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Abstract

OBJECTIVE—The goal was to evaluate polymorphisms of the APOE gene as modifiers of
neurobehavioral outcomes for preschool-aged children with congenital heart defects, after cardiac
surgery.

METHODS—A prospective observational study with neurodevelopmental evaluation between the
fourth and fifth birthdays was performed. Attention and behavioral skills were assessed through
parental report.

RESULTS—~Parents of 380 children completed the neurobehavioral measures. Child Behavior
Checklist scores for the pervasive developmental problem scale were in the at-risk or clinically
significant range for 15% of the cohort, compared with 9% for the normative data (P < .00001).
Attention problem scores were in the at-risk or clinically significant range for 12% of the cohort,
compared with 7% for the normative data (P =.0002). The Attention-Deficit/Hyperactivity Disorder
Rating Scale-1V, Preschool Version, was completed for 378 children; 30% scored in the clinically
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significant range for inattention and 22% for impulsivity. After adjustment for covariates, the
APOE &2 allele was significantly associated with higher scores (worse problems) for multiple Child
Behavior Checklist indices, including somatic complaints (P = .009), pervasive developmental
problems (P =.032), and internalizing problems (P=.009). In each case, the €4 allele was associated
with a better outcome. APOE €2 carriers had impaired social skills, compared with €4 carriers (P = .
009).

CONCLUSIONS—For preschool-aged children with congenital heart defects requiring surgery,
parental rating scales showed an increased prevalence of restricted behavior patterns, inattention,
and impaired social interactions. The APOE &2 allele was associated with increased behavior
problems, impaired social interactions, and restricted behavior patterns.

Keywords

congenital heart defects; genetic predisposition to disease; apolipoprotein E; behavioral symptoms;
attention-deficit/hyperactivity disorder; impulsive behavior; autistic disorder

Congenital heart defects (CHDs) are the most common birth defects in humans, affecting 8 per
1000 live births (~30 000-40 000 children each year in the United States), with one third of
affected children requiring intervention in early infancy. Neurodevelopmental dysfunction is
the most common and potentially most disabling outcome of CHDs and their treatment.
Improved survival rates, combined with expectations for independence and behavioral self-
regulation as the children mature, have led to increasing recognition of neurobehavioral
symptoms and impaired functional outcomes for some survivors. Recent reports identified a
high prevalence of inattention and hyperactivity/impulsivity behaviors, consistent with the
behavioral phenotype of attention-deficit/hyperactivity disorder (ADHD).! Apolipoprotein E
is an important regulator of cholesterol metabolism, and APOE has an important role as a
susceptibility gene that modifies outcomes after central nervous system (CNS) injury. In 1998,
we initiated a prospective study evaluating the association between neurodevelopmental
dysfunction and APOE genotype in 550 neonates and infants who were undergoing surgery
for treatment of CHDs. The APOE &2 allele was associated with significantly worse
neurodevelopmental outcomes at 1 year of age.?

METHODS

Study Design

This was a prospective trial assessing the effects of APOE polymorphisms on neurobehavioral
outcomes for preschool-aged patients (4 -5 years of age) after cardiac surgery in infancy.?
Patients <6 months of age who were undergoing surgical treatment of CHDs with
cardiopulmonary bypass, with or without deep hypothermic circulatory arrest (DHCA), were
eligible. Exclusion criteria included (1) multiple congenital anomalies, (2) recognizable genetic
or phenotypic syndrome other than chromosome 22g11 microdeletion syndrome, and (3)
language other than English spoken in the home. The study was approved by the institutional
review board at the Children’s Hospital of Philadelphia. Informed consent was obtained from
parents or guardians.

Operative Management

Alpha-stat blood gas management was used. Pump flow rates were not standardized. DHCA
was used at the surgeon’s discretion. Before DHCA, patients underwent core cooling, with
topical hypothermia of the head, to a nasopharyngeal temperature of 18°C. Modified
ultrafiltration was performed for all patients.
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Data Collection

Data on preoperative factors that might affect neurobehavioral outcomes independently,
including gestational age, birth head circumference, and birth weight, were obtained from
hospital records. Weight and age at surgery were recorded for the initial operation and for
subsequent procedures with cardiopulmonary bypass. Operative variables were recorded,
including the durations of cardiopulmonary bypass and DHCA, lowest nasopharyngeal
temperature, and hematocrit level after hemodilution.

