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Abstract
We sought to investigate whether APOE genotype is associated with unique profiles of cognitive
functioning during early life. School-aged children (N = 147) received standardized achievement
tests, the Rey-Osterrieth Complex Figure Test (Copy Condition; RCFT-CC), assessment of hand
dominance for writing, and buccal swab testing to determine their APOE genotype. Significant
differences were found on the RCFT-CC, with ε2-positive children performing worse on this measure
relative to both ε3/3 (p = .032) and ε4-positive children (p = .018). Further, a higher prevalence of
left-hand dominance for writing was observed among ε2-positive children (29.2%) relative to ε3/3
(8.9%) and ε4-positive children (6.1%; p = .012), although this finding did not account for the
observed group differences on the RCFT-CC. Findings raise the possibility that in childhood, the
ε2 allele may be associated with (a) decreased functioning in certain cognitive domains; and (b)
factors associated with atypical hemispheric dominance. Results may be consistent with the theory
of antagonistic pleiotropy, which suggests that APOE may have different protective effects at
different developmental stages.
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1. Introduction
Alzheimer’s disease (AD) is associated with a number of risk factors, with the most prominent
being possession of one or more ε4 alleles of the apolipoprotein E (APOE) gene (Corder et al.,
1993). In addition to this established genetic risk factor, there is also evidence that the
development of AD may be associated with a number of early-life risk factors, including poor
perinatal conditions, sub-optimal early-life brain development and body growth, poor early-
life socioeconomic conditions, and decreased cognitive reserve, including lower educational
attainment (for review see Borenstein et al., 2006). The fact that these two sets of risk factors
have in common an association with the development of AD raises the possibility that APOE-
ε4 itself could be associated with the presence or absence of one or more of these early-life
variables (Richards and Sacker, 2003). In other words, are individuals with the APOE-ε4
genotype at risk for both early-life and late-life cognitive compromise?

Efforts to address this question in children have produced intriguing and somewhat
counterintuitive results. A small number of developmental studies have found evidence for
protective effects of the ε4 allele during human prenatal, perinatal, and infancy periods of life,
characterized by higher survival rates and better cognitive functioning in the face of illness and
toxic exposure (Oria et al., 2005; Wright et al., 2003; Zetterberg et al., 2002). Furthermore,
one study found evidence for a detrimental effect of the ε2 allele, characterized by its over-
representation in a Scottish cohort of perinatal deaths (Becher et al., 2006). This finding seems
contrary to expectations given that the ε2 allele has been shown to have protective properties
against the development of AD later in life (Farrer et al., 1997). On the basis of these findings,
it has been proposed that APOE may be an example of a gene that exhibits antagonistic
pleiotropy (Wright et al., 2003), which is a theory that suggests, in part, that some genes may
have different effects at different life stages (Albin, 1993; Williams, 1957).

In contrast to these findings, several studies have failed to find APOE-related differences in
brain and cognitive functioning among children beyond infancy (Deary et al., 2002; Plomin et
al., 1995; Turic et al., 2001). However, these analyses were generally restricted to investigation
of general intellectual ability (i.e., IQ), with specific domains of cognition not examined.
Therefore, especially in light of evidence of early life APOE-related differences in pre- and
perinatal survival rates (Becher et al., 2006; Zetterberg et al., 2002), susceptibility to the adverse
effects of illness and toxic exposure on cognition (Oria et al., 2005; Wright et al., 2003), brain
functional differences using EEG (Alexander et al., 2007), and region-specific cortical
morphology (Shaw et al., 2007), the question remains as to whether or not APOE genotype
influences development of cognitive functions in children.

The aim of the current study was to further explore this question by examining achievement
and visuospatial test performances in a sample of school-aged children and adolescents
genotyped for APOE. In addition, APOE-related differences in hand dominance, which is often
considered an indicator of early atypical brain and/or cognitive development (Satz, 1973), were
assessed. Based on several studies that have found decreased cognitive functioning among
ε4-positive adults (for review see Small et al., 2004) and the relative absence of cognitive
decline among ε2-positive adults, we would predict that a similar pattern would be observed
among our sample of school-aged children (i.e., worse performance among ε4-positive children
relative to ε2-positive children). However, the studies reviewed above reporting an
advantageous effect of the ε4 allele very early in human development and possibly a detrimental
effect of the ε2 allele, suggest that the opposite hypothesis was also plausible (i.e., better
performance among ε4-positive children relative to ε2-positive children).
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2. Methods
The study was approved by the Institutional Review Boards of the University of California,
San Diego and San Diego State University. Informed consent was obtained from a parent of
each participant, and informed assent was obtained from each participant.

