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ropsychological tests with respect to their ability to distinguish among the Clinical
Dementia Rating (CDR) global scores of 0, 0.5, and 1.

Methods: First, we matched participants receiving V2 tests (V2 cohort) and V3 tests
(V3 cohort) in their cognitive functions using tests common to both versions. Then, we
compared receiver-operating characteristic (ROC) area under the curve in differenti-
ating CDRs for the remaining tests.

Results: Some V3 tests performed better than V2 tests in differentiating between CDR
0.5 and 0, but the improvement was limited to Caucasian participants.

Discussion: Further efforts to improve the ability for early identification of cognitive

decline among diverse racial groups are required.

KEYWORDS
differentiating CDR, National Alzheimer’s Coordinating Center Uniform Data Set (NACC UDS),
optimal cut-point, racial differences, receiver-operating characteristic area under the curve

(ROC-AUC), validity

1 | INTRODUCTION

The National Alzheimer’s Coordinating Center (NACC) at the Univer-
sity of Washington maintains a repository of valuable neuropsycho-
logical information from the Uniform Data Set (UDS) on participants
from all of the National Institute on Aging (NIA)-funded Alzheimer’s
Disease Centers (ADCs) in the United States. There are more than 30
past and present ADCs. The UDS consists of data collection protocols
administered systematically to participants enrolled into the Clinical
Cores of each ADC.1-3 Participants are recruited, enrolled, and fol-
lowed on an annual basis, thereby generating center-specific longitu-
dinal cohorts. These participants include individuals with clinical syn-
dromic diagnoses of normal cognition (NC), mild cognitive impairment
(MCI), or cognitive impairment that does not meet clinical MCI crite-
ria, and dementia of various etiologies, including Alzheimer’s disease
(AD). Consent is obtained at the individual ADCs, as approved by their
institutional review boards (IRBs). The UDS data include demograph-
ics, medical history, medication use, physical and neurological exam
findings, clinical ratings of dementia severity (Clinical Dementia Rat-
ing [CDR] Dementia Staging Instrument),* and neuropsychological test
scores. Systematic guidelines for clinical diagnosis are based on the
most up to date published diagnostic research criteria.>~®

AllUDS data collection instruments were constructed with the guid-
ance and approval of the ADC Clinical Task Force (CTF), a group formed
originally by the NIA to develop standardized methods for collect-
ing longitudinal data that would encourage and support collaboration
across the ADCs.2? Further information on the NACC database may
be found at: https://www.alz.washington.edu.html.

The first version of the UDS was available in 2005. A second ver-
sion, UDS V2, was implemented in 2008, with slight revisions to neu-
ropsychological test instructions and to other data collection forms. In
2015, UDS V3 was implemented to overcome challenges in the UDS V2
neuropsychological test battery.° Briefly, V3 was introduced with the

aim (1) to reduce significant practice effects in longitudinal follow-up,
especially in episodic memory tasks; (2) to use non-proprietary instru-
ments; (3) to use instruments that are potentially more sensitive to ear-
lier stages of cognitive decline; and (4) to add a visuoconstructional
measure and a visual memory test, which were missing in UDS V2.

UDS V2 neuropsychological tests? included a measure of over-
all dementia severity: the Mini-Mental State Examination (MMSE)*?;
measures of attention: Trail Making Test Part A2 and Digit Span For-
ward (Wechsler Memory Scale-Revised)!3; a measure of visuomotor
processing speed: Digit Symbol (Wechsler Adult Intelligence Scale-
Revised)!3; measures of executive functioning: Digit Span Backward
(Wechsler Memory Scale-Revised)!® and Trail Making Test Part B12;
measures of episodic memory: Logical Memory Story A Immediate
and Delayed Recall (Wechsler Memory Scale-Revised)!3; and language
measures: semantic fluency (Animals, Vegetables),'* short version of
the Boston Naming Test.1>16

In UDS V3, the Mini-Mental Status Exam (MMSE) was replaced with
the Montreal Cognitive Assessment (MoCA).1” MoCA index scores can
be calculated for subsets of items in the domains of attention, mem-
ory, orientation, language, executive function, and visuospatial func-
tion (see Method and Table 1 in Appendix for more information).17:18
Logical Memory Immediate and Delayed Recall was replaced with
the Craft Story Immediate and Delayed Recall'?; Digit Span Forward
and Backward with the Number Span Forward and Backward Test;
and the Boston Naming Test (BNT) with the Multilingual Naming Test
(MINT).2° The Benson Complex Figure?! was added as a test of visuo-
constructional ability (Copy condition) and as a measure of delayed
visual recall. Timed phonemic fluency for the letters F and L was also
added.?2 Therefore, four tests remained consistent across the two bat-
teries: category fluency animals and vegetables and Trailmaking Tests
AandB.