APOE Genotype Determinations

Whole blood or buccal swab samples were obtained before the operation and were stored at
4°C. Genomic DNA was prepared and was used for determination of APOE genotypes by using
a previously published method.3

Four-Year Neurodevelopmental Examinations

Neurodevelopmental evaluations were performed between the fourth and fifth birthdays.
Growth measurements (weight, length, and head circumference) were recorded. Maternal
education, Hollingshead socioeconomic status, and ethnicity were determined through parental
report.* A health history was obtained, focusing on the incidence of interim illnesses,
rehospitalizations, neurologic events or interim evaluations, current medication use, and
parental concerns about health. Parents completed behavior questionnaires and rating scales.
Parents were asked specifically whether they had ever been told that their child had autism,
Asperger syndrome, pervasive developmental disorder not otherwise specified, or ADHD.

Patients were evaluated by a genetic dysmorphologist at the 1-year and/or 4-year evaluations.
Additional genetic analyses were performed as indicated. Neonatal recognition of dysmorphic
features may be difficult; therefore, some patients for whom the diagnosis of a genetic
syndrome was made at a later evaluation were enrolled. Patients were classified as having no
definite genetic syndrome or chromosomal abnormality (normal), a suspected genetic
syndrome (suspect), or a definite genetic syndrome or chromosomal abnormality (abnormal).

Cognitive skills were assessed as the full-scale 1Q from the Wechsler Preschool and Primary
Scale of Intelligence, Third Edition.> Core language skills were assessed by using the Preschool
Language Scale-4 (PLS-4) total language score (TLS). Executive function was assessed with
the Neuro-PSYchology (NEPSY) statue test, which targets inhibition and motor persistence
(component processes of attention and executive function).8 Details are provided in the
Appendix.

Attention and other behavioral skills were assessed through parental report by using the Child
Behavior Checklist for ages 1.5 to 5 years (CBCL/1.5-5), the ADHD Rating Scale-1V,
Preschool Version, and the Preschool and Kindergarten Behavior Scales (PKBS).”~9 The
CBCL/1.5-5 is a questionnaire used to obtain parental reports of behavior problems and
prosocial adaptive skills demonstrated within the previous 6 months.7 Responses are grouped
to produce 7 narrow-band problem scores and 5 Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV)- oriented scores. Results include a total problem score
and 2 broad-band indices (internalizing and externalizing problems). Children were classified
as having normal, at-risk, or clinically significant scores. The ADHD Rating Scale-1V,
Preschool Version, is an 18-item questionnaire that requires parents to rate the frequency of
occurrence of ADHD symptoms, as defined in the DSM-1V.? Respondents rate each item on
a Likertscale of 0 (not at all) to 3 (very often). The PKBS provide a social skills score (assessing
social cooperation, social interaction, and social independence), externalizing problems and
internalizing problems scores (assessing problem behaviors, ie, self-centered/explosive,
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attention problems/overactive, antisocial/aggressive and social withdrawal, and anxiety/
somatic), and a total problem behavior score.9 Details are provided in the Appendix.

A potential problem with behavior questionnaires and rating scales involves the accuracy of
parental responses and potential bias. Parents may consciously or subconsciously portray their
child in a positive manner, perhaps to improve perceptions of their parenting skills or because
their child is a “survivor” overcoming a chronic disease. The defensive responding score from
the Parenting Stress Index-Short Form was used to evaluate the candor of parental responses
across parental report measures. Low scores (<10) are associated with a parent who may be
giving socially desirable responses.10

Data Analyses

RESULTS

Comparisons of outcomes and variables between groups of subjects were performed by using
Fisher’s exact test or Student’s t test. Linear regression analysis was used to characterize the
adjusted associations between APOE genotype and 4-year outcomes. APOE genotype was
coded for the presence of the €2 or €4 allele. Subjects with the €2e4 genotype were excluded
from the analysis of APOE genotype effects. Subjects were categorized in 3 groups, that is, €2
(22 or £2¢3), €3 (e3€3), and €4 (34 or €4¢4). APOE group was coded as a dummy variable,
with the €3 group as the reference. The final model considered demographic covariates with a
set of operative covariates. The APOE genotype group effect is reported as the difference
between the €2 or €4 group and the reference €3 group. In addition, P values generated through
analysis of variance comparing all 3 APOE genotype groups (df = 2) are reported.

