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Abstract In adults, multiple sclerosis (MS) is associated with
executive dysfunction, anxiety, depression, fatigue, and
lowered quality of life. Similar problems may occur in pediat-
ric MS, but the relationships between these variables have not
yet been investigated. This study examined the associations
among some of the most salient cognitive (executive function-
ing), psychological (anxiety, depression), and psychosocial (fa-
tigue, quality of life, externalizing symptoms) factors affecting
children with MS. Sixty-five patients with MS ages 6 to 18
were evaluated through the UCSF Regional Pediatric Multiple
Sclerosis Center. Participants completed a neuropsychological
assessment battery including the Verbal Fluency Test and Trail
Making Test. Parents and children also completed rating forms
assessing emotional functioning, fatigue, quality of life, and
executive functioning. After controlling for significant demo-
graphic variables, higher levels of anxiety and depressive
symptoms were associated with executive dysfunction on test-
ing and self-report. In addition, higher reported executive dys-
function was associated with psychosocial difficulties, includ-
ing higher levels of fatigue, worse quality of life, and more
severe externalizing symptoms. The present study furthers
our knowledge of the psychological and psychosocial factors
associated with neurocognitive outcomes in pediatric MS.
Recognition of these variables can inform medical and psycho-
logical treatment, as well as interventions in the home and
community, to maximize a positive developmental trajectory.
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Multiple sclerosis (MS) is an autoimmune disease of the cen-
tral nervous system characterized by episodes of inflammatory
demyelination and gray matter atrophy (Compston and Coles
2002; Geurts and Barkhof 2008). The vast majority of MS
cases occur in adulthood, but approximately 3—5% begin in
childhood or adolescence. Approximately one-third of pediat-
ric patients with MS experience cognitive impairment, which
can occur even in the early stages of the disease (Amato et al.
2008; Ghezzi etal. 2010; Goretti et al. 2012; Julian et al. 2012;
MacAllister et al. 2005). Similar to adults, children with MS
have deficits in processing speed, complex attention, visual-
motor integration, memory, executive functioning, and verbal
fluency (Amato et al. 2008; Banwell and Anderson 2005;
Banwell et al. 2007; Julian et al. 2012; MacAllister et al.
2005, 2007a). Some longitudinal studies of pediatric MS have
found declines in cognitive performance over time
(MacAllister et al. 2007b; Marin et al. 2012; Till et al.
2013), while others have revealed generally stable cognitive
performance (Charvet et al. 2014).

Executive function abilities include attentional control,
working memory, mental flexibility, planning, and goal-
directed behavior (Delis et al. 2001) and have been found to
be associated with activity of complex neural networks among
the frontal lobe, parictal lobe, and subcortical structures
(Alvarez and Emory 2006; Suchy 2009). Due to the diffuse
nature of the neural networks underlying executive functions,
they are particularly vulnerable to disruption from disease
processes (Casey et al. 2005). In addition, as myelination pro-
gresses in a caudal-to-rostral pattern in neurodevelopment, the
frontal systems involved in executive functions are among the
last to myelinate in normal development (MacAllister et al.


http://orcid.org/0000-0002-1725-0765
http://crossmark.crossref.org/dialog/?doi=10.1007/s40817-017-0033-4&domain=pdf

J Pediatr Neuropsychol (2017) 3:206-217

207

2013; Rademacher etal. 1999). Thus, in addition to disrupting
established brain networks, the MS disease process in
children may have a particularly significant influence on
the acquisition of neural circuits involved in executive
functions.

Although the rates of executive dysfunction in the pediatric
MS population vary widely, parent reports suggest that 19-50%
of patients with MS evidence difficulty in one or more aspects
of executive functioning (Holland et al. 2012; MacAllister
2010; Till et al. 2012a, b). On neuropsychological testing, chil-
dren with MS have demonstrated impairment on a number of
measures tapping executive functioning (Amato et al. 2008;
Banwell and Anderson 2005; Blaschek et al. 2012; Charvet
et al. 2014; MacAllister et al. 2005). Charvet et al. (2014) found
that Forward and Backward Digit Span, a measure of attention
and working memory, are among the most commonly impaired
measures in pediatric MS (measured using the Wechsler
Intelligence Scale for Children, 4th Edition [Wechsler 2004]
or the Wechsler Adult Intelligence Scale, 4th Edition
[Wechsler 2008] depending on subject age). Complex attention,
or rapidly shifting attention between competing stimuli
(measured by the Trail Making Test Part B; Reitan 1969), has
shown the most pronounced decline over time (Marin et al.
2012). Impairments on the Modified Card Sorting Test
(Nelson 1976), which measures set-shifting or mental flexibil-
ity, have also been reported in pediatric MS (Amato et al. 2008).
In addition, children with MS have demonstrated impairments
in self-generated organizational strategies as measured by the
Rey-Osterrieth Complex Figure Copy (Banwell and Anderson
2005; Osterrieth 1944). Impairments in executive functioning
impact multiple aspects of behavior and cognitive functioning,
and they can limit an individual’s capacity for independence
and social relationships (Jurado and Rosselli 2007).