A crosswalk study that assessed equivalent test scores between V2

and their replacements in V3 listed above was published previously.23
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This study examined whether the newly implemented neuropsycho-
logical tests in UDS V3 have the same validity as V2 in differentiating
among global Clinical Dementia Rating (CDRs) scores of O (no cogni-
tive impairment), 0.5 (questionable or mild cognitive impairment), and
1 (mild dementia). We also generated composite scores for each cog-
nitive domain using tests in V3, and compared them with MoCA Index
scores'8 interms of their abilities to differentiate between CDR scores.

2 | METHODS

2.1 | Data
Each AD Center in the United States enrolls participants in an NACC
research cohort according to center-specific priorities; the records of
the participants will be uploaded to NACC. In general, most partici-
pants come from clinician referral, self-referral by patients or family
members, active recruitment through community organizations, and
volunteers who wish to contribute to research. Most centers also enroll
volunteers with normal cognition. Therefore, NACC participants are
not an epidemiologically based sample of the U.S. population with or
without dementia. Rather, they are best regarded as areferral-based or
volunteer case series selected based on each center’s research focus.
To reduce the influence of practice effects, the sample was
restricted to individuals who received the UDS V2 or V3 neuropsycho-
logical test battery at their initial visit. Individuals had none, question-
able, or MCl corresponding to a global CDR score of 0, 0.5, or 1, respec-
tively. Data were obtained from the September 2018 data freeze.

2.2 | Statistical methods

For each individual test and composite score at baseline for V2 and V3,
we fit 3 logistic regression models: CDR O versus 0.5; CDR 0.5 versus 1;
and CDR O versus 1, adjusted for age, sex, years of education, and race.
We examined ROC-AUCs as an indicator of overall performance in dif-
ferentiating CDR groups and compared ROC-AUCs between V2 and
V3test batteries. We chose CDR global scores as the outcome measure
because it is a clinical and functional assessment and is mostly deter-
mined independently from neuropsychological test results, thereby
avoiding the inherent circularity of studying subjects diagnosed using
neuropsychological tests. Confidence intervals for each AUC were
calculated using bootstrap methods.2* We also assessed ROC-AUCs
stratified by race. Race stratification analysis was limited to Caucasian
versus African American (AA) participants because other racial ethnic

groups did not have a sufficient sample size.

23 |
cohorts

Sample selection process to match V2 and V3

In recent years, the ADCs have been more interested in recruit-

ing patients in earlier stages of cognitive decline for their center-

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic Review: Federally funded Alzheimer’s Disease
Centers in the United States have been using a stan-
dardized neuropsychological test battery as part of the
National Alzheimer’s Coordinating Center Uniform Data
Set (UDS) since 2005. Version 3 (V3) of the UDS replaced
the previous version (V2) in 2015. The process for select-
ing a new set of neuropsychological tests for V3 and their
normative test scores was published previously. A cross-
walk study providing tables that allow scores on the new
tests to be converted to equivalent scores was also pub-
lished.

2. Interpretation: In this study, we compared V2 and V3
neuropsychological tests with respect to their ability to
distinguish between the Clinical Dementia Rating (CDR)
global scores of 0, 0.5, and 1. The same tests administered
in both versions showed different discriminatory abilities
in distinguishing CDR score of 0 and 0.5, indicating that
the V2 cohort (participants assessed between 2005 and
2015) and the V3 cohort (participants assessed between
2015 and 2018) differ in their levels of cognitive abilities
within CDR score of 0.5. This necessitated matching two
cohorts before comparing the discriminatory abilities of
remaining tests. After matching two cohorts on their cog-
nitive abilities, the test battery in V3 improved the abili-
ties to differentiate between CDR 0 and 0.5 in some tests,
but the magnitude of these improvements was relatively
small and the gain was limited to the Caucasian partici-
pants.