Study Group

Between September 1998 and April 2003, 675 eligible infants underwent cardiac surgery.
Twenty-three infants died before consent was obtained, parents of 102 infants declined
participation, and 550 infants (81%) were enrolled. There were 21 deaths during the initial
hospitalization and an additional 43 deaths before 5 years of age. The study population was
65% white, 23% black, and 12% of other ethnic origins; 58% of subjects were male. The largest
diagnostic groups included hypoplastic left heart syndrome (n = 121), tetralogy of Fallot (n =
83), ventricular septal defects with or without coarctation (n = 77), and transposition of the
great arteries (n = 45). APOE genotyping was completed in 540 (98%) of 550 cases. The
APOE genotype distribution was as follows: €2¢2, n = 3; €2¢3, n = 64; €2e4, n = 14; £3e3, n =
323; €3¢4, n = 124; g4¢4, n = 12 (not different from Hardy-Weinberg proportions).

Four hundred eighty-six patients were alive and eligible for the 4-year evaluation, which was
completed by 381 patients (78% of eligible patients). Baseline characteristics were compared
for patients who returned for the 4-year evaluation (n = 381), those who did not return (n =
105), and those who died before 4 years of age (n =64) (Table 1). The only significant difference
in baseline characteristics between returning and nonreturning patients was
underrepresentation of black patients among returning patients (21% vs 29%).

Neurodevelopmental Testing

Mean scores for many domains, including cognitive and core language skills, were in the
normal or low normal range. However, the distributions were shifted downward, so that a
significant number of children had scores >1 SD below the mean (moderate impairment) or
>2 SD below the mean (significant impairment). Table 2 shows the prevalence of impairments
in the study cohort for selected domains. Almost 30% of children had at least moderate
cognitive impairment (full-scale 1Q >1 SD below the mean). At least moderate core language
impairment (PLS-4 TLS >1 SD below the mean) was present for 25% of children. Executive
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function was moderately impaired (NEPSY statue scorey SD below the mean) for 33% of
children and severely impaired (NEPSY statue score #x0003E2; SD below the mean) for 11%.

Parental Reports of Behavior

The prevalence of at-risk or clinically significant scores for some CBCL/1.5-5 scales was
greater in the whole APOE cohort than the general population (Table 3). Attention problem
scores were in the at-risk or clinically significant range for 12% of the cohort, compared with
7% for the normative data (P =.0002). Inattention and impulsivity were also assessed by using
the ADHD Rating Scale-1V, Preschool Version, which was completed by parents of 378
children. Of the entire cohort, 30% scored in the clinically significant range for inattention and
22% for impulsivity on the ADHD Rating Scale-1V, Preschool Version. When only
nondefensive parental reports (n = 244) were considered, 35% scored in the clinically
significant range for inattention and 25% for impulsivity. These findings, in conjunction with
the CBCL/1.5-5 findings, suggest that the prevalence of ADHD in this cohort likely is
significantly greater than the 4% to 7% reported in the DSM-1V.11

The large proportion of children scoring in the at-risk or clinically significant range on the
pervasive developmental problem (PDP) scale (15% in the APOE cohort, compared with 9%
for the normative data; P<.00001) is particularly concerning. The PDP scale was developed to
incorporate some of the behavioral symptoms the DSM-I1V lists as criteria for the diagnosis of
an autism spectrum disorder (autism, Asperger syndrome, or pervasive developmental disorder
not otherwise specified).12 Scores in the at-risk or clinically significant range on the PDP scale
are indicative of problems in the area of reciprocal social interactions and restricted behaviors
(eg, repetitive behavior or disturbed by change). High scores on the PDP scale do not confirm
the diagnosis of an autism spectrum disorder but suggest that further evaluation is warranted.
The prevalence of concerning scores was also increased for the somatic complaints, withdrawn,
sleep problems, and affective problems subscales.

