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Abstract
Objective—To evaluate the reproducibility and validity of the Pediatric Automated
Neuropsychological Assessment Metrics (Ped-ANAM) when used in childhood-onset systemic
lupus erythematosus (cSLE).

Methods—Forty children with cSLE and 40 matched controls were followed for up to 18
months. Formal neuropsychological testing at baseline was repeated after 18 months of follow-up;
overall cognitive performance and domain-specific cognition (attention, working memory,
processing speed and visuoconstructional ability) were measured and categorized as having
normal cognition, mild/moderate or moderate/severe impairment. The 10 Ped-ANAM subtests
were completed every 6 months and twice at baseline. Ped-ANAM performance was based on
accuracy (AC), mean time to correct response (MNc), throughput, and coefficient of variation of
the time required for a correct response (CVc) as a measure of response consistency.

Results—Particularly MNc scores demonstrated moderate to substantial reproducibility
(intraclass correlation coefficients: 0.47-0.80). Means of select Ped-ANAM scores (MNc, AC,
CVc) differed significantly between children with different levels of cognitive performance and
allowed for the detection of moderate or severe cognitive impairment with 100% sensitivity and
86% specificity. Six Ped-ANAM subtests significantly correlated with the change in overall
cognitive function in cSLE (baseline vs. 18 month; Spearman correlation coefficient > ±0.4;
p<0.05, n=24).

Conclusions—The Ped-ANAM has moderate to substantial reproducibility, criterion and
construct validity and may be responsive to change in cSLE. Additional research is required to
confirm the Ped-ANAM's outstanding accuracy in identifying cognitive impairment and its
usefulness in detecting clinically relevant changes in cognition over time.
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Like adults, children with systemic lupus erythematosus (cSLE) frequently report cognitive
problems, and several studies have documented significant cognitive deficits with traditional
neuropsychological test batteries (1, 2). Most studies find neurocognitive dysfunction
(NCD) on tests measuring attention or concentration, cognitive flexibility, free recall
memory, visuoconstructional ability, and speed of information processing in a substantial
subgroup of cSLE, suggesting the presence of a subcortical cognitive syndrome (3). NCD
may represent active neuropsychiatric lupus. When present, NCD has detrimental effects on
patient quality of life (4), and thus constitutes an important disease feature to consider in the
medical management of cSLE.

The detection of NCD with cSLE is typically made by formal neuropsychological testing (1,
5), but this is costly, time intensive, not always readily available, and requires specialized
advanced training. In recent years computer-administered tests have been explored in
patients with various diseases as more cost-effective screening tools of NCD (6). One of
these is the Automated Neuropsychological Assessment Metrics (ANAM™), designed as a
library of automated tasks assessing various aspects of cognitive functioning (7).

The ANAM has been found to be well-suited to screen the cognitive abilities of adults with
SLE (3, 8). Similarly, our group reported on the potential usefulness of the adaptation of the
ANAM for pediatric use (Ped-ANAM™) (9) to screen for cSLE-associated NCD in a small
cross-sectional pilot study (10). Building on our promising initial results, our objectives of
this case-control study were to more thoroughly document the utility of the Ped-ANAM in
this high-risk population; specifically, we aimed to (a) assess the feasibility of
administration by non-neuropsychologist clinic staff, (b) document the short-term
reproducibility of the instrument, (c) test its concurrent and criterion validity, as well as its
(d) responsiveness to change, relative to more traditional neuropsychological tests.

PATIENTS AND METHODS
Forty patients with cSLE (11) were asked to each identify a friend who was within one year
of his/her age, of the same gender, and in the same school grade. This “best-friend
approach” to selecting control populations has been shown to result in good case-control
matches on sociodemographic variables (12). Controls had to be healthy, without known
structural brain abnormalities or known NCD. No potential controls needed to be excluded
from participation by these criteria. The patients’ medical records were reviewed for cSLE
relevant parameters, and additional information about the study population is provided
elsewhere (13). To study the reproducibility (also known as test-retest reliability) of the Ped-
ANAM, study participants completed the test twice during the first study visit. For use as
external standard, participants also completed formal neuropsychological tests at the same
visit. Finally, both the Ped-ANAM and neuropsychological tests were repeated 18 months
later to address responsiveness to change.