2.1 Subjects
Recruitment—Participants were recruited from a group of San Diego area charter middle
schools and high schools. An email message was sent to parents of prospective children, and
classroom presentations were made by the first author to explain the study. An “informational
booth” was then set up outside the school during after-school hours. During this time, parents
and students could obtain additional information about the study and sign an informed consent
agreement to participate if they chose to do so, which included a release of information
providing access to the child’s standardized group achievement test records.

Screening—Typically-developing children between the ages of 11 and 16 years were
included in the study. Parents of participants were asked to complete an online demographic
questionnaire pertaining to their child’s developmental, medical, educational, psychiatric, and
family medical history. Exclusion criteria consisted of the following: First language learned
was not English, color blindness, uncorrected visual impairment, upper extremity motor
disability that may affect test performance on visual-motor tasks, genetic disorder known to
affect central nervous system functioning (e.g., Fragile X), history of head injury with loss of
consciousness for greater than 10 minutes, and a diagnosed seizure disorder. A history of
learning and/or attentional problems was not exclusionary. In addition, due to the fact that the
children were tested in their classroom groups (see Procedures below), it often occurred that
a child was tested prior to their parent(s) completing the screening questionnaire. However, if
it was determined, after a child was tested, that he or she did not meet inclusion criteria, their
case was removed from further analyses. Overall, screening questionnaires were completed
for approximately 80% of the sample. In the case where two or more siblings enrolled in the
study, if applicable, either the male sibling and/or the sibling with achievement test data
available were included.

2.2 Procedures
Once a number of students from a particular class had signed up to participate in the study, a
lunchtime testing session was arranged with the teacher of that particular class. On the specified
date, children participating in the study remained in their classroom during lunch and were
administered the RCFT-CC (Osterrieth, 1944) in the group setting. Following administration
of this measure, DNA samples were obtained from each child using a buccal swab technique
(i.e., a mild brushing of the inside of the cheek). Then, as a group, the children received a
complimentary pizza lunch for their participation (e.g., see Brown et al., 2005). Finally,
standardized group achievement test records were requested from the school for each
participant. This procedure was repeated several times over the course of a five-month period
during which all data were collected.

DNA samples—As previously stated, DNA samples were obtained using a buccal swab
technique. This is a very simple, noninvasive, and widely used procedure. The samples were
genotyped for APOE allele type using a polymerase chain reaction based method (Corder et
al., 1993).

Achievement tests—Results from the California Achievement Test, Sixth Edition (CTB/
McGraw-Hill, 2001) were requested from each participant’s respective school. For some
children the school did not have records on file; in these cases, copies of test results were
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requested from parents. The California Achievement Test, Sixth Edition (CAT-6) is a
standardized, multiple-choice, group achievement test that assesses basic skills in four broad
domains, including Language, Reading, Spelling, and Mathematics. The Language subtest
assesses skills related to vocabulary, grammar, usage, and literary analysis. The Reading
subtest assesses basic reading skills, and the Spelling subtest assesses basic spelling skills. The
Mathematics subtest assesses basic math skills, including computation and problem solving.
The CAT-6 has been used in previous neurocognitive research (Barbaresi et al., 2007; Esquivel
and Lopez, 1988); for example, it has been used to assess the effects of chronic antiepileptic
drug therapy on academic achievement (Tennison et al., 1998). Standardized Normal Curve
Equivalent (NCE) scores provided for each subtest of the CAT-6 were used in the current study.
NCE scores have a mean of 50 and a standard deviation of 21.06.

