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Abstract

Environmental exposures have been linked to childhood problems with overactivity, attention, and
impulse control, and an increased risk of attention deficit hyperactivity disorder (ADHD)
diagnosis. Two approaches to identify these types of exposure-related neurobehavioral problems
include the use of computerized tests, such as the Behavioral Assessment and Research System
(BARS), as well as the use of behavior rating scales. To assess comparability of these two types of
measures, we analyzed data from 281 children aged 6 to 14 years enrolled in a 5-year research
study investigating coal ash exposure and neurobehavioral health. All children lived in proximity
of coal ash storage sites. We administered six computer tests from the BARS and obtained
behavior measures from the parent-completed Child Behavior Checklist (CBCL) ADHD DSM
oriented scale. BARS test performance was associated with age indicating that the tests could be
used to evaluate neurodevelopmental changes over time or across a wide age range. Tests within
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the BARS including Continuous Performance (CPT) false alarm (standardized estimate 1.57, 95%
confidence interval (Cl) (0.67, 2.48), adjusted p=0.006), Selective Attention (SAT) wrong count
(standardized estimate 2.8, 95% CI (1.17, 4.44), adjusted p=0.006), and SAT proportion correct
(standardized estimate —2.45, 95% CI (-4.01, —0.88), adjusted p=0.01) were associated with
attention and impulse control problems on the CBCL after adjustment for multiple comparisons.
Findings support that the BARS can contribute to research on environmental exposures by
assessing subclinical behaviors related to ADHD such as sustained attention, impulse control,
response inhibition, associative learning, and short-term memory. Future research can examine
relationships of these BARS measures with biomarkers of neurotoxic exposures related to living
near coal ash storage sites to better identify the potential risk for ADHD-related behaviors among
children living near coal ash storage sites.
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INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD) is a chronic neurodevelopmental disorder
characterized by attention problems, hyperactivity, and poor impulse control (APA, 2013).
The prevalence of ADHD in the United States was estimated to be 7.8% in 2011 (Visser et
al., 2014) while the most recent estimate from 2016 data is 9.4% (Danielson et al. 2018).
The prevalence of ADHD continues to rise for unknown reasons leading to concerns that
exposure to environmental pollutants may play a part in rising numbers of children
diagnosed with ADHD in addition to genetic factors (NIMH, 2019). Potential environmental
etiologic factors include a variety of neurotoxins such as the well-studied effects of early life
lead exposure on behavior and development (Chiodo et al., 2007; Lanphear et al., 2005;
Needleman et. al., 1979; Nie et al., 2011; Rodrigues et al., 2016). One understudied potential
source of neurotoxins that may increase risk for ADHD-related behaviors is coal ash. Coal
ash is produced throughout the world, and in some countries like the United States, stored at
sites located near residential communities (EPA, 2010).

Coal ash, a waste product that is generated from burning coal for energy, is predominately
comprised of silicon, aluminum, iron, oxygen, and calcium, however, particles may contain
trace levels of neurotoxic heavy metals (Bednar et al., 2013; Hatori et al., 2010; Patra et al.,
2012). Some of the neurotoxic heavy metals that are detected in coal ash include arsenic,
cadmium, chromium, lead, and mercury (Bednar et al., 2013; Bhangare et al., 2011; Brown
et al., 2011; Hatori et al., 2010; Liberda et al., 2013; Patra et al., 2012; Zierold & Odoh,
2020). Research has shown that concentrations of metals in coal ash are higher than
concentrations found in the parent coal (Spencer & Drake, 1987; Bhangare et al., 2011;
Verma et al., 2016), which may increase the hazard associated with exposure.

