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Abstract

OBJECTIVE: The current study sought to externally validate previously published standardized
regression-based (SRB) equations for the Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS) Indexes (Hammers, Suhrie, Porter, Dixon, & Duff, 2020)
administered twice over a one-year period.

METHOD: Hammers and colleagues’ SRB prediction equations were applied to two independent
samples of community-dwelling older adults with amnestic Mild Cognitive Impairment (MCI),
including those recruited from the community (7= 64) and those recruited from a memory
disorders clinic (n7= 58).

RESULTS: While Observed Baseline and Observed Follow-up performances were generally
comparable for both MCI samples over one year, both samples possessed significantly lower
Observed One-Year Follow-up scores than were predicted based on Hammers et al.’s development
sample across many RBANS Indexes. Relatedly, both amnestic MCI samples possessed a greater
percentage of participants either “declining” or failing to exhibit a long-term practice effect

over one year relative to expectation across most Indexes. Further, the clinic-recruited amnestic
MCI sample displayed worse baseline performances, smaller long-term practice effects, and
greater proportions of individual participants exhibiting a decline across one year relative to the
community amnestic MCI sample.

CONCLUSIONS: These findings validate Hammers et al.’s SRB prediction equations by
(1) indicating their ability to identify clinically meaningful change across RBANS Indexes in
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independent samples, and (2) discriminating rates of cognitive change among cognitively nuanced
samples.
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INTRODUCTION

Serial or longitudinal neuropsychological evaluation permits clinicians to monitor cognitive
changes over time. However, care must be taken to ensure that any change observed between
two testing sessions reflects clinically-relevant improvement or decline, as compared to
statistical or methodological artifact (e.g., normal variation in performance, regression to

the mean, testing variance, practice effect, etc.; Duff, 2012; Hammers, Duff, & Chelune,
2015; Lezak, Howieson, Bigler, & Tranel, 2012). To assist clinicians in determining the
clinical meaningfulness of observed changes, statistical procedures known as refiable change
methods have been developed (Chelune, 2003; Hinton-Bayre, 2010) and have gained wide
acceptance over time (Attix et al., 2009; Crockford et al., 2018; Duff, 2014; Duff, Beglinger,
Moser, Paulsen, et al., 2010; Gavett, Ashendorf, & Gurnani, 2015; Rinehardt et al., 2010;
Sanchez-Benavides et al., 2016; Stein, Luppa, Brahler, Konig, & Riedel-Heller, 2010).

Of the various approaches, McSweeny and colleagues’ (McSweeny, Naugle, Chelune,

& Luders, 1993) standardized regression-based (SRB) approach has been proposed as
predicting cognitive change over time with the greatest accuracy (Duff, 2012).

Specifically, McSweeny’s model utilizes multiple regression to predict individual
performance at Time 2 ( 7) based on Time 1 (7;) performance and various demographic
characteristics (age, education, sex, etc.) and test conditions (e.g., retest interval). A
discrepancy change score, or zscore, can be calculated by subtracting the predicted

T, performance (7,’) from the observed 7, performance for a given individual, and
normalizing the deviation using the standard error of the estimate of the regression (SE,s)
via the following formula: z= (7,— 723/ SE.s. When attempting to interpret these
calculations, positive zscores reflect an observed 7 performance that was greater than
predicted based on the SRB equations, whereas negative z scores reflect an observed

7o performance that was lower than predicted. When using a 90% confidence interval

of stability, which is standard for McSweeny’s method (1993), a z of 1.645 equates

to significance at an a value of a =.10. As such, zscores above 1.645 commonly
represent “improvement” (or benefit from practice beyond expectation), zscores below
-1.645 commonly represent “decline” (or smaller practice effect relative to expectation),
and zscores between +/- 1.645 commonly represent “stability” (or an anticipated level

of benefit from practice). When considering the expected frequency of performance, 5%
of participants would be expected to display “improvement”, 90% would be expected

to remain “stable,” and 5% would be expected to display “decline” if the zscores

were normally distributed. Considering conditions like Alzheimer’s disease (AD) or Mild
Cognitive Impairment (MCI) that are known to decline over time, the use of both baseline
performance and relevant demographic and test-related characteristics has been suggested to

Clin Neuropsychol. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hammers et al.

Page 3

increase sensitivity towards identifying individuals that are at risk for a declining cognitive
trajectory (Duff et al., 2017).