Visuospatial test—Standardized group achievement tests, including the CAT-6, are
generally considered to be verbally-loaded tests. Therefore, in addition to examination of
CAT-6 subtest scores, the Copy Condition of the Rey-Osterrieth Complex Figure Test (RCFT-
CC) was administered to each child in the group setting and scored using the Taylor Scoring
Criteria (Kolb and Whishaw, 1990; Waber and Holmes, 1985). The person who administered
and scored the RCFT-CC (C.S.B.) was blind to subjects’ APOE genotype. A z-score was
calculated for each child, which was then transformed to a NCE score in order to facilitate
direct comparisons with CAT-6 subtest scores. The RCFT-CC has been widely used to assess
visuospatial perception and construction in adults and children (Fischer and Loring, 2004).

Handedness—At the same time children completed the RCFT-CC, they were asked to report
their handedness for writing. Because a small number of children neglected to report their
handedness, their parents were contacted via email in order to obtain this information.

2.3 Statistical analyses
All statistical analyses were conducted using SPSS statistical software. RCFT-CC and CAT-6
subtest scores were found to be generally normally distributed and variances among the
genotype groups were observed to be roughly equal. Data were also screened for the presence
of extreme cases.

Univariate ANOVA was employed to examine differences in mean RCFT-CC and CAT-6
subtest scores as a function of APOE genotype and as a function of gender. ANOVA is robust,
even to moderate departures from homogeneity of variance (Box, 1954), which is noted given
that standard deviations for each of the genotype groups are unequal (see Table 2). Gender was
included in the analysis given that there are differential prevalence rates among boys and girls
with respect to a number of neurodevelopmental disorders that impact cognition and are
thought to have a genetic component (e.g., specific language impairment). In addition, there
is some evidence that the presence of the ε4 allele appears to confer a greater risk for cognitive
decline (Hyman et al., 1996) and AD (Farrer et al., 1997; Martinez et al., 1998; Payami et al.,
1996) on adult women relative to men. Significant main effects of APOE genotype group (i.e.,
differences between ε2-positive children versus ε3/3 homozygotes versus ε4-postive children)
were followed up by testing all pairwise comparisons utilizing Tukey’s HSD procedure. It
should be noted that in this case, where group sample sizes are unequal, requesting Tukey’s
HSD procedure in SPSS will actually produce the Tukey-Kramer test, which is based on the
harmonic mean and appropriate for unequal group sizes (Toothacker, 1993). Chi-square tests
were used to examine prevalence rates of left- and right-hand dominance for writing as a
function of APOE genotype, and differences in test scores as a function of handedness were
investigated using Mann-Whitney U tests. Given that investigation of these research questions
in a sample of school-aged children can be considered exploratory, an alpha level of 0.05 was
used in the interpretation of all results.
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2.4 Sample size and characteristics
A total of 196 school-aged children and adolescents were enrolled into the study. Of those, 177
participated in a lunchtime testing session, which included completion of the RCFT-CC and
buccal swab testing. APOE genotype results were obtained for 163 of these subjects. Four
female participants were excluded because each of them already had a sibling who was in the
study, and 8 children were excluded because they did not meet inclusion criteria. Also, because
the aim of this study was to assess the independent effects of the APOE-ε4 allele in the absence
of the potential confounding effects of the APOE-ε2 allele, a total of 4 ε2/4 heterozygotes were
excluded from the analyses. Thus, the study included a total of 147 subjects for whom basic
demographic data, APOE genotype, RCFT-CC, and handedness results were obtained.

In addition, there were 2 subjects (i.e., 1 ε3/3 homozygote and 1 ε3/4 heterozygote) for whom
RCFT-CC scores fell more than three standard deviations below the mean and were thus
considered to be outliers. These two cases were removed from all subsequent analyses of
RCFT-CC scores only. Further, because 13 subjects who otherwise met inclusion criteria either
had no group achievement test data available, or had group achievement test reports available
from a test other than the CAT-6 (e.g., the Stanford Achievement Test, Ninth Edition), the
study included a subset of 134 subjects for whom group achievement test data were available
and analyzed.