In addition to its cognitive impact, pediatric MS influences
psychological and psychosocial factors such as depression,
anxiety, level of fatigue, quality of life, and behavior problems
(Amato et al., 2008; MacAllister et al., 2005, 2009; Mowry et
al., 2010; Till et al., 2012b). The prevalence of psychiatric
disorders in childhood MS varies widely, with 30-60% of
patients meeting criteria for mood disorder, anxiety disorder,
attention deficit hyperactivity disorder (ADHD), or adjust-
ment disorder (Amato et al. 2008; Boyd and MacMillan
2005; Goretti et al. 2010; MacAllister et al. 2005; Suppiej
and Cainelli 2014; Thannhauser 2009; Weisbrot et al. 2014).
Because onset of pediatric MS often occurs during the forma-
tive years of development in adolescence, it has the potential
to change the trajectory of psychosocial development in fun-
damentally different ways from adults. Among patients with
adult-onset MS, the psychosocial effects of the disease are
thought to be related to the psychological factors associated
with having a chronic illness, as well as the direct impact of
the disease on fully developed brain networks responsible for
emotional and behavioral regulation (Till et al. 2012a, b).

Whether these mechanisms play a role in psychosocial func-
tioning in pediatric MS remains to be determined.

Very few studies to date have investigated the relationships
among aspects of cognitive, psychological, and psychosocial
functioning impacted by pediatric MS. Among children with
MS who have comorbid psychiatric diagnoses, those who are
diagnosed with an anxiety or mood disorder tend to show the
highest frequency of cognitive impairment (Weisbrot et al.
2014). Conflicting findings have been reported with one study
finding no relationship between psychological and cognitive
functioning among children with MS (Goretti et al. 2012),
while another study found negative correlations between
anxiety/depression and executive functioning among children
with MS (Holland et al. 2012). Holland and colleagues (2012)
found that in pediatric MS, symptoms of anxiety are associated
with poorer performance on the Trail Making Test and Digit
Span, in particular the set-shifting condition of the Trail Making
Test (Part B). Depressive symptoms as reported by parents on
the Behavior Assessment System for Children, Second Edition
(BASC-2; Reynolds and Kamphaus 2004) are similarly associ-
ated with poorer performance on these measures with the stron-
gest associations among both Digit Span and Trail Making Test
Part B in pediatric MS (Holland et al. 2012).

Several other studies have investigated cognitive functions
in relation to psychosocial functioning including domains of
quality of life and fatigue. Cognitive problems such as exec-
utive dysfunction in pediatric MS can negatively impact qual-
ity of life. For example, in school, students may require extra
support from teachers due to cognitive difficulties, while in
their social lives, children’s participation in hobbies and sports
may be limited due to cognitive impairments (Amato et al.
2008, 2010). With regard to fatigue, Holland and colleagues
(2012) found that higher levels of self-reported fatigue among
children with MS were associated with poorer performance on
Trail Making Test Parts A and B. Furthermore, Goretti and
colleagues (2012) found that higher levels of self-reported
cognitive fatigue in children with MS were associated with
impaired performance on a problem-solving test (Tower of
London Test; Shallice 1982) and that higher levels of parent-
reported cognitive fatigue were correlated with impaired per-
formance on tests of processing speed and complex attention
(Trail Making Test Part B). These results suggest a relation-
ship between cognitive fatigue and tasks requiring prolonged
and effortful mental activity among children with MS.
However, several other studies have failed to show an effect
of fatigue on cognitive functioning (Amato et al. 2008;
MacAllister et al. 2005). Regarding externalizing symptoms,
while one study found that parents endorsed the presence of
externalizing behaviors (e.g., hyperactivity, aggression, con-
duct problems) in youth with MS, only the inattention/
hyperactivity index was significantly different from healthy
controls (Till et al. 2012a, b). In fact, parent ratings were
significantly higher for internalizing problems, such as
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depression and somatization, consistent with the existing lit-
erature (Charvet et al. 2016; Parrish et al. 2013; Till et al.
2012a, b).

Although limited, current research indicates that similar to
adult MS, psychological issues such as anxiety and depression
may be related to worse cognitive functioning in pediatric MS,
specifically on tasks of executive functioning. Among adults,
anxiety and depression have been shown to be independent
predictors of executive dysfunction (Julian and Amett 2009).
In addition, impairments in executive functioning have been
related to certain psychosocial variables such as fatigue and
quality of life. Cognitive functioning has been shown to predict
psychosocial functioning, especially quality of life, in adults
with MS (Benedict et al. 2005). To the authors’ knowledge,
no study to date has investigated the relationships between
executive functioning, psychological functioning (e.g., depres-
sion, anxiety), and psychosocial functioning (e.g., fatigue, qual-
ity of life, externalizing behavior) within the same pediatric MS
population. Thus, the current study aims to investigate these
relationships. Consistent with previous findings in adults with
MS, we hypothesized that increased anxiety and depression
would be associated with greater executive dysfunction (hy-
pothesis 1) and that greater executive dysfunction would be
associated with worse psychosocial functioning (hypothesis 2).