Duff and colleagues (Duff et al., 2004; Duff et al., 2005) were the first to calculate SRB
prediction equations for the Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS; Randolph, 2012). They administered the RBANS twice over a one-year
period to 445 cognitively intact community dwelling older adults recruited from primary
care clinics, developing and validating SRB algorithms for RBANS Indexes of Immediate
Memory, Visuospatial/Constructional, Language, Attention, Delayed Memory, and Total
Scale score (Duff et al., 2004) and associated subtests (Duff et al., 2005). Because Duff’s
development and validation samples were dependent, Hammers and colleagues (Hammers,
Suhrie, Porter, et al., 2020) attempted to externally validate these prediction algorithms
using an independent sample of 129 robustly cognitively intact community-dwelling older
adults. Results from this study suggest that the robustly intact sample possessed significantly
better observed 7, scores than were predicted based on Duff’s development sample across
most RBANS Indexes and many subtests. Since Duff’s SRBs were not replicated in this
robustly intact sample, Hammers et al. calculated updated prediction algorithms for the
RBANS Index and subtest scores from those 129 robustly cognitively intact participants (see
Hammers, Suhrie, Porter, et al., 2020).

These updated SRB prediction equations possess potential to provide more accurate
assessment of reliable change in an individual patient because they were developed from

a sample of cognitively intact older adults who remained stable over 12 months (Hammers,
Suhrie, Porter, et al., 2020). The use of “clean” or “robust” normative samples is receiving
heightened focus in recent years (Goodwill et al., 2019; Harrington et al., 2017), suggesting
the importance of normative samples being “truly normal”. However, as of yet Hammers

et al.’s RBANS SRB equations have been unvalidated. Consequently, the primary aim of

the current study was to evaluate the validity of these SRB prediction equations using two
different samples of community-dwelling older adults with amnestic MCl, to allow for
greater generalizability of Hammers et al.”’s RBANS prediction equations to populations

at risk for developing AD later in life. It was hypothesized that the application of these
prediction equations to independent samples of older adults with amnestic MCI would result
in a greater proportion of participants “declining” on these cognitive measures over one year
than expected for each domain.

A secondary aim was to extend criterion validity by comparing the two amnestic MCI
samples based on recruitment source (community versus clinic) on the amount of change
observed over one year. Research has repeatedly shown that MCI participants recruited from
memory clinics possess greater severity along the AD continuum relative to community-
recruited MCI samples, including worse hippocampal volume declines (Whitwell et al.,
2012), higher rates of apolipoprotein E4 allele findings (Brodaty et al., 2014), worse
memory performance (Brodaty et al., 2014; Kirsebom et al., 2017), and greater risk of
progression to dementia (Farias, Mungas, Reed, Harvey, & DeCarli, 2009; Roh et al.,
2016). It was therefore hypothesized that greater frequencies of cognitive “decline” would
be observed in the clinic-recruited amnestic MCI sample than the community-recruited
amnestic MCI sample, as seen by greater discrepancies (zscores) between observed and
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predicted 7, performance for the clinic amnestic MCI sample. Together, validation of

these SRB prediction equations could provide diagnostic and prognostic value, and inform
treatment recommendations in patients with amnestic MCI based on research indicating that
MCI patients who fail to benefit from practice on serial assessment have greater risk of
AD-related pathology (Duff et al., 2018; Duff, Foster, & Hoffman, 2014; Galvin et al., 2005;
Mormino et al., 2014), worse response to intervention (Duff, Beglinger, Moser, Schultz, &
Paulsen, 2010), and worse outcomes (Duff et al., 2011; Hassenstab et al., 2015; Machulda et
al., 2013).

METHOD

Participants

The current study was based on two different samples of participants (see Table 1). All
participants were classified as having either single-domain or multi-domain amnestic MCI
based on the protocol below. The first amnestic MCI sample, hereafter referred to as

the “community amnestic MCI sample”, included 64 community-dwelling older adults,
recruited from senior centers and independent living facilities. The majority of this sample
was recruited from 2010 to 2013 for a study of practice effects and amnestic MCI (see
(Duff et al., 2017), with a minority recruited from 2016 to 2018 for a study of cognitive
training and amnestic MCI (Duff et al., Under Review). Their mean age was 79.2 (SD =
7.9, range = 65 — 94) years old and they averaged 15.6 (SD = 2.6, range = 12 — 20) years
of education. The majority of participants were female (76%) and Caucasian (100%), and
premorbid intellect at baseline was at the upper limit of average according to the Wide
Range Achievement Test —fourth edition (WRAT-4; Wilkinson & Robertson, 2006) Reading
subtest (standard score: M= 109.8, SD = 10.8, range = 82 — 145).