Measures
Pediatric Automated Neuropsychological Assessment Metrics—The Ped-
ANAM has been adapted from the traditional ANAM (14, 15) for use in children ≥10 years
(16). Together, the Ped-ANAM subtests measure sustained concentration and attention,
spatial processing, cognitive-processing efficiency, verbal reasoning, learning, recall, and
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working memory. A full description of the Ped-ANAM subtests is published elsewhere (10)
(also see supplemental material online).

Performance on each of the Ped-ANAM subtests can be gauged by four scores. They are (a)
accuracy defined as the percentage of correct responses (AC); (b) mean reaction time for
correct responses or speed (MNc; in seconds); (c) throughput (TP) which is considered a
measure of effectiveness or cognitive efficiency, and is a combination of reaction time and
accuracy (17); and (d) coefficient of variation of reaction time for correct responses (CVc=
standard deviation MNc/ MNc) which reflects the consistency of a test-taker's response
speed within a given subtest. For the Simple Reaction Time subtest only the MNc score was
calculated as this subtest only allows for correct responses.

When taking the Ped-ANAM, the Simple Reaction Time subtest is completed at the
beginning and again at the end of the testing session, with the MNc calculated as the average
across both subtests. Differences in the performance of the Simple Reaction Time subtest
over a given Ped-ANAM session (beginning vs. end of session), can be used to assess the
change in speed of sensorimotor processing or participant fatigue when taking the Ped-
ANAM (18). Higher scores at the end of the session than at the beginning indicate a decline
in overall speed of sensorimotor processing. Higher AC and TP scores, and lower MNc and
CVc scores, indicate better cognitive performance. The TP variable has been widely used in
ANAM research given that it is sensitive to cognitive performance, incorporates speed and
accuracy in one variable, and more closely conforms to a normal distribution than other
variables (8, 18-20).

Formal Neuropsychological Testing Battery and Definition of Neurocognitive
Dysfunction—Formal neuropsychological testing was performed by a trained
psychometrician, using a standardized neuropsychological battery for cSLE, with details
provided elsewhere (5). The battery assesses working memory, psychomotor speed,
attention, and visuoconstructional ability, cognitive domains that have been found to be
particularly affected by cSLE in prior research (Table 1). All measures included in this
battery of neuropsychological tests are well-validated and provide age-normed scores
compared to large, demographically diverse normative samples (5).

To categorize levels of cognitive function, participants’ age-normed scores were converted
to a common z-score metric (mean= 0, standard deviation = 1 for a normative healthy
population), with higher scores reflecting better performance. The mean z-scores within
each cognitive domain were then averaged to yield a composite domain score, with four
composite domain scores overall. Finally, in the absence of a generally accepted definition
for NCD (21), three levels of cognitive ability were defined: (a) normal cognition/ no NCD,
if all z-scores ≥ -1; (b) mild to moderate NCD, if one or two domain z-scores < -1 or one
domain z-score ≤ -2; and (c) moderate to severe NCD, if more than one domain z-score < -2
or more than two domain z-scores < -1.

Statistics
Demographic and clinical characteristics were summarized by means and standard
deviations (SD) for numerical variables and frequency (in %) for categorical variables. We
calculated intraclass correlation coefficients (ICCs) to assess the reproducibility of the Ped-
ANAM subtests. ICCs can be interpreted as follows: poor agreement: ICC < 0.4; fair to
good agreement: ICC ≥ 0.4 – 0.75; substantial to excellent agreement: ICC > 0.75 (22).