Of note, 35% of parents demonstrated a pattern of defensive responding on the Parenting Stress
Index-Short Form. When only nondefensive parent reporters were considered, the prevalence
of at-risk or clinically significant scores increased (Table 3). In the defensive reporter subgroup,
the prevalence of at-risk or clinically significant scores was 21% for PDPs, 30% for
internalizing problems, and 25% for total problems (all significantly increased in comparison
with the normative data; all P<.006). This suggests that parental report instruments may
underrepresent behavioral symptoms for some children. Parents were asked whether they had
ever been told that their child had an autism spectrum disorder. Affirmative answers were
reported by 9 of 381 parents. These findings suggest that the prevalence of an autism spectrum
disorder in the cohort is possibly >1 in 50, a threefold increase in comparison with the national
average of 1 in 150 reported by the Autism and Developmental Disabilities Monitoring
Network.13

Social skills and problem behaviors were assessed with the PKBSs, which were completed by
377 parents. At least moderate impairment of social skills (including social cooperation,
interaction, and independence) was reported by 10% of parents (Table 4). At least moderate
incidence of problem behaviors (including attention/overactive problems, social withdrawal,
self-centered, and social withdrawal) was reported by 15% to 18% of parents. The prevalence
of social impairmentand problem behaviors increased when only nondefensive parent reporters
were considered. In this subgroup (n = 244), almost 1 of 4 parents reported at least moderate
incidence of problem behaviors.

Coexisting cognitive and language impairments were associated with behavior problems. In
this cohort, cognitive function (full-scale 1Q) and language skills (PLS-4 TLS) correlated with
the incidence and severity of problem behaviors and social skills. The correlations were weak
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to moderate (r = 0.2-0.5) but significant. Higher full-scale IQ and PLS-4 TLS values correlated
with lower scores for behavior and attention problems, as well as higher scores for social skills.

APOE Genotype and Behavior Problems

There were significant APOE effects for multiple behavior domains (Table 5). The effects of
the APOE €2 and ¢4 alleles, compared with the reference €3 group, on CBCL/1.5-5 scores are
shown in Fig 1. Higher scores on the CBCL/1.5-5 scales indicate worse outcomes. In Fig 1, a
positive value indicates a worse outcome in comparison with the reference group. After
adjustment for demographic and operative covariates, the €2 allele was significantly associated
with worse problems (higher scores) in multiple indices, including somatic complaints (P = .
009), PDPs (P =.032), and internalizing problems (P = .009). In each of these cases, the ¢4
allele was associated with a better outcome in comparison with the €3 reference group (Table
5). APOE &2 carriers had impaired social skills, with lower PKBS social skill scores, compared
with €4 carriers (P = .0009). A significant improvement in executive function (NEPSY statue
scores) was observed for 4 carriers, compared with the 3 reference group (P =.002); however,
€2 allele carriers did not show a decrease in performance, compared with the reference group,
in this test. In addition, head circumference was smaller (P =.036) in the APOE €2 group, after
adjustment for covariates (including gender, ethnicity, birth weight, and birth head
circumference), which suggests impaired postnatal brain growth.

DISCUSSION

In this prospective observational study, we demonstrate that parent-reported behavioral
symptoms, including inattention, impaired social interactions, and restricted behavior patterns,
are increased in preschool-aged children after cardiac surgery in infancy. Deficits in language
development and executive function are common. In general, the frequency of abnormal
findings is two- to fourfold higher than that seen in the general population. Our findings also
suggest that a pattern of defensive reporting is common for the parents of some children, leading
to an incomplete picture of behavioral symptoms.

The risk of behavior problems is modified by APOE genotype. After correction for covariates,
the APOE €2 allele is associated with impaired executive function, impaired social interactions,
and restricted behavior patterns. The APOE €2 allele also is associated with a smaller head
circumference, which suggests that APOE genotype may modify brain growth and
development. Conversely, the APOE ¢4 allele is associated with more-favorable outcomes.

Multiple studies in the past 10 to 15 years have drawn attention to behavioral symptoms in
children after cardiac surgery.14=25 The most commonly used instrument has been the CBCL.
7:13 In most studies, parents of preadolescent children with CHDs reported worse scores for
many domains (withdrawn, social problems, attention problems, internalizing problems,
externalizing problems, and total problems), compared with control subjects. 14725 In a recent
study, >30% of children with CHDs scored within the clinically significant range for attention
problems.18 Children with CHDs scored lower for social involvement, school performance,
and total competence than did control subjects.21 The Boston Circulatory Arrest Study
examined cognitive and behavioral outcomes after repair of transposition of the great arteries.
22,23,26-28 At the 8-year follow-up evaluation, parents and teachers identified many areas of
psychosocial vulnerability. According to parental reports, 1 of 4 children was functioning in
the borderline/clinical range for an index integrating activities, social relationships, and school
performance. Both parents and teachers identified attention and executive function as
challenges for the children. The children tended to become “lost in details,” unable to complete
a task and fit pieces together into a cohesive whole, such as assembling story elements into a
narrative. Lower-level skills were largely intact, but children had difficulty integrating or
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coordinating the skills to accomplish higher-order goals, such as producing connected
discourse or applying math concepts to solve problems.

