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Abstract

Introduction—The Uniform Data Set (UDS) neuropsychological battery is frequently used in
clinical studies. However, practice effects, effectiveness as a measure of global cognitive
functioning, and detection of mild cognitive impairment have not been examined.

Methods—A normative total score for the UDS has been developed. Linear discriminant analysis
determined classification accuracy in identifying cognitively normal and impaired groups. Practice
effects were examined in cognitively normal and cognitively impaired groups.

Results—The total score differentiates between cognitively normal participants and those with
dementia, but does not accurately identify individuals with mild cognitive impairment (MCI).
Mean total scores for test-exposed participants were significantly higher than test-naive
participants in both the normal and MCI groups and were higher, but not significantly so, in the
dementia group.

Conclusion—The total score’s classification accuracy discriminates between cognitively normal

versus participants who have dementia. The total score appears subject to practice effects.

Keywords
Practice effects; Longitudinal data; Diagnostic accuracy; Aging; Cognitive testing

1. Introduction

The National Institute on Aging’s (NIA) Alzheimer’s Disease Centers (ADCs) have engaged
in comprehensive, multidisciplinary Alzheimer’s research since the 1980s. However, until
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2005, individual centers developed their own research protocols, making data sharing
somewhat problematic. The Uniform Data Set (UDS) [1] was incorporated into all ADCs in
2005 to standardize data collection across centers and disciplines. This battery was also
designed to provide a brief assessment (i.e., 30-45 minutes) of multiple cognitive domains
using at least one neuropsychological measure per domain with a target of differentiating
between participants with normal cognitive functioning versus Alzheimer’s disease (AD)
[1]. However, the UDS was not specifically developed to distinguish cases with mild
cognitive impairment (MCI) from cognitively normal controls or participants with dementia
and may lack the depth and complexity necessary to discern subtle, preclinical cognitive
changes.

Normative data for the UDS have been provided by Shirk and colleagues [2] in the form of a
web-based calculator that generates z scores for each subtest adjusted for age, gender, and
education. Data were provided for individual measures only and issues related to practice
effects, global cognitive functioning, longitudinal tracking of cognitive change, and the
ability to detect subtle cognitive impairment were not addressed. To optimize the use of
cognitive measures in both clinical and research settings, a measure’s usefulness in terms of
diagnostic discrimination must be evaluated. Although differential diagnosis is routinely and
successfully done in traditional neuropsychological clinics with thorough, comprehensive
assessment techniques, many researchers seek concise batteries that retain the ability to
adequately discriminate between the broad categories of cognitively normal, MCI, dementia,
and other neurologic conditions.

Using a single, concise, comprehensive score, as opposed to interpreting performance on
individual cognitive tests or cognitive domains, is valued for its simplicity and efficiency.
As a result, screening measures, like the Mini-Mental State Exam (MMSE) [3] and the
Montreal Cognitive Assessment (MoCA) [4], have become popular methods for screening
participants for MCI or dementia. However, such brief screening instruments may not be
sufficiently difficult, sensitive, or specific to detect MCI or very mild dementia, especially in
the highly educated, high-functioning individuals typically representative of a volunteer
research population [5]. In addition, dementia affects most higher order cognitive functions
[6,7] to varying degrees, even in the earliest stages. Thus, the development of a composite
index of cognition that mitigates ceiling and floor effects typically found with traditional,
brief mental status exams may further the purpose of staging and detecting MCI and mild
dementia.

There is precedent for combining test scores across multiple procedures to derive a unified
total score reflecting global cognitive functioning. Chandler and colleagues [8] developed a
total score for the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD)
battery using a control group of normally aging individuals and a clinical group of
participants diagnosed with AD. They further validated the use of the total score for
diagnostic purposes in a sample of normal controls and participants with MCI and AD.
Chandler and colleagues reported that the total score accurately discriminated between
normal cognition and impaired participants (with AD or MCI) and showed high 1-month
test-retest reliability and concurrent validity with the MMSE and the Clinical Dementia
Rating (CDR) scale [9].
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The current study provides a method of determining global cognitive function,
discriminating between normal and cognitively impaired groups, and examines the effect of
repeated test administrations on longitudinal test data using ADC UDS data from the
Sanders-Brown Center on Aging at the University of Kentucky. The total score for the UDS
battery was derived from data provided by those participants determined to be cognitively
normal at the initial UDS assessment [5,10].