As previously suggested (18), performance fatigue was examined by comparing the
difference of the MNc score on the Simple Reaction Time subtest when administered in the
beginning as compared to the end of a Ped-ANAM session. Both Spearman's and Pearson's
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correlation coefficients were calculated to assess relationships between Ped-ANAM scores
and NCD domain and overall z-scores. Results from these two methods were similar, thus
only Spearman's correlation coefficients (r's) are reported. Absolute values of r's can be
interpreted as unrelated; weak, moderate or strongly correlated for values <0.2; 0.2- 0.39,
0.4- 0.59, or ≥ 0.6 (23) respectively. To establish criterion validity, fixed effect models were
used to determine Ped-ANAM measures associations with cognitive function category
(normal cognition, mild/moderate NCD, and moderate/severe NCD); post-hoc, means were
compared between NCD groups under the fixed effect model framework and adjusted for
multiple comparisons using a Tukey's method. Ped-ANAM's responsiveness to cognitive
change (based on change as measured by the traditional cognitive tests) was assessed by
determining the correlation between the change in the cognitive function (domain z-scores)
and the change of the Ped-ANAM scores per subtest.

Both unadjusted and adjusted (after adding demographics and clinical characteristics as
controlling covariate) fixed effect models were considered in computation. Results from
adjusted models are not shown as they were similar to those of unadjusted models. In the
prediction analyses, moderate/severe NCD was predicted by Ped-ANAM measures using
multivariate logistical regression models. Stepwise selection methods were used in the
logistical regression models to select Ped-ANAM scores. A propensity score was calculated
from each of the logistical models and considered in receiver operating characteristics curve
analysis to predict moderate/severe NCD. The area under the receiver operating
characteristics curve (AUC) was calculated, and sensitivity and specificity determined under
a preferred threshold approach. Values of the AUC can be interpreted as outstanding,
excellent, good, fair and poor performance in predicting NCD, for values of 1.0 – 0.91; 0.81
– 0.90; 0.71 – 0.8; 0.61 – 0.7; and < 0.6, respectively (24).

As an alternative approach, classification and regression tree (CART) model analysis (25)
was done and a CART-score developed from the final nodes of the CART model tested in
receiver operating characteristics curve analysis. CART analysis was performed using
SYSTAT version 11.0 software (Systat Software, Inc., Point Richmond, CA) and other
statistical analyses using SAS 9.3 software (Cary, NC), with ROC curves plotted using
Splus version 6.2 software (Insightful Corp, Durham, NC). P-values < 0.05 were considered
statistically significant.

RESULTS
Study Participants & Formal Neuropsychological Testing

English was the native language for all study participants of the 40 cSLE and 40 controls
matched for sex, school grade, and age (within 1 year of age of index patient with cSLE),
with sociodemographic details and information about cSLE status provided elsewhere (13)
and online. In brief, 45% of the cSLE patients were African American, and 85% of the study
participants were female. Besides the mean age of the cSLE group being somewhat higher
than that of the control group (14.8 ± 2.3 years vs. 13.98 ± 3.2 years; p =0.03), groups were
comparable on sociodemographic factors as measured by the maternal education level and
family income. NCD was identified in both controls and the cSLE group, with a trend
towards more pronounced NCD severity in the latter. At baseline, normal cognition, mild
NCD or moderate/severe NCD were noted, respectively, in 60% (n=24), 35% (n=14) and
5% (n=2) of the controls as compared to 62.5% (n=25), 25% (n=10) and 12.5% (n=5) of the
cSLE patients. Daily prednisone was prescribed to 78% (31/40) of the patients with cSLE.
Disease activity as measured by the SLEDAI (mean ± SD: 4.9 ± 4.4) and BILAG 2004
(mean ± SD: 3.0 ± 3.8) indices (26) was in the mild to moderate range. . 18-month follow-
up data were available for 24 or the 40 cSLE participants.
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Feasibility
None of the participants had difficulties in understanding the Ped-ANAM instructions. Each
administration took 35 – 55 minutes. There were rare technical problems (non-
responsiveness of the software due to repetitive triggering of the mouse in very short time
intervals) in four patients, requiring the intervention of clinical research personnel.

Throughput Scores
We found the TP score to be problematic as a measure of cognitive function due to our
observation of atypical response patterns in some participants. That is, some participants,
especially those with NCD, responded to test items with unusually fast reaction times (i.e.,
substantially faster than the mean of the group) with correspondingly very low accuracy
(often at chance levels), suggesting that these participants responded quickly without
actually attending to the cognitive demands of the task. Historically, TP has been shown to
be more strongly weighted toward reaction time than accuracy (given the inherent greater
range of variability in the reaction time variable compared to accuracy). Therefore, in this
study the TP score of more cognitively complex tests, tended to give too much ‘credit’ or to
overestimate cognitive functioning in participants with a quick but inaccurate response style.