3. Results
3.1 Basic demographics

APOE allelic frequencies and other basic demographic data presented as a function of genotype
can be found in Table 1. The reader should note that the ε2-positive group consisted entirely
of subjects who were ε2/3 heterozygotes, while the ε4-positive group included all ε3/4
heterozygotes with the exception of one subject who was an ε4/4 homozygote. With respect
to the sample as a whole, ages ranged from 11.32 years to 16.84 years (M = 13.34, SD = 1.26),
and there was a total of 63 boys (42.9%) and 84 girls (57.1%). The breakdown of the sample
with regard to ethnicity was as follows: Asian, n = 10 (6.8%); African American, n = 9 (6.1%);
Caucasian, n = 97 (66.0%); Filipino, n = 6 (4.1%); Hispanic, n = 23 (15.6%); and Other, n =
2 (1.4%). Parental educational attainment was assessed via parent-report, and these data were
available for approximately 76.9% of the sample. Based on the information provided, years of
education were determined according to widely-accepted criteria (Heaton et al., 2004).
Maternal years of education ranged from 12 to 20 (M = 16.38, SD = 2.10), and paternal years
of education ranged from 10 to 20 (M = 16.22, SD = 2.45).

3.2 Handedness
With respect to the whole sample, there were a total of 17 children (11.6%) who identified
themselves as left-hand dominant for writing, which is slightly higher than adult population
estimates (i.e., studies generally estimate that 5 to 10 percent of adults are left-handed), but
consistent with previous estimates among children and adolescents, which suggest that 10 to
14 percent are left-handed (Annett, 2002; Briggs and Nebes, 1975). None of the children
identified themselves as ambidextrous for writing.

Analysis of prevalence rates of hand dominance for writing as a function of APOE genotype
revealed a significantly higher percentage of left-handedness among the ε2-positive children,
χ2(2) = 8.878, p = .012 (see Table 1). Specifically, 7 out of 24 subjects (29.2%) were left-
handed in the ε2-positive group, 8 out of 90 subjects were left-handed (8.9%) in the ε3/3 group,
and 2 out of 33 subjects were left-handed (6.1%) in the ε4-positive group (Figure 1). Because
of this observed difference in prevalence rates of left-hand dominance as a function of APOE
genotype and because there is evidence that cognitive test performance can be influenced by
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hand dominance (Gordon and Kravetz, 1991), separate follow-up analyses were conducted
comparing test performance as a function of APOE genotype for the right-handed children
only, and test performance as a function of handedness for the ε2-positive children only.

3.3 Cognitive test performance
Achievement test results—Analysis of CAT-6 scores failed to find a significant main
effect of genotype (Table 2) or gender, or a significant interaction between genotype and gender
with respect to any of the achievement subtests, including Reading, Math, Language, or
Spelling, which was contrary to predictions.

Visuospatial test results—Analysis of RCFT-CC scores, however, revealed a significant
main effect of genotype (F(2, 139) = 3.825, p = .024; ηp

2 = .052; Table 2), and Tukey HSD
post hoc tests found that ε2-positive subjects had significantly lower scores relative to both
ε3/3 homozygotes (p = .032) and ε4-positive subjects (p = .018; Figure 2). The extent to which
gender or the interaction between gender and genotype predicted RCFT-CC scores was also
examined, but neither effect was significant.

Cognitive test performance in left- versus right-handed subjects—Given the
relatively large proportion of left-handed children in the ε2-positive group (29.2%), as well as
the fact that differences in cognitive test performance as a function of handedness have been
demonstrated (e.g., Gordon and Kravetz, 1991), analysis of test performance was repeated after
excluding left-handed subjects. Consistent with results presented above, analysis of
achievement test scores failed to find any significant differences between the APOE genotype
groups (data not shown). Similarly, analysis of visuospatial test scores after excluding left-
handed subjects also showed findings consistent with those presented above. Specifically,
results with this smaller subset of children (i.e., n = 128) indicated a main effect of genotype
that approached significance (F(2, 122) = 2.607, p = .078; ηp

2 = .041). The potential influence
of hand dominance among the ε2-positive subjects was also explored (Table 3). However, as
shown, results of Mann-Whitney U tests failed to find any significant differences in test
performances between ε2-positive left- and right-handed children. Overall, follow-up analyses
to explore the influence of hand dominance on test performance among the genotype groups
showed minimal, if any, influence of this potential confound.