The second amnestic MCI sample, hereafter referred to as the “clinic amnestic MCI
sample”, included 58 community-dwelling older adults, recruited from a cognitive disorder
clinic from 2016 to 2018 for a study of cognitive training and amnestic MCI (Duff et al.,
Under Review). Their mean age was 74.1 (SD = 5.2, range = 66 — 88) years old and they
possessed on average 17.0 (SD = 2.9, range = 12 — 20) years of education. Similar to the first
sample, the majority of participants were Caucasian (98%), though 36% of the sample was
female. Premorbid intellect at baseline was also average according to the WRAT-4 Reading
subtest (standard score: M=107.2, SD= 7.9, range = 91 — 123).

Classification of participants from both samples has been described previously (Duff,
Dalley, Suhrie, & Hammers, 2019). Briefly, participants were classified as amnestic MCI
based on criteria by Albert and colleagues (Albert et al., 2011) and Petersen (Petersen,
2004), which incorporated participant and knowledgeable informant report and a previously
administered baseline cognitive evaluation. This previously administered evaluation included
the Hopkins Verbal Learning Test — Revised (HVLT-R; Brandt & Benedict, 2001), the Brief
Visuospatial Memory Test — Revised (BVMT-R; Benedict, 1997), Symbol Digit Modalities
Test (SDMT; Smith, 1973), and the Trail Making Test Parts A and B (TMT-A and TMT-B;
Reitan, 1992). Cognitive impairment for a domain was defined as a performance below the
7t percentile (SD = -1.5) relative to premorbid intellect, meaning that a difference of 22.5
Standard Score (SS) points between WRAT performance and a relevant task performance
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was necessary for impairment. For example, if a participant’s WRAT performance was SS
=100, then she/he would have been classified as being impaired for a task if her/his task
performance was below SS = 77.5. Conversely, if a participant’s WRAT performance was
SS =120, then she/he would have been classified as being impaired for a task if her/his
task performance was below SS = 97.5. Inclusion criteria for both samples included being
aged 65 years or older and functionally independent. Exclusion criteria for both samples
included neurological conditions likely to affect cognition, dementia, major psychiatric
condition, current severe depression, substance abuse, anti-convulsant or anti-psychotic
medications, and residence in a skilled nursing or living facility. Finally, all participants
in these two samples were classified as having amnestic MClI, therefore failure to exhibit
memory impairment relative to premorbid intellect was an additional exclusion.

Hammers et al.’s (2020) SRB equation development sample — for which the RBANS Index
and subtest SRB prediction equations were calculated — included 129 robustly cognitively
intact community-dwelling older adults with a mean age of 75.6 (SD = 7.5) years and

15.4 (SD = 2.7) years of education. The sample of participants was 99% Caucasian and
83% female. Premorbid intellect at baseline was average according to the Wide Range
Achievement Test — third or fourth editions (WRAT-3 and WRAT-4) Reading subtest
(standard score: M= 107.4, SD = 7.6). These data are also summarized in Table 1.

All procedures were approved by the local Institutional Review Board before the

study commenced. All participants provided informed consent before completing any
procedures. All participants were administered the RBANS (Randolph, 2012) at both
baseline and approximately one year later. The RBANS is a neuropsychological test battery
comprising 12 subtests that are used to calculate Index scores for domains of immediate
memory, visuospatial/constructional, attention, language, delayed memory, and global
neuropsychological functioning. Administration time for the RBANS is approximately 25—
30 minutes. The Index scores utilize age-corrected normative comparisons from the test
manual to generate standard scores (M= 100, SD = 15), with higher scores indicating
better cognition. The subtest scores are represented as raw scores. To be consistent with the
original Hammers et al. (2020) SRB equations, the same form of each test (Form A) was
used across the two testing sessions.

Demographic and Baseline Performance Analyses—Independent samples ftests
were used to compare continuous demographic (e.g., age and education), testing (i.e.,

retest interval), and baseline cognitive performance variables between our community

and clinic amnestic MCI samples, and one-sample #tests were used to compare

continuous demographic, testing, and baseline performance variables for each amnestic MCI
sample with Hammers et al.’s (2020) original sample. Additionally, two-way chi-square
analyses were conducted between the two amnestic MCI samples to compare categorical
demographic variables (e.g., sex, ethnicity), and one-sample chi-square analyses were
conducted between each amnestic MCI sample and Hammers et al.’s original sample to
compare categorical demographic variables.
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Traditional Baseline vs. One-Year Follow-up Analyses—The Observed Baseline
and One-Year Observed Follow-up scores for the RBANS Indexes were compared using
pair-wise ftests for each of the amnestic MCI samples. These analyses were conducted to
approximate a traditional evaluation of change over time (direct comparison of 7;7and 7>
scores) without controlling for long-term