Reproducibility
The reproducibility of the Ped-ANAM subtests was highest for subtests of higher cognitive
complexity and for the MNc score (Table 2). The reproducibility (MNc scores) of the Ped-
ANAM ranged from fair to excellent but, for the most part was good to substantial. AC
scores showed fair to good agreement for some subtests (Code Substitution, Matching to
Sample, Matching Grids, and Sternberg Memory Search) but substantial to excellent
consistency for the Continuous Performance Test. ICCs for the derived performance
parameter CVc varied widely and ranged from poor (Procedural Reaction Time) to good
(Continuous Performance Test).

Construct Validity
We expected participants with normal cognition to perform better on the Ped-ANAM
compared to those with NCD, especially if NCD was more pronounced. There were
statistically significant differences in scores (AC, MNc, CVc) on several Ped-ANAM
subtests, particularly in contrasting the performance of the moderate/severe NCD group with
the normal cognition and mild/moderate NCD groups (Table 3). Interestingly, when visually
examining group means for the MNc score, the moderate/severe NCD group tended to
respond the fastest. We believe this is due to the earlier described tendency of some
participants to respond quickly without attending fully to the cognitive demands of the task.
This possibility is supported by the observation of lower AC scores in this group compared
to the other two groups and the finding that the moderate/severe NCD group performed
significantly slower than the other two groups on Simple Reaction Time subtests which do
not present significant cognitive demands (all: p (MNc) < 0.021).

Criterion Validity
In an effort to evaluate criterion validity and determine whether one can limit the number of
Ped-ANAM subtests to be completed for the surveillance of NCD, we assessed which
particular subtests were especially correlated with the classification of NCD (Table 4).
Therefore, we calculated odds ratios using multivariate logistic models (outcome: normal
cognition yes/no), while adjusting for age differences between groups. Our results, shown in
Figure 1, suggest that the presence of NCD can be accurately predicted by a subset of Ped-
ANAM subtests (Spatial Processing, Continuous Performance Test, Matching to Sample,
Code Substitution Delayed).
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As an alternative approach we also explored combinations of Ped-ANAM scores of the
above subtests using CART analysis. This resulted in a CART score (range: 1 – 4), with a
lower score indicating higher likelihood of moderate/severe NCD. Specifically, Score = 1 if
CVc of Continuous Performance Test > 0.6; Score = 2 if CVc of Continuous Performance
Test ≤0.6 but CVc of Matching to Sample > 1.4; Score = 3 if CVc of Continuous
Performance Test ≤ 0.6 and CVc of Matching to Sample ≤1.4 but MNc of Continuous
Performance Test ≤ 375 milliseconds; and Score =4 if CVc of Continuous Performance Test
≤ 0.6 and CV of Matching to Sample ≤ 1.4 but MNc of Continuous Performance Test > 375
milliseconds. The CART-score of 3 and above had an AUC of 92%, a sensitivity of 83.3%
and specificity of 100% in indicating whether the participant has no NCD vs. Moderate/
Severe NCD (Figure 1, Model 6).

Change in Speed of Sensorimotor Processing
Participants’ MNc scores when performing the Simple Reaction Time subtest performed in
the beginning of the Ped-ANAM session were subtracted from those when repeating this
subtest in the end of the Ped-ANAM session, with larger increases considered to reflect a
more pronounced decline in overall speed of sensorimotor processing. Our study showed
increases in mean ± SE's of the MNc scores to be 25.6 ± 16.2 milliseconds (p=0.119), 50.8
±22.7 milliseconds (p=0.028), and 159.6 ± 46.4 milliseconds (p=0.0003) in the normal
cognitive, mild/moderate NCD and moderate/severe NCD groups, respectively. However,
these differences only reached statistical significance when comparing the moderate/severe
NCD to the normal cognition group (p=0.021) while there was only a trend for between the
moderate/severe NCD vs, the mild/moderate NCD group (p= 0.095).