4. Discussion
The aim of the current study was to examine the extent to which APOE genotype influences
cognitive functioning in childhood by investigating cognitive test performance and hand
dominance in a sample of school-aged children and adolescents genotyped for APOE. Two
primary findings emerged from this study. First, a higher prevalence of left-hand dominance
for writing was observed among ε2-positive children (29.2%) relative to ε3/3 homozygotes
(8.9%) and ε4-positive children (6.1%). Second, significant group differences as a function of
APOE genotype were observed on a measure of visuospatial functioning (i.e., the RCFT-CC),
with ε2-positive children performing significantly worse on this measure relative to both ε3/3
homozygotes and ε4-positive children. However, despite these APOE genotype group
differences with respect to handedness and performance on the RCFT-CC, mean scores of all
the genotype groups on both the RCFT-CC and each of the CAT-6 achievement subtests were
within the average range. That is, at least with respect to the limited number and types of tests
used in the current study, APOE is not associated with impaired test performance (i.e., NCE
scores are greater than 1 standard deviation below average) for any of the genotype groups in
this sample of school-aged children. This is generally consistent with previous findings that
were restricted to general cognitive ability (e.g., Turic et al., 2001).
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The finding of an increased prevalence of left-hand dominance for writing among ε2-positive
children raises the possibility that the ε2 allele may influence or be associated with factors that
give rise to atypical hemispheric dominance. In an effort to investigate this finding further, we
examined prevalence rates of left-hand dominance among 650 elderly subjects identified from
a larger pool of subjects participating in longitudinal studies of aging at the University of
California, San Diego. Results from this sample of convenience showed small but statistically
significant differences as a function of APOE genotype (χ2(2) = 8.878, p = .012) with 6 out of
51 subjects (11.8%) either left-hand dominant or ambidextrous in the ε2-positive group versus
only 14 out of 293 subjects (4.8%) in the ε3/3 homozygote group and 16 out of 288 subjects
(5.6%) in the ε4-positive group (Bloss, 2007). These findings are also consistent with those
from previous studies that have reported a lower incidence of left-handedness compared to
population norms among individuals with AD (de Leon et al., 1986; Doody et al., 1999).

While there are some possible explanations for the association between APOE genotype and
hand dominance that are worth mentioning, at this juncture, these theories are quite speculative
and not particularly compelling or empirically grounded. For instance, given that handedness
is generally thought to be genetically determined (Annett, 2002), one possibility is that APOE
is in linkage disequilibrium (LD) with genetic variants that may have some role in regulating
brain asymmetry. Another possibility is that APOE itself could play a role with respect to the
development of this phenotype given known differences in structure between the different
APOE isoforms (Hatters et al., 2006), which have been shown to produce different functional
consequences that may impact neurodevelopment (Weisgraber et al., 1982). Another
interpretation of the association between the APOE-ε2 allele and left-hand dominance stems
from evidence that left-handedness can also result from early trauma (e.g., adverse pre- or
perinatal event), a concept known as “pathological left-handedness” (Satz, 1972). Somewhat
consistent with the findings of Becher and colleagues (2006), this scenario would suggest that
the ε2 allele would be associated with detrimental effects during the human pre- or perinatal
period. This explanation, however, is quite speculative given that it is not known whether some
proportion of children in the current study (e.g., the left-handed ε2-positive children) are
pathologically left-handed, given that family history of left-handedness was not assessed.
Overall, the role of APOE, if any, in regulating brain asymmetry, is likely subtle and involves
complex interactions involving other genes, neural connectivity, and plasticity (i.e., gene-gene
and gene-environment interactions).