3. Future Directions: Data continue to accumulate. Neu-
ropsychological test scores are available to researchers
via requests to NACC, where researchers can link neu-
ropsychological test scores with other data including clin-
ical variables, MRI, and autopsy records. Further research
with sufficient numbers of under-represented groups is
required to address racial- and ethnic-specific normative
scores and optimal cut-points to improve diagnostic accu-

racy across diverse groups.

specific longitudinal NACC research cohorts, because current research
is increasingly focused on these subjects for clinical trials and primary
prevention. Thus the CDR 0.5 group of the V3 cohort (enrolled after
2015) may be made up of a larger proportion of cases at an earlier
stage of decline, which could potentially make it more difficult to dis-
criminate between healthy volunteers (CDR = 0) and patients with MCI
(CDR = 0.5) in the V3 cohort (enrolled after 2015) than with the CDR
0.5 group of the V2 cohort (enrolled between 2008 and 2015). There-
fore, before comparing each of the V2 and V3 cognitive tests, we first

matched participants in the V2 and V3 cohorts with respect to their
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cognitive abilities by using the four neuropsychological tests common
to both batteries. A detailed description of statistical matching meth-
ods used is found in the Appendix.

2.4 | UDS V3 domain-specific composite scores
We generated the composite scores for each cognitive domainin V3 by
first calculating the Z-score for each test using the baseline distribution
of mean and SD and taking the average of the Z-scores included in each
domain.

The following composite scores were generated. The National
Alzheimer’s Disease Coordinating Center (NACC) Data Dictionary
variable names are indicated in brackets below for reference:

1. Memory Composite Score: Immediate Craft Story Recall (para-
phrase scoring) [CRAFTURS], Delayed Craft Story Recall (para-
phrase scoring) [CRAFTDRE], Total score for delayed recall of Ben-
son figure [UDSBENTD].

2. Language Composite Score: Category Fluency (animals) [ANI-
MALS], Category Fluency (vegetables) [VEG], Multilingual Naming
Test (MINT) (total score) [MINTTOTS], Number of correct F-words
and L-words [UDSVERTN].

3. Attention Score: Trail Making Test Part A [TRAILA (reversed Z-
score)], Forward Number Span Test (# of correct trials) [DIG-
FORCT].

4. Executive Function Score: Trail Making Test Part B [TRAILB
(reversed Z-score)], Backward Number Span Test (# of correct tri-
als) [DIGBACCT].

5. Visuospatial Score: Total Score for copy of Benson figure [UDS-
BENTC].

In addition, the Global Composite score was generated for V3
in two ways. First, we took the average of the Z-scores of the five
domains listed above (henceforth called UDS Global Composite-5
score). Second, in an attempt to create a consolidated version of com-
posite scores, we generated a brief Composite Score using the aver-
age of the Z-scores in the following three tests: MoCA Total Score,
Delayed Craft Story Recall, and Trail Making Test Part B; this combi-
nation of scores will henceforth be called UDS Global Composite-3
Score. These tests were chosen based on their proven ability to mea-
sure global cognition, memory, and executive dysfunction, which are
hallmark domains affected by dementia and are therefore assumed
to be declining continuously, even at an earlier stage of the disease

spectrum.

2.5 | MoCA domain-specific index scores
We generated MoCA domain-specific index scores using an algorithm
described previously.1”1825 The algorithm for calculating MoCA Index

scores is also summarized later in the Appendix.

3 | RESULTS

UDS V2 and V3 contained 13,119 and 4894 unique subjects, respec-
tively, who were 60 years or older with CDR score <1 and provided
information on education and race. After excluding those with missing
data from one of the four tests (Category Fluency Animals and Veg-
etables, Trails Making Tests A and B) used for matching in V2 and V3
cohorts, we had 4318 participants in V3. The same number of subjects
was selected from V2 (detailed methods in Appendix). The comparison
between selected and non-selected V2 participants did not differ in the
distribution of age, sex, and education, and the correlation matrices of
cognitive tests did not differ between the selected and non-selected
groups, which is discussed in the Appendix. Demographic and clinical
characteristics (age, sex, education, race, and cognitive test scores) for
participants used for the subsequent analyses are presented in Table 1.
By design, the four tests that are common in both V2 and V3 batteries
and used to match the two cohorts are almost identical in their means
and SDs (Table 1). In addition, in Table 1, we show MMSE scores con-
verted from MoCA using previously published cross-walk results.23 For
the Trail Making measures, we also calculated connections per second
(ie, number of correct connections/unit time to complete), which has
less of a ceiling effect compared to completion time alone because, in

some instances, participants exceeded the maximum cut-off time.