Our findings suggest that individuals’ responses to surgery for treatment of CHDs are related
to their APOE genotype. Apolipoprotein E-containing lipoproteins are the primary lipid-
transport vehicles in the CNS, with an important role in mobilization and redistribution of
cholesterol and phospholipids during remodeling of neuronal membranes.29:3° The most
common allele in humans is €3, with 2 other common alleles (€2 and €4) whose protein products
differ from that of £3 by single amino acid substitutions. APOE genotype is an important
modulator of the response to traumatic brain injury and neurodevelopment. 2931 The APOE
¢4 allele is associated with increased risks of Alzheimer disease and worse prognosis after
traumatic brain injury in adults. However, the effects of APOE genotype on recovery are not
the same for the immature developing brain and the aging brain. Better functional recovery
after traumatic brain injury was reported for children with the €4 allele, compared with children
without that allele. 32 In a study of lead exposure, the £4 allele was associated with a 4.4-point
higher score on the Mental Developmental Index of the Bayley Scales of Infant Development-
I1. APOE genotype modified the adverse effects of lead exposure. 33 Negative effects of lead
exposure on the Mental Developmental Index were fourfold greater for €2 and €3 carriers,
compared with €4 carriers. Chronic diarrhea with malnutrition is associated with deficits in
cognition and executive function. In children who suffered multiple diarrheal episodes early
in life, the ¢4 allele was associated with better visual working memory and semantic fluency.
34 APOE ¢2 carriers had a 12-fold increased risk of cerebral palsy and €4 carriers a five-fold
increase.3°

This study confirms the findings of previous studies and demonstrates that infant cardiac
surgery is associated with distinctive neurodevelopmental sequelae characterized by mild
cognitive impairment, impaired executive function, inattention, impulsive behavior, and
impaired core language skills, as well as decreased social skills. These neurobehavioral deficits
may be associated with significant functional morbidity as children grow older, including poor
school performance, increased strain in interpersonal relationships, and inappropriate behavior.
The study demonstrates that the APOE &2 allele is associated with increased behavior problems
at 4 years of age, which confirms our previous report that the €2 allele is associated with worse
neurodevelopmental outcomes at 1 year of age after repair of CHDs in infancy. This APOE
genotype-environment interaction demonstrates that genetic polymorphisms that impair
neuroresiliency and CNS recovery may explain some of the interindividual variation in
developmental outcomes after surgery for treatment of CHDs.

WHAT’S KNOWN ON THIS SUBJECT

Behavior problems are frequent after cardiac surgery in infancy. No data concerning the
role of APOE have been published.

WHAT THIS STUDY ADDS

This study provides evidence of a role for APOE genotype in determining the risk of
behavior problems after cardiac surgery in infancy.

ABBREVIATIONS
ADHD attention-deficit/hyperactivity disorder
CBCL/1.5-5 Child Behavior Checklist for ages 1.5 to 5 years
CHD congenital heart defect
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DHCA deep hypothermic circulatory arrest
DSM-IV Diagnostic and Statistical Manual of Mental Disorders; Fourth Edition
NEPSY Neuro-PSYchology
PKBS Preschool and Kindergarten Behavior Scale
PLS-4 Preschool Language Scale-4
TLS total language score
PDP pervasive developmental problem
CNS central nervous system

APPENDIX

The CBCL/1.5-5 is a questionnaire used to obtain parental reports of behavior problems and
prosocial adaptive skills demonstrated within the previous 6 months. Responses are grouped
to produce 7 narrow-band problem scores and 5 DSM-IV-oriented scores. Results include a
total problem score and 2 broad-band indices (internalizing and externalizing problems).
Children are classified as having normal, at-risk, or clinically significant scores. The
internalizing problems score is determined from the scores of the following subtests:
emotionally reactive, anxious/depressed, somatic complaints, and withdrawn. The
externalizing problems score is determined from the attention problems and aggressive
behavior scores. The total problems score consists of the sum of the scores for the 99 specific
problem items on the form plus the highest scores for any written-in responses to item 100.