Coal ash that is not reused in products such as concrete or grout is stored in landfills and
surface impoundments. These storage sites can release fugitive dust emissions increasing
ambient air pollution in surrounding communities and exposing children to neurotoxic
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metals (EPA, 2010). However, limited research has assessed the developmental and
neurobehavioral health of children exposed to coal ash (Perera et al., 2008; Sears & Zierold,
2017; Tang et al., 2008; Tang et al., 2014). From 2013-2014, Sears & Zierold conducted a
cross-sectional survey in Jefferson County, Kentucky to compare the health of children
living near coal ash storage sites, to a comparison population not living near coal ash storage
sites in Orange County, Indiana. Parents of children in both locations were asked to fill out a
questionnaire that contained multiple questions about health conditions of their children
(Sears & Zierold, 2017). Responses to the questionnaire indicated that 36% of children
living near the coal ash storage sites had been identified as having ADHD, compared with
16% of the non-exposed group. The parent-suspected prevalence of ADHD in the children
living near the coal ash storage sites was found to be three to four times higher than the
prevalence of the US.

Although ascertaining prevalence rates of ADHD from a community-based survey is a
common method for determining prevalence, this approach may be imprecise due to the
sensitivity of parent reported diagnoses (e.g. affected vs. not affected) and lack of a
standardized protocol for ascertaining neurotoxic effects. To overcome these issues, a
behavior checklist and diagnostic interview are often used in as a standardized diagnostic
approach to classify individuals as affected or unaffected. However, there are concerns with
this categorical approach, such as the misclassification of affected individuals and the under-
identification of subclinical adverse outcomes (Sagiv et al., 2015). Another approach is to
use a dimensional measure to identify adverse effects rather than the typical categorical
approach. In a dimensional approach a relevant behavior can be measured and characterized
in terms of degree of impairment which can capture subclinical effects of neurotoxic
exposure compared to the variability within a population. The dimensional approach
recognizes subclinical effects and avoids problems associated with misclassification of
affected individuals (Rauh & Margolis, 2016). It provides greater statistical power and the
ability to follow developmental patterns within age groups. A dimensional approach has
been shown to improve studies of neurodevelopmental disorders such as autism
(Constantino, 2011) and is used in mental health research such as with the Research Domain
Criteria Project. (Morris & Cuthbert, 2012)

The Behavioral Assessment and Research System (BARS), was developed to identify
neurobehavioral differences in adults exposed to pollutants (Anger et al., 1994) and was
adapted for use in children (Rohlman et al., 2000a; Rohlman et al., 2001). The computerized
tests include measures of sustained attention, processing speed, response inhibition, fine
motor speed, number — symbol association, and memory. The BARS has been used in
environmental exposure studies in several countries and across races/ethnicities
demonstrating cross-cultural reliability and adaptability (Butler-Dawson et al., 2016; Khan
et al., 2019a; Khan et al., 2019b; Rohitrattana et al., 2014; Rohlman et al., 2008; Rohlman et
al., 2016). It was developed to avoid practice effects when subjects are retested over time
allowing for monitoring of chronic exposures (Rohlman et al., 2000b). Many of the
cognitive abilities measured by the BARS have been associated with ADHD and thought to
be related to brain functioning in frontal-striatal circuits (Norman et al., 2016). Although the
diagnosis of ADHD is based on a comprehensive psychological evaluation (Barkley, 2019),
computerized tests similar to the BARS, such as continuous performance tests, have been
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shown to improve accuracy of an ADHD diagnosis (Berger et al., 2017; Hollis et al., 2018;
Nikolas & Nigg, 2013) and are sensitive to the neurotoxic effects of exposures such as
related to pesticides, arsenic, and chromium (Caparros-Gonzalez et al, 2019; Ismail et al.,
2017a; Ismail et al., 2017b; Rodriguez-Barrano et al., 2015; Rohlman et al., 2016).

Based on the potential environmental exposures from coal ash storage sites, and our findings
from a previous survey indicating a high prevalence of parent-reported suspected ADHD
near coal ash storage sites (Sears & Zierold, 2017), we used the BARS to evaluate a group of
children aged 6 to 14 years potentially exposed to coal ash related pollution. The sensitivity
of the BARS to developmental effects was tested by comparing age with test performance.
The relationship of the BARS outcome scores with to day-to-day behavior was also tested
by correlating BARS test results with caregiver report of ADHD behaviors on the Child
Behavior Checklist (CBCL), a validated measure of behavior problems in children
(Achenbach & Rescorla, 2001; Chang et al., 2017; Ebesutani et al., 2010; Raiker et al.,
2017). Furthermore, we evaluated sex differences in BARS performance considering
evidence of differential sex effects of environmental exposures on BARS test performance
(Caparros-Gonzalez et al., 2019; Sears et al., 2020). In general, the effects of environmental
exposures on neurobehavioral outcomes may vary by sex due to differences in
neurodevelopment. It was hypothesized that the BARS outcome scores would be sensitive to
developmental changes related to age and sex. Furthermore, we hypothesized that poorer
performance on the BARS would be associated of neurocognitive problems typical of
children with ADHD making it useful for studying the neurobehavioral effect of coal ash
exposure.

