) and 30 min
(delayed condition), a free recall test was given. Scoring was
based on the standard system, in which the figure is parti-
tioned into 18 structural units and on a global system of over-
all organization (five levels);.”” We used the copy organization
score (higher scores indicate worse organization) and the im-
mediate and delayed recall accuracy scores (higher scores in-
dicate better recall).
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Behavioral measurements

Child Behavior Checklist

The Child Behavior Checklist (CBCL) developed by Achen-
bach and Edlebrock,* which has been translated into Korean,
was used to investigate several domains of psychopathology
in the subjects. The CBCL is a parent-report questionnaire in
which the child is rated on various behavioral and emotional
problems. The reliability and validity of the Korean version
of the CBCL (K-CBCL) are well-established in the Korean
child and adolescent literature.” It assesses internalizing (i.e.,
anxious, depressive, and overcontrolled) and externalizing
(i.e., aggressive, hyperactive, noncompliant, and undercon-
trolled) behaviors. Several subareas are measured, including
social withdrawal, somatic complaints, anxiety and depres-
sion, social problems, thought problems, attention problems,
delinquent behavior, and aggressive behavior. The K-CBCL
score was computed based on Korean normative samples,
with the total problem behavior score computed by summing
the scores obtained for each item.”

Possible mediating factors

Children’s mood state

Neuropsychological functioning and behavioral problems
in subjects may be affected by mood state. Levels of depres-
sion, mania, and anxiety could be different across the groups
even though none of them meet the full criteria for major de-
pressive disorder, bipolar disorder or anxiety disorders. There-
fore, we assessed current mood state using the Children’s De-
pression Inventory (CDI),* the Child Bipolar Questionnaire
(CBQ),” and the State Anxiety Scale of the State-Trait Anxi-
ety Inventory for Children (STAIC-S)* and investigated the
effects of moods and anxiety on the neuropsychological func-
tioning and behavioral problems of the subjects.

Children’s Depression Inventory

The CDI consists of 27 self-rated questions with a Likert
scale from 0 (not present) to 2 (present and marked); total
scores can range from 0 to 54.% The item domains include
negative mood, interpersonal problems, negative self-esteem,
ineffectiveness, and anhedonia. The Korean version of the
CDI was standardized by Cho and Lee,” and its validity and
reliability in Korean have been well established. A total score
0f 29 is considered the cutoff point for severe depressive symp-
toms in the Korean version.

Child Bipolar Questionnaire

The CBQ is a parent report form that consists of 65 items
with a Likert scale from 1 (never) to 4 (nearly always).” The
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majority of the CBQ’ items are drawn from the DSM-1V cri-
teria for mania and major depression, but symptoms of com-
mon comorbid conditions, such as anxiety and behavior dis-
orders, are also represented. The CBQ total score is the total
number of CBQ items rated 3 (often) or 4 (nearly always). A
total score of 32 is considered the cutoff point for probable
pediatric bipolar disorder, and a higher total score indicates a
more severe mood disturbance. The Korean version of the
CBQ was standardized by Cheon et al.,”” and its validity and
reliability in Korean have been well established.

State Anxiety Scale of the State-Trait Anxiety Inventory for
Children

The STAIC-S consists of 20 self-rated questions that mea-
sure the level of anxiety.*’ The STAIC-S asks subjects to de-
scribe how they feel at the present time and how their anxiety
increases in response to situational stress and declines under
relaxed conditions. The Korean version of the STAIC-S was
standardized by Cho and Choi,” who established a total score
of 49 as the cutoff value for severe anxiety symptoms.

Family and parental factors

If parents with a history of mood disorders provide poor
rearing and a dysfunctional relationship with their child, it is
unclear whether their child’s impairment is due to generic
and biological factors or parental and environmental factors.
Therefore, we assessed familial functioning using the Family
Relationship Scale (FRS)* and investigated its effect on the
neuropsychological and behavioral functioning of subjects.
Furthermore, the current mood state of parents with a history
of a mood disorder may also affect the psychopathology of
children. Therefore, we also assessed the parents’ current
mood state using the Beck Depression Inventory (BDI), the
Mania scale of the Minnesota Multiphasic Personality Inven-
tory-2 (MMPI-2), and State-Trait Anxiety Inventory (STAI).
These data were only obtained from the low- and high-risk
groups.