2. Methods

2.1. Study overview

The ADC at Sanders-Brown Center on Aging, University of Kentucky, follows older
research volunteers with detailed annual cognitive and clinical assessments, with, inmost
cases, brain donation at death. Participants may be either cognitively normal or impaired at
study entry. Inclusion and exclusion criteria for cognitively normal participants, who enroll
in the Biologically Resilient Adults in Neurological Studies (BRAINS) project, have been
described in detail previously [5,10]. Briefly, BRAINS participants are volunteers =60 years
of age who are free of neurologic disorders, major psychiatric conditions, substance abuse,
and significant medical conditions affecting cognition at baseline assessment. All study
procedures were approved by the institutional review board of the University of Kentucky,
and all participants provided written informed consent. Given that these initially normally
aging participants are followed longitudinally until death, cases of MCI and AD naturally
developed over time. These participants were followed in a separate cohort until 2005, when
the BRAINS and clinical cohorts were combined under the UDS.

2.2. Participants

Participants in the current analysis included all UK-ADC participants with complete initial
UDS assessments (N = 667). The UDS total score was developed on a subset of test-naive
participants who were cognitively normal, =60 years of age, had a CDR Sum of Boxes score
(CDRggp) =0, MMSE = 25, and were free from clinically diagnosed cognitive impairment
(n =250). The CDR vyields 2 scores (i.e., Global Score and Sum of Boxes) and is used to
stage dementia severity based on interview responses from patients and informants. The
Sum of Boxes score is a total score ranging from 0 to 18 based on the sum of 6 domain
scores (i.e., orientation, judgment and problem solving, memory, home and hobbies,
personal care, and community affairs) each rated from: normal (0); questionable or very
mild dementia (0.5); mild dementia (1); moderate dementia (2); and severe dementia (3).
These domains are then combined into a global CDR that ranges from 0 to 3 [11,12].

Because the information from the UDS procedures is used to diagnose participants
clinically, for the purposes of group discrimination a coding scheme based on an optimal
CDRgqp, cut score suggested in a recent validation study [13] was used to assign
classifications of “normal” (CDRggp = 0), “questionable impairment” (CDRgqp, = 0.5-2.0), or
“dementia” (CDRgqp, > 2) to the full sample of participants. Questionable impairment is
referred to as MCI in what follows. All participants with a CDRgyp = 0 also received a CDR
global score = 0.

Alzheimers Dement. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Mathews et al. Page 4

2.3. Procedures

All participants completed the UDS neuropsychological measures at baseline. The UDS and
its administration have been described in detail by Weintraub and colleagues [14]. Briefly,
the currently recommended UDS battery [14] includes the MMSE [3], Wechsler Memory
Scale—Revised (WMS-R) Logical Memory IA and I1A [15], WMS-R Digit Span Forward
and Backward [15], Category Fluency [7], Boston Naming Test—30 item [16], Wechsler
Adult Intelligence Scale—Revised Digit Symbol [17], and Trail Making Test (Trails) Parts
A and B [18]. For the current study, 2 additional raw scores were derived: Logical Memory
Percent Retention (Logical Memory Il + Logical Memory I) and Trail Making Difference
Score (Trails B seconds to complete — Trails A seconds to complete). The percent retention
score has been added to later versions of the WMS Logical Memory subtest and serves as an
indicator of retention relative to initial encoding. Subtracting the motor speed and visual
scanning components of Trails A from Trails B should provide a more accurate assessment
of the set-shifting executive component from this task than is typically obtained from the
score measuring time to complete Trails B [19,20].

