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Abstract
Epilepsy is associated with academic and neurocognitive disorders, with the latter often assumed
to explain the former. We examined utilization of special education services (SpES) in relation to
neurocognitive test scores in a case-matched sibling control study. In a follow-up assessment 8–9
years after entry into a prospective study of childhood-onset epilepsy, cases and siblings partook
in an interview and standardized neurocognitive testing. Analyses included 142 pairs in which
both had FSIQ≥80 and the case had normal exam and imaging. 64 (45%) of cases and 25 (17.6%)
of controls reported SpES utilization, matched odds ratio (mOR)=5.3 (p<0.0001). Adjustment for
neurocognitive test scores resulted in a mOR=4.58 (p<0.0001). Types and duration of services
were similar in cases and controls. 24% of school-aged cases were already receiving services at
the time of initial epilepsy diagnosis. Young people with epilepsy have academic difficulties that
are not simply explained by cognitive test scores.
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Introduction
Young people and adults with epilepsy have repeatedly been shown to be at increased risk of
having a variety of cognitive difficulties. This is true even in individuals who do not have an
intellectual disability per se and who have otherwise normal neurological status [1–4].
Further, these difficulties appear to be present right from the start and likely pre-date the
onset of seizures. Children with epilepsy also have increased utilization of special education
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services [1, 2, 5]. It is easy to assume that relative cognitive impairments as indicated by
standardized research batteries account for the differences in educational difficulties
between children with epilepsy and appropriate controls.

Previously, we reported on the high proportion of children with epilepsy who had ever
received special education or related services [5]. Here we examine the relationship between
cognitive test scores and special education utilization within the context of a prospectively
followed cohort, some members of which participated in standardized neurocognitive
testing, with matched sibling controls who had been evaluated with the same neurocognitive
battery.

Methods
The Connecticut Study of Epilepsy is a prospective, community-based cohort of young
people recruited when first diagnosed with epilepsy within the state of Connecticut during
1993–1997. Eligible children were 1 month up through 15 years of age at the time of their
initial onset of epilepsy. Their parents were interviewed and the families were contacted
every 3–4 months to ascertain seizure occurrence. Medical records were reviewed at initial
study entry and, with appropriate permissions, periodically during follow-up. Information
about the underlying cause, imaging findings, the electroclinical syndrome, and other
diagnostic testing was reviewed and the characterization of the epilepsy updated as
necessary [6].

In 2002–2006, a comprehensive reassessment protocol was offered to cohort members. It
included a questionnaire providing a detailed history of each child’s cumulative utilization
of special education services and school placement. Respondents were asked about the
agencies providing services, the specific types of services received, the age at which each
service began, and whether the child was still receiving that service or the age at which the
service ended. In addition, each child was offered a standardized neurocognitive assessment
[7] and a research MRI. Determination of whether brain structure was normal or not was
based on the best imaging information available as previously described [8]. Individuals
could choose to participate at different levels in the assessment protocol. Minimum
participation consisted of completing the interview only. More intense participation involved
neurocognitive testing, and complete participation involved the preceding and a research
MRI scan.

When available, a sibling control was recruited for matched comparisons with the cases,
with the goal being to recruit a sibling who was as close as possible to the case’s age. The
same questionnaires and neurocognitive testing procedures were used with the control.

For most of the analyses presented below, the analytic sample was limited to matched case-
sibling control pairs in which the case did not have an underlying structural or metabolic
condition as the cause of the epilepsy and also did not have a history of a syndrome
characterized as an “epileptic encephalopathy” (e.g. West, or MAE) [9] (“complicated
epilepsy”). In addition, both the case and control had participated in the neurocognitive
assessment and had received full scale IQ (FSIQ) scores of ≥80.