3.1 | V2 and V3 test battery comparisons

Table 2 shows ROC-AUC values for each cognitive test in V2 and
V3 in discriminating CDR classes. In the full cohort (ie, combining
race categories), Craft Story Delayed Recall (paraphrase scoring) in V3
showed higher discriminative ability in distinguishing between CDR
0.5 and 1 than the corresponding Logical Memory Delayed Recall in
V2 (AUC = 0.73 for Logical Memory Delayed Recall, AUC = 0.78 for
Craft Story Delayed Recall; P < 0.01). Among Caucasian participants,
MoCA total score in V3 showed higher discriminative ability in dis-
tinguishing between CDR 0 and 0.5 than the corresponding MMSE in
V2 (AUC = 0.78 for MMSE, AUC = 0.81 for MoCA; P < 0.01). Among
African American participants, Backward Number Span (V3) showed
higher discriminative ability than Digit Span Backward (V2) in distin-
guishing between CDR 0 and 1 (AUC = 0.69 for Digit Span Backward,
AUC = 0.87 for Backward Number Span; P < 0.05), as well as the ability
to discriminate between CDR 0.5 and 1 (AUC = 0.56 and AUC = 0.77,
respectively, P < 0.05). No other tests differed significantly between V2

and V3 in their discriminatory abilities.

3.2 | Within version analysis in V3 tests

MoCA Index scores versus V3 individual test. For differentiating CDR
0 versus 0.5, MoCA Memory Index score showed similar ROC-AUC
(AUC = 0.77) as Craft Story Delayed Recall (0.77 for verbatim scor-

ing and 0.78 for paraphrase scoring). Similarly, MoCA Executive Index
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(Continued)

TABLE 1

=4318)
2274

Version 3 (N
CDR

=4318)*
2274

Version 2 (N
CDR

CDR = 1N =322

CDR=0.5N=1722

=0N=

CDR = 1N =322

CDR=0.5N=1722

=0N=

V3 specific tests

17.1(4.5)
9.5(5.9)
4.2(5.5)
7.0(2.3)
5.0(2.1)

22.1(4.1)
15.1(7.3)
11.1(7.8)
7.5(2.3)
5.9(2.1)

25.9(2.8)
21.4(6.6)
18.5(6.6)
8.1(2.3)
6.9(2.2)
29.8(2.5)

MoCA

Craft Story immediate recall (verbatim scoring)

Craft Story delayed recall (verbatim scoring)

DODGE ET AL.

Number span forward test (correct trials)

Number span backward test (correct trials)

24.7 (6.2)

27.8(4.7)

Multilingual naming test (MINT) (total score)

14.1(3.1)
3.5(3.9)
23.0(4.0)

15.0(2.0)

7.3(4.4)

15.5(1.4)
11.1(3.0)

29.1(1.3)

Copy of Benson Figure (total score)

Delayed drawing of Benson figure (total score)

26.9(3.0)

28.9(1.4) 26.7 (2.8) 23.0(3.8)

MoCA in V3 converted to MMSE using Cross Walk

results (Monsell, et al)2®

(0.70) and Attention Index (0.68) showed a discriminative ability simi-
lar to that of the respective cognitive tests tapping the same domains
(0.71 for Trail making B for executive; 0.66 for Digit Span Backward for
attention). For the language domain, Animal Fluency (0.72) and MINT
(0.70) showed better abilities to differentiate CDR O versus 0.5 than
MoCA Language index (0.65, P < 0.05) (Table 3). Similar patterns were
found for CDR 0.5 versus 1 comparisons.

MoCA Index score versus UDS Composite Scores. The UDS Mem-
ory Composite was better able to differentiate CDR O versus 0.5 than
the MoCA Memory Index (0.80 for UDS Memory Composite versus
0.77 for MoCA Memory Index, P < 0.05). In addition, across all CDR
comparisons (P < 0.01), UDS Language Composite performed better
than MoCA Langue Index score. On the other hand, MoCA Executive
(0.70), Attention (0.68), and Visuospatial (0.67) Indexes performed bet-
ter than UDS Executive (0.61), Attention (0.61), and Visuospatial (0.63)
composites, respectively, in differentiating CDR O versus 0.5 (P < 0.01).

