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Abstract

Introduction: Evidence-based practice in neuropsychology involves the use of validated tests,
cutoff scores, and interpretive algorithms to identify clinically significant cognitive deficits.
Recently, actuarial neuropsychological criteria (ANP) for identifying mild cognitive impairment
were developed, demonstrating improved criterion validity and temporal stability compared to
conventional criteria (CNP). However, benefits of the ANP criteria have not been investigated

in non-research, clinical settings with varied etiologies, severities, and comorbidities. This study
compared the utility of CNP and ANP criteria using data from a memory disorders clinic.

Method: Data from 500 non-demented older adults evaluated in a Veterans Affairs Medical
Center memory disorders clinic were retrospectively analyzed. We applied CNP and ANP criteria
to the Repeatable Battery for the Assessment of Neuropsychological Status, compared outcomes
to consensus clinical diagnoses, and conducted cluster analyses of scores from each group.

Results: The majority (72%) of patients met both the CNP and ANP criteria and both approaches
were susceptible to confounding factors such as invalid test data and mood disturbance. However,
the CNP approach mis-labeled impairment in more patients with non-cognitive disorders and
intact cognition. Comparatively, the ANP approach misdiagnosed patients with depression at a
third of the rate and those with no diagnosis at nearly half the rate of CNP. Cluster analyses
revealed groups with: 1) minimal impairment, 2) amnestic impairment, and 3) multi-domain
impairment. The ANP approach yielded subgroups with more distinct neuropsychological profiles.

Conclusions: We replicated previous findings that the CNP approach is over-inclusive,
particularly for those determined to have no cognitive disorder by a consensus team. The ANP
approach yielded fewer false positives and better diagnostic specificity than the CNP. Despite
clear benefits of the ANP vs. CNP, there was substantial overlap in their performance in this
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heterogeneous sample. These findings highlight the critical role of clinical interpretation when
wielding these empirically-derived tools.
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diagnostic criteria; cognition; memory disorders; neuropsychology; evidence-based practice;
cluster analysis

Introduction

At the crux of evidence-based practice in psychology is providing patient care in accordance
with the best available scientific evidence (I0M, 2001; APA Presidential Task Force

on EBP, 2006). In neuropsychology, a key element of this is using empirical, objective
measures and validated cutoff scores to identify cognitive impairment. With these tools,
neuropsychologists employ their expertise to draw inferences about clinical diagnosis and
etiology. Thus, efforts toward establishing and iteratively refining the empirical bases for
these tests and the diagnostic criteria to which they are applied are crucial for guiding
clinical practice (Sweet et al., 2017).

Mild cognitive impairment (MCI) is one diagnosis that has borne a variety of operational
and psychometric definitions over time. Historically, the term MCI referred to an amnestic
disorder that represented a prodromal phase of Alzheimer’s disease (Petersen et al.,

2001) but has since broadened to include non-amnestic and multidomain presentations
(Petersen, 2004; Petersen & Morris, 2005). Conventional neuropsychological criteria (CNP)
operationalize MCI as a single impaired score (> 1.5 SD below age-appropriate norms) on
any test in one or more cognitive domains (Petersen & Morris, 2005). A major limitation of
this approach is that reliance on a single impaired score increases false positive diagnostic
errors, as many neurologically healthy adults obtain one or more impaired scores on testing
(Heaton et al., 2004; Heaton et al., 1991; Palmer et al., 1998).

Recent work leverages more comprehensive neuropsychological data to improve the
reliability and validity with which MCI is diagnosed, but the application of these new
criteria to clinical settings has yet to be examined. Specifically, actuarial neuropsychological
criteria (ANP; Jak et al., 2009) were developed that require at least two impaired scores

(> 1 SD helow age-appropriate norms) per cognitive domain in an effort to improve
sensitivity and specificity. This approach has demonstrated improved diagnostic precision
at the behavioral, neural, and biomarker level. In longitudinal studies, a greater number of
those who met CNP criteria reverted from MCI to normal, while the ANP criteria resulted
in greater diagnostic stability over time (Jak et al., 2009; Thomas et al., 2019; Wong et al.,
2018). Cluster analyses have revealed that the two criteria identified groups with distinct
neuropsychological profiles. In two prior studies, the ANP approach yielded dissociable
amnestic, mixed impairment, dysexecutive, language, and visuospatial subtypes, while the
CNP approach was limited to amnestic and mixed impairment and a sizeable group who
perform within normal limits (Bondi et al., 2014; Clark et al., 2013). There is evidence that
a considerable proportion of this “cluster-derived normal” group was mislabeled as MCI,
as they had fewer APOE-e4 carriers, did not differ from cognitively normal older adults in
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cortical atrophy or amyloid burden, and had lower rates of progression to dementia (Bangen
et al., 2016; Edmonds et al., 2015; Edmonds, Eppig, et al., 2016). Whereas the CNP
approach demonstrates this susceptibility to false positives, the ANP approach demonstrates
superior identification of individuals at risk for dementia (Bondi et al., 2014; Edmonds et al.,
2015; Jak et al., 2016).