All analyses were performed in SAS (SAS, 9.2). Common techniques for simple bivariate
unmatched and matched comparisons were used to compare means (t-tests and paired t-
tests) and frequencies (chi-squares and McNemar’s chi-square). Multivariable analysis was
performed with conditional logistic regression to determine the independent correlates of the
use of special education services while taking into account the matching between siblings
[10].
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All procedures used in this study were approved by the IRBs of the involved institutions and
conformed with the intent of the Declaration of Helsinki and current applicable laws.
Parents initially provided informed permission and children oral or written informed assent
when possible depending on age and ability. When study subjects attained the age of
majority, they were invited to participate as adults and, if they agreed, provided written
informed consent. For controls, either written permission and informed assent or informed
consent was obtained depending on age.

Results
Of the original 613 cohort members, 502 participated in at least the assessment interview,
although one was subsequently excluded for confidential reasons. Of the remaining 501 who
participated in the 9-year interview, 296 (59.1%) had received special education or related
services (excluding gifted programs) and 105 (21.0%) had been retained in school.
Consistent with a previous report on the entire cohort, 122 (24.4%) of participants who
participated in the 9-year interview were considered to have some degree of cognitive deficit
(full scale IQ (FSIQ) <80), if not frank intellectual disability [11]. All but 2 of 122 (98%)
participants with measured or estimated FSIQ<80 had also received special services versus
176 of 379 (46.4%) of those with FSIQ≥80 (p<0.0001). Similarly, 46 (37.7%) of those with
FSIQ<80 were retained in school (the denominator included severely impaired children who
would not have been in graded programs and for whom the issue of retention would have
been irrelevant) versus 59 (15.6%) of those with FSIQ≥80.

All further analyses were limited to cohort members who participated in neurocognitive
testing as part of the assessment, whose FSIQ was measured as being ≥80, who had no
known structural brain abnormalities or other conditions responsible for their epilepsy, and
who also had a sibling control who underwent the same battery of testing (N=142 matched
pairs). This is the same sample described previously [7] with the exclusion of one participant
(with a control) as mentioned above (Figure 1).

In the 142 matched pairs, 50% of cases and 42% of controls were male (p=0.17). At the time
of participation in the interview and testing protocol, cases were on average 15.1 (SD=3.9)
years old and controls were 15.6 (SD=5.2) years old (p=0.33).

Use of any special education or related services was reported in 64 (45.1%) of cases and 25
(17.6%) of controls (matched Odds Ratio (mOR)=5.3, 95% CI, 2.6, 10.9, p<0.0001). Being
held back a year in school was reported in 23 (16.2%) of cases and 11 (8.5%) of controls
(mOR=3.0, 95% CI, 1.2, 7.6, p=0.02). Of cases who had been held back, 20/23 (87%)
received special services in contrast to 4/11 (36%) of controls who had been held back
(p=0.003). Academic concerns were mentioned more often in cases who were held back
than in controls (65% cases and 27% controls, p=0.04). This suggests that the reasons for
academic retention may have been different for cases and controls, and that retention is not
necessarily a direct marker of academic difficulties, especially in controls.

In cases and controls who reported receiving services, the mean age at onset of services was
very similar (7.1y for cases and 6.8y for controls, p=0.76) and corresponds to the age at
which academic difficulties tend to be noticed. The mean duration of services was also
similar in the two groups (5.4y for cases and 4.8y for controls, p=0.42). Cases who reported
receiving services were somewhat more likely still to be receiving services at the time of the
interview than controls (57.8% vs. 36.0% p= 0.06). In cases and controls who received
services, the proportions receiving specific types of services were comparable in the two
groups (Table 1).
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We considered initiation of services with respect to the case’s age at diagnosis of epilepsy.
For controls, the case-sibling’s age at diagnosis was used as the referent age. Services were
initiated in 26 (18.3%) cases prior to the diagnosis of epilepsy and in 12 (8.5%) of controls
prior to the age at which their sibling was diagnosed with epilepsy (p=0.02). Of cases who
were school-aged (≥6 years) at time of diagnosis, 20/82 (24%) were already receiving
services when first diagnosed versus 6/60 (10%) of those who were younger (p=0.05). In
controls, these figures were 7% (for <6 years) and 8% (for ≥ 6 years).

Multivariable analysis
In a conditional logistic regression analysis for matched pair data, we considered whether
the association between special education services and case-control status might be
explained partially or entirely by gender, overall IQ, and individual IQ subscale factor
indices (verbal comprehension, perceptual organization, processing speed, and freedom
from distractibility/working memory).