Similar patterns were found in differentiating CDR O versus 1.

3.3 | UDS Global Composite-5 score versus UDS
Global Composite-3 score

The UDS Global Composite-5 score (average of five domains) and
Composite-3 score (average of three domains) showed similar ROC-
AUCs across all CDR comparisons.

Racial differences in MoCA index and UDS composite scores: In all
MoCA Indexes except orientation, it was easier to differentiate CDR
0 versus 0.5 among Caucasian than AA participants (0.79 versus 0.69,
respectively, for memory, P < 0.05; 0.71 versus 0.66 for executive func-
tion, P <0.01; 0.66 versus 0.63 for language, P < 0.01; 0.70 versus 0.66
for attention, P < 0.01; 0.68 versus 0.63 for visuospatial, P < 0.01).
On the other hand, in all MoCA Indexes except memory and orien-
tation, it was easier to differentiate CDR O versus 1 among AA than
Caucasian participants (0.94 versus 0.87, respectively, for executive
function, 0.85 versus 0.79 for language; 0.90 versus 0.83 for attention;
0.90 versus 0.82 for visuospatial, P < 0.01 for all comparisons). It was
also easier to differentiate CDR 0.5 versus 1 among AA than Caucasian
participants for executive function (0.84 vs 0.73, respectively, P < 0.05),
language (0.71 vs 0.66, P < 0.05), and attention (0.77 vs 0.69, P < 0.05).

Similarly we found differences in the discriminative ability of UDS
composites. It was easier to differentiate CDR 0 versus 0.5 among Cau-
casian than AA participants in Memory (0.82 vs 0.71, P < 0.01) and
Language (0.75 vs 0.68, P < 0.01). On the other hand, it was easier to
differentiate between CDR 0 versus 1 in AA participants as compared
to Caucasian participants in Attention (0.85 vs 0.70, P < 0.01), as well
as Visuospatial composite (0.86 vs 0.73, P < 0.01). Likewise, Attention
and Visuospatial composites were easier to differentiate between CDR
0.5 versus 1 in AA participants as compared to Caucasian participants
(0.74 vs 0.63 for attention, P < 0.05; and 0.74 vs 0.64 for visuospatial,
P < 0.05). The UDS Composite-5 score showed racial difference in dis-
criminative ability between CDR 0 versus 0.5 (0.76 among Caucasians

versus 0.66 among AA participants, P < 0.01).
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4 | DISCUSSION

This study examined whether the newly implemented neuropsycho-
logical tests in UDS V3 have the same validity as V2 in differentiating
among global Clinical Dementia Ratings of O (no cognitive impairment),
0.5 (questionable or mild cognitive impairment), and 1 (mild demen-
tia). There are two major findings. First, among Caucasian participants,
MoCA total score in V3 showed better ability than MMSE in V2 in dif-
ferentiating between CDR 0 and 0.5. Craft Story Delayed Recall (para-
phrase scoring) in V3 also showed better ability than Logical Memory
Delayed Recall in V2 in differentiating between CDR 0.5 and 1. How-
ever, the magnitudes of these improvements are not large, with fewer
than 5 units of improvement in both cases, even though they were sta-
tistically significant.

Second, among AA participants, we saw a large improvement in dif-
ferentiating between CDR 1 both from CDR 0 and CDR 0.5, with V3
gaining more than 20 units over V2 in ROC-AUCs in Backward Num-
ber Span. (eg, AUC = 0.56 for Digit Span Backward in V2; AUC = 0.77
for Backward Number Span in V3, P < 0.05, for the CDR 0.5 vs 1 com-
parison). Because these digit number tests are similar between V2 and
V3, this finding could suggest a possible difference in the character-
istics of AA participants with CDR = 1 between the cohorts, rather
than gains due to the modified tests. This speculation is also supported
by the fact that most MoCA Index scores and some UDS Composite
scores showed better ability to distinguish CDR 0.5 from CDR 1 among
AA participants than Caucasian participants; it is likely that AA partici-
pants in the V3 cohort had later stage CDR 1. It is difficult to speculate
further about any potential reasons for the above findings, given the
small number of those with CDR = 1 among the AA participants.