Despite these compelling findings, these effects have been observed exclusively in research
studies (mostly using data from the Alzheimer’s Disease Neuroimaging Initiative), and it is
as yet unknown whether the benefits of the ANP criteria generalize to more varied clinical
settings in which other test batteries are administered. Retrospective analysis of accumulated
data from a clinical practice is one such method of ascertaining the benefits of the ANP
criteria. However, inherent to this approach is the problem of circularity that precludes
explicit tests of diagnostic accuracy, as the test scores to which the criteria would be applied
contributed to the clinical diagnoses. Nonetheless, comparisons of the CNP and ANP criteria
in clinical samples are needed to examine how frequently they are met using test batteries
common to this setting and how they correspond to more comprehensive diagnoses informed
by patient history, collateral informant reports, and professional input from other providers.
Importantly, clinical datasets, such as repositories from memory disorders clinics, offer
insights into certain realities that are not present in carefully selected research studies, such
as variability in disease etiology and performance validity (Barker et al., 2010; Borghesani
et al., 2010; Howe, et al., 2007; Martin & Schroeder, 2020; Paulson et al., 2015). As these
issues are relevant to many clinical contexts in which the CNP or ANP criteria might be
used, it is important to evaluate how these two approaches perform when faced with those
challenges.

The primary aim of this study was to compare the rates at which the CNP and ANP criteria
for MCI were met in a sample of non-demented patients seen in a VA Medical Center’s
memory disorders clinic, using a test battery (the Repeatable Battery for the Assessment of
Neuropsychological Status [RBANS]; Randolph, 1998) which is commonly used in clinical
settings (Rabin et al., 2016), yet has not been subject to investigation in the ANP literature.
We also sought to evaluate the correspondence of CNP and ANP groups with clinical
diagnoses conferred by an interdisciplinary team of neurologists, neuropsychologists, and
geriatric psychiatrists. In accordance with previous studies, we hypothesized that the CNP
criteria would be overly inclusive—labeling a larger number of patients as impaired and
including more patients who were given no diagnosis by the clinical team—compared to
the ANP approach. One unique aspect of this study is that unlike all prior studies of ANP,
this study includes performance validity testing, given that patients seen in VA settings have
been shown to provide invalid data at higher rates than patients in other clinical or research
settings (Martin & Schroeder, 2020). We hypothesized that patients who failed validity
testing would be captured by both criteria due to indiscriminate production of low scores.
As follow up, we characterized the cognitive profiles of those that met each criterion, using
cluster analysis, to explore how the features unique to this VA clinical sample (i.e., varied
clinical etiologies, range of severities, comorbidities, and high rate of validity test failure)
were reflected in the resulting groups.
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Materials and Methods

Participants and Procedures

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

This study was a retrospective analysis of data collected from patients seen at an outpatient
memory disorders clinic at a VA Medical Center in the southeastern United States. All
procedures were in compliance with the Institutional Review Board (study #Pro00066285)
and approved by the Office of Research and Development at the Ralph H. Johnson

VA Medical Center. Informed consent was waived because the study consists solely of
retrospective review of data collected in the course of routine clinical care.

Referrals to this clinic came from Primary Care, Neurology, Mental Health, and

other VA clinics and typically referenced concerns related to memory problems and
dementia; thus, the sample was primarily geriatric (Mage = 69.3 years, SD= 8.9, range:

43 - 90 years). Memory disorders clinic visits provided interdisciplinary evaluations
involving neuropsychological evaluation (i.e., clinical interview and standardized testing),
neurological examination, and psychiatric evaluation. Consensus diagnoses were then
assigned by the interdisciplinary team, consisting of a neuropsychologist, behavioral
neurologist, and geriatric psychiatrist, upon consideration of all available information. This
included patient history, self- and/or informant-reported symptoms, clinical presentation,
neurological examination, psychodiagnostic interviewing, lab results, neuroimaging, and
neuropsychological test performance on a screening battery that included the RBANS.
Consensus diagnoses were given after the totality of this information was discussed by the
team in relation to the patient’s estimated premorbid functioning. Although patients could
be assigned multiple diagnoses (e.g., a cognitive disorder and psychiatric disorder), in this
paper we report the primary diagnoses considered, by consensus, to be the leading etiology
of the patient’s condition.

Criteria from the DSM-IV-TR (American Psychiatric Association, 2000) and later
DSM-5 (American Psychiatric Association, 2013) were used to diagnose dementia/major
neurocognitive disorder and depressive disorders. Depressive disorder was assigned as a
primary diagnosis only when there was no cognitive disorder diagnosed by the consensus
team and no existing diagnoses/current treatment for other psychiatric conditions (e.g.,
PTSD; these patients were assigned to the “other” category). In the spirit of the original
MCI concept, the practice of the clinic is to assign an MCI diagnosis only for amnestic
presentations for which the suspected etiology is Alzheimer’s disease. Amnestic MCI
(aMCl) diagnoses were based on impaired RBANS index and subtest scores for memory
domains (using Petersen criteria), consideration of other test scores, and information about
functional abilities and change from baseline collected in the clinical interviews. Patients
who exhibited cognitive impairment but who did not meet criteria for aMCI or dementia
were diagnosed with cognitive disorder not otherwise specified (CD-NOS). Of note, no
explicit cut-off scores on neuropsychological tests were used for making any of the
consensus diagnoses described above. Data were collected, and diagnoses were assigned,
before the study hypotheses were formulated.