Processing speed was the only one of these variables to be significantly and independently
associated with case-control status. Adjustment for processing speed, however, resulted in
only a small reduction of the matched odds ratio for special services (mOR= 4.58, 95% CI,
2.22, 9.47, p<0.0001). Other factors were not significantly associated with case-control
status in this model.

To explore the multivariable results further, we stratified cases and controls first according
to 10-point FSIQ intervals (80–89, 90–99, 100– 109, 110–119, >=120) and separately by 10-
point intervals for the processing speed index which had been found to differ significantly
between the groups. For processing speed, a category for <80 was necessary. Within the
case and control groups separately, the proportion who reported special services was
strongly and inversely correlated with IQ and with processing speed levels. At each score
level, however, cases were more likely to have received services than controls (Tables 2&3
or Figure 2).

To explore whether there was evidence of specific effects for specific subtypes of epilepsy,
we examined case-control differences for Wechsler index scores, receipt of special services,
and academic retention by subtypes of epilepsy (Table 4). The findings suggested that
BECTS might be associated with a lesser impact on educational and cognitive difficulties
than the other forms of epilepsy, although a small effect remained for processing speed.
Aside from that, the other three epilepsy groups appeared associated with similar
disadvantage relative to their sibling controls.

The remission status of cases did not influence the association between case-control status
and use of services. The matched odds ratios were 5.8 (95% CI=2.25, 15.0, p=0.0003) if the
case was in five-year remission and 4.8 (95% CI=1.62, 14.0, p=0.005) if not.

Mean cognitive scores were very similar in cases and controls who reported never having
received special education services (all p-values >0.20, Table 5). They were also similar in
cases and controls who reported receipt of such services (all p-values >0.30). Within cases,
receipt of services was associated with significantly lower cognitive scores (p<0.001) on all
Wechsler indices except for perceptual organization (p=0.07). Within the control group,
receipt of services was similarly associated with lower cognitive scores (all p<0.03).

Discussion
In this group of young people with epilepsy and normal overall intellectual function, we
found a high cumulative level of special education service utilization in comparison to
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matched sibling controls. Basic measures of cognitive function did not explain this rather
large difference in receipt of services between the groups.

In a previous analysis from this cohort, we reported a high proportion of children who ever
received services prior to and up through 5 years after diagnosis [5]. At the time, we had no
controls, only overall statistics for the entire state of Connecticut. In addition, we did not
have detailed information about levels of cognitive function, just what could be surmised
from the neurological record. In the present report, we now have sibling controls and a
standardized cognitive assessment performed in both cases and sibling-controls. The sibling
control group allows for relatively tight control for family environment (which others have
noticed to play a role in academic performance [2]), school system, and even specific school
and staff. The standardized cognitive assessment allows a reasonably high degree of
certainty regarding the children’s level of cognitive function.

Other studies have demonstrated that a large proportion of children receive services prior to
their diagnosis of epilepsy [1, 2]. Those studies focused on children who were already
school-aged when they first were diagnosed with epilepsy. They also limited analyses to
children with a measured FSIQ of ≥70 [3] or specified that participants had to be developing
normally and have no underlying brain condition as an explanation for their epilepsy [1, 2].
We chose a FSIQ of ≥80 as cutoff because the 70–79 range is generally considered to
indicate “borderline” intellectual disability. Our study also included children with epilepsy
of onset down to one month of age. In fact, our figures for school-aged children were only
slightly lower than those reported by others [1] despite having limited our sample to children
with measured IQ of at least 80. When we included those with lower IQ but who did not
meet criteria for intellectual disability [7], and considered only children who were of school
age at the time of initial diagnosis, then the proportion of children in our study who were
already receiving services at the time they were diagnosed with epilepsy rose slightly to
29%.

Oostrom [2], Austin [12], Hermann [1], all did systematic testing in their cohorts and found
children with epilepsy more likely to have cognitive difficulties from the outset. As with our
results, however, it was unclear whether their neurocognitive test results explained the
schools’ perceptions of the children’s academic needs and the administrative decision to
provide special services.