Responsiveness to Change over an 18 Month Time Period
Eighteen month follow-up data were available for 24 of the 40 participants with cSLE. In an
effort to identify those Ped-ANAM subtests that most closely capture changes in cognition
over time, we examined Spearman correlations between changes in Ped-ANAM scores (AC,
MNc, CVc) per subtest and the changes in cognitive performance (z-scores) as per repeat
formal neuropsychological testing 18 months apart (Table 5). Differences in the Ped-
ANAM scores were more closely associated with changes in visuoconstructional ability,
followed by those in processing speed and attention, and to a much lesser degree of working
memory

DISCUSSION
Neuropsychiatric SLE is thought to be more common in children as compared to adults, with
up to 95% of children manifesting at least one symptom of neuropsychiatric SLE and NCD
being present in up to 55% according to some studies (2, 27). NCD may be transitory (28) or
persistent over years (29) and can occur in patients without other cSLE disease activity (30,
31). Because its symptoms are often subtle, the identification of NCD is sometimes difficult,
requiring formal neuropsychological testing to be recognized. In an effort to allow efficient
screening for NCD in a clinical setting, we explored the usefulness of the Ped-ANAM (16).
In assessing the psychometric properties of the Ped-ANAM in cSLE, we found the
administration of this computer test to be feasible, and also found that selected subtests and
indexes had good reproducibility, criterion and concurrent validity and responsiveness to
cognitive change, suggesting that these measures may be a useful screening tool for NCD.

Besides newly providing estimates of the reproducibility of the Ped-ANAM, our results
support its construct validity for screening overall cognitive function in pediatric
populations. Ped-ANAM scores with normal cognition significantly differed from those with
the presence of mild/moderate and moderate/severe NCD, as indexed by traditional
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neuropsychological testing. As would be expected based on the study of the Ped-ANAM in
other pediatric diseases, these differences in Ped-ANAM scores were present irrespective of
a diagnosis of cSLE. Our results are also in line with previous studies in adults and children
with SLE that found a large number of the ANAM and Ped-ANAM scores to be associated
with and predictive of formal cognitive test performance (3, 8). Likewise, responsiveness of
Ped-ANAM to cognitive change is supported by associations of changes in the Ped-ANAM
scores with the changes in formal neuropsychological test scores over time.

Low Ped-ANAM throughput (TP) scores have been reported in numerous clinical
populations as demonstration of cognitive difficulties (8, 32-36). However, we did not find
the TP scores to be useful to differentiate study participants according to the level of their
cognitive function, most likely due to atypical performance patterns which led to this
variable being an overestimate of actual cognitive abilities. Instead, we found other Ped-
ANAM scores that measure accuracy (AC) and the speed of accurate responses in terms of
overall mean (MNc) and variability (CVc) were better suited to estimate cognitive function
that than TP score (10). Likewise, Hanley et al. pointed out shortcomings of the TP scores
on tasks that assess higher cognitive functions (e.g., working memory or executive
function).

As noted in our previous study, AC scores for all Ped-ANAM subtests were generally high,
irrespective of cognitive abilities of the participants. While this ensures that most individuals
can complete the Ped-ANAM successfully (thereby supporting feasibility), the pronounced
negative skew of AC scores represents a “ceiling effect” which limits their utility. It is likely
that the ability to identify subtle NCD and possibly changes in NCD over time would be
improved if the Ped-ANAM subtests were more difficult, resulting in more normally
distributed AC scores. Given the versatility of the Ped-ANAM metrics, this hypothesis could
be easily tested by modifying Ped-ANAM task parameters.

We found the Ped-ANAM to have moderate to substantial reproducibility when completed
within one day, similar to what has been reported for the original (adult) ANAM (37).
Furthermore, it has been suggested previously that the performance of test takers improves
most between the first and second administrations, with marginal improvement upon a third
administration (38) on the same day. This raises the possibility that our study provides
conservative estimates of the Ped-ANAM's reproducibility.