Family Relationship Scale

The FRS was developed by Yang (2001) to measure the fa-
milial relationship and consists of 24 self-rated questions with
a Likert scale from 1 (never) to 5 (nearly always).* It was con-
structed with three dimensions of ‘love and care, ‘recognition
and responsibility, and ‘acceptance and respect. Higher total
scores indicate a healthy and functioning family relationship.
Its validity and reliability in Korean has been well established
and previously reported.”* The FRS was rated by a child in
all three groups.



Beck Depression Inventory

The BDI consists of 21 items and measures the subjective
severity of depression and the emotional, cognitive, motiva-
tional, and physiological symptoms of depression.* Each
question has a set of 4 possible answer choices, ranging in in-
tensity, with each answer being scored on a scale value of 0 (no
symptom) to 3 (the most severe symptom). Accordingly, the
total score ranges from 0 to 63 for the 21 questions. In Korea,
Han et al.** conducted a standardization study. The BDI was
completed by parents of low- and high-risk children.

Hypomania scale of the MMPI-2 (Ma)

The MMPI-2* is a psychopathology assessment device con-
sisting of 567 true/false items designed to assess a number of
psychological, behavioral, and social constructs as well as test-
taking attitudes and response style. In Korea, Han et al.’ con-
ducted a standardization study. In this study, we used only Ma,
a dimension that measures the level of excitability. The MMPI-
2 was measured by parents of low- and high-risk children.

State Anxiety Scale of the State-Trait Anxiety Inventory

The STAI-S is a 20-item self-report scale used to measure
the temporary condition of state-anxiety.*® The Korean version
of the STAI-S was standardized by Han et al.*” The STAI-S
was completed by parents of low- and high-risk children.

Statistical analysis

Group differences were computed using an independent t-
test or a one-way analysis of variance (ANOVA) for continu-
ous variables and a Chi-square or Fisher’s exact test for categor-
ical variables. Despite the small sample size, most measures
were distributed normally according to the Kolmogorov-
Smirnov test (p values ranged from 0.108 to 0.962), except for
the total score on the CBQ (z=1.57, p=0.014) and scores on
thought problems of the CBCL (z=1.74, p=0.005). Taking
these results into account, the nonparametric Kruskal-Wallis
H test for the CBQ and the thought problems of the CBCL
and a parametric one-way ANOVA for the rest of the mea-
sures initially performed to compare the three groups.

In the second stage, we used analyses of covariance (AN-
COVA) to determine whether scores on the neuropsychologi-
cal or behavioral measures were significantly different among
the three groups when adjusted for possible confounders.
Two models were used to explore the group effects on the
neuropsychological measures: Model 1 included age and gen-
der as covariates; Model 2 included CDI, CBQ, and STAIC-S
scores (mood ratings) as well as age and gender as covariates.
Previous work has demonstrated associations between child-
hood behavioral problems and lower cognitive ability*** as
well as current mood state and familial functioning. There-
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fore, we included the FSIQ as a covariate in the analyses to
explore the group effects on the behavioral measure as fol-
lows: Model 1’ included age, gender, and FSIQ as covariates;
Model 2’ included mood ratings as well as age, gender, and
FSIQ as covariates; Model 3’ included familial functioning
ratings as well as age, gender, and mood ratings as covariates.

In the third stage, we compared mood ratings (BDI, Ma,
and STAI-S) of parents of the low- and high-risk groups using
an independent T-test. Despite the small sample size, all mea-
sures were distributed normally according to the Kolmogorov-
Smirnov test (p values ranged from 0.306 to 0.952). An inde-
pendent t-test revealed that only the maternal BDI score was
significantly different between groups (mean®SD: 9.8514.41,
in the low-risk group and 18.38£10.36 in the high-risk group,
t=2.74, p=0.015). Therefore, we conducted ANCOVA using
the maternal BDI as a covariate to determine whether the
scores on the behavioral measures were significantly different
between the low- and high-risk groups, regardless of the level
of maternal current depression.