METHODS

Participants of the Study

Participants for this study included children aged 6 to 14 years old and one of their parents/
guardians, who enrolled in a 5-year study investigating the relationship between coal ash
exposure and children’s neurobehavioral health. As of December 2019, we had enrolled 282
children, who lived within proximity to coal ash storage sites in Jefferson County and Bullitt
County, Kentucky. Two hundred and eighty-one children completed the BARS testing and
their parents/guardians filled out the CBCL. Recruitment methods have been previously
described (Odoh et al., 2019). In brief, parents/guardians were invited to enroll their child
through multiple recruitment methods, including mailings to the home, flyers distributed by
foot recruiting, and media outreach. The mean age of the 281 children was 10.7 years old
(SD=2.5). The sample of child participants was 51.6% male and 47.3% female and 75%
were white non-Hispanic and 25% other race/ethnicity.

Consenting of the parent/guardian and assenting of the child were conducted prior to any
data collection. The research study and procedures were reviewed and approved by the
University of Louisville Institutional Review Board (IRB #14.1069), The University of
Alabama at Birmingham (IRB #300003807), and the Ohio State University (IRB
#2019X0066).
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BARS Test Battery

The BARS is a collection of computerized tests assessing memory, sustained attention,
processing speed, visual memory, and associative learning. The BARS was developed using
tests found to be sensitive to neurologic insult and based on cognitive assessment research.
The background for test development has been described by Rohlman et al. (2003).
Reliability and validity of the tests has been described (Farhat et al., 2003, Rohlman et al.,
2003). Although the BARS battery includes ten tests, only six tests were used in this
research study ensuring children could complete the testing in one session. BARS tests used
for this study are indicated in Table 1 and were selected based on previous research on use of
the tests to identify environmental exposures (Eckerman et al., 2007; Rodriguez-Barrano et
al., 2015; Rohlman et al., 2001; Rohlman et al., 2003; Rohlman et al., 2015). (see Rohlman
et al., 2003)

Testing was done in the child’s home during afternoon or evening hours. Children sat
comfortably at a table in the kitchen, separated from distractions. Instructions were
presented on a laptop connected to a 9-button response keypad used for response
measurement for all of the tests. A psychologist administered the six tests and all the tests
were given in the same order. The psychologist followed instructions in the BARS Procedure
Manual (V1.0(06/17/2015)) for test administration, first completing testing with a practice
group of children to ensure fidelity in test administration. Consultation with test developers
from the Northwest Education and Training group (NWETA.com) occurred to resolve
questions in test administration. All children completed the six BARS tests in approximately
thirty minutes

ADHD DSM Oriented Scale

The Child Behavior Checklist (CBCL) was used to quantify behaviors associated with
ADHD. This questionnaire is a caregiver-completed behavior checklist that provides a
measure of problem behaviors including patterns suggestive of ADHD (Achenbach &
Rescorla, 2001). The ADHD DSM oriented scale includes thirteen items which indicate the
presence and severity of ADHD related behavior problems due to inattention, overactivity,
and poor impulse control. A raw score is obtained based on the presence and severity of
behaviors (0 to 26) that is converted to a t-score (Mean=50, SD=10) according to age- and
gender- based norms. Higher t-scores indicate more severe problems with a t-score of 65 to
69 being borderline clinically significant while 70 and above is considered clinically
significant and suggestive of ADHD. The reliability of the ADHD DSM oriented scale is
high, with a Chronbach’s alpha of 0.84 (Mano et al., 2009).