2.4. Score development

Cognitively normal, test-naive participants (n = 250) were used to develop the normative
score. Given that each individual test is not scored in the same metric, the first task was to
derive a scoring system that would not bias the total score with uneven weighting in favor of
those tests yielding a greater number of total points. For example, the Boston Naming Test
has a total possible score of 30, whereas Digits Forward has a total possible score of 12, thus
differentially weighting the influence of the Boston Naming Test relative to Digits Forward.
It was also imperative to retain the clinical meaning and interpretive value of each
participant’s performance on the individual tests before aggregating them into a total score.
Thus, the scoring metric was also designed to capture individual performance on each test
relative to the mean of the normative group. Clinically, one’s position relative to the mean of
a normative group (frequently described in terms of percentile rank) can be diagnostically
informative and descriptive labels are often applied relative to one’s percentile ranking
(Table 1).

Scores ranging from 0 to 6 were assigned to each test based on the participant’s percentile
ranking relative to the mean of the normal control group (Table 2). Percentile rankings were
determined by examining quantile estimates for each subtest generated by the PROC
UNIVARIATE command in SAS/STAT (version 9.3). The newly assigned scores reflect the
descriptive labeling of cognitive performance typically employed by clinical
neuropsychologists. There were 2 instances (i.e., Boston Naming Test and Digits Forward)
in which the score ceiling was reached at the 76th percentile (i.e., the high average range of
performance); that is, 75% of the scores for both the Boston Naming Test and Digits
Forward were below the ceiling score (i.e., 30 and 12, respectively) and ranged from 0 to 29
for the Boston Naming Test and O to 11 for Digits Forward. The ceiling scores (i.e., 30 and
12) were obtained by approximately 25% of the participants; thus, a score approximating
“superior” performance (=92nd percentile) could not be achieved. In these cases, the score
was capped at 5 rather than 6. Although the tests are not precisely equal in weight to the
other tests in the battery, the difference is 1 point, which leaves little room for undue
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influence as compared with untransformed raw scores, which differed greatly from test to
test. The UDS total raw (uncorrected) score ranges from 0 to 70. The raw UDS total was
then converted to a T score (mean 50, SD 10).

2.5. Statistical analysis

3. Results

The relationship between the UDS T score and demographic characteristics, age at
assessment, years of education, gender, and minority status (white vs. non-white) were
investigated using multiple linear regression analysis. A full model containing main effects
and 2-way interactions for all variables was initially fit to the data for the test-naive normal
group. Nonsignificant independent variables were removed one at a time based on highest P
value (starting with interactions) until all remaining variables were significant. Linear
discriminant analysis (LDA) was then used to test the UDS T score’s ability to correctly
classify participants according to the CDRgqp, Score group. The normality of the T-score
distribution within score groups was assessed by visual inspection of histograms and with
the Kolmogorov-Smirnov test. No obvious violations were detected. Subsequent analyses
were carried out to determine whether discriminant ability could be improved with the
addition of any combination the demographic variables tested in the regression analysis.

Finally, the effect of familiarity with neuropsychological testing procedures, defined as
having any study visits prior to the initial UDS assessment, on mean UDS T scores and
classification accuracy is considered. Mean UDS T scores within CDRgqp, groups were
compared across practice groups with t tests. LDA was repeated on the group of participants
with previous test exposure to assess the effect of practice on the UDS T score’s ability to
classify group membership. It is assumed that CDR ratings are independent of history of test
exposure. All statistical analyses were performed with SAS/STAT (v9.3) software.
Statistical significance was determined at the 0.05 level.

3.1. Participants’ characteristics

Test-naive participants were comparable to test-exposed participants in education and
gender distribution, but were significantly younger in the normal (P <.0001) and MCI (P =.
0033) goups and comprised significantly more minorities (Table 3).

3.2. UDS T-score characteristics

Regression analysis revealed that mean UDS T scores were significantly influenced by all
main effects. Age, education, gender, and minority status (all significant at P < .0001)
affected mean UDS T scores such that participants who were younger, more educated,
female, and Caucasian performed better than those who were older, less educated, male, and
non-Caucasian, respectively. No interaction terms were significant.