All statistical analyses were performed using SPSS (version
12.0; SPSS Inc., Chicago, IL, USA), with statistical signifi-
cance defined as an alpha level=0.01, to provide some control
for type I error.

RESULTS

Characteristics of the study participants

In the high-risk group, twelve (66.7%) children had a
mother with a history of MDD, three (16.7%) had a father
with a history of MDD, two (11.1%) had a mother with a his-
tory of bipolar I disorder, and one (5.6%) child had both a
mother and father with histories of MDD. Table 2 shows
group-specific demographic and clinical characteristics. The
age and gender distribution of the groups were not signifi-
cantly different. Psychiatric comorbidity was highest in the
high-risk group. As expected, scores on the ADHD-RS and
the CBQ were significantly higher in both the high- and low-
risk group compared to the control group, but they did not
significantly differ between the high- and low-risk groups.
Scores on the STAIC-S did not differ among the three groups.
Scores on the CDI and the FRS were significantly higher in
the high-risk group compared to the control group, but they
did not significantly differ between the high and low-risk
groups.

Neuropsychological test findings

Means and standard deviations of all neuropsychological
test scores appear in Table 3 for each group. The three groups
were significantly different on the KEDI-WISC-R Picture
Completion (F=7.18, df=2.59, p=0.002), Block Design
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(F=5.55, df=2.59, p=0.006), FSIQ (F=5.06, df=2.59, p=0.009) lower KEDI-WISC-R Picture Completion, Block Design, and
and Stoop Word subtest scores (F=6.85, df=2.59, p=0.002). Stroop Word subtest scores than both the control and low-
Post hoc Tukey HSD revealed that the high-risk group had risk groups.

Table 2. Demographic and clinical characteristics among control and ADHD children of parents with and without a history of a mood disorder

Normal Control Low-risk group ~ High-risk group

(N=24) (N=20) (N=18) X p
N (%)
Gender, male 20 (88.3) 17 (88.2) 15 (88.3) 0.03 0.986
ADHD, type 2.72 0.256
Combined - 17 (85.0) 13(72.2)
Inattentive - 2(10.0) 5(27.8)
Hyperactive-impulsive - 1(5.0) -
Comorbid disorder 0.23 0.894
Tic disorder - 2(10.0) 3(16.7)
Depressive disorder, NOS - 1(5.0) 2(11.1)
ODD . 1(5.0) 3(16.7)
ADHD medication 3.94 0.140
No use - 1(5.0) 3(16.7)
Methylphenidate - 16 (80.0) 15(83.3)
Atomoxetine - 3(15.0) 0(0)
Other medication
No use . 16 (80.0) 9 (50.0) 379 0.087
Atypical antipsychotic - 3(15.0) 8(44.4) 3.99 0.074
Antidepressant - 2(10.0) 1(5.6) 0.26 >0.99
Mood stabilizer - 1(5.0) 1(5.6) 0.07 >0.99
Mean (SD) F(2,59) ort P Contrasts
Age, years 9.37 (1.50) 9.40 (2.30) 9.78 (2.56) 0.22 0.803
Dose of ADHD medication (mg) - 35.37 (17.67) 35.40 (15.96) -0.01 0.996
ADHD Rating Scale
Inattentive 3.00 (2.73) 9.72 (5.90) 11.72 (5.55) 19.11 <0.001 NC<LR, HR
Hyperactive-impulsive 3.48 (3.38) 9.94 (4.80) 11.94 (6.19) 17.71 <0.001 NC<LR, HR
Total 6.48 (5.91) 19.67 (10.40) 23.67 (10.98) 20.34 <0.001 NC<LR, HR
CDI 8.65 (4.85) 13.22 (7.68) 16.78 (7.74) 7.49 0.001 NC<HR
CBQ 3.79 (5.79) 14.25 (13.63) 18.94 (11.56) 2044*  <0.001 NC<LR, HR
STAIC-S 30.70 (4.53) 31.22 (7.02) 33.39 (10.09) 0.73 0.487
FRS 101.57 (14.66) 92.94 (14.66) 83.24 (16.04) 7.4 0.002 NC<HR
Maternal BDI 9.85 (4.41) 18.38 (10.36) 2.74 0.015
Maternal Ma 46.93 (7.76) 46.57 (8.11) 0.12 0.903
Maternal STAL-S 4431 (7.93) 50.33 (11.55) 1.53 0.139
Paternal BDI 5.17 (4.76) 9.90 (9.10) 1.59 0.128
Paternal Ma 48.79 (10.79) 47.50 (12.20) 0.29 0.778
Paternal STAI-S 37.50 (9.79) 40.18 (10.30) 0.64 0.529