Some other noteworthy findings include the results of compar-
isons between the UDS Global Composite-5 score (average of five
domains) and the Composite-3 score (average of three domains); both
had similar ROC-AUCs across all CDR comparisons, suggesting that the
UDS Global Composite-3 can be a shorter alternative to the Global
Composite-5, which requires scores in all five domains. Further repro-
ducibility studies using more diversified participants are needed to val-
idate the finding. In addition, this study clearly showed a large shift in
cohort characteristics in NACC participants over time (see Appendix
for details). In the group of participants recruited more recently (ie, the
V3 cohort), there was a larger proportion of participants in an earlier
stage of MCl within CDR = 0.5 than that in the V2 cohort; this was con-
firmed by the fact that tests common to both batteries showed better
ability to discriminate between participants with CDR O versus CDR
0.5 in the V2 cohort than in the V3 cohort (P < 0.01). Participants with
CDR = 0.5 can be heterogeneous, covering a wide range of cognitive
functions from early to late MCI. Conversion rates from MCI to AD, as
well as longitudinal trajectories of cognitive and functional outcomes,
are expected to be sensitive to this within-group variability. Depend-
ing on the hypothesis, future studies that combine V2 and V3 cohorts
should pay careful attention to the potential impact of cohort differ-
ences on their clinical outcomes.

There are several methodological limitations in this study. First,

we matched V2 and V3 cohorts using the four tests administered

Clinical Interventions

in both batteries. These tests capture only executive and language
domains. Although the correlation matrices of those selected versus
not-selected from the V2 cohort showed no systematic selection bias,
harmonizing two cohorts across domains that are more comprehen-
sive might improve generalizability of this study result. The MoCA and
MMSE measure global functions and therefore would be better suited
for use as anchors for matching the two cohorts using the previous
crosswalk study results.2® However, the ceiling effect of MMSE (eg,
MoCA scores of 27, 28, 29, and 30 are all equivalent with MMSE of
30) did not allow us to use these tests as anchors. Second, although
the CDR s supposed to be scored independently from neuropsycholog-
ical tests, clinicians might use cognitive test scores to guide CDR scor-
ing, especially when only limited information is available (eg, no col-
lateral information). Third, NACC comprises a multi-site clinical case
series, and thus population inferences should not be drawn directly.
That is, ROC-AUCs reported in this study might not be generalizable to
population-based probability samples. Fourth, the main aim of this arti-
cle was to compare discriminative abilities across CDR scores between
V2 and V3 neuropsychological batteries. Due to the large number of
comparisons, we compared global measures only on combined sensitiv-
ity and specificity using ROC-AUCs, rather than addressing sensitivity,
specificity, and accuracy separately. Depending on the study aim (eg,
high specificity is preferred over high sensitivity in order to decrease
the chance of following false positive subjects in clinical trials),2¢ differ-
ent cut-points will need to be re-assessed. Fifth, the current study did
not confirm etiologies. Future research should evaluate the sensitiv-
ity of V3 to preclinical and prodromal AD and other types of dementia.
Finally, we note that MoCA became non-proprietary in 2019, although
its use is authorized to NACC ADCs free of charge until the end of
2025.27

In summary, the current study showed that the test battery in V3
improved the abilities in differentiating between CDR 0 and 0.5 in
some tests, but the magnitude of these improvements was relatively
small and the gain was limited to the Caucasian participants. Due to
its wide use among ADCs in the United States, the UDS cognitive test
battery or its composites can provide effective tools to enrich clinical
trials.28 However, further research with sufficient numbers of under-
represented groups is required to address racial- and ethnic-specific
normative scores and optimal cut-points to improve diagnostic accu-

racy across diverse groups.2?:30.31-34.35
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APPENDIX 1: XXXX

In this section, we describe the steps we took to match the cognitive
functions of 2 (V2 and V3) cohorts in order to make a fair compari-
son of V2 and V3 test batteries with respect to their abilities in differ-
entiating across CDRs. We also provide detailed descriptions of how
to generate MoCA Index scores and optimal cut-points. We provide
the latter to aid clinicians in determining the cognitive status of the
participants.

Sample selection process to match V2 and V3 cohorts

To compare the discriminative ability of the two test batteries, it was
desirable to have the same number of subjects in each CDR level from
each cohort. In addition, we were concerned that the two cohorts could

Clinical Interventions

vary in their cognitive abilities, especially within the CDR = 0.5 group.
As discussed in Part 1, in recent years, the ADCs have been more
interested in recruiting patients with earlier stages of cognitive decline
because current research is focused increasingly on these subjects for
clinical trials and primary prevention. Thus there may be a larger pro-
portion of cases at an earlier stage of decline in the V3 cohort’s CDR
0.5 group, which could make it more difficult to discriminate between
healthy volunteers (CDR = 0) and patients with MCI (CDR = 0.5), even
when they are administered the same tests. Our preliminary studies
demonstrated that this is the case.