These findings raise other questions and possibilities regarding the impact of APOE genotype
across the human lifespan. For instance, how should the current findings of decreased cognitive
test performance and increased prevalence of left-handedness among ε2-positive children be
interpreted within the context of evidence suggesting protective effects associated with this
allele during late life? Similarly, and consistent with our findings, other studies have found
evidence for protective effects of the ε4 allele during early life, which certainly runs counter
to very strong evidence of an association between APOE-ε4 and the development of AD later
in life. To explain these seemingly incongruent findings, it has been proposed that APOE may
be an example of a gene that exhibits antagonistic pleiotropy (Wright et al., 2003). This theory
posits that genes can have different effects at different developmental stages, and that natural
selection will favor genes conferring short-term benefits to an organism at the cost of
detrimental effects that may occur during the post-reproductive years (Albin, 1993; Finch and
Sapolsky, 1999; Williams, 1957). It may be that natural selection selects against the ε2 allele
during the perinatal and infancy periods of life in favor of the ε4 allele, which may confer
beneficial effects during this time. This early advantage would occur at the expense of negative
effects of APOE-ε4 in late life. Thus, with respect to the current findings, if only the strongest
or “fittest” ε2-positive children adapt well and survive their early years (i.e., the period during
which this genetic variant may be associated with detrimental effects), factors associated with
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this survival, such as increased brain and/or cognitive reserve, confer later advantages such as
relative protection from the onset of pathological aging (e.g., AD).

The current findings also suggest other theories with respect to the impact of APOE genotype
across the human lifespan. First, it is possible that an increased prevalence of left-handedness
in ε2-positive individuals may, more directly, contribute to the mechanism by which this allele
confers protection against the development of AD. That is, because cognitive abilities are more
widely distributed in the brains of some left-handed persons, these individuals may be less
susceptible to the onset of AD pathology and/or the clinical expression of AD. Second, an
association with left-handedness also suggests the notion that this genotype may serve as a risk
factor for certain disorders (e.g., developmental learning disorders, immune disorders) found
to be more prevalent in left-handed individuals (Geschwind and Behan, 1982). Third, an
association between the ε2 allele and risk for adverse event(s) during infancy or early childhood
could also theoretically contribute to its relatively low prevalence in the population, and
similarly, a net benefit during neurodevelopment may keep the ε4 allele relatively common.

Results of a recent study of cortical morphology in children and adolescents with different
APOE genotypes (Shaw et al., 2007) also have implications for the present findings. These
investigators found APOE-related differences in cortical thickness in left entorhinal regions
such that ε4-positive children had the thinnest cortex, ε2-positive children the thickest, and
with ε3/3 homozygotes occupying an intermediate position (Shaw et al., 2007). Importantly,
these authors concluded that the thinner cortex in ε4-positive children could represent a neural
endophenotype that renders carriers more susceptible to neurodegenerative changes later in
life, and that the thicker cortex in ε2-positive children may contribute to the so-called protective
effects observed in adults with this variant. While a very plausible interpretation with respect
to the late-life effects of this observed difference, it is also possible that there are immediate
consequences (i.e., in childhood) of these region-specific differences in cortical thickness,
including the possibility that the increased thickness associated with the ε2 allele may actually
be detrimental during neurodevelopment. Evidence in support of this stems from studies of
typically developing children that have found thicker cortex to be associated with decreased
performance on tests of verbal learning and verbal intellectual functioning (Sowell et al.,
2001; Sowell et al., 2004), and another more recent study (i.e., also with typically developing
children) that found thicker cortex in large areas of the frontal, parietal, and temporal lobes to
be associated with worse performance on the copy condition of the Rey Complex Figure test
(Sowell et al., 2008), which was the same measure used in the current study. Thus, the finding
of thicker cortex in ε2-positive children and adolescents could be quite consistent with the
current findings, as well as the idea that APOE is an example of antagonistic pleiotropy. This
idea is further supported by another recent study that found an association between better
episodic memory performance and more efficient use of neural resources during functional
neuroimaging among young adults with the APOE-ε4 allele (Mondadori et al., 2007).

Certainly, the results from the present study are considered exploratory and require validation
in future studies, particularly given the following limitations. First, although this was not a
significantly underpowered study, statistical power was not optimal for detecting the small
effect sizes observed; for example, the main effect of APOE genotype group on RCFT-CC
scores was small (ηp

2 = .052), also raising the issue of clinical versus statistical significance.
In addition, some characteristics of the sampling method (e.g., the majority of parents who
were contacted regarding the study elected not to participate), could have biased the sample in
some way. Another limitation is that the method used to assess handedness (i.e., child- or
parent-report) was not ideal (i.e., the use of a thorough and standardized assessment of
handedness would have been preferable), and handedness was only assessed for writing.
Finally, to some extent the test measures used in this study represent tests of convenience (e.g.,
existing group achievement test data). In light of the fact that significant APOE genotype group
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differences emerged, individual administration of a comprehensive test battery that assessed a
greater number of cognitive domains may have been more sensitive to other subtle differences
in cognitive functioning between the genotype groups.