*X? (Kruskal-Wallis H test). ADHD: attention-deficit hyperactivity disorder, ODD: oppositional defiant disorder, NOS: not otherwise speci-
fied, CDI: Children’s Depression Inventory, CBQ: child bipolar questionnaire, STAIC-S: State Anxiety Scale of the State-Trait Anxiety Inven-
tory for Children, FRS: family relationship scale, BDI: Beck Depression Inventory, Ma: hypomania scale of the Minnesota Multiphasic Per-
sonality Inventory-2, STAI-S: State- Anxiety Inventory, NC: normal control, LR: low-risk group, HR: high-risk group
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Table 3. Intelligence and neuropsychological tests among control and ADHD children of parents with and without a history of a mood disorder

Normal Control ~ Lowrisk group ~ High risk group
(N=24) (N=20) (N=18) ANOVA Contrasts
Mean (SD) Mean (SD) Mean (SD) F (2,59) P
KEDI-WISC-R
Information 13.04 (2.68) 13.35 (4.23) 10.28 (3.46) 453 0.015
Similarities 13.11 (3.21) 13.35 (3.15) 12.39 (4.16) 0.64 0.530
Arithmetic 11.75 (2.07) 11.70 (2.66) 9.67 (3.41) 372 0.030
Vocabulary 12.96 (2.80) 13.00 (3.76) 11.35(4.11) 1.31 0.279
Comprehension 11.58 (2.38) 10.90 (3.19) 11.11 (3.79) 0.28 0.755
Digit span 10.29 (3.28) 10.25 (2.40) 10.61 (3.84) 0.07 0.931
Picture completion 10.96 (2.66) 10.79 (2.49) 8.06 (2.84) 7.18 0.002 NC, LR>HR
Picture arrangement 12.04 (2.77) 10.85 (2.81) 10.33 (3.25) 191 0.157
Block design 14.54 (2.41) 14.10 (2.57) 11.56 (4.05) 5.55 0.006 NC, LR>HR
Object assembly 12.63 (2.26) 11.90 (3.23) 11.22 (3.14) 1.25 0.294
Digit symbol/coding 12.75 (2.67) 11.40 (2.58) 10.72 (3.32) 28 0.069
Verbal IQ 116.17 (10.60) 115.70 (17.17) 105.39 (20.23) 278 0.07
Performance IQ 114.58 (24.00) 113.45 (13.89) 102.78 (19.58) 2.07 0.136
Full scale IQ 119.58 (10.00) 116.25 (16.27) 104.50 (20.41) 5.06 0.009 NC>HR
Stroop (t-scores)
Word 47.17 (7.00) 47.95 (10.95) 38.22 (9.01) 6.85 0.002 NC, LR>HR
Color 48.50 (8.21) 47.95 (10.06) 41.61 (14.23) 242 0.098
Color-word 46.33 (11.45) 49.30 (10.22) 43.67 (10.60) 1.29 0.283
Interference 49.17 (9.85) 52.05 (9.30) 52.44 (11.82) 0.66 0.52
WCST
Total errors 53.96 (9.97) 50.00 (10.10) 50.06 (9.96) 1.14 0.328
Perseverative errors 54.79 (10.11) 51.90 (10.67) 51.78 (8.54) 0.66 0.522
Non-perseverative errors 51.58 (9.61) 47.80 (9.64) 47.72 (9.71) 1.15 0.323
RCFT
Copy organization 7.21 (2.30) 5.90 (2.88) 6.89 (2.78) 141 0.182
Immediate recall accuracy 20.17 (9.66) 21.50 (8.43) 17.56 (10.34) 0.84 0.436
Delayed recall accuracy 20.25(9.17) 22.10(7.91) 18.39 (9.29) 0.84 0.437