Patient exclusion/inclusion is detailed in the flow chart in Figure 1. Complete data were
available for 824 patients who were consecutively seen for an initial evaluation between
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Measures

2002 and 2019. Given that we aimed to test criteria for identifying mild cognitive
impairment, we excluded data from individuals who received a consensus diagnosis

of dementia (i.e., Alzheimer’s disease, vascular dementia, Lewy body dementia, alcohol-
induced dementia, frontotemporal dementia, mixed dementia, or dementia NOS). Excluding
patients with dementia was consistent with the development of the CNP (Petersen & Morris,
2005) and ANP (Jak et al., 2009) as well as the approach taken by previous studies
comparing the two (Bondi et al., 2014; Edmonds et al., 2015; Edmonds, Eppig, et al., 2016;
Jak et al., 2016; Thomas et al., 2019; Wong et al., 2018). We included participants who were
assigned CD-NOS, aMCl, depressive disorder (reflecting either major depressive disorder or
depression NOS), no diagnosis, and failed validity. The “no diagnosis” group was comprised
of patients for whom no clinical diagnosis (psychiatric or cognitive) was suspected. Of

note, patients who failed validity testing were often assigned a clinical diagnosis by the
interdisciplinary team, but were recoded into a failed validity group for the purposes of

this study. Individuals for whom diagnosis was coded as “other” or “diagnosis deferred”,
but who did not fail validity testing, were excluded given that these designations were
nonspecific and did not provide clinically interpretable information for the purposes of this
study. In consideration of the cluster analysis performed here which is sensitive to outliers
(Almeida et al., 2007; Jin & Han, 2010; Yim & Ramdeen, 2015), data were excluded

for participants who had any RBANS subtest score that was an extreme outlier, defined

as beyond 3 times the interquartile range. This resulted in a final sample of 500 older

adults (Mage = 69.3, SD = 8.9 years) who were mostly men (97%) and had completed one
year of college on average (Meqgy = 13.1, SD = 2.9 years). The majority of the sample
identified as White (73.8%), followed by African American (24.6%), Hispanic (1.0%), and
Other/Not specified (0.6%). Descriptive statistics for RBANS subtests per diagnostic group
are presented in Table S1.

Repeatable Battery of the Assessment of Neuropsychological Status (RBANS;
Randolph, 1998).—The RBANS is a brief screening battery comprised of 12 subtests
measuring 5 cognitive domains: Immediate Memory (List Learning, Story Learning),
Delayed Memory (List Recall, List Recognition, Story Recall, Figure Recall), Attention
(Digit Span, Coding), Language (Naming, Verbal Fluency), and Visuospatial/Constructional
(Line Orientation, Figure Copy). Normative data from the manual was used to convert raw
scores to age-adjusted zscores and to then calculate the 5 corresponding Index scores for
each domain and a Total score. For the purpose of this study, age-adjusted z-scores for

each of the 12 individual subtests were used, as they provide at least two subtest scores per
cognitive domain for application of the CNP and ANP criteria.

Test of Memory Malingering (TOMM; Tombaugh, 1997).—The TOMM is the most
widely used stand-alone performance validity measure, with roughly 80% of surveyed
neuropsychologists reporting frequent administration (Martin et al., 2015). The test includes
three trials (Trial 1, Trial 2, and a delayed Retention Trial), each a 50-item, forced-choice
picture recognition task. Scores on the Retention trial were not included in validity
determinations for this study as this optional portion of the test was infrequently and
inconsistently administered. Patients were either administered both Trial 1 and 2 per
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standard administration (n7 = 404, 80.8%), or Trial 1 only (n7= 96, 19.2%), based on
accumulating evidence that scores on Trial 1 are sufficient for determining performance
validity (Denning, 2012; Horner et al., 2006; Martin et al., 2019). For the purpose of

the current study, patients were classified as having failed validity testing based on the
following: the standard cutoff score of <45 on Trial 2 (Tombaugh, 1997) was used for those
administered both trials; a cutoff of <42 proposed by a recent meta-analysis (Martin et al.,
2019) was used for those given Trial 1 only. Thus, the number of patients in the failed
validity group represents these categorical determinations.

Statistical Analyses

The full sample of 500 patients was classified regarding cognitive impairment using two
approaches that differed in the severity of impairment and the number of impaired scores
required per cognitive domain. The CNP criteria require at least one score > 1.5 SD

below the age-referenced normative mean, whereas the ANP require two scores within a
single domain > 1 SD below the age-referenced mean. These criteria were applied to the
age-adjusted zscores from each of the 12 RBANS subtests, stratifying patients into those
meeting neither criterion (CNP-/ANP-), CNP only (CNP+/ANP-), ANP only (CNP-/ANP+),
or both (CNP+/ANP+). We tested for differences across groups in age and education using
one-way ANOVA with Tukey’s post hoc tests, and in sex and race/ethnicity using chi-square
with Fisher’s exact test. Differences in consensus diagnoses across groups (CD-NOS, aMCl,
depressive disorder, no diagnosis, failed validity) were determined using chi-square with

the Monte Carlo method with 10,000 samples, given that this analysis was too large for a
Fisher’s exact test. Given the disproportionate cell sizes across these groups, we ensured that
all variables met statistical assumptions or analyses were adapted accordingly. Agreement
between the ANP and CNP criteria was assessed using Cohen’s kappa (x), which ranges
from no agreement (0) to perfect agreement (1). Correspondence with consensus diagnoses
was evaluated by assessing the composition of each group (i.e., the number and proportion
of each diagnosis per group) and differences between CNP and ANP criteria per diagnosis
group were tested using McNemar’s test for paired dichotomous data. Results are reported
as McNemar’s exact binomial test (p-values only) when cell values are small or McNemar’s
test with continuity correction (chi-square and p-values) when cell values are sufficiently
large.