Statistical Analyses—The median and interquartile range were calculated for each test
measure since scores were not normally distributed for all variables. Wilcoxon rank sum
tests were used to look for differences in scores separately by age group (6 to 9 years versus
10 to 14 years) and gender. Developmental effects on the BARS outcome variables were
assessed with Spearman correlations using age in months and each selected BARS test
outcome measure. The relationship of the BARS variables and the ADHD DSM oriented
scale were assessed with linear regression using a Tobit model due to the restricted range of
the CBCL ADHD DSM oriented scale with a lower cutoff t-score at 50. Linear regression
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was adjusted for age (in months) and gender for each BARS outcome measure since
previous research indicated age (Eckerman et al, 2007; Rohlman et al., 2000b) and gender
(Caparros-Gonzalez et al., 2019) differences in test performance. In addition to unadjusted
p-values, adjusted p-values based on the false discovery rate (FDR) were reported to control
for multiple comparisons (Benjamini & Hochberg, 1995). An FDR adjusted p-value < 0.05
was considered statistically significant.

BARS Summary Statistics

Table 2 displays outcome measures for each BARS test indicating differences by age group
(younger, older) and sex in addition to the overall summary statistics. As expected, age
differences were significant for every test, based on the Wilcoxon rank-sum test, with older
subjects displaying improved performance. Sex was also found to be associated with all hit
latency metrics except for SDT, CPT false alarms, total finger tapping, SAT wrong count,
and SAT proportion correct. In general, boys performed better on tests related to processing
speed and fine motor speed, while girls had stronger performances for tests associated with
impulsivity.

Correlations of Age with BARS Measures Outcomes

Developmental effects were seen for all tests with age being most predictive of response
latency and memory span for respective BARS tests. Figure 1 displays scatterplots with
simple regression lines for significant Spearman correlations of age with BARS test
outcomes. Variables with highest correlations with age for each test were; CPT average hit
latency (Spearman p = —0.70, FDR-adjusted p<0.0001), SAT average correct latency (o =
-0.58, FDR-adjusted p < 0.0001), FT total (o = 0.71, FDR-adjusted p < 0.0001), SRT
average correct latency (o = -0.71, FDR-adjusted p < 0.0001), SDT average correct latency
(o =-0.79, FDR-adjusted p < 0.0001), and DST forward count (o = 0.42, FDR-adjusted p <
0.0001). Most tests show a fairly linear relationship with some deviations at early ages (e.g.
SDT average correct latency).

BARS and CBCL ADHD DSM Oriented Scale

Table 3 shows results for association between all BARS test measures considered in this
study and the ADHD scale t-score on the CBCL. Approximately 35% (n=99) of the
participants had an ADHD scale t-score of 50, with a median score of 52, a third quartile of
60, and 26 participants (9%) with a score of 70 or higher. The regression models were
adjusted for age and sex. In addition to estimates per unit change in measurement,
standardized estimates obtained by dividing the BARS test score by the interquartile range
were calculated to allow for comparisons across measures. Significant predictive values
were seen for the CPT d’prime and false alarm variables which indicated that poorer signal
detection skills and increased commission errors (false alarms) were associated with higher
ADHD scale t-scores. On the SAT, incorrect responses were associated with a higher ADHD
scale t-score. Reduced memory span on the DST and reduced processing speed as indicated
by increased response latency on the SRT test were also associated with higher ADHD scale
t-scores. Likewise, errors on the SDT test were associated with higher ADHD scale t-scores.
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Absolute values of the standardized estimates ranged from 1.5 to 2.8, indicating that mean
ADHD scale t-scores on the CBCL changed between 1.5 and 2.8 points over the middle
50% of the BARS outcome measures. Taken together, results of the BARS outcome
measures indicate that reduced processing speed, poorer signal detection, increased
performance errors, and poorer short-term memory were associated with higher ADHD
scale t-scores on the CBCL.