Method
Participants

This retrospective study analyzed the performance of 65 pa-
tients with pediatric-onset relapsing-remitting MS seen at the
UCSF Regional Pediatric Multiple Sclerosis Center between
2006 and 2014. The study received approval by the Palo Alto
University institutional review board. Data for specific mea-
sures were available for varying subsets of the participants,
with sample sizes ranging from 39 to 54. Neuropsychological
testing was performed as part of routine care at the clinic and
offered to consecutive patients regardless of health insurance
coverage. This archival dataset was part of a larger multicenter
study through the Pediatric MS Centers of Excellence
established by the National MS Society (Julian et al. 2012).
Eligibility criteria for this study included participants who
met criteria for a diagnosis of pediatric MS (Krupp et al. 2007)
and who were younger than 18 years of age at the time of
disease onset. Participants were also required to be younger
than 18 years of age at the time of neuropsychological assess-
ment, to have completed at least one measure of executive
functioning, to speak and read English, and to have sufficient
motor and visual capabilities to complete neuropsychological
testing. Participants who had a history of developmental delay
or who had received glucocorticoid treatment within 1 month
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of the time of neuropsychological assessment were excluded
from the study.

Neuropsychological Measures

The UCSF Regional Pediatric Multiple Sclerosis Center uses
a comprehensive battery addressing multiple cognitive do-
mains. The battery varied slightly based on participant age
and availability of normative data. The battery was adminis-
tered by a clinical neuropsychologist or a trained and super-
vised psychometrician, and participants were given breaks as
needed. Only those measures used for this study will be
reviewed here.

Wechsler Abbreviated Scale of Intelligence (WASI) The
WASI is a screening instrument designed to provide a brief
estimate of general intelligence (Wechsler 1999). The two-
subtest form, consisting of vocabulary and matrix reasoning
subtests, results in an FSIQ-2 Standard Score (7 Score) which
was used as a measure of IQ for each participant. The two-
subtest form of the WASI has high loadings on a general
intellectual ability factor (g) and represents both verbal/
crystallized and nonverbal/fluid abilities. The average reliabil-
ity coefficient for the FSIQ-2 is .96 (Wechsler 1999).

Delis-Kaplan Executive Function System (D-KEFS) Trail
Making Test The D-KEFS Trail Making Test (Delis et al.
2001) is designed to measure the following component pro-
cesses of executive function: visual scanning, number se-
quencing, letter sequencing, number-letter switching, and mo-
tor speed. This test is an iteration of the Halstead-Reitan Trail-
Making Test Part A and B, which demonstrate adequate test-
retest reliability (Levine et al. 2004) and construct validity
(Strauss et al. 2006). The Trail Making Test Part B has been
found to be particularly sensitive to impairment in pediatric
MS (MacAllister et al. 2005; Till et al. 2012a, b). For the
present study, the completion time on the number-letter
switching condition of the D-KEFS Trail Making Test (the
equivalent of Trail Making Test Part B) was used as a
performance-based measure of executive function.

Delis-Kaplan Executive Function System (D-KEFS)
Verbal Fluency Test The D-KEFS Verbal Fluency Test
(Delis et al. 2001) measures fluent productivity in the verbal
domain and is believed to assess facets of executive function-
ing such as self-initiation, working memory, and processing
speed (Strauss et al. 2006). The participant produces words
that begin with a specific letter, then names words belonging
to a particular semantic category, and then switches between
two different semantic categories. In this study, the total num-
ber of correct responses on the switching condition, with reli-
ability coefficients ranging from .51 to .73 (Delis et al. 2001),
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was used as a performance-based measure of executive
functioning.

Self-report measures

Behavior Rating Inventory of Executive Function
(BRIEF) The BRIEF (Gioia et al. 2000) is a rating scale
designed to measure real world executive functioning and
includes self- and parent-report versions, which demonstrate
satisfactory internal consistency ranging from .80 to .98. Test-
retest correlations for the Global Executive Composite,
Behavioral Regulation Index, and the Metacognition Index
are .86, .84, and .88, respectively (Gioia et al. 2000). In this
study, the Global Executive Composite 7 scores for both the
self- and parent-reports were used as report-based measures of
executive functioning.

Behavior Assessment System for Children, Second Edition
(BASC-2) The BASC-2 (Reynolds and Kamphaus 2004) is a
rating scale designed to facilitate the classification of a variety
of emotional and behavioral disorders in children ages 2
through 25 and to facilitate intervention planning.
Participants completed the Self-Report of Personality and par-
ents completed the Parent Rating Scales. The Depression sub-
scale T'score on both the self- and parent-report was used as a
measure of depression, while the anxiety subscale T score on
the self- and parent-report was used as a measure of anxiety.
Anxiety and depression subscales on the BASC-2 have dem-
onstrated internal consistency and reliability for children and
adolescents (x=.79 to .88 for anxiety; o«=.87 to .93 for de-
pression). They have also shown strong internal consistency
in the pediatric MS population (Till et al. 2012a, b) and have
been studied in relation to executive functioning in the past
(Holland et al. 2012). The Externalizing Problems Composite
T score on the parent-report was used as a measure of exter-
nalizing behavior and also shows strong internal consistency
in the pediatric MS population (Till et al. 2012a, b). Given that
externalizing problems have not been examined in depth in
the pediatric MS population, the Externalizing Problems
Composite 7 score (which includes hyperactivity, aggression,
and conduct problems) was chosen to identify whether this
domain warrants further examination without increasing type
I error.