3.3. Classification accuracy

The UDS T score successfully differentiates among the test-naive normal and dementia
CDRgqp, groups, but is markedly less able to identify individuals in the MCI group. LDA
with UDS T score as the only explanatory variable incorrectly classified normal group
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members as having dementia in 1 of 250 (0.4%) cases and incorrectly classified dementia
group members as normal in 2 of 27 (7.4%) cases. By contrast, 55 of 250 (22.0%) normal
participants and 5 of 27 (18.5%) dementia cases were classified as MCI. MCI group
participants were classified as normal in 19 of 72 (26.4%) cases and as having dementia in
21 of 72 (29.2%) cases. A sensitivity analysis including demographic characteristics as
explanatory variables did not improve the classification accuracy. Expanding the
questionable impairment group to include CDRgqp, up to 4.0 did not improve classification
accuracy. LDA with UDS T score as the only explanatory variable incorrectly classified
normal group members as having dementia in 0 of 250 (0.0%) cases and incorrectly
classified dementia group members as normal in 1 of 12 (8.3%) cases. By contrast, 51 of
250 (20.4%) normal participants and 1 of 12 (8.3%) dementia cases were classified as MCI.
MCI group participants were classified as normal in 21 of 87 (24.1%) cases and as having
dementia in 27 of 87 (31.0%) cases.

3.4. Practice effects

Mean UDS T scores for test-exposed participants were significantly higher than test-naive
participants in both the normal (t4g7 = 4.15, P <.0001, Cohen’s d = 0.375) and MCI (t1 =
2.15, P =.033, Cohen’s d = 0.393) groups and were higher, but not significantly so, in the
dementia group (ts; = 0.78, P = .44, Cohen’s d = 0.214) (Table 3). These differences were
maintained even after mean T scores are adjusted for the demographic characteristics of age,
education, minority status, and gender (data not shown).

Among participants with previous study visits, LDA with UDS T score as the only
explanatory variable incorrectly classified normal group members as having dementia in 6
of 239 (2.5%) cases and incorrectly classified dementia group members as normal in 1 of 26
(3.9%) cases. By contrast, 39 of 239 (16.3%) normal participants and 4 of 26 (15.4%)
dementia cases were classified as MCI. Compared with the test-naive group, more MCI
group participants were classified as normal (17 of 51 [33.3%]), whereas fewer were
classified as having dementia (12 of 51 [23.5%)]).

4. Discussion

The UDS has been used at ADCs across the United States since 2005. However, its efficacy
as a measure of global cognitive functioning and the effect of repeated administrations on
longitudinal test data have remained unexamined. In this study we have described a method
of using a total standardized score to distinguish those individuals who are cognitively
normal from those who are cognitively impaired. The rationale of such an approach
becomes apparent when considering the base rate of individual low test scores in any given
population. For example, it has been estimated that anywhere from 22% to 56% of healthy
older adults obtain at least one impaired memory test score [21,22], thus reducing the
interpretability of single test scores representing cognitive domains in batteries such as the
UDS. Given that the UDS uses only 1 or 2 measures for each cognitive domain (e.g.,
executive function, memory, language, working memory), a global, summary measure of
cognition that combines multiple test scores may help to overcome the issues encountered
by base-rate low scores.
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We found that the UDS T score’s classification accuracy is adequate for discriminating
between test-naive participants who are cognitively normal versus participants who have
dementia. Less than 1% of the cognitively normal participants in this sample were
misclassified as having dementia, whereas participants with dementia were misclassified as
being cognitively normal only 7.4% of the time. However, the UDS T score lacks both
sensitivity and specificity for detecting MCI. In fact, 55.6% of our MCI sample was
misclassified as cognitively normal (26.4%) or demented (29.2%). In a secondary analysis
not reported here (available on request), T scores for the individual cognitive domains of
memory, language, executive function, and working memory were also examined to
determine whether a subset of scores was more effective for detecting MCI than the full T
score. When domain scores were entered in an LDA model, 61.2% of test-naive participants
with MCI were misclassified as either cognitively normal (22 of 72, 30.6%) or demented (22
of 72, 30.6%). These findings suggest that the UDS screening battery is not adequate to
detect subtle impairments typical of MCI, likely due to the limited assessment of episodic
memory. The memory measure used in the UDS battery differs from that used in the
CERAD neuropsychological battery, because the UDS uses a paragraph memory measure
and CERAD uses a list-learning paradigm. Learning a list of unrelated words may be a more
cognitively complex task, and this difference may account for the success of the CERAD
battery to adequately detect MCI where the UDS does not. In addition, and perhaps
alternatively, MCI manifests in a variety of ways (i.e., amnestic, non-amnestic, single
domain, multiple domain) [23], which may lead to high variability in testing performance
when considering “MCI” as a homogeneous group. It may be more effective for future
studies to consider batteries sufficient to tease out these varied and heterogeneous MCI
subtypes.