Hermann et al. [13] reported that, in case-children who did not receive special services,
cognitive test results were indistinguishable from those of controls without academic
problems. Our findings are quite similar in that respect. Hermann et al. did not include
controls with academic problems, so further comparisons with our findings in that particular
subgroup cannot be made; however, in our study, we found no difference in cognitive test
scores for cases and controls who did receive special services. This result is difficult to
reconcile with the findings that cases were more likely controls to receive services even after
adjustment for test scores. It suggests that other unmeasured factors may be playing a role
such as neurocognitive domains that were not reflected in our particular cognitive battery.
For example, the language disorders typically seen in BECTS [14] would likely not be
detected on the types of tests we used. Further, other investigators have evaluated cognitive
processing index domains much more extensively than we have. Several studies have
suggested that executive functions and attention skills are particularly vulnerable in children
as well as adults with epilepsy [1, 3, 4]. Our battery did not sample these domains as
thoroughly as did other studies, and one could argue that we simply did not measure what
was important. It is unlikely, however, that this is entirely the case as we did, in fact, sample
these domains to some extent. Further, although cognitive domains are often discussed as
though they are as distinct from each other, they are still inter-correlated, and we would
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expect that our measures would still be somewhat sensitive to variation in those areas
although perhaps not adequately to detect differences that are significant but subtle.

Alternatively, it is possible that services are more likely to be provided to a child who carries
the diagnosis of epilepsy. This might be because such children are seen as more vulnerable
by parents or educators, and that fact lowers the threshold for providing services. While this
may have occurred to a certain degree, it would not explain why in our study and in every
other study that has examined the issue, a larger proportion of children with epilepsy than
controls were already receiving services at the time of their diagnosis of epilepsy.

It is helpful to consider the general relationship between formal cognitive test results and
participation in special education services. There has been longstanding controversy about
the utility of psychometric approaches to determining academic need, with criticism
extending back nearly three decades [15]. In fact, studies questioning the validity of
discrepancy-based definitions of learning disabilities [16] [17] ultimately contributed to a
reformulation of federal criteria for special education participation in IDEA 2004 [18]. In
light of this literature, it is reasonable to posit that factors unrelated to the ability to complete
psychometric tasks are important in determining special education participation. For
example, Fastenau et al [19] found that other factors, specifically family mastery, moderate
the relationship between neurocognitive functioning and academic achievement in childhood
epilepsy. Recent research in non-epilepsy populations also suggests that personality factors
such as self discipline[20] and motivation [21] may be operative as well. Whether such
factors actually differ between young people with and without epilepsy is not known.

In interpreting the higher likelihood of being in special education for cases relative to
controls after adjustment for cognitive scores, we must consider whether any cognitive
impairment associated with epilepsy might have been greater at onset but lessened (at least
to some degree) later once the epilepsy had largely resolved. This explanation would be hard
to reconcile with the findings from studies that have followed patients over time and
documented the decreases or stability in cognitive test performance. For example, one study
showed that, over the course of two years, children with epilepsy had cognitive trajectories
that were essentially the same as controls [13]. Oostrom et al [22] also found no evidence
that children with epilepsy had trajectories that differed from control children over
approximately 3.5 years. In newly diagnosed adults, statistically significant declines were
observed over the course of a year for certain domains of cognitive function (memory,
psychomotor speed, and higher executive function) compared to controls [4]. Finally,
Hermann et al (2006) documented substantial declines in similar domains over the course of
four years in adults with chronic temporal lobe epilepsy compared to controls [23], although
this last study focused on a more severe and selected group than the group we studied. No
studies, however, suggest that cognitive scores substantially improve over time. Thus, there
is reason to believe that scores could decline but not to suspect that they would increase,
which makes it difficult to argue that the neurocognitive function measured some years later,
after the onset of epilepsy, would be substantially higher than it was at onset. Specifically, in
our group who received services, we do not believe that their scores were actually lower at
the beginning of their epilepsy and have risen since. At the same time, we are unaware of
any studies that have actually measured cognitive function in patients at onset and then
again 8–9 years later once epilepsy has resolved in many or been fully controlled for years.