Pediatric Quality of Life Inventory, Version 4.0 (PedsQL)
The PedsQL (Varni et al. 1999) is a modular instrument for
measuring health-related quality of life in healthy children and
adolescents, as well as those who have medical conditions
(Varni et al. 2002). Both patients and their parents completed
the PedsQL 4.0 Generic Core Scales and the
Multidimensional Fatigue Scale (MFS). The Total Scale
Score on the PedsQL Parent- and Self-Reports were used as
measures of parent- and self-reported quality of life,

respectively. The PedsQL 4.0 Generic Core Scales demon-
strates strong internal consistency (o= .83 for child self report
and «=.86 for parent proxy-report; Varni et al. 1999) and has
been shown to be sensitive to quality of life issues in pediatric
cancer, cerebral palsy, cardiac disease, and pediatric MS
(Mowry et al. 2010; Varni et al. 2002).

The PedsQL Multidimensional Fatigue Scale (MFS; Varni
et al. 1999) is a specific module of the Pediatric Quality of
Life Inventory, Version 4.0. It was designed as a generic
symptom-specific instrument to measure fatigue in pediatric
patients as well as healthy school and community populations
(Varni et al. 1999). The 18-item scale results in three sub-
scales: (1) general fatigue, (2) sleep/rest fatigue, and (3) cog-
nitive fatigue. The Parent- and Self-Report Total Scale Scores
were used as measures of fatigue based on previous research
suggesting that the item content reflects the components of
fatigue commonly assessed by physicians treating pediatric
patients with MS (Holland et al. 2012). The MFS Total
Scale Score demonstrates strong internal consistency for both
the self- (x=.89) and parent-report (x=.92; Varni et al.
2002).

Sociodemographic and Clinical Variables

Sociodemographic variables extracted for the purposes of this
study included sex, race, mother and father’s education level,
and age at neuropsychological evaluation. Clinical variables
included diagnosis, age at symptom onset (years), disease du-
ration (years), and disability as measured by the Expanded
Disability Status Scale (EDSS; Kurtzke 1983).

Statistical Analyses

The data were analyzed using the Statistical Package for
Social Sciences (SPSS, Version 20, released in 2011). Raw
scores were used for analyses with the exception of the
WASI, BRIEF, and BASC-2, which were analyzed using T
scores. In addition, the MFS and PedsQL were analyzed using
composite scores.

Other possible covariates that were considered in the anal-
yses included sex, race, parent education level, age at testing,
age at symptom onset, disease duration, disease severity, and
1Q. When these variables correlated with any of the dependent
variables, they were controlled for in the analyses. Prior to
conducting regression analyses, preliminary correlations were
performed in order to determine the zero-order relationships
between predictors and variables of interest in an effort to
confirm the absence of spurious relationships. Preliminary
correlations between continuous variables were assessed
using the Pearson correlation coefficient, and correlations in-
volving discrete variables (e.g., disease severity) were
assessed with the non-parametric Spearman rank correlation
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coefficient. Hierarchical regression analyses were then con-
ducted for each of the two main hypotheses to determine pre-
dictors of executive and psychosocial functioning. To ensure
that assumptions of the linear regression model were met, we
examined our predictors for absence of multicollinearity and
found that all variables met this assumption.

Results
Sample Demographics and Descriptive Statistics

Participant demographics for the 65 children and adolescents
with multiple sclerosis (25 boys and 40 girls) are presented in
Table 1. Mean age of participants at the time of testing was
14.61 years (SD=3.01, range 6.5-18.0) with mean disease
duration of 2.26 years (SD=2.10, range .08—10.95).
Descriptive statistics for the variables of interest are presented
in Table 2.

Hypothesis 1

Preliminary Pearson correlations were conducted in order to
determine the zero-order relationships among anxiety, depres-
sion, and executive functioning. As shown in Table 3, the Trail
Making Test and Verbal Fluency Test were both significantly
correlated with parent-reported anxiety. The BRIEF Self-
Report was strongly correlated with self-reported anxiety, as
well as self- and parent-reported depression. The BRIEF
Parent-Report was significantly correlated with parent-
reported anxiety and depression.