Neuropsychological data from the groups meeting CNP and ANP were separately submitted
to two cluster analyses to investigate the presence of clinical subtypes within those that met
each criterion (see Supplementary Material for additional details regarding the statistical
analysis and model evaluation methods). We excluded those who failed validity testing

to allow us to characterize the neuropsychological profiles of subgroups without the
confounding impact of invalid data. Cluster analysis requires all entered variables to be

in the same unit of measurement. As such, age-corrected scores for the 12 RBANS subtests
were z-standardized within-sample and entered into two sequential cluster analyses. For
each, an agglomerative hierarchical cluster analysis using Ward’s linkage was conducted
as a data-driven method for identifying the cluster structure. The appropriate number of
clusters was chosen by visual inspection of the dendrogram plot. Next, k-means cluster
analyses were conducted for each potential solution, specifying a priorithe number of
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Results

clusters and their centers determined in the previous step. Discriminant function analyses
(DFA) were then used to quantify how well the 13 cognitive variables discriminated the
cluster groups using a cross-validation technique. Chi-square tests determined significance,
and the percentage of correct classifications was compared across cluster solutions.

We statistically compared the profile of RBANS scores within each cluster while accounting
for the overlap between groups (i.e., those who were CNP+/ANP+). To do so, for each of
the three clusters we examined differences in mean Z-score for each subtest between those
meeting CNP only and those meeting ANP only, excluding the overlapping individuals. We
used ANOVA'’s with Tukey post hoc tests for equal variances and Welch’s ANOVA'’s with
Games-Howell post hoc tests for unequal variances. To correct for multiple comparisons, we
report results for main effects of group surviving Bonferroni correction.

Comparing CNP and ANP Criteria

More patients met criteria using the CNP (444 patients, CNP+) than ANP approach (368
patients, ANP+), but overall there was moderate agreement between the two (x = .42,
p<.001). Of the 500 total patients, 9.6% met neither criterion (CNP-/ANP-), 16.8%

met CNP but not ANP criteria (CNP+/ANP-), only 1.6% met ANP but not CNP criteria
(CNP-/ANP+), and 72.0% met criteria for both (CNP+/ANP+). Descriptive statistics for
demographic variables, consensus diagnoses, and test performance per group are presented
in Table 1. Comparison of group characteristics revealed a significant main effect of group
on age (A3,499) = 2.94, p=.033); however, no post hoc between-group comparisons were
significant. There was a significant between-groups difference in education (A3,498) = 8.74,
p<.001) such that the CNP+/ANP+ group had fewer years of education on average than
both the CNP-/ANP- group (p < .001) and the CNP+/ANP- group (o = .006). There was

no significant association between sex and group (Fisher’s exact test = 6.02, p = .082).
There was a significant association between race and group (Fisher’s exact test = 17.51, p=
.032) such that compared to expected counts, the CNP-/ANP- had fewer African American
patients, the CNP+/ANP- group had more White and fewer African American patients, and
the CNP+/ANP+ group had fewer White and more African American patients.

There was a significant association between consensus diagnosis and group (X2(12)

= 183.66, Monte Carlo p < .001). The CNP-/ANP- group was significantly weighted

toward those with non-cognitive diagnoses, comprised solely of patients assigned no
diagnosis (35 patients, 72.9%) and depression (13 patients, 27.1%). This suggests good
concordance between those who were not labeled as impaired by either approach and
consensus diagnoses. However, the CNP+/ANP- also had significantly more patients with
non-cognitive diagnoses than expected counts, with the majority of this group having no
diagnosis (44 patients, 52.4%) and depression (20 patients, 23.8%), suggesting that relying
on CNP criteria alone may yield erroneous labeling of impairment. The much smaller group
of patients who were CNP-/ANP+ had a roughly equivalent distribution of those with no
diagnosis (3 patients, 37.5%), depression (3 patients, 37.5%), and aMCI (2 patients, 25.0%),
but no patients with CD-NOS. The largest group, those meeting both criteria (CNP+/ANP+),
demonstrated the best concordance with consensus diagnoses. Specifically, compared to
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expected counts, this group had disproportionately more patients with CD-NOS (capturing
90.8% of total CD-NOS cases), aMCI (capturing 92.9% of cases), and failed validity (100%
of cases) and fewer with depression (capturing only 54.4% of cases) and no diagnosis
(capturing only 32.8% of cases).

We next assessed the performance of the two approaches by examining the diagnostic
compositions of patients that met each criterion (Table 2). The two approaches significantly
differed in the number of cognitive and non-cognitive diagnoses captured (X2(1) = 46.41,
p<.001), with CNP labeling impairment in over three quarters (77.8%) of those with
non-cognitive diagnoses compared to ANP labeling impairment in roughly half (53.9%).
Specifically, the CNP approach identified impairment at greater rates than the ANP among
patients who, per consensus diagnosis, were deemed to have a depressive diagnosis but no
cognitive disorder (79.8% vs. 58.2%; p < .001) and no diagnosis (68.9% vs. 35.3%: X2(1)

= 35.3, p<.001). Of note, 100% of patients who failed validity testing met both CNP and
ANP criteria, highlighting each criterion’s lack of specificity in the context of invalid test
data. Differences were much less apparent for cognitive diagnoses. There was no significant
difference in the proportion of those with aMCI captured by either approach (100% vs.
95.3%; p=.687). Although the CNP approach was slightly more inclusive of CD-NOS than
the ANP approach, both labeled impairment in the vast majority of cases (100% vs. 90.8%;
p<.001).