ADHD: attention-deficit hyperactivity disorder, KEDI-WISC-R: Korean Educational Development Institute Wechsler Intelligence Scale for
Children-Revised, IQ: intellectual quotient, Stroop: Stroop Color Word Interference Test, WCST: Wisconsin Card Sorting Test, RCFT: Rey-
Osterrieth Complex Figure Test, NC: normal control, LR: low-risk group, HR: high-risk group, ANOVA: analysis of variance

The ANCOVA Model 1 revealed that significant group dif-
ferences on KEDI-WISC-R Picture Completion (F=5.83, df=
2,59, p=0.005) and Block Design (F=5.68, df=2,59, p=0.006)
subscales and Stoop Word subtest scores (F=6.96, df=2,59,
p=0.002) persisted even after adjustment for age and gender.
After further adjustment for mood ratings (Model 2), the
only Stroop Word subtest score differed significantly among
the three groups (F=5.24, df=2,59, p=0.009).

We conducted additional analyses including the FSIQ as a
covariate to evaluate whether the difference in the Stroop
Word subtest could be explained by the difference in I1Q
among the three groups. After further adjustment for IQ, the

Stroop word subtest score was not different among the three
groups (F=3.18, df=2,59, p=0.049 in Model 1’; F=3.44, df=
2,59, p=0.040 in Model 2’; F= 3.14, df=2,59, p=0.052).

Behavioral measurement findings

The mean and standard deviation of each CBCL score ap-
pears in Table 4 for each group. The three groups were signif-
icantly different for all subscale scores of the CBCL (p<0.001).
Post hoc Tukey HSD revealed that the high-risk group had
higher somatization, anxiety/depression, internalizing prob-
lems, and total behavioral problems scores than the control
and low-risk groups.
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Table 4. Child behavior checklist among control and ADHD children of parents with and without a history of a mood disorder

Normal Control Low risk group High risk group
(N=24) (N=20) (N=18) ANOVA Contrasts
Mean (SD) Mean (SD) Mean (SD) F (2,52) P

Withdrawal 46.86 (5.84) 55.84 (12.90) 62.93 (13.58) 9.79 <0.001 NC, LR<HR
Somatization 45.64 (6.32) 50.63 (7.60) 57.07 (7.07) 11.66 <0.001 NC, LR<HR
Anxiety/depression 45.18 (7.68) 54.89 (7.79) 62.57 (7.48) 2291 <0.001 NC<LR<HR
Social problems 43.05 (5.75) 58.53 (8.95) 61.86 (9.57) 30.14 0.001 NC<LR, HR
Thought problems 48.18 (5.89) 52.89 (7.49) 58.29 (8.34) 15.73* <0.001 NC<HR
Attention problems 44.05 (8.03) 59.58 (6.89) 64.71(9.32) 33.93 <0.001 NC<LR, HR
Delinquent behavior 44.36 (7.09) 55.68 (10.03) 60.71 (12.53) 13.74 <0.001 NC<HR
Aggressive behavior 41.86 (7.55) 59.16 (9.29) 64.29 (9.88) 33,75 <0.001 NC<LR, HR
Internalizing problems 44.18 (7.98) 54.47 (6.97) 62.14 (8.06) 24.64 <0.001 NC<LR<HR
Externalizing problems 41.68 (8.00) 58.47 (6.97) 65.29 (8.71) 36.84 <0.001 NC<LR, HR
Total behavior problem 41.77 (7.85) 57.11 (6.90) 65.00 (7.68) 4553 <0.001 NC<LR<HR

*X* (Kruskal-Wallis H test). NC: normal control, LR: low-risk group, HR: high-risk group, ANOVA: analysis of variance

The ANCOVA (Model I’) revealed that all of these signifi-
cant group differences persisted after adjustment for age, gen-
der, and FSIQ [i.e., somatization (F=11.02, df=2,59, p<0.001),
anxiety/depression (F=22.13, df=2,59, p<0.001), internalizing
problems (F=25.29, df=2,59, p<0.001), and total behavioral
problems (F=44.68, df=2,59, p<0.001)]. Even after further ad-
justment for mood (Model 2’) and familial functioning rat-
ings (Model 3°), comparisons of the three groups on the CBCL
subscale scores mostly remained significantly below the 0.01
level [i.e., in Model 3’: somatization (F=5.05, df=2,59, p=
0.011), anxiety/depression (F=10.80, df=2,59, p<0.001), inter-
nalizing problems (F=10.94, df=2,59, p<0.001), and total be-
havioral problems (F=18.42, df=2,59, p<0.001); detailed data
of Model 2’ not shown, but available upon request].