Hierarchical and simultaneous regression analyses were
then conducted to assess the unique variance that anxiety
and depression contributed to executive functioning (see
Table 4). After controlling for significant patient and disease
factors, parent-reported anxiety accounted for an additional
7% of the variance in executive functioning as measured by
the Trail Making Test (p=.031) but did not contribute signif-
icantly to executive functioning as measured by the Verbal
Fluency Test (p=.648). In a simultaneous regression, self-
reported anxiety, self-reported depression, and parent-
reported depression explained 61% of the variance on the
BRIEF Self-Report (p <.001), with only self-reported depres-
sion ($=.55, p<.001) and parent-reported depression
(8=.28, p=.047) showing significant contributions to the
model. In another regression, after controlling for disease du-
ration, parent-reported anxiety and depression accounted for
an additional 54% of the variance in executive functioning as
measured by the BRIEF Parent-Report (p<.001); however,
only parent-reported depression significantly contributed to
the model (8=.85, p<.001).
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Hypothesis 2

Two-tailed preliminary Pearson correlations were conducted
in order to determine the zero-order relationships among psy-
chosocial variables (fatigue, quality of life, externalizing
symptoms) and executive functioning. As shown in Table 5,
performance-based measures of executive functioning (Trail
Making Test and Verbal Fluency) were not significantly cor-
related with any psychosocial variables. Self-reported execu-
tive function (BRIEF Self-Report) was significantly correlated
with self- and parent-reported fatigue (MFS Self- and Parent-
Report), as well as self- and parent-reported quality of life
(PedsQL Self- and Parent-Report). Parent-reported executive
function was significantly correlated with self- and parent-
reported fatigue (MFS Self- and Parent-Report), parent-
reported quality of life (PedsQL Parent-Report), and parent-
reported behavior problems (BASC-2 Externalizing
Problems).

Table 6 displays the hierarchical and simultaneous regres-
sion analyses that were then conducted to assess the unique
variance that each measure of executive functioning contrib-
uted to each psychosocial variable. After controlling for sig-
nificant patient and disease factors, the BRIEF Self- and
Parent-Report accounted for an additional 51% of the variance
in self-reported fatigue as measured by MFS Self-Report
(p<.001). In a separate regression, the BRIEF Parent- and
Self-Report accounted for an additional 41% of the variance
in parent-reported fatigue as measured by the MFS Parent-
Report (p<.001). Regarding quality of life, the BRIEF Self-
Report accounted for an additional 37% of the variance on
self-reported quality of life as measured by the PedsQL Self-
Report (p<.001). In a simultaneous regression, the BRIEF
Self- and Parent-Report significantly explained 51% of the
variance on the PedsQL Parent-Report (p<.001), but only
the BRIEF Parent-Report (3=—.60, p<.01) showed a signif-
icant contribution to the model. Lastly, the BRIEF Parent-
Report significantly explained 67% of the variance for the
BASC-2 Externalizing Problems (p <.001).

Discussion

We report that anxiety and depression are associated with as-
pects of executive dysfunction in a population of pediatric MS
patients, as measured by performance-based and self-report
measures, providing partial support for our first hypothesis.
Specifically, anxiety was related to one performance-based
measure of executive functioning (Trail Making Test), while
depression was related to self-report measures of executive
functioning but not performance-based measures. These find-
ings on performance-based measures of executive functioning
are generally consistent with previous studies that have found
correlations among these variables. This includes Holland and
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Table 1 Participant
demographics (N'=65) Variable N % M SD Range
Age at testing 14.61 3.01 6.5-18.00
Age at symptom onset 12.34 3.69 3.32-17.54
Disease duration 2.26 2.10 .08-10.95
Disease severity (EDSS Score) 1.52 1.26 0-8
WASI FSIQ-2 101.95 10.57 78-122
Female 40 62
Race
Caucasian 20 31
African-American 7 11
Latino 20 31
Asian 4 6
Pacific Islander 1 2
Other 13 20
Mother education level
Elementary school (grades 1-8) 5 7.7
Some high school (grades 9-11) 3 4.6
High school graduate or GED 9 13.8
Some college, no degree/technical or trade school 28 43.1
Bachelor’s degree (4-year college) 11 16.9
Graduate degree (MS, MD, PhD) 3 4.6
Unknown 6 9.2
Father education level
Elementary school (grades 1-8) 4 6.2
Some high school (grades 9-11) 6 9.2
High school graduate or GED 11 16.9
Some college, no degree/technical or trade school 13 20.0
Bachelor’s degree (4-year college) 14 21.5
Graduate degree (MS, MD, PhD) 12.3
Unknown 13.8

EDSS Expanded Disability Status Scale, FSIQ-2 Full Scale 1Q, Two-Subtest Form, GED General Educational
Development, WAST Wechsler Abbreviated Scale of Intelligence

colleagues’ (2012) study, which found that parent-reported
anxiety significantly correlated with the Trail Making Test A
and B but not the D-KEFS Verbal Fluency Test. However, they
also found that parent-reported depression significantly corre-
lated with the Trail Making Test A and B, which the current
study did not find. This discrepancy may be due to the use of
different Trail Making Tests, as well as differences in sample
characteristics. Taken together, our findings suggest that anxi-
ety is more associated with performance on executive function-
ing tasks than is depression.