Cluster Analyses

Two cluster analyses of RBANS scores were conducted for patients who passed validity
testing, one using data from patients who met CNP criteria (7= 402) and the other

using data from those who met ANP criteria (r7= 326). For both, 3-cluster solutions were
determined to be the best fit (see Supplementary Material for details), correctly classifying
94.3% of cases for CNP and 92.0% of cases for ANP, compared to 91.5% and 91.7%,
respectively, for the 4-cluster solutions. We evaluated the diagnostic compositions (Figure
2) and neuropsychological characteristics (Figure 3 and Table S2) of these clusters. We
used the uniform labeling procedures set forth by the American Academy of Clinical
Neuropsychology (Guilmette et al., 2020) to characterize test performance.

Overall, the cluster solutions were similar across the ANP and CNP approaches. The first
clusters appeared to capture those who were minimally impaired, with all scores falling

in the average to low average range. The second clusters captured those with primarily
amnestic impairment, and comprised of a mix of patients with aMCI and CD-NQOS. This
group showed a clear amnestic pattern of scores in the below average to exceptionally low
range on most verbal memory tests (i.e., List Learning, Story Learning, List Recall, List
Recognition, Story Recall) as well as below average scores on Coding. The third clusters
appeared to include those who had deficits in multiple domains, which contained a majority
CD-NOS patients. Neuropsychological performance in this group was characterized by
below average to exceptionally low scores on all verbal memory subtests as well as Figure
Copy, Verbal Fluency, and Coding.

There were several notable discrepancies in the composition and neuropsychological profiles
of the resulting clusters between the two approaches. Across all three clusters, we observed
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the above-mentioned pattern of greater labeling of impairment in those without a cognitive
diagnosis when using CNP criteria (Figure 2). Specifically, each of the CNP clusters
contained a larger proportion of those who had been given no diagnosis compared to the
ANP clusters (first cluster: X2(1) = 34.02, p< .001; second cluster: X2(1) = 34.19, p< .001;
third cluster: X2(1) = 6.63, p = .01). Additionally, the first (i.e., minimal impairment) and
third (i.e., multi-domain impairment) CNP clusters contained proportionally fewer patients
with aMCI compared to the respective ANP clusters (first cluster: X2(1) = 15.83, p< .001;
third cluster: X2(1) = 7.67, p=.006).

Lastly, we tested for differences in neuropsychological profiles between CNP and ANP
for each cluster (Figure 3) by comparing mean RBANS subtest scores for those meeting
CNP only (i.e., CNP+/ANP-), ANP only (i.e., CNP-/ANP+), and the overlapping group
that met both (i.e., CNP+/ANP+). We focus our reporting on group main effects surviving
multiple comparisons correction that showed significant differences between the CNP and
ANP approaches. Detailed results are provided in Table S3.

For the first cluster, there were significant group differences in all memory subtests (adj.

p’s <.001) as well as Coding (adj. p=.004), with post hoc comparisons revealing that
CNP+/ANP- individuals performed significantly better than CNP-/ANP+ individuals (adj.
p’s <.001). In fact, the CNP first cluster contained those with average scores (mean Z-scores
> —0.71) on these subtests, suggesting that this approach labels impairment in those with
generally intact cognitive function. For the second cluster, the groups differed significantly
on all memory subtests except figure recall (adj. p’s <.001), both language subtests (i.e.,
Naming and Fluency; adj. p’s < .018), and Digit Span (adj. p = .040). Although both groups
exhibited memory deficits, post hoc comparisons indicated a more pronounced amnestic
profile for the CNP-/ANP+ group, with memory scores in the exceptionally low range
compared to scores in the low average range for CNP+/ANP- group. For the third cluster,
there were significant group differences in all memory subtests except figure recall (adj. p’s
<.001), both visuospatial subtests (i.e., Figure Copy and Line Orientation, adj. p’s < .001),
Naming (adj. p< .001), and both attention subtests (i.e., Digit Span and Coding, adj. p’s <
.025). Overall, both approaches yielded a pattern of multi-domain impairment, with memory,
visuospatial (Figure Copy), language (Fluency), and attention (Coding) scores in the below
average range (mean Z-scores > —1.40). However, post hoc comparisons revealed that the
CNP+/ANP- group demonstrated a more amnestic profile (adj. p’s < .001), whereas the
CNP-/ANP+ group retained a multi-domain profile with greater impairments (below average
scores, i.e., Z< —1.40) in certain memory (List Learning, Story Recall), visuospatial (Figure
Copy), and attention (Coding) subtests (adj. p’s < .001).

Discussion

This study evaluated two criteria for identifying cognitive impairment using the RBANS
in a sample of non-demented Veterans seen in a memory disorders clinic. The majority
of patients met both criteria and there was no difference in the ability of both the CNP
and ANP criteria to identify patients with aMCI. This suggests that, within the context of
identifying aMCl, the benefit of using the ANP approach instead of the CNP approach
observed in many previous studies using research samples may be less pronounced when
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applied to this clinical sample with various severities and etiologies. However, consistent
with previous findings, the CNP approach was over-inclusive compared to the ANP
approach, falsely labeling impairment in a greater number of patients determined to have

no cognitive disorder by a consensus team and who had more intact cognition on average.
Notably, all patients who failed validity testing met both criteria, illustrating the relevance of
considering performance validity when applying algorithmic criteria in clinical contexts.