Sogawa et al (2010) considered neurocognitive testing in a cohort of children followed years
after a first unprovoked seizure [24]. Although by design, they included children who, at the
time of presentation, had only had a single seizure and consequently excluded specific forms
of epilepsy that virtually never present as a single seizure (e.g. absence epilepsies), their
findings and ours are quite similar. Overall, they found few, if any, discrepancies in
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cognitive scores between cases and controls, yet their cases were much more likely to have
ever received special services. While it remains to be seen what the long-term impact of
school difficulties - as we have measured them -might be, one hoped for outcome is that
early problems may have been appropriately identified and managed and therefore may not
result in substantial disadvantage later in life. In fact, that is the goal of early detection and
intervention. The persistent low neurocognitive test scores years later in those who received
special services raise concerns that the cognitive co-morbidities of childhood epilepsy may
be enduring, although this appears to be true in both cases and controls.

Whether children with school difficulties always receive services needed to address such
difficulties is, in part, a function of jurisdiction. Results from our studies and those of others
certainly highlight the potential need for careful evaluation in young people with epilepsy.
Because there does not appear to be any single cognitive domain that is selectively affected,
testing should encompass a broad range of cognitive abilities and likely also behavioral and
emotional problems as well.
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Highlights

1. Children of normal intellect with epilepsy receive special education services
more often than siblings.

2. Differences in receipt of services remain after adjustment for cognitive scores.

3. Services are often initiated before epilepsy is diagnosed.

4. Other factors are likely responsible and require more in-depth characterization.
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Figure 1.
Derivation of the analyzed sample:

Berg et al. Page 10

Epilepsy Behav. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Receipt of services in cases and controls as a function of 10-point intervals for overall IQ
and for processing speed.
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Table 1

Types of special education services received by those cases and controls reporting any services.

Type of services Cases (N=64) Control (N=25) *

Occupational therapy 13 (20.3%) 4 (16.0%)

Physical therapy 10 (15.6%) 4 (16.0%)

Speech therapy 24 (37.5%) 10 (40.0%)

Individual aide 11 (17.2%) 2 (8.0%)

Resource Room 41 (64.1%) 16 (64.0%)

Special classes 18 (28.1%) 10 (40.0%)

Psychological counseling 21 (32.8%) 4 (16.0%)

Pre-K intervention 13 (20.3%) 6 (24.0%)

Other services through special education 15 (23.4%) 5 (20.0%)

Services through birth-to-3 or Easter Seals 4 (6.3%) 1 (4.0%)

Multiple types of services 44 (68.8%) 15 (60.0%)

*
No difference approached statistical significance. The smallest p-value was for psychological counseling services, p=0.11.
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Table 2

Services by IQ level in cases and in controls

Cases Controls

IQ N N (%) w/services N N (%) w/services

80–89 20 16 (80.0%) 10 3 (30.0%)

90–99 39 23 (59.0%) 28 9 (32.1%)

100–109 31 13 (41.9%) 51 11 (21.6%)

110–119 31 7 (22.6%) 24 1 (4.2%)

≥120 21 5 (23.8%) 29 1 (3.5%)

P<0.0001 (trend) P<0.0001 (trend)
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Table 3

Services by Processing Speed Index level in cases and in controls

Cases Controls

Processing Speed N N (%) w/services N N (%) w/services

<80 14 12 (85.7%) 1 0

80–89 25 17 (68.0%) 22 7 (31.8%)

90–99 39 13 (33.3%) 34 8 (23.5%)

100–109 25 10 (40.0%) 34 6 (17.7%)

110–119 31 9 (34.6%) 32 4 (12.5%)

≥120 13 3 (23.1%) 19 0

P<0.0001 (trend) P<0.0001 (trend)
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Table 4

Case-Control means Wechsler scores differences and matched odds ratios by type of epilepsy

BECTS (N=20) NSE-UNK (N=70) GGE (N=40) Other (N=12)