The importance of detecting early cognitive change is clear based on studies finding that
AD-associated neurologic alterations begin many years before an individual becomes fully
symptomatic for AD. Although some studies reported that biomarkers such as amyloid-f
and tau precede observable clinical changes in cognition, it is important to note that these
conclusions are often based on cognitive screening measures similar to the UDS [24-26]. As
our results have demonstrated, composite or nonspecific screening measures only detect
cognitive impairment after it has substantially progressed. Such brief screening measures
often lack sufficient complexity and fail to provide a sustained cognitive challenge to the
thinking ability of the participant or patient. This poses a significant challenge for detecting
mild dementia in relatively high-functioning individuals who likely have sufficient cognitive
reserve to “pass” the screening measures despite experiencing measurable cognitive decline
relative to their own baseline abilities [27-29].

It is possible that a more comprehensive, sophisticated battery could unmask early, subtle
cognitive changes that occur concurrently with early increases in pathology. In addition, the
earliest significant cognitive changes may be observable when one is still performing in the
“normal” range, even though they are performing well below their own baseline. Cognitive
reserve theory hypothesizes that the brain compensates for damage by using alternative
methods of task processing or recruiting undamaged neural networks to perform cognitive
tasks. Persons with high premorbid ability (i.e., high cognitive reserve) may be able to
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compensate for greater amounts of damage for a longer period of time, especially on simple
cognitive screening measures [27,30].

In this study we have also examined practice effects on the UDS T score for 3 longitudinally
followed participant groups (e.g., cognitively normal, MCI, dementia). To be clear, the study
was cross-sectional and addressed differences between test-exposed and test-naive groups.
However, the test-exposed group had been followed longitudinally with 1-year repeat
assessments with a battery that included many of the same tests included in the UDS
(specifically, Logical Memory, Trail Making, Animal Naming, Digit Symbol, and Boston
Naming). For interpretations based on longitudinally collected data to be valid, it is
important to mitigate systematic, extraneous influences on that data. Unfortunately, the UDS
T score appears subject to practice effects. Even after adjusting for all demographic
variables, scores increased in the test-exposed groups relative to the naive groups, which
suggests repeated administrations may lead to increases in the mean scores. This is a striking
finding, given that the test-exposed group was significantly older than the test-naive group
and that cognitive performance traditionally declines with advancing age. In addition, where
other studies have shown a lack of practice effects after short-interval retest periods for
persons with MCI [31,32], our findings suggest that UDS T scores may significantly
increase after 1-year retest intervals, given that the test-exposed group (tested at 1-year
intervals) had significantly higher mean scores than the test-naive group. We found that test-
exposed participants obtained UDS T scores that were, on average, >0.5 standard deviation
greater than the test-naive group, approximately 6 T-score points. Notably, whereas test-
naive MCI-diagnosed participants performed in the impaired range (T < 35), the
performance of test-exposed participants was low average but still within normal limits.
Regarding the effect of practice on classification accuracy, 33.3% of test-exposed
participants with MCI obtained a “normal” UDS T score compared with 26.4% of the test-
naive participants. Not only do participants with MCI show a substantial practice effect on
the UDS, but the practice effect likely obscures their overall clinical picture.

The current study possesses several strengths. First, the method of developing the score was
designed to minimize differential weighting of individual subtests and preserve the clinical
meaning and interpretive value of each subtest in addition to producing a total score that is
meaningful in terms of the participant’s performance relative to the sample mean. Second,
our findings add to the literature reviewed in the Introduction regarding UDS clinical
classification accuracy and UDS test-based practice effects. Mean UDS T scores were
significantly higher for test-exposed cognitively normal participants and in test-exposed
participants with MCI. Scores for dementia participants were also increased, although not
significantly. This finding demonstrates a clear need to assess the presence of practice
effects in any longitudinal data set using the UDS. In addition, the data provide more
evidence that screening measures are insufficient to adequately detect MCI. As the goal of
longitudinal dementia research continues to move in the direction of early detection, serious
efforts to design a cognitive battery that is adequate for the purposes of early detection will
need to be undertaken.