DISCUSSION

The purpose of this research was two-fold: (1) to investigate the sensitivity of the BARS to
developmental effects and sex difference in BARS performance and (2) to assess the
relationship of the BARS with day-to-day behavior, by correlating BARS test results with
caregiver report of ADHD behaviors on the CBCL. Consistent with the BARS literature, age
was found to be positively associated with better neurobehavioral performance, more
strongly with processing speed and response latency. Furthermore, the BARS test scores
demonstrated external validity based on the association of several BARS outcome scores
with ADHD-related behaviors. The convergence of computerized test results with observed
behaviors provides improved opportunity to identify ADHD features in children for use in
studies of environmental exposures. Combining both measures can enhance identification of
subtypes of ADHD related to attention, overactivity, and impulse control as well as
associated problems such as mood regulation (APA, 2013), and those effects of
environmental exposures in children (Rauh & Margolis, 2016). In addition, this information
can be used to identify subclinical aspects of ADHD in the context of developmental
changes in specific behaviors.

The relationship of age with test performance was most salient for response latency. For
BARS tests assessing response speed, the decreasing response latency with age is consistent
with observations from previous research with the BARS (Rohlman et al., 2000, Khan et al.,
2019) as well as other computerized tests (Carlozzi et. al., 2013) indicating that the BARS is
sensitive to similar developmental changes. Differences across the age span noted on the
BARS can add important information for comparison of the effects of environmental
exposures across age groups so that developmental differences can be compared and
contrasted. In addition to processing speed, age-related differences were seen in memory
span and fine motor speed also reflecting age-related performance improvements across the
age group used in this study. Moving forward, BARS age-related test results can be used to
identify ADHD related behaviors associated with environmental exposures, such as coal ash,
from early childhood through adolescence.

Results indicated that several BARS variables were associated with ADHD behaviors as
reported by caregiver-completed behavior checklist. This finding supports the external
validity of the BARS based on agreement of test findings with observed behaviors used to
diagnose ADHD. This observation is in agreement with previous research on the potential
use of neuropsychological tests to assess ADHD and identify subtypes (Nikolas & Nigg,
2013), although this does not mean that the BARS should be used to diagnose ADHD
(Barkley, 2019). The diagnosis of ADHD requires the use of objective behavioral measures
of the child in multiple settings in addition to a thorough diagnostic interview. Findings
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support the use of the BARS in conjunction with parent/guardian report to identify children
with neurobehavioral differences related to environmental exposures. Furthermore, the
BARS ability to evaluate specific behaviors associated with ADHD, such as response
inhibition, processing speed, memory, associative learning, and fine motor speed, allows for
study of specific endophenotypes within ADHD. The evidence of validity of the BARS for
identifying key aspects of ADHD supports its use for further studies seeking to use a
dimensional approach to the study of environmental exposures using a measure sensitive to
subclinical effects and age-related differences.

This study has several limitations including the potential bias in our sample related to
participant recruitment. Parents/guardians may be more likely to enroll their child with
ADHD features. However, children meeting diagnostic criteria for ADHD in this study is
approximately 17% which does not statistically differ from estimates of the prevalence of
ADHD in Kentucky (12%) suggesting that the study sample is representative of the
population in the study area. Furthermore, recruitment material did not have the health
outcomes of interest listed, so parents/guardians did not know that ADHD was a component
of the study until speaking with the principal investigator. Another limitation is the lack of
teacher report of behavior which is commonly used to ascertain ADHD (NIMH, 2019).
Attention problems are often most apparent in the classroom and teacher input may have
improved identification of children with inattentive types of ADHD. Improved identification
of ADHD would enhance the use of BARS through a better ability to understand the impact
of specific behaviors on daily function. Another limitation of this study is the cross-sectional
nature of the overall study design. Although this manuscript is not addressing causation,
cross-sectional study designs are limited by the fact that they do not prove causation.
Reporting bias might have occurred from the caregiver-form of the CBCL. Parents/guardians
may have been more likely or less likely to report problematic behavior in their children.
Parents/guardians may have over-reported problematic behaviors if they wanted to get an
opportunity for their child to get a diagnostic work-up by the psychologist of the study.
However, parents/guardians may have under-reported in order to prevent “labeling” of their
child. A final limitation of this study is the generalizability. Although millions of children
are exposed to coal ash, there is potential that the trace concentrations of heavy metals of the
coal ash that children in this study are exposed to is different than the exposure of other
children. Some coal ash may have greater concentrations of heavy metals and thus may have
a greater impact on neurobehavioral performance of children.