Despite some evidence that the CNP and ANP criteria performed similarly in this study, the
most salient finding was the greater susceptibility to false positive labeling of impairment
for the CNP than ANP criteria. Whereas the CNP criteria mis-labeled impairment in the
majority of patients with depression (80%) and no diagnosis (69%), the ANP approach

did so at roughly a third of the rate for those with depression and at nearly half the

rate for those given no diagnosis. Further, the group meeting CNP criteria exhibited more
intact memory performance on the RBANS (many well-within the average range) compared
to the ANP criteria. These results mirror a consistent finding from this literature—that

the CNP approach captures a subgroup of individuals who perform within normal limits,
suggesting that they were falsely labeled as impaired (Bondi et al., 2014; Clark et al., 2013;
Edmonds et al., 2015). Thus, our findings generally mirror those of previous studies that
have demonstrated lower specificity of the CNP criteria (Bangen et al., 2016; Bondi et al.,
2014; Clark et al., 2013; Edmonds et al., 2015; Edmonds, Eppig, et al., 2016; Jak et al.,
2016).

Cluster analyses of neuropsychological test scores from patients meeting each criterion
illustrated both the general convergence between the two approaches as well as notable
differences in resulting neuropsychological profiles. The cluster analyses for both the CNP
and ANP groups produced three clusters, each with relatively similar cognitive profiles
overall. This likely reflects the substantial overlap between those meeting CNP and ANP
(with 72% of the full sample meeting both criteria), and also suggests relative concordance
in cognitive subtypes captured by these approaches. The three clusters contained 1) patients
with minimal impairments (i.e., average to low average scores), largely comprised of those
with no cognitive diagnosis; 2) patients with amnestic impairments (i.e., below average
memory scores), predominantly those with aMCI or CD-NOS; and 3) patients with multi-
domain impairments (i.e., below average to exceptionally low scores on certain memory,
visuospatial, and attention subtests), most of whom were diagnosed with CD-NOS.

However, more detailed investigation of the composition of these clusters revealed several
notable differences that illustrate the differential performance of the CNP and ANP criteria.
First, the CNP criteria demonstrated more false positive labeling of impairment, including
more individuals with no diagnosis in all three cluster-based subgroups and capturing

a subset of individuals with intact neuropsychological performance in the first cluster.
Second, whereas all three of the CNP-based clusters showed primarily memory impairment
(albeit at different severities), the ANP criteria produced subgroups with more distinct
neuropsychological profiles. Specifically, the first ANP cluster showed a pattern of subtle
memory decrements in the low average range; the second ANP cluster demonstrated a more
amnestic pattern of exceptionally low memory scores; and the third ANP cluster exhibited
multi-domain (i.e., mixed) impairments in memory, visuospatial abilities, and attention.
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These cognitive profiles map onto well-established clinical constructs and mirror evidence
from prior studies that the ANP criteria are more likely to produce cluster-derived subgroups
with dissociable neuropsychological profiles (Clark et al., 2013).

Although our findings are generally in line with previous research studies illustrating
significant benefits of using the ANP over CNP criteria, we also observed some evidence
that the two performed similarly in this clinical sample. Specifically, there was substantial
overlap in patients selected by both approaches (72%) and no difference in identification
of those with aMCI. Similarly, the first paper to introduce the ANP approach concluded
that the majority of MCI diagnoses (based on a variety of criteria including CNP, ANP,

and others) were consistent across schemes and remained stable over 17-month follow-up
(Jak et al., 2009). Other studies found that diagnoses based on both the CNP and ANP
criteria were associated with progression to dementia in separate models, although only the
ANP remaining significant in a joint model (Jak et al., 2016; Wong et al., 2018). Further,
we found that the best concordance with consensus diagnoses occurred when both criteria
were met, which requires individuals to demonstrate consistent impairment (two tests per
cognitive domain per ANP) at a certain level of severity (below —1.5 SD per CNP). Together,
these findings support the validity of the general concepts behind these algorithmic criteria
and suggest that they both yield meaningful diagnostic information.

Whereas previous studies provide strong evidence of enhanced sensitivity and specificity

of the ANP criteria, our investigation yielded somewhat milder effects. We suspect that

the benefits the ANP approach may be less apparent in this clinical setting for several
reasons. Whereas most of the samples in previous studies were selected to represent a single
etiology and particular stage of disease (i.e., MCI as a prodrome of Alzheimer’s disease), the
current study’s sample was highly heterogeneous in terms of presenting problem, severity,
and etiology. Previous research samples were also screened for many confounding factors
including psychopathology and neurological comorbidity. Most of these studies used data
from the Alzheimer’s Disease Neuroimaging Initiative, in which participants were vetted
for substance abuse history, prior head trauma, medication status, general health, and even
vascular factors such as brain ischemia (Bondi et al., 2014; Edmonds, Delano-Wood, et

al., 2016; Edmonds, Eppig, et al., 2016; Edmonds et al., 2015; Thomas et al., 2019).
Contrastingly, the present sample of patients seen in a memory disorders clinic may have
had one or many of these factors contributing to their clinical presentation. Thus, the
specificity of the ANP criteria may be dampened in this heterogeneous clinical sample

due to diagnostic heterogeneity and higher rates of confounding conditions compared to

the research samples in which the criteria were developed. However, future studies directly
comparing the application of these criteria in both research and clinical settings are needed.