In the sub-analyses of the low- and high-risk groups using
ANCOVA, significant between-group differences were shown
in the scores on depression/anxiety (F=13.01, df=1,36, p=
0.001), internalizing problems (F=8.37, df=1,36, p=0.008), and
total behavioral problems (F=8.67, df=1,36, p=0.007), even
after adjustment for maternal BDI.

DISCUSSION

The major finding of this study is that the ADHD children
of parents with a history of mood disorders were more anx-
ious/depressed and exhibited more internalizing problems
compared to controls and ADHD children of parents without
a history of a mood disorder. This pattern of behavioral prob-
lems was also noted even after adjustment for the child’s FSIQ,
mood symptoms, and familial functioning ratings. Another
major finding is that the ADHD children of parents with a
history of mood disorders exhibited deficits in the Picture
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Completion and Block Design subtests of the KEDI-WISC
and the Word subtest of the Stroop, although this pattern of
deficits was not noted after adjustment for the child’s mood
symptoms or intelligence. The findings of this study provide
an important first step in attempting to examine the neuro-
psychological and behavioral correlates associated with a
group of high-risk children, in this case, the ADHD offspring
of parents with a history of mood disorders.

Previous studies have indicated that individuals with a
mood disorder had minimal to no impairment on standard
measures of current or estimated premorbid intellectual func-
tioning, suggesting that the cognitive deficit profile in a mood
disorder does not involve gross intellectual decline.” There
are a few studies that have examined intellectual functioning
in the offspring of parents with unipolar or bipolar disorders.
Kron et al.** and McDonough-Ryan et al."* reported no group
difference in FSIQ between the offspring of parents with bi-
polar disorder and controls. In contrast, Klimes-Dougan et al.’
reported lower FSIQ scores in the offspring of parents with
bipolar disorder compared to a control group, but not in the
offspring of parents with unipolar disorder. Micco et al.” also
reported no group difference in FSIQ between the offspring
of parents with major depression and controls. In this study,
the high-risk group showed lower FSIQ scores than the con-
trol group, but there was no significant difference in FSIQ be-
tween the low- and high-risk groups. These findings suggest
the combined effect of ADHD and a family history of a mood
disorder on general intellectual functioning.

The results of cognitive studies in the offspring of parents
with unipolar or bipolar disorders are inconsistent. Klimes-
Dougan et al.’ found impairment on the WCST (categories,
perseverative errors, total errors), the RCFT (only recall or-



ganization), and the continuous performance test (only total
errors) in the offspring of mothers with a history of a mood
disorder, suggesting deficits in executive functioning and spa-
tial memory and attention. MacQueen et al.'’ found that af-
fected offspring with a history of a mood disorder showed
poorer performance in the visual backward masking task,
but non-affected offspring performed the task at the levels of
healthy controls. Micco et al.”® also found that parents’ major
depression was not associated with children’s neuropsycholog-
ical impairments, although affected offspring showed poor
performance on several executive functioning and processing
speed measures.

In this study, high-risk children were impaired on the Pic-
ture Completion, Block Design, and Stroop Word subtest in
comparison to the low-risk group and control group. Howev-
er, differences on the Stroop Word subtest could be explained
by the difference in IQ among the three groups, and group
differences on the Picture Completion and Block Design sub-
scales disappeared after an adjustment for mood ratings. Pic-
ture Completion measures visual perception and the ability
to determine whether the missing part is either essential or a
function of the object, and Block Design measures visuo-spa-
tial ability.* Our findings suggest that impairments of visual
attention to fine detail and visuo-spatial ability may be char-
acteristic cognitive deficits present in the children of parents
with a mood disorder, without regard to their ADHD status.
However, those cognitive deficits may be affected by the cur-
rent mood state rather than being innate. These results are
consistent with the previous studies that reported cognitive
deficits in affected offspring but not in unaffected offspring.'**