FSIQ 0.4 −2.8 −3.4 −9.4**

Verbal Comprehension 2.7 −2.0 −2.5 −11.0**

Perceptual Organization 1.3 0.8 −1.7 −4.8

Freedom from Distractibility 3.6 −1.1 −4.9* −9.3

Processing speed −2.8 −6.8*** −4.0 −6.1

Special Education services 2.0 (0.5, 8.0) P=0.31 8.3 (2.5, 27.6) P<0.0001 6.5 (1.5, 28.8) P=0.003 4.0 (0.4, 35.8) P=0.17

Academic retention 0.3 (0.1, 3.2) P=0.30 6.0 (1.3, 26.8) P=0.02 8/0 2.0 (0.2, 22.1) P=0.56

BECTS=Benign Epilepsy with Central-Temporal Spikes

NSE-UNK=nonsyndromic epilepsy of unknown cause

GGE=genetic generalized epilepsies

FSIQ=full scale intelligence quotient

Most score differences were not statistically significant. For those that approached significance or were:

*
p<0.1

**
P,0.05

***
P<0.01
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Table 5

All cognitive scores in cases and controls as a function of receipt of special services

Cases, − services N=78
a,c

Controls, − services
N=117 a,d

Cases, + services N=64
b,c

Controls, + services,
N=25 b,d

FSIQ 109.3 (12.5) 109.0 (12.7) 98.4 (13.3) 100.0 (8.7)

Verbal comprehension 112.8 (15.0) 111.7 (15.4) 102.6 (13.7) 104.5 (11.4)

Perceptual organization 108.4 (14.6) 107.9 (14.4) 103.6 (14.1) 101.1 (13.0)

Processing speed 103.8 (13.1) 106.2 (13.7) 93.7 (15.9) 97.3 (10.7)

Freedom from distractability 107.6 (12.9) 105.4 (13.1) 94.8 (13.9) 97.3 (10.5)

WRAT-READING 107.8 (10.0) 106.8 (9.7) 97.7 (13.9) 100.6 (8.6)

WRAT-spelling 107.8 (9.5) 107.2 (10.0) 96.8 (14.5) 100.1 (11.0)

WRAT-arithmetic 10.7 (19.7) 102.3 (13.2) 92.6 (14.2) 94.0 (11.9)

CVLT-list 55.4 (10.0) 54.4 (11.5) 49.2 (11.2) 49.6 (9.3)

CVLT-short 0.37 (0.86) 0.21 (1.01) −0.24 (1.05) 0.04 (0.84)

CVLT-long 0.36 (0.91) 0.31 (0.92) −0.16 (1.01) 0.08 (0.86)

CPT-omissions 47.6 (11.9) 48.3 (9.9) 52.4 (18.6) 47.5 (5.9)

CPT-comissions 48.8 (12.2) 49.5 (10.8) 52.7 (11.1) 49.2 (15.3)

CPT-reaction time 45.5 (10.4) 46.3 (10.8) 48.5 (10.5) 47.7 (11.4)

DigitSym/coding 11.6 (2.5) 11.6 (2.7) 9.8 (2.6) 10.0 (2.1)

a
Comparisons of cases and controls both without services. No difference was statistically significant, smallest p-value>0.2

b
Comparisons cases and controls both with services. No difference was statistically significant, smallest p-value=0.07 for CPT omissions. The next

smallest was >0.20

c
Comparisons of cases with and without services. Most P-values <0.001. Perceptual organization, and all three CPT scores were of borderline

significance only (0.05<p<0.10)

d
Comparisons of controls with and without services. FSIQ (p<0.0001), processing speed FREEDOM, digit-symbol, WRAT-A WRAT-B, WRATC

(P<0.01) vcomp&porg (p<0.05), CVLTlist (p=0.05), Other CVLT and CPT scores not statistically significant (p>0.05)

FISQ=full scale intelligence quotient

WRAT=Wide Range Achievement Test

CVLT=California Verbal Learning Test

CPT=Continuous Performance Test

DigitSym/Coding = score from digit symbol or coding subtest of the Wechsler intelligence test
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