There is an alternative possibility for the finding that the UDS lacks ability to effectively
discriminate MCI from normal cognition or dementia. One limitation of the study included
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the high variability in the UDS total score observed in the cognitively normal group. Given
that diagnostic groups were determined by screening measures that are inherently less
sensitive to subtle cognitive decline, such as MMSE total score and CDR Sum of Boxes
scores, it is possible that some individuals who were in the beginning stages of cognitive
impairment were included in this supposedly “normal” group. In support of this assertion,
closer inspection of the UDS data from the individual subtests reveals a number of scores
that are substantially below what would be expected from a truly cognitively normal group
of individuals. Continued longitudinal follow-up to verify whether these low-scoring
participants eventually transition to a diagnosis of MCI or dementia would provide useful
information in that regard.

Despite some limitations inherent in all abbreviated batteries, the UDS is used in many sites
across the United States; thus, a total score characterizing overall performance may be of use
in many ADCs. These tests are also frequently used in private clinics as well; therefore, this
score may also be useful in clinical practice. The UDS T score shows promise as a tool for
discrimination between normal cognitive functioning and dementia. However, future studies
would benefit from using more challenging and comprehensive neuropsychological batteries
to aid in the detection of subtle cognitive alterations characteristic of MCI. A battery
designed to identify and track early cognitive decline will also be necessary for longitudinal
studies intending to show response to treatment interventions for MCI. Without more
sensitive and reliable methods of detecting early disease states and tracking longitudinal
cognitive change, it may be difficult to draw definitive conclusions regarding the diagnosis
and treatment of MCI. In addition, conclusions based on results from repeated batteries
appear subject to practice effects. As participants appear to gain some benefit from repeated
administration, the usefulness of repeated measures for tracking cognitive change is limited
unless practice effects can be effectively mitigated.
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RESEARCH CONTEXT

1. Systematic Review: We reviewed literature pertaining to practice effects,
diagnostic discrimination, and constructing summary scores. Specifically, we
reviewed literature pertaining to the CERAD neuropsychological battery as the
total score constructed from this battery was influential in constructing the UDS
total score. Findings related to practice effects in older adults and in impaired
populations were also reviewed.

2. Interpretation: The information in this study will benefit clinicians and
researchers conducting longitudinal, clinical trials. Our findings are significant
because they demonstrate practice effects in a widely used neuropsychological
battery. We also demonstrate that the UDS neuropsychological battery
effectively discriminates between cognitively normal and participants with
dementia, although it is not sensitive to the subtle changes seen in mild
cognitive impairment.

3. Future Directions: We hope to make investigators aware of this phenomenon
and encourage the discovery of new ways to address practice effects and case
ascertainment issues in clinical trials.
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Table 1

Percentile rankings and clinical descriptors

Percentiles  Clinical descriptors

0-2 Impaired

3-8 Borderline

9-24 Low average

25-50 Average (bottom half of average range)
51-75 Average (top half of average range)
76-91 High average