We conducted two preliminary analyses. First, we selected the same
number of participants from both V2 and V3 cohorts, using participants
from V2 who were recruited close to the date when V2 was first intro-
duced (recruited between September 2005 and February 2011; pre-
liminary analyses [1]). Second, we selected participants from V3 who
were recruited close to the date when V3 was introduced (recruited
between December 2011 and June 2015; preliminary analyses [2]). In
both preliminary analyses 1 and 2, we found that three of four tests
common to both batteries (Category Fluency Animals, Trails Making
tests A and B) showed better ability to discriminate between partici-
pants with CDR O versus CDR 0.5 inthe V2 cohort thanin the V3 cohort
(P < 0.01). We also saw better test scores in V3 than in V2 in all CDR
groups on these three tests, but the improvement was most striking in
the CDR 0.5 group. Therefore, to make a fair comparison of the remain-
ing tests in V2 and V3 batteries, we matched the V2 and V3 cohorts
using the tests common to both batteries. We used the matchit func-
tion in R.3¢ We started with V3 participants aged 60 years or older,
who were not missing values for race, education, or any of the four
tests (Category Fluency Animals and Vegetables, Trails Making Tests A
and B) used for matching; this resulted in a sample size of 4318. We
then stratified our samples by CDR scores (three variables) and race
(two variables, African American vs Caucasian participants) in order to
match participants between V2 and V3 cohorts within each combina-
tion of these variables (ie, each of 3 x 2 = 6 cells). We used nearest
neighbor matching based on participants’ scores from the four previ-
ously mentioned tests. This match method selected the individual in V2
who had the smallest distance from each individual in V3 in terms of
the four test scores. Distance was calculated using the “mahalonobis”
option, whichis similar to Euclidean distance in three dimensions. How-
ever, the four tests created four dimensions to measure distance. Once
anindividual in V2 is matched with one from V3, they are no longer con-
sidered a possible match for others in V3. With this matching approach,
ROC-AUCs of the same tests used in both versions were no longer dif-
ferent in discriminating across CDR scores. In this article, we report
the results in the last matched cohort analysis. In Appendix Table 1,
we show the demographic characteristics of each of the selected V2
cohorts used in our preliminary analyses 1 and 2, as well as the entire
sample and the test scores and AUC-ROCs of the four common tests.
In addition, Appendix Figure 1 shows the correlation matrices of test
scores for those who were selected versus not selected from V2. The
correlations between the two groups are almost identical, indicating no

systematic bias in the selection process.
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a. Among matched (selected) participants in V2

lllllllwm=l

BOSTON
WAIS
DIGIB 0.31 0.35 0.29-0.32

DIGIF 0.29 0.26 0.22 0.28 0.23-0.25-0.34
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b. Among unmatched (unselected) partici
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Test Names: NACCMMSE = Total mini mental state exam (MMSE) score, LOGIMEM = Immediate story recall, MEMUNITS = Delayed story recall, .
Fluency (animals), VEG = Category Fluency (vegetables), TRAILA = Trail Making Test Part A, TRAILB = Trail Making Test Part B, DIGIF = Digit sp:
DIGIB = Digit span backward (correct trials), WAIS = WAIS-R Digit Symbol, BOSTON = Boston Naming Test (total score)

FIGURE A1 Correlation metrics of cognitive test scores among those who were selected (matched with V3) versus those who were not

selected

MoCA domain-specific index scores

We generated MoCA domain-specific index scores using an algorithm
described previously.2”:1825 The Memory Index Score consisted of
the number of words recalled in delayed-free, category-cued, and
multiple-choice conditions, multiplied by 3, 2, and 1, respectively (O-
15 points). The Executive Index Score included Trail-Making, Clock
Drawing, Digit Span, Letter Tapping, Serial 7 Subtraction, Letter Flu-
ency, and Abstraction (0-13 points). The Visuospatial Index Score con-
sisted of Cube Copy, Clock Drawing, and Naming (0-7 points). The
Language Index Score included Naming, Sentence Repetition and Let-
ter Fluency (0-6 points). The Attention Index Score comprised Digit
Span, Letter Tapping, Serial 7 Subtraction, Sentence Repetition, and
Words Recalled in both Registration Trials (0-18 points). The Orienta-
tion Index Score included all Orientation items (0-6 points). The rules

for calculating MoCA Index scores are also summarized in Appendix
Table 2.