In conclusion, the BARS is a computerized neurobehavioral test that provides a
developmentally sensitive measure for assessing skills commonly found to be impacted by
ADHD noted in changes in performance from childhood to adolescence. Impaired BARS
performance also predicted ADHD features as measured by an objective rating scales
indicating that the BARS measures behaviors relevant to daily activities for the child. Based
on these findings, the BARS appears to be useful for study of neurotoxins that may affect
cognitive control. Future research will explore relationships of the BARS tests with
environmental and biologic measures of exposure to better understand previous findings of
increased ADHD, as reported by caregivers, in children living near coal ash storage sites.
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HIGHLIGHTS

. Computerized testing used the Behavioral Assessment and Research System
(BARS)

. Children living near coal ash storage sites completed the BARS and an
ADHD scale

. The BARS was sensitive to developmental changes in children’s cognitive
functioning

. The BARS had excellent external validity based on correlations with behavior

. The BARS provides a dimensional measure to assess neurotoxin exposure in
children
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Age-related association with BARS test performance. Scatterplots between age (in months)
and BARS test performance measures. Simple linear regression lines are superimposed on

each plot.
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Table 1.

Behavioral Assessment and Research System (BARS) tests and order of administration.
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Test

Primary Neurocognition Measured

Outcome Measure

Continuous Performance

Sustained Attention

D’prime, Misses

Impulsivity False Alarms
Processing Speed Hit Latency
Selective Attention Sustained Attention Omit Count

Impulsivity

Wrong Count

Processing Speed

Response Latency

Finger Tapping

Fine Motor Speed

Total Tap Both Hands

Simple Reaction Time

Processing Speed

Response Latency

Symbol Digit Processing Speed Response Latency
Associative Learning Total Errors
Digit Span Immediate Memory Forward Count

Working Memory

Reverse Count
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Summary statistics for BARS test measures.

Table 2.

Page 16

BARS Test Measure Overall (n = 281) Female 6-9 yrs Female 10-14 Male 6-9 yrs Male 10-14yrs
(n=53) yrs (n = 80) (n=42) (n=103)
Median (1IQR1 Median (IQR) Median (IQR) Median (IQR) Median (IQR)
[Min, Max] [Min, Max] [Min, Max] [Min, Max] [Min, Max]
Continuous D’Prime + 3.69 (1.29) [0.26, 3.43(0.92) 3.92 (1.26) 2.86 (1.51) 4.03(1.32)
Performance 5.24] [1.15, 5.00] [1.62, 5.24] [0.26, 4.77] [1.41,5.24]
Hit Latency 0.45(0.10) [0.26, 0.52 (0.09) 0.42 (0.09) 0.50 (0.09) 0.42 (0.07)
(sec) * 0.73] [0.37,0.73] [0.33, 0.61] [0.26, 0.67] [0.28, 0.59]
Misses - 5(9) [0, 54] 5(8) [0, 52] 4.5(10.5) [0,38] | 10.5(12)[1,54] | 4 (9) [0, 30]
False Alarms *- | 2 (4) [0, 47] 3(3) [0, 21] 1(3) [0, 33] 6 (11) [1, 47] 2(4)[0, 21]
Selective Response 0.36 (0.10) [0.12, 0.44 (0.09) 0.34 (0.07) 0.42 (0.13) 0.33 (0.06)
Attention Latency (sec) * 0.70] [0.28, 0.70] [0.23, 0.52] [0.12, 0.65] [0.23, 0.49]
Wrong Count™= | 2(2) [0, 8] 2(2)[0, 6] 1 [0,5] 3(2) 0.8 2(2) [0, 8]
Omit Count- 1(2) [0, 15] 1(2) [0, 10] 1(2) [0, 6] 2(2) [0, 15] 1(2)[0,7]
Proportion 0.90 (0.10) [0.43, 0.90 (0.10) 0.90 (0.10) 0.83(0.13) 0.90 (0.13)
Correct *+ 1.00] [0.63, 1.00] [0.63, 1.00] [0.43,1.00] [0.67,1.00]
Finger Tapping Total Tap *+ 211 (48) [131, 179 (33) [131, 217.5 (29.5) 183.5 (32) [141, | 230 (35) [174,
317] 291] [154, 317] 233] 311]
Simple Reaction | Response 0.39 (0.11) [0.26, 0.47 (0.13) 0.37 (0.06) 0.45 (0.15) 0.35 (0.09)
Time Latency (sec) - 1.03] [0.35, 1.03] [0.28, 0.59] [0.32,0.67] [0.26, 0.64]
Digit Span Forward Count 5(2) [0, 9] 4(1)[3, 6] 5(2) [3,9] 4(2) [0, 6] 5(1) [0, 8]
+
Reverse Count + | 3 (1) [0, 8] 3(1) [0, 6] 4(2)[0,7] 3(3)[0,4] 3()[o,8]
Symbol Digit Response 2.49(1.17) [1.38, 3.20 (1.28) 2.13(0.53) 4.02 (1.92) 2.28 (0.67)
Latency (sec) - 11.89] [1,97,8.57] [1.54, 3.80] [2.56, 11.89] [1.34,3.97]
Total Errors - 0(2)[0,17] 0(1) [0, 10] 0(1) [0, 4] 1.5(3) [0, 17] 0(2) [0, 10]