Our data confirm the utility of the Continuous Performance Test and Spatial Processing
subtests of the Ped-ANAM as screening tasks for NCD (10) and also indicate that the
Matching to Sample and Code Substitution Delayed subtests are similarly useful. For
reasons not well understood and different from our previous study, the Mathematical
Processing subtest did not add to the identification of NCD. One reason may be that the
participants of the current study were younger than those in our earlier study. Alternatively,
as the previous study of only 27 cSLE patients was underpowered, the Mathematical
Processing subtest association with NCD might constitute a type 2 error. Either way, these
inconsistencies suggest that it is premature to use fewer Ped-ANAM subtests in future
studies of cSLE-associated NCD.

We also provide initial evidence that the Ped-ANAM is responsive to change in cognition of
children and adolescents with cSLE. Hence, even in the context of the ongoing brain
development expected in this age group, our findings are in line with those reported for the
ANAM in adults with other neuropsychiatric diseases unrelated to SLE (8). Nonetheless, a
more detailed evaluation of the Ped-ANAM's ability to detect clinically relevant changes in
cognition of children and adolescents with cSLE remains warranted.
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A limitation of our study may be that the sampling strategy used does not allow for the
provision of valid estimates of the prevalence of cSLE-associated NCD. This is because we
used a convenience sample of patients that was not sampled in a strict consecutive fashion
from clinic. Likewise, the best-friend matching strategy used to correct for
sociodemographic variables affecting cognition resulted in a sizeable number of controls
having NCD. None of the above, however, has affected the findings of the reliability and
validity of the Ped-ANAM as is supported by exploratory analysis which assessed the
measurement properties of the Ped-ANAM in cases and controls separately (data not
shown).

In summary, we established that the Ped-ANAM has promising psychometric properties
when used in cSLE and healthy pediatric controls, largely confirming the results of a
previous pilot study. This is important because it suggests that this tool, which can be
administered in busy clinics by non-specialist staff, can feasibly track functioning over time
for “early warning signs” of cognitive decline, and can screen for patients who are in need
for more specialized neuropsychological follow-up and interventions. However, prior to the
use of the Ped-ANAM in clinical care, a more detailed assessment of the tool's discriminant
validity appears warranted, including the delineation of minimally clinical important
differences in Ped-ANAM scores. Ongoing studies are expected to provide a solid reference
range of Ped-ANAM performance scores in healthy children with different socioeconomic
backgrounds.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE & INNOVATION

Innovation

This study supports the utility of the Ped-ANAM as a screening tool for neurocognitive
dysfunction in childhood-onset systemic lupus erythematosus

Significance

• The Ped-ANAM is a feasible screening device with good reproducibility and
criterion and concurrent validity in this population.

• Additionally, neurocognitive dysfunction can be determined with high accuracy

• Initial evidence of the Ped-ANAM's responsiveness to change in cognitive
ability over time is provided.
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Figure 1. Receiver operating characteristic (curves of detecting moderate/severe NCD based on
the performance scores of select Ped-ANAM subtests
AUC: area under the receiver operative characteristic curve (ROC); Sens: sensitivity; Spec:
specificity
Model 1: ROC curve from Model1 using stepwise selected AC measures;
Model 2: ROC curve from Model2 using stepwise selected CVc measures;
Model 3: ROC curve from Model3 using stepwise selected MNc measures;
Model 4: ROC curve from Model4 using stepwise selected AC, CV and MNc measures;
Model 5: ROC curve using the model developed in pilot study; ref (11);
CART model: Score defined as 1 if CPT CV>0.6; 2 if CPT CVc≤0.6 but M2S CVc>1.4; 3 if
CPT CVc ≤0.6 and M2S CVc≤1.4 but CPT MNc≤375; and 4 if CPT CVc ≤0.6 and M2S
CcV≤1.4 but CPT MNc <375.