The ADHD Rating Scale-1V, Preschool Version, is an 18-item questionnaire that requires
parents to rate the frequency of occurrence of ADHD symptoms, as defined in the DSM-1V.
9 The respondent rates each item on a Likert scale of 0 (not at all) to 3 (very often). This scale
was developed specifically for children 3 to 6 years of age. Normative data were collected from
a stratified sample of 907 children. Mean scores are provided for inattention and hyperactivity/
impulsivity. Percentile rankings were used to identify children rated by their parents as scoring
significantly high in inattention or hyperactivity.

The PKBS provide 3 scores for social skills, including social cooperation, social interaction,
and social independence, and 5 scores for problem behaviors, including self-centered/
explosive, attention problems/overactive, antisocial/aggressive and social withdrawal, anxiety/
somatic, and total.10 Normative data were obtained from 2855 preschool-aged children (3-6
years of age). Reliability was reported to range from 0.81 to 0.97 in internal consistency and
in the moderate to high range (0.58-0.87) in test-retest reliability. Predictive validity studies
suggested that PKBS scores were able to predict need for special education services. Validity
studies comparing the PKBS with other tests of social skills indicated strong correlations.

The Wechsler Preschool and Primary Scale of Intelligence, Third Edition, is a standardized
test of intelligence for children 3.5 to 7 years of age.® It is commonly used in both clinical
settings and research settings; it takes ~45 minutes to administer and yields 3 summary scores
and 12 subtest scores. Scores include full-scale 1Q, verbal 1Q, and performance 1Q, with means
of 100 and SDs of 15. The test covers a wide range of cognitive tasks. There is a large body
of data explaining the meaning of test findings. The Wechsler Preschool and Primary Scale of
Intelligence Revised proved to have moderate to strong reliability (coefficients for verbal 1Q,
performance 1Q, processing speed, full-scale 1Q, and general language were 0.92, 0.87, 0.93,
0.92, and 0.90, respectively) and validity (correlation with other cognitive tests in the positive
and significant range of 0.74-0.90) in a variety of studies.
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The PLS-4 is a general test of early language skills.3 It provides a measure of language
comprehension and expressive communication. Standard scores are derived on the basis of age
and performance. The TLS (mean: 100; SD: 15) is derived on the basis of performance on the
receptive and expressive sections.

The NEPSY is a developmental neuropsychological assessment tool that was published in
1998.6 The NEPSY statue subtest assesses inhibition and motor persistence. The NEPSY
subtests yield scale scores with means of 10 and SDs of 3. Reliability ranges from 0.50 to 0.81.
Validity studies indicate that there is weak correlation between the attention/executive function
subtests and tests of general intelligence. The use of the NEPSY with clinical populations of
children diagnosed as having ADHD indicates that identified children score significantly more
poorly on the tests of attention.

The theoretical model of the Parenting Stress Index-Short Form reflects the concept that
parental distress, a difficult child, and a dysfunctional parent-child interaction combined have
an impact on parenting behaviors, which then affect the child’s outcomes. Through 36
questions, which parents answer by using 5-point scales, the test yields 4 scores, that is,
defensive responding, parental distress, parent-child dysfunctional interaction, and difficult
child. This measure has been used frequently in research on medically ill infants and children.
The defensive responding scale assesses the extent to which the respondent approaches the
questionnaire with a strong bias to present the most favorable impression and to minimize
indications of problems or stress in the parent-child relationship. The score is determined on
the basis of a pattern of possible false-negative responses to 7 questions (for example, questions
about doing new things, giving up parts of a lifestyle, and handling new things). A pattern of
disagreement indicates a potential pattern of false reporting, because of a defensive personality
style, dishonesty, or disengaged parents.
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FIGURE 1.

APOE genotype effects, after correction for covariates, on the CBCL/1.5-5 narrow-band
problem scores, DSM-1V-oriented scores, broad-band indices (internalizing and externalizing
problems), and total problem score. Higher scores indicate worse performance. The APOE &2
and €4 groups were compared with the reference £33 group.
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TABLE 4
PKBS Impairment
n (%)
Entire Cohort Defensive Reporters
(N=377) (N = 244)
Moderate Severe Moderate Severe
Impairment Impairment Impairment Impairment
Social skills 36 (9.5) 10 (2.7) 29 (11.9) 8(3.3)
Externalizing problems 58 (15.4) 18 (4.8) 48 (19.7) 14 (5.7)
Internalizing problems 64 (17.0) 21 (5.6) 58 (23.8) 20(8.2)
Total problem 66 (17.5) 16 (4.2) 54 (22.1) 15 (6.1)

behavior
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