In conclusion, results of the current study failed to find lower mean test performance among
ε4-positive children relative to ε2-positive children, as generally predicted. However, APOE
genotype group differences emerged in the opposite direction, which was not entirely
unexpected, and in fact suggest that the ε2-allele may be a risk factor for both lower cognitive
test performance in childhood, as well as left-handedness. These findings are generally
consistent with a small number of developmental studies suggesting that the presence of the
ε4 allele may be beneficial early in life, and that alternatively, possession of one or more ε2
alleles may be detrimental during this phase. If it is the case that the ε2 allele is associated with
poorer cognitive functioning in childhood, additional studies are needed to determine the nature
and extent of this association. For example, the current study suggests that only certain
cognitive domains are affected (i.e., no APOE genotype group differences were observed on
verbally loaded tests of achievement). In addition, longitudinal cognitive assessment would be
needed to determine at what age a “switch” may occur and the protective effects of APOE-ε2
coupled with the deleterious effects of APOE-ε4 may emerge.
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Figure 1. APOE Genotype and Left-Hand Dominance in School-Aged Children
Depiction of the percentage of school-aged children within each APOE genotype group who
self-report left-hand dominance for writing.
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Figure 2. APOE Genotype and Visuospatial Functioning in School-Aged Children
Depiction of mean RCFT-CC scores as a function of APOE genotype among a sample of
school-aged children. Error bars represent 95% confidence interval.
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Table 1

Basic Demographic Information by Genotype

ε2+ ε3/3 ε4+

n = 24 n = 90 n = 33 p

Allele Frequency 0.163 0.612 0.224 n/a

Age at Exama 13.54 (1.08) 13.28 (1.30) 13.34 (1.32) .665b

Male/Female 13/11 35/55 15/18 .382c

Ethnicity .185c

    Asian 1 8 1

    African American 2 2 5

    Caucasian 17 60 20

    Filipino 2 4 0

    Hispanic 2 14 7

    Other 0 2 0

Handedness (R/L) 17/7 82/8 31/2 .012*c

Parent Education in Yearsa

    Motherd 16.65 (1.93) 16.28 (2.15) 16.46 (2.17) .769b

    Fathere 16.75 (2.34) 16.07 (2.44) 16.21 (2.60) .559b

a
Data are presented as mean (standard deviation).

b
One-way ANOVA used to test group differences.

c
Chi-square used to test group differences.

d
Based on n = 113.

e
Based on n = 112.
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Table 2

Mean Cognitive and Achievement Test Performance by APOE Genotype

Test ε2+ ε3/3 ε4+ pc

RCFT-CCa 45.32 (16.19) 52.58 (12.32) 54.56 (8.74) .024*

Mathb 67.67 (17.78) 62.86 (20.15) 61.43 (19.48) .536

Languageb 70.86 (16.46) 66.02 (21.80) 64.79 (19.71) .574

Readingb 69.62 (18.31) 65.86 (19.88) 65.25 (15.06) .727

Spellingb 66.52 (15.60) 63.19 (19.11) 64.96 (24.95) .692

a
Based on n = 145; data presented as mean (standard deviation).

b
Based on n = 134; data presented as mean (standard deviation).

c
Represents main effect of APOE genotype.
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Table 3

Mean Cognitive Test Performance in Right- Versus Left-Handed ε2-positive Children

ε2+

Test Right Left pc

RCFT-CCa 46.33 (16.69) 42.87 (15.88) .567

Mathb 64.27 (16.73) 76.17 (18.97) .170

Languageb 73.07 (16.49) 65.33 (16.46) .310

Readingb 66.33 (17.56) 77.83 (19.07) .242

Spellingb 67.40 (16.56) 64.33 (14.02) .724

a
Based on n = 17 right-handed children and n = 7 left-handed children; data presented as mean (standard deviation).

b
Based on n = 15 right-handed children and n = 6 left-handed children; data presented as mean (standard deviation).

c
Mann-Whitney U tests used test differences between right- and left-handed subjects.
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