A unique aspect of this study was the evaluation of the extent to which patients who had
failed validity testing met CNP and/or ANP criteria. Research samples produce invalid test
data at lower rates than clinical samples (McCormick et al., 2013), and the highest rates

of performance invalidity are often observed in VA clinical settings (Martin & Schroeder,
2020). As expected, all patients who provided invalid data produced multiple impaired
scores, causing them to meet both criteria for impairment. Thus, although both criteria are
able to capture patients with clinically meaningful cognitive presentations, they are also
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highly susceptible to confounding factors such as invalid test data. We chose to exclude
patients who had failed validity testing from cluster analyses to preserve the interpretability
of the resulting neuropsychological profiles. Although performance validity is not typically
assessed in research studies, our results clearly illustrate the need for including formal
validity testing when applying such criteria to real-world clinical settings.

We also observed that both CNP and ANP criteria were met by sizeable numbers of
patients without cognitive disorders, including those with depression and those given no
diagnosis by the consensus team. This may be due, in part, to the use of data from a single
time point. Without reference to psychometric estimates of premorbid functioning, these
criteria do not take into account whether scores represent declines from prior functioning.
As such, some individuals were mischaracterized as cognitively impaired by these
criteria, including individuals from historically disadvantaged backgrounds. Suboptimal
but frequently available proxies of this include years/quality of education and race (Jones
etal., 2011; Manly, 2005), and indeed the group who met both criteria (CNP+/ANP+)
had proportionally fewer years of education and a greater number of African American
patients. Thus, our data highlight the importance of considering demographic factors,
both clinically and in research, in the determination of clinical diagnoses. Development
of neuropsychological criteria should consider the salient issue of measurement of change
and account for potential bias endemic to our methods. This may be accomplished by
using the best available tests and norms and collecting comprehensive sociocultural and
demographic information (APA Guidelines, 2021) to be clearly reported and included in
statistical analyses.

The results of this study should be considered with the following limitations in mind.

First, given the nature of the data available in this retrospective clinical dataset, there is
inherent confounding of the CNP and ANP criteria and consensus diagnoses, since RBANS
subtest scores had previously contributed to consensus diagnoses. However, diagnoses were
also informed by other test data, clinical record review, the clinical interview, and input
from the interdisciplinary team’s evaluations. Nonetheless, this circularity precludes us from
explicitly quantifying the diagnostic accuracy of the CNP and ANP criteria in this setting.
Future prospective studies can use neuropsychological measures that did not contribute

to diagnosis in order to directly test classification accuracy. Relatedly, this cross-sectional
dataset permitted an assessment of concordance between these criteria and diagnosis only at
a single timepoint. Differences in diagnostic accuracy may be more apparent when patients
are monitored over time, such as in previous studies that have used progression to dementia
as an outcome. Of note, the original ANP criteria, which require two impaired scores in at
least one cognitive domain (Jak et al. 2009), have been adapted in some studies to include an
additional approach for identifying impairment using the presence of one impaired score in
three different domains (Bondi et al. 2014). We chose to use the original criteria in this study
since the incremental benefit of adding the additional approach has not been empirically
tested, and it is not clear how it should be applied to the RBANS which assesses more

than three cognitive domains. Given that varying these parameters (i.e., number of impaired
scores, number of test scores comprising each domain, number of domains) may impact
study results, future work is needed to determine the optimal approach.
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Second, sample characteristics should be considered when interpreting these results. Since
all patients were presumably referred to this clinic due to memory concerns, our sample may
contain a high proportion of patients with subjective and/or objective cognitive impairments.
Therefore, we may be less likely to observe differential performance of the CNP and ANP
criteria than previous research samples with a range of participants from cognitively normal
to mild cognitive impairment. Alternatively, given the relative diagnostic heterogeneity of
this clinical sample, the base rates of aMCI were low (only 16.8%) compared to prior
studies that selected specifically for this condition. This may limit our assessment of

the performance of the CNP and ANP criteria, as the detection of aMCI specifically is
dependent on the frequency of this condition in the sample (Lezak et al., 2004). Our

results demonstrate that although both criteria sensitively capture aMCl, this identification
is non-specific, which may be expected given the diagnostic composition of this clinical
sample.

Diagnostic schemas, such as the CNP and ANP, are necessary elements of evidence-based
practice in neuropsychology. Such criteria represent useful rubrics for identifying and
characterizing objective impairment and are important for preventing an over-reliance

on clinical experience (Bowden, 2017). When applying the CNP and ANP criteria for
identifying cognitive impairment to a real-world clinical setting, we observed subtle
evidence of benefits to using ANP over CNP. However, in the absence of considering
patient context and other clinical variables such as performance validity (Chelune, 2010),
both criteria, and particularly the CNP approach, are over-inclusive in their labeling

of cognitive impairment. These results highlight that evidence-based neuropsychological
practice depends not only on the tools we use, but on how we wield them.
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Figure 1.

Flow Chart of Patient Exclusion from Retrospective Database. Note that the Failed Validity

group was excluded from cluster analyses.
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Figure 2.

Diagnostic composition of cluster-derived subgroups. Stacked bars represent the number of
patients given each clinical diagnosis (shown in different colors per legend) within each
cluster (x-axis): the first with minimal impairment (green/gray), the second with amnestic
impairment (yellow/gray), and the third with multi-domain impairment (blue/gray). Bars are
presented in pairs, with clusters of those meeting CNP criteria on the left and ANP criteria
on the right of each pair. Data labels show the proportion of each cluster comprised of each
diagnosis category.
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Figure 3.