Although all subscale scores of the CBCL were significant-
ly higher in high-risk children than in healthy controls, the
difference between the high- and low-risk groups was shown
only in subscales representing internalizing symptoms such
as somatization, anxiety/depression, and internalizing prob-
lems. In addition, these differences persisted even after adjust-
ment for current familial functioning and maternal mood
state as well as after adjustment for the child’s IQ and mood
state, suggesting that the offspring of affectively ill parents
have an innate propensity for internalizing symptoms. These
results favor the genetic transmission of a mood component
in ADHD children who suffer from internalizing symptoms.
This finding is in contrast with one prominent theory about
the relationship between ADHD and depression, that the so-
cial/interpersonal difficulties experienced by many children
with ADHD may predispose them to develop depressive
symptoms.”’

Unexpectedly, there were no significant differences in neu-
rocognitive profiles between healthy controls and ADHD
children of parents without a history of a mood disorder, al-

S Park et al.

though between-group differences were significant in their
behavioral profiles. Neurocognitive deficits including poor
motor control, working memory problems, difficulties with
inhibiting behavioral responses and processing speed deficits
have been widely implicated and documented in ADHD pop-
ulations.”* It is possible that a more commonly used test of
attention not utilized in this study, such as the continuous per-
formance test, might have revealed a difference between nor-
mal controls and the low-risk ADHD group. In addition, the
fact that most ADHD subjects were medicated may have nar-
rowed the cognitive discrepancies between normal controls
and ADHD children. However, both the low- and high-risk
groups were medicated and the dose of ADHD medication
was not significantly different between two groups; therefore,
medication effects may not have impacted the cognitive com-
parison between the low- and high-risk groups. Although the
high-risk group showed a trend of more use of atypical anti-
psychotics compared to the low-risk group, atypical antipsy-
chotic appears to have no detrimental effect on cognitive per-
formance in children.®

We extended the findings of previously studied high-risk
offspring using a more narrowly defined high-risk group char-
acterized by ADHD and a family history of a mood disorder,
using both healthy controls and ADHD children without a
family history of a mood disorder as comparison groups, and
by adjusting for the influence of mood ratings and familial
functioning when assessing cognitive and behavioral group
differences.

Several limitations may have influenced the findings in this
study. First, as in most other studies addressing this topic,
multiple comparisons were made. We presented the results
with an alpha level of .01 because of the exploratory nature of
this study and the need to balance the risk for type I and type
IT error. Second, we included the offspring of parents with
both unipolar and bipolar disorders in the high-risk group. If
we had included only the offspring of parents with a history
of unipolar or of bipolar disorder, our high-risk group would
have been more homogeneous. In addition, we did not have
adequate statistical power to compare subjects with a de-
pressed parent and a bipolar parent because we had too few
subjects with bipolar parents. Third, we also did not control
for comorbid disorders and type of ADHD in our analyses
because our sample size did not afford sufficient power to in-
clude such covariates. Forth, our ADHD sample is drawn
from a relatively affluent population of medicated children
attending a psychiatric outpatient clinic of a general hospital.
Group differences between healthy control and ADHD chil-
dren might be even more pronounced in a more diverse sam-
ple. However, group differences between low- and high-risk
groups may not be influenced by this range restriction, as
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suggested above. Finally, because only a subset of these cases
of at-risk offspring, ranging from 5 to 67%, developed a
mood disorder,”” long-term studies are needed to confirm the
premorbid endophenotypes of mood disorders.

Despite these considerations, this preliminary study adds to
a growing body of work documenting the neurocognitive and
behavioral characteristics of at-risk offspring who have par-
ents with a mood disorder. Neuropsychological deficits in the
offspring of parents with a mood disorder may be associated
with the current mood state rather than with innate charac-
teristics, while their internalizing symptoms may partially
stem from innate characteristics that are endophenotypes of a
premorbid mood disorder. In terms of clinical implications,
ADHD children exhibiting internalizing symptoms need de-
tailed assessments for mood disorder, and they are good can-
didates for receiving preventive interventions aimed at alter-
ing the prognosis of the illness.
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