In contrast with performance-based measures of executive
functioning, self-report measures of executive functioning
(BRIEF Self- and Parent-Report) showed significant relation-
ships with depression but not anxiety. Depressive symptoms are
associated with increased symptom reporting in individuals
with medical disorders (Ciechanowski et al. 2003). Thus, in
the current study, the presence of depressive symptoms could

have resulted in an increased perception and/or reporting of
executive function deficits, even if these deficits are fairly mild
on objective neuropsychological testing. On the other hand, it is
possible that depressive symptoms are more strongly associated
with executive dysfunction in a real-world setting (such as prob-
lems with initiation, task monitoring, planning, and organiza-
tion) than performance on measures given in a highly structured
neuropsychological testing environment. From a neurobiologi-
cal perspective, abnormal functioning of the hypothalamic-
pituitary-adrenal axis plays a role in depressive symptomatolo-
gy, and it is also associated with structural changes in the frontal
cortex (Weinstock 2008). Thus, it is possible that depression
could impact executive functions mediated by the frontal cortex
(Schmitt et al. 2012), which may manifest more strongly in the
real world than in a controlled testing environment.

Our second hypothesis—that executive functioning would
be associated with psychosocial functioning (including
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Table 2 Descriptive statistics for

the variables of interest N M SD Range
Executive function
D-KEFS Trail Making Test 54 92.72 51.97 24-300
D-KEFS Verbal Fluency Test 39 12.59 3.20 6-18
BRIEF Self-Report GEC 40 52.82 14.06 30-90
BRIEF Parent-Report GEC 51 52.37 11.88 35-79
Psychological and psychosocial functioning
MFS Self-Report Total Fatigue 41 65.72 18.16 22.22-100
MES Parent-Report Total Fatigue 43 66.99 20.20 29.17-100
PedsQL Self-Report Total Scale Score 45 69.77 18.74 29.57-100
PedsQL Parent-Report Total Scale Score 43 64.62 19.19 30-93.48
BASC-2 Self-Report
Anxiety 50 52.84 12.29 32-80
Depression 50 52.36 11.96 39-85
BASC-2 Parent-Report
Anxiety 54 53.11 12.95 32-96
Depression 54 54.50 10.19 37-78
Externalizing Problems 54 47.87 8.79 37-77

BASC-2 Behavioral Assessment System for Children, Second Edition, BRIEF Behavior Rating Inventory of
Executive Functioning, D-KEFS Delis-Kaplan Executive Function System, GEC Global Executive Composite,
MFS Pediatric Quality of Life Inventory Multidimensional Fatigue Scale, PedsQL Pediatric Quality of Life

Inventory, SD standard deviation

fatigue, quality of life, and externalizing symptoms)—was
partially upheld. The most notable exception was that
performance-based measures of executive functioning (Trail
Making Test, Verbal Fluency Test) were not associated with
any measures of psychosocial functioning, while report-based
measures were. In particular, the finding that performance on
tests of executive functioning is not related to fatigue is gen-
erally consistent with a growing number of studies (Carroll
et al. 2015). Several pediatric (Amato et al. 2008; MacAllister
et al. 2005) and adult MS studies (Krupp and Elkins 2000;
Morrow et al. 2009; Paul et al. 1998; Schwartz et al. 1996)
have shown that self-reported fatigue is not strongly correlated
with neuropsychological test performance. Two other studies
have found partially conflicting results, showing that higher
levels of parent- and self-reported cognitive and general fa-
tigue were associated with impaired performance on the Trail

Making Test B (Goretti et al. 2012; Holland et al. 2012) but
not on the Verbal Fluency Test. The choice of MFS subscales
used in analyses may explain why these findings partially
conflict with the current study, as we measured fatigue using
the fatigue total score rather than the general or cognitive
fatigue subscales.

With regard to other psychosocial variables, the current
study also indicates a relationship between report-based mea-
sures of executive functioning and quality of life and external-
izing symptoms, which has not yet been examined in the re-
search to date. One explanation for this finding is that report-
based measures are affected by issues of recall and response
bias, and they may be more likely to show correlations with
one another (Prince et al. 2008). This explanation is supported
by the fact that the BRIEF Self-Report correlated most highly
with self-report measures of psychosocial functioning, while

Table 3 Two-tailed Pearson

correlations between anxiety, Outcome variable Anxiety Depression

depression, and executive

functioning Self-report Parent-report Self-report Parent-report
Trail Making Test .05 38% .02 12
Verbal Fluency Test .01 —.36%* —.04 -22
BRIEF Self-Report 50%* .05 L60*** STk
BRIEF Parent-Report .24 35% .08 TTEEE

BRIEF Behavior Rating Inventory of Executive Function

p<.05. #p < 01, #*5p < 001
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Table 4 Hierarchical and

simultaneous regression analyses Variable B SEp B Increment in R*
of anxiety and depression on
executive functioning Trail Making Test
Step 1 38k
Age at testing —9.97* 4.13 —.52%
Age at symptom onset -1.69 3.14 —.12
Step 2 .07*
Age at testing —10.79%%* 3.96 —.56%*
Age at symptom onset -.01 3.09 —-.00
BASC-2 Parent-Report Anxiety 1.35% .60 28%
Verbal Fluency
Step 1 ST
Age at testing S 17 A1
Disease duration -23 22 -17
1Q 16%* .06 A4
Step 2 .00
Age at testing ST 17 S
Disease duration —.24 22 -.18
1Q 14 .07 A40*
BASC-2 Parent-Report Anxiety -.03 .06 -.07
BRIEF Self-Report
Step 1 .61k
BASC-2 Self-Report Anxiety 14 .19 11
BASC-2 Self-Report Depression 62 .16 55
BASC-2 Parent-Report Depression 30% .19 28%*
BRIEF Parent-Report
Step 1 .08*
Disease duration 1.82* .90 28%
Step 2 54k
Disease duration 51 .62 .08
BASC-2 Parent-Report Anxiety —.16 .10 —18
BASC-2 Parent-Report Depression Chik 13 Rk