Neuropsychological profiles of cluster-derived subgroups. Lines represent performance on
RBANS subtests for patients meeting CNP criteria (dark colors) and ANP criteria (light
colors) for cognitive impairment. The first clusters (left panel, green) had scores in the
average to low average range (i.e., minimal impairment), the second clusters (center panel,
yellow) had an amnestic pattern of below average scores, and the third clusters (right
panel, blue) had below average to exceptionally low scores in multiple domains. Error bars
represent one standard error above and below the mean Z-score for each RBANS subtest.
Subtests are grouped along the x-axis into the five RBANS Indexes, representing distinct
cognitive domains. Asterisks indicate significant group differences in performance within
each cluster. Note. **p < .01, ***p < .001, Bonferroni corrected.
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Descriptive Characteristics of Groups Meeting Each Criterion.

Table 1.

Demographics

Age (years)

Education (years) *

Sex (male)

Race ™
Caucasian
African American
Hispanic/Latino

Other/not specified

Consensus Diagnoses *
Cognitive disorder NOS
Mild cognitive impairment
Depression disorder
No diagnosis
Failed validity
Raw TOMM scores

TOMM Trial 1 or Trial 2
RBANS subtest age-corrected Z-scores
List learning immediate recall
Story learning immediate recall
Figure copy
Line orientation
Naming
Fluency
Digit Span
Coding
List recall
List recognition
Story recall
Figure recall
RBANS age-corrected index scores
Immediate Memory
Visuospatial
Language
Attention
Delayed Memory
Total

CNP-/ANP- CNP+/ANP- CNP-/ANP+ CNP+/ANP+
(n=48) (n=284) (n=8) (n =360)
M,SDorN,% M,SDorN,% M,SDorN,% M,SDorN,%
67.23+9.28 68.54 +9.32 62.88 £ 11.94 69.83 + 8.57
146 £2.78 13.83 +2.67 1275+ 1.75 12.69 +2.92
45, 93.8% 79, 94% 8, 100% 353, 98.1%
41, 85.4% 72,85.7% 7, 87.5% 249, 69.2%
6, 12.5% 12, 14.3% 1,12.5% 104, 28.9%
1,2.1% 0, 0% 0, 0% 4,1.1%
0, 0% 0, 0% 0, 0% 3,0.8%
0, 0% 16, 19% 0, 0% 157, 43.6%
0, 0% 4, 4.8% 2, 25% 78, 21.7%
13,27.1% 20, 23.8% 3, 37.5% 43, 11.9%
35, 72.9% 44, 52.4% 3, 37.5% 40, 11.1%
0, 0% 0, 0% 0, 0% 42,11.7%
49.75 £ 0.56 49.76 £ 0.52 49.25+0.88 48.14 +£3.98
-0.31+0.73 -0.84+0.83 -0.6 +0.57 -1.86 +0.87
-0.03+£0.72 -0.37 £0.91 -0.49 £0.82 -1.65+1.15
-0.14 £0.72 -1.03 +1.47 0.13+0.83 -1.63 +£1.92
0.54+0.72 0.29+0.73 0.82 £ 0.69 -0.55 +1.27
0.51+0.32 0.41+0.55 0.65+0.11 0.09 +0.86
-0.23 £0.77 -0.88 +0.76 -0.29 +£0.89 -1.22 +0.89
0.46 +1.02 0.02 £ 1.02 -0.37 £ 0.96 -0.59 £ 0.95
-0.15+0.7 -0.79+1.12 -0.57 £0.82 -187+1.11
-0.02 £0.77 -0.5+0.78 -0.73+0.39 -1.5%0.75
0.06 +0.55 -0.13+0.82 -0.82 £ 0.47 -1.82+1.86
0.13 +0.65 -0.15+0.86 -0.51+0.68 -1.85+1.14
0.33+0.69 -0.11+0.73 -0.2+£0.92 -1.13 +£1.02
98.17 + 8.64 90.33 +10.42 90.5 + 10.61 72.12 + 13.64
102.73 £10.04 9423+ 1431 107.75+9.11 84.41 + 15.38
98.5+7.57 92.37 £ 6.76 96 + 8.46 89.16 + 8.7
102.67 +9.66 93.88 + 11.76 91.25+15.81 79.37 £ 14.03
104.04 +7.82 96.8 + 7.45 91.25+ 10.29 74.58 +16.12
100.96 + 6.54 90.51+6.8 92.63+7.65 7433+ 10
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Note. CNP: conventional neuropsychological criteria; ANP: actuarial neuropsychological criteria.
aTOMM scores reflect Trial 2 for individuals given both trials and reflect Trial 1 for those given the first trial only.

*
Groups significantly differed on these variables. Due to the challenge of denoting all significant group differences and directionalities in this table,
specific pairwise effects are described in the text.
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Table 2.
Diagnostic Composition Per Criterion.
Full Sample (n=500) CNP (n=444) ANP (n=368) Group Difference
Consensus Diagnoses No. No. % No. % p-value

Cognitive disorder NOS 173 173 100 157 90.8 <.001***

Mild cognitive impairment 84 84 100 80 95.2 0.69
Depressive disorder 79 63 79.8 46 58.2 <.001***
No diagnosis 122 84 68.9 43 35.3 <.001***

Failed validity 42 42 100 42 100 ns?

Note. CNP: conventional neuropsychological criteria; ANP: actuarial neuropsychological criteria. Group differences determined using McNemar’s

test for related samples of binary data.

a . . . o .
Test statistics could not be computed for the failed validity group because the two groups were identical (i.e., contained all cases).
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