Brunner et al. Page 12

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Brunner et al. Page 13

Table 1

Tests Used to Define Neurocognitive Dysfunction

Domain Measure Source Description

Working Memory

Digit Span Age-appropriate
Wechsler Intelligence

Scale 
1,2

Ability to repeat back in order, or in a re-
sequenced order, increasingly difficult strings of
numbers

Letter-Number Sequencing Age-appropriate
Wechsler Intelligence

Scale 
1,2

Ability to mentally resequence a series of letters
and numbers before repeating them back

Psychomotor Speed

Coding Age-appropriate
Wechsler Intelligence

Scale 
1,2

Test-takers “decode” and transcribe a series of
symbols as quickly as possible

Symbol Search Age-appropriate
Wechsler Intelligence

Scale 
1,2

Score reflects speed and accuracy of test-takers’
visual search for matches in rows of symbols

Attention

Hit Reaction Time Standard
Error

Conners Continuous

Performance Test II 
3

On a 15-minute-long boring task, the variability
in reaction time to specific letters flashing on
screen

Inhibition vs. Color Naming
Score

Delis-Kaplan Executive

Functioning System 
4

Relative ability to focus on the color of the ink
in which a conflicting color word is printed
(e.g., “blue” written in red ink).

Visuoconstructive Abilities

Block Design Wechsler Abbreviated

Scales of Intelligence 
5

Ability to efficiently reproduce colored line
drawings using blocks with sides that have
varying patterns

Block Counting Kaufman Assessment

Battery for Children
6,7

Ability to mentally represent the volume of a 3-
dimensional block construction printed in 2-
dimensional space.

1
Wechlser, D. 2003. Wechsler Intelligence Scale for Children – Fourth Edition. Harcourt Assessment, Inc, San Antonio, TX.

2
Wechsler, D. 2008. Wechsler Adult Intelligence Scale – Fourth Edition. NCS Pearson, San Antonio, TX.

3
Conners, C. 2004. Conners’ Continuous Performance Test II N. Tonawanda, NY

4
Delis, D. C., E. Kaplan, and J. H. Kramer. 2001. The Delis-Kaplan Executive Function System: Technical Manual. . San Antonio

5
Wechsler, D. 1999. Wechsler abbreviated scale of intelligence : WASI. Psychological Corporation, Harcourt Brace, San Antonio .

6
Daleo, D. V., B. R. Lopez, J. C. Cole, A. S. Kaufman, N. L. Kaufman, B. L. Newcomer, and C. E. Murphy. 1999. K-ABC simultaneous

processing, DAS nonverbal reasoning, and Horn's expanded fluid-crystallized theory. Psychol Rep 84:563-574.

7
Kaufman, A. S., M. R. O'Neal, A. H. Avant, and S. W. Long. 1987. Introduction to the Kaufman Assessment Battery for Children (K-ABC) for

pediatric neuroclinicians. J Child Neurol 2:3-16.
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Table 2

Reproducibility of the Ped-ANAM Scores 
†

Ped-ANAM Subtests Percentage of correct
responses (AC)

Mean reaction time for correct
response (MNc)

Consistency (CVc = SD of MNc/
MNc)

Code Substitution Delayed 0.38 (0.21, 0.55) 0.58 (0.44, 0.71) 0.21 (0.02, 0.40)

Code Substitution 0.44 (0.27, 0.61) 0.80 (0.73, 0.88) 0.43 (0.27, 0.60)

Continuous Performance Test 0.78 (0.70, 0.86) 0.71 (0.61, 0.81) 0.68 (0.57, 0.79)

Logical Relations 0.23 (0.03, 0.43) 0.77 (0.69, 0.86) 0.15 (0.00, 0.35)

Matching to Sample 0.52 (0.37, 0.67) 0.64 (0.52, 0.76) 0.57 (0.42, 0.72)

Matching Grids 0.43 (0.25, 0.60) 0.77 (0.68, 0.85) 0.38 (0.21, 0.56)

Mathematical Processing 0.25 (0.05, 0.45) 0.91 (0.87, 0.95) 0.62 (0.49, 0.75)

Procedural Reaction Time 0.10 (0.00, 0.31) 0.47 (0.32, 0.62) 0.16 (0.00, 0.38)

Spatial Processing 0.26 (0.03, 0.49) 0.71 (0.61, 0.82) 0.34 (0.17, 0.51)

Sternberg Memory Search 0.55 (0.41, 0.69) 0.52 (0.38, 0.67) 0.27 (0.10, 0.45)

Simple Reaction Time not estimable 0.68 (0.57, 0.79) not estimable

†
Values are intraclass correlation coefficients and 95% confidence intervals (in brackets) adjusted for multiple comparisons using a Tukey's

method.
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