BASC-2 Behavior Assessment System for Children, Second Edition, BRIEF Behavior Rating Inventory of

Executive Function
#p<.05. #¥p <.01. **<p <001

the BRIEF Parent-Report correlated most highly with parent
questionnaires of psychosocial functioning. Despite these ca-
veats, the current findings can also be understood by the multi-
faceted representation of executive function afforded by the
BRIEF and its potential for greater ecological validity when
compared to the performance-based measures of executive
functioning (Trail Making Test, Verbal Fluency Test) used in
this study. Previous research has suggested that performance-
based measures of executive functioning may not be sensitive
to executive dysfunction in everyday life because the cogni-
tive processes being measured are overly specific (Mangeot
et al. 2002; Silver 2000). By contrast, the BRIEF was specif-
ically developed to encompass executive dysfunction as it
manifests children’s day-to-day activities (Gioia et al. 2000).
Given the broad scope of the BRIEF, it is logical that it would

be an important predictor of psychosocial functioning (i.e.,
how a child functions within his/her social environment).
More specifically, it makes sense that aspects of executive
functioning in daily life—including the ability to plan, orga-
nize, and complete tasks, shift from one task to another, and
regulate emotional responses appropriately—would be related
to a child’s level of fatigue, quality of life, and disruptive
behaviors.

Overall, results related to our second hypothesis suggest
that while tests of executive functioning may have more lim-
ited applicability in predicting how a child with MS will func-
tion in his/her daily life, self-report measures (which more
accurately capture real-world executive deficits) are more
closely related to everyday psychosocial functioning.
Therefore, when designing a neuropsychological battery for
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Table 5 Two-tailed Pearson correlations between executive Table 6 Hierarchical and simultaneous regression analyses of
functioning and psychosocial functioning executive functioning on psychosocial functioning

BRIEF Variable B SEz  f3 Increment

in R?
Outcome variable TMT VF Self-Report ~ Parent-Report
MFS Self-Report —26 .08  —70%x —.50% MEFS Self-Report
MFS Parent-Report -19 .16  —46* .58 Step 1 A7
PedsQL Self-Report ~ —.13 .03 —.61%** -32 Sex -14.70% 622 —4l*
PedsQL Parent-Report —30 .19  —.46% —.54%% Step 2 ST
BASC-2 Externalizing .03 ~ —25 .22 82w Sex —11.99% 405 =34
BRIEF Self-Report —J2%H% .16 —.59%k%

BASC-2 Behavior Assessment System for Children, Second Edition, BRIEF Parent-Report ~ —.29 18 -21
BRIEF Behayigr RaFing Invc?ntory of Executive Fur.lcti.oning, 'MFS MFS Parent-Report
PedsQL Multidimensional Fatigue Scale, PedsQL Pediatric Quality of
Life Inventory, TMT Trail Making Test, VI 0Verbal Fluency Test Step 1 5%
< 05, **p < .01, #5p < 001 Sex —16.28* 741  —38*

Step 2 A EEE
children with MS, it may be beneficial to consider the strong Sex —14.50% 561  —34%
association of the BRIEF with psychosocial functioning (par- BRIEF Self-Report —24 22 -6
ticularly for externalizing symptoms), especially when areas BRIEF Parent-Report ~ —.91%* 25 .54
of psychosocial functioning are a concern. However, itis also ~ PedsQL Self-Report
important to note that while these findings are currently un-  Step 1 193
derstood within the context of a pediatric MS population, it is Sex —16.72%% 595  —43%x
not yet possible to conclude whether or not these results are ~ Step 2 37
disease-specific. It is possible that the associations revealed by Sex —16.78%% 444  —44%*
this study might also be found in a healthy population or in BRIEF Self-Report -2k 16—l
any population with a chronic illness, which provides an in-  PedsQL Parent-Report
teresting line of further inquiry. Step 1 It