92+ Superior
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Table 2

Conversion of subtest raw scores to new scores based on percentile rank

Test Subtest raw score  Percentiles New score  Descriptor
Logical Memory | 0-3 0-2 0 Impaired
4-6 3-8 1 Borderline
7-9 9-24 2 Low average
10-12 25-50 3 Average —
13-15 51-75 4 Average +
16-17 76-91 5 High average
18+ 92+ 6 Superior
Logical Memory 11 0-2 0-2 0 Impaired
35 3-8 1 Borderline
6-8 9-24 2 Low average
9-11 25-50 3 Average —
12-13 51-75 4 Average +
14-16 76-91 5 High average
17+ 92+ 6 Superior
Logical Memory Retention 0.0-0.39 0-2 0 Impaired
0.4-0.57 3-8 1 Borderline
0.58-0.76 9-24 2 Low average
0.77-0.90 25-50 3 Average —
0.91-1.00 51-75 4 Average +
1.10-1.12 76-91 5 High average
1.13+ 92+ 6 Superior
Animals 0-8 0-2 0 Impaired
9-13 3-8 1 Borderline
14-15 9-24 2 Low average
16-19 25-50 3 Average —
20-23 51-75 4 Average +
24-27 76-91 5 High average
28+ 92+ 6 Superior
Vegetables 0-7 0-2 0 Impaired
8-9 3-8 1 Borderline
10-12 9-24 2 Low average
13-14 25-50 3 Average —
15-18 51-75 4 Average +
19-20 76-91 5 High average
21+ 92+ 6 Superior
Boston 0-20 0-2 0 Impaired
21-23 3-8 1 Borderline
24-25 9-24 2 Low average
26-28 25-50 3 Average -
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Test Subtest raw score  Percentiles New score  Descriptor
29 51-75 4 Average +
30 76-91 5 High average
Digit Span Backward 0-3 0-2 0 Impaired
4 3-8 1 Borderline
5 9-24 2 Low average
6-7 25-50 3 Average —
8 51-75 4 Average +
9-10 76-91 5 High average
11+ 92+ 6 Superior
Digit Span Forward 0-5 0-2 0 Impaired
6 3-8 1 Borderline
7 9-24 2 Low average
8-10 25-50 3 Average —
11 51-75 4 Average +
12 76-91 5 High average
Digit Symbol 0-22 0-2 0 Impaired
23-28 3-8 1 Borderline
29-35 9-24 2 Low average
36-45 25-50 3 Average —
46-52 51-75 4 Average +
53-61 76-91 5 High average
62+ 92+ 6 Superior
Trails A 102+ 0-2 0 Impaired
101-69 3-8 1 Borderline
68-50 9-24 2 Low average
49-39 25-50 3 Average —
38-31 51-75 4 Average +
30-25 76-91 5 High average
>25 92+ 6 Superior
Trails B 274+ 0-2 0 Impaired
273-171 3-8 1 Borderline
170-112 9-24 2 Low average
111-88 25-50 3 Average —
87-66 51-75 4 Average +
65-53 76-91 5 High average
>53 92+ 6 Superior
Trails Difference 171+ 0-2 0 Impaired
170-126 3-8 1 Borderline
125-69 9-24 2 Low average
68-47 25-50 3 Average —
46-32 51-75 4 Average +
31-18 76-91 5 High average
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Test

Subtest raw score  Percentiles New score  Descriptor

<18 92+ 6 Superior

Alzheimers Dement. Author manuscript; available in PMC 2015 November 01.

Page 16



Page 17

Mathews et al.

NIH-PA Author Manuscript

(50" > d) aAreu 1s3) uey) ssa] ApuediubIS |

(50" > d) aAreu 1sa] uey) Jareald Ajjuedliubis
*

LTTF€0Z vITF8LT  LEETFEGE TETFTEE LH6FLES  00TF00S (@s ¥ ueaw) a100s 1 SAN

VOTFESGT TOTFOET LLTIFETE LTTF.9C L8F0Gr  68F LTy (QS ¥ uesw) [ejor mes SAN

0'0S 129 0'1S vy 1’59 '99 (%) arewad

26T 0'TE 16G 6'T€E 11T e (%) Awsounn

6EF8YT  TYFSHT 0EF6ST  GEFO09T YZFTIT 6CFTIT  (QS ¥ uesw) sieak ‘uoneonp3

€8F96. 29%9/L. L,6LF008 §9F09. L LFVSL 09F L2 (@s ¥ ueaw) sreak ‘aby
vmmo%w Hummmw m>_mwm Hummmw _omwoammmm HM,M_W m>_mm Hummmw nmmoﬁmmw HM,M_W m\m%w Hummm_w

(0'2 < 9%y@D) enuswaqg

(0259%4ao0s50) ION

(0 = 9°4aD) rewoN

(299 = N) Juswissassyy SAN [eniu] Je sonsualoereyd siuedidiied Odv-3nN

€9l|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Alzheimers Dement. Author manuscript; available in PMC 2015 November 01.