*
Significant difference by sex (FDR adjusted p < 0.05; assessed with Wilcoxon rank-sum test due to non-normality). All BARS measures

comparisons by age group were statistically significant (FDR adjusted p < 0.05; Wilcoxon rank-sum test).

fIQR = Inter-quartile range

Note: Plus sign (+) indicates a higher score = better performance; Minus sign (=) indicates a lower score = better performance
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Table 3.

Page 17

BARS tests predictive of ADHD score on Child Behavior Checklist from Tobit regression model adjusting for
age and gender.

BARS i Standardized | Standardized | Standardized | Unadjusted FDR-
Test Measure Estimate | SE Cl Estimate™ SE* ort p-value S(—j\J/SISJZd
D'Prime | -1.77 0.74 (_‘033212) 2.8 0.96 (_‘044%?‘ 0.02 0.05
Hit
. Latency | 162 1200 | (2207, | 46 123 (-2.25,258) | 0.89 0.89
Continuous ' ' 25.30) : : -2, 2. . .
Performan (sec)
ce (CPT) -
Misses 0.11 007 | § 35()33' 0.98 0.63 (-025,222) | 0.12 0.17
False (0.17,
Alarm 0.39 0.12 0.62) 1.57 0.46 (0.67, 2.48) <0.001 0.006
Average
Correct (-16.89, _
Latency 243 9.86 21.76) 0.25 1.02 (-1.74, 2.24) 0.81 0.87
(sec)
Selective Wrong (0.58,
Attention Court 1.40 042 | 55 2.80 0.84 (117, 4.44) <0.001 0.006
(54T Omit (-0.27
mi —v.zf, —
Count 0.43 0.36 1.14) 0.87 0.72 (-0.54, 2.29) 0.23 0.27
Proportion | _ (-40.13, | _ (—4.01,
Correct 24.45 8.00 ~8.78) 2.45 0.80 20.88) 0.002 0.01
Finger Total _ (-0.10, _ -
Tapping Tapping 0.04 0.03 0.01) 2.05 1.38 (-4.76, 0.66) 0.14 0.18
Simple Average
Reaction Correct (3.13,
Time Latency 21.98 9.62 40.83) 2.44 1.07 (0.35, 4.53) 0.02 0.05
(SRT) (sec)
Digit Span _ _
Forward | -1.28 0.56 (_02'1%;' 256 111 (_0432‘;’ 0.02 0.05
Digit Span Count
(DST) i
Digit Span 173, | _ (-1.73,-
Reverse 0.87 0.44 20.002) 0.87 0.44 0.002) 0.05 0.09
Count ' '
Average
Correct (-0.23, .
Symbol Latency 1.33 0.80 2.90) 1.56 0.93 (-0.27, 3.39) 0.09 0.15
Digit Test (sec)
(56T) Total (0.10
otal 10,
Errors 0.80 0.36 1.50) 1.60 0.72 (0.20, 3.01) 0.03 0.05

*
Standardized data achieved by dividing data by IQR of the BARS measure.
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