There are several limitations to the present study, including BRIEF Self-Report -28 23 -20
the relatively short disease duration of the sample BRIEF Parent-Report ~ —.94% 25 — 60
(mean=2.37 years), which may have resulted in restriction of ~ BASC-2 Externalizing Problems
range, as well as the use of self-report measures, which are  g¢ep 1 6T
affected by threats to validity, particularly those occurring due BRIEF Parent-Report ~ .61%%* 06§k

to response bias (De Los Reyes and Kazdin 2005; Prince et al.
2008). Although the study sample was large (N=65), the sam-
ple sizes for each neuropsychological measure and self-report
questionnaire were smaller, resulting in lower power. In addi-
tion, due to the retrospective nature of this study, data on the
presence of other neurological and non-neurological disorders
(other than developmental delay) were not available, which
may limit the applicability of our findings to the MS population.
The analyses also did not include other sociodemographic and
clinical variables that may influence neuropsychological perfor-
mance in children, including parent language status, use of
disease-modifying therapies or other medications, and aspects
of disease burden as measured by magnetic resonance imaging
(MRI). Future research should endeavor to control for these
additional variables. Additionally, while set-shifting is an im-
portant component of executive functioning, our measures did
not directly address other components of executive functioning
(e.g., initiation, maintenance, etc.) that may be relevant to psy-
chosocial functioning. Future research may also consider indi-
vidually examining the specific components of the BASC-2
Externalizing Problems Composite (i.e., hyperactivity,

@ Springer

BASC-2 Behavior Assessment System for Children, Second Edition,
BRIEF Behavior Rating Inventory of Executive Function, PedsQL
Pediatric Quality of Life Inventory, MFS Pediatric Quality of Life
Inventory Multidimensional Fatigue Scale

ip< 05, %5p< 0. ¥*%p < 001

aggression, and conduct problems) to determine their differen-
tial contributions to executive functioning. Another consider-
ation in the interpretation of these findings is the directionality
of hypotheses. In an effort to build upon existing findings of
mood predicting cognition and cognition predicting
psychosocial functioning in adults with MS, we maintained
the directions of these findings in the current study
hypotheses. However, a recent study by Charvet and
colleagues (2016) found that cognitive functioning predicted
psychological functioning in pediatric MS. Future studies
should seek to clarify the directionality of the relationships be-
tween these variables. Finally, given the cross-sectional design
of this study, future research should examine these hypotheses
over time. A longitudinal design could outline causal
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mechanisms that would enhance our understanding of not only
which factors influence each other, but also which factors
would serve as the best targets for intervention.

Despite these limitations, to the authors’ knowledge,
this is one of the largest studies to date that has examined
cognitive, psychological, and psychosocial factors in a
pediatric MS population. We present the unique finding
that higher levels of depressive symptoms are associated
with greater reported problems with executive functioning
in daily life in this population. In addition, our findings
reveal that perceived executive deficits are associated with
higher levels of fatigue, lower quality of life, and greater
externalizing problems. These results also suggest that
self-report measures of executive functioning are better
related to psychosocial factors in the pediatric MS popu-
lation than neuropsychological tests of executive func-
tioning, which emphasizes the importance of including
self-report measures when assessing this population.

This study also encourages further examination of cogni-
tive, psychological, and psychosocial outcomes in pediatric
MS in identifying targets for intervention. For example, the
current findings suggest that targeting depression, anxiety, fa-
tigue, and quality of life in pediatric MS may contribute to
improvements in executive functioning, and vice versa. This
lays the groundwork for future intervention-focused research.

In addition, the current findings emphasize the need for
regular monitoring by neuropsychology as part of a multidis-
ciplinary team. In formulating appropriate recommendations
for this population, neuropsychologists should consider the
psychological and psychosocial difficulties that may be
influencing executive functioning both on testing and in the
child’s daily life. This study’s finding that the BRIEF Self- and
Parent-Report are strong predictors of psychosocial difficul-
ties suggests that this may be a useful measure to use in this
population, not only in evaluating executive dysfunction but
also in understanding the broader impact this has on the
child’s daily life.

While clinical information easily gleaned from a medical
chart (such as age of onset, disease duration, and disease se-
verity) may relate to certain aspects of cognitive functioning,
the findings of this study suggest that this information will not
necessarily provide accurate predictions about how the child
may be functioning on a psychosocial level. This, too, empha-
sizes the importance of regular use of screens for detecting
psychosocial difficulties, including the MFS and PedsQL.

Detection of impairments in psychological, psychosocial,
and executive function can be used to inform development of
educational planning (e.g., school accommodations, school
placement) that will help maximize educational opportunities.
In addition, awareness of the psychosocial effects of pediatric
MS can help guide interventions within the home and the
community in order to facilitate a positive developmental
trajectory.

Lastly, this study furthers our clinical understanding of the
ways in which pediatric MS is similar and distinct from adult-
onset MS. As understood within the life course model of dis-
ease formation, the biological and psychosocial factors that
interact throughout the life course may influence disease risk
in different ways depending on the particular period in devel-
opment during which they occur (Ben-Shlomo and Kuh 2002;
Dennis 2000). In pediatric MS, demyelination and inflamma-
tion occur during formative years, and therefore have the po-
tential to disrupt typical development (MacAllister et al.
2013). As a result, the disease can have profound impacts on
cognitive development and psychosocial functioning in child-
hood. This study contributes to our understanding of MS
throughout the lifespan, suggesting that relationships among
executive, psychosocial, and psychological functioning that
have been found in adults may also be found in children with
the disease. However, it remains unknown how these relation-
ships may change as these children age. Thus, further studies
are needed to characterize the functioning of patients with
pediatric-onset MS once they reach adulthood.
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