Optimal cut-points

To aid clinicians in providing a diagnosis based on NACC UDS V3 test
scores, we also provided optimal cut-points for each individual test
and composite score in the Supplemental section. These optimal cut-
points were determined through the largest Youden’s J value in the cur-
rent paper. For each point on the ROC curve, Youden’s J is defined as
one subtracted from the sum of the specificity and sensitivity. The max-
imum Youden’s is then mapped back to its original measure, resulting in
the optimal cut-point to differentiate the two CDR groups. SAS Version
9.3 and R Version 3.4.2 (packages: base, pROC, dplyr) were used for the
analysis.
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TABLE A2 MoCAindex score calculation table

RULES FOR SINGLE ITEM SCORING AND INDEX SCORE CALCULATIONS FOR THE MOCA*?
MOCA INDEX DOMAINS

Points
Toward
MOCA ITEMS in the order of Total Attention/
testing/scoring Score Memory? Executive Concentration Language Visuospatial Orientation

Trail Making Task - 1 - - -
Cube Copy
Clock Circle
Clock Hands
Clock Time

Language: Naming 3 objects - - - 3

O W R B KB B R
l
N
l
l
W R, R R
l

Memory: Registration (2 learning - - Immediate recall
trials, total possible = 10)° 2 trials
total/10

Attention Digits
Attention Letter A
Att: serial 7’s
Lang: Repetition
Lang: Fluency

Abstraction - 2 - - - -

a N PN W RN
I
I

=3X number words = - = - _
recalled free
(max = 15)

Delayed Recall with no cue®

Delayed Recall Category cue® 0 =2X number of words - - - - -
retrieved with
category cue
(max = 10)

Delayed Recall Recognition® 0 =1X number of words
recognized (max 5)

Orient: Date
Orient: Month
Orient: Year
Orient: Day

Orient: Place (Name)

N N NN
1
1
1
1
1
L = ==

Orient: City

TOTALS 30 15 13 18 6 7 6

1© Ziad Nasreddine MD 2004. MoCA is a registered trademark property of Neurosearch Développements Inc. and is used under license. Form created as
part of the National Alzheimer’s Coordinating Center Uniform Data Set, copyright 2013 University of Washington.

2Julayanont P, Brousseau M, CHertkow H, Phillips N, Nasreddine, ZS Montreal Cognitive Assessment Memory Index Score (MoCA-MIS) as a predictor of
conversion from mild cognitive impairment to Alzheimer’s disease. Journal of the American Geriatrics Society 62: 679-684, 2014.

3The standard administration of the MoCA does not score category and recognition responses, even if administered. To maximize the yield from this test
item, the following strategy was adopted: If all five words are freely recalled, cued and category recall are not administered and the total score would be 15
(3 points for each word recalled freely). After free recall, category cues are given only for items not recalled. Each word correct with category cue is awarded
2 points. After category cues, only words not correct are then tested with recognition. Award 1 point for each word correct on recognition (max = 5). The
following is an example: individuals gets two items on free recall, two items on the three items cued, and recognizes the 5th item on multiple choice. Memory
Index Score: (2 x 3)+(2x2) +(1x 1) =11/15.



	Differentiating among stages of cognitive impairment in aging: Version 3 of the Uniform Data Set (UDS) neuropsychological test battery and MoCA index scores
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Data
	2.2 | Statistical methods
	2.3 | Sample selection process to match V2 and V3 cohorts
	2.4 | UDS V3 domain-specific composite scores
	2.5 | MoCA domain-specific index scores

	3 | RESULTS
	3.1 | V2 and V3 test battery comparisons
	3.2 | Within version analysis in V3 tests
	3.3 | UDS Global Composite-5 score versus UDS Global Composite-3 score

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	REFERENCES
	SUPPORTING INFORMATION
	APPENDIX 1: XXXX
	Sample selection process to match V2 and V3 cohorts
	MoCA domain-specific index scores
	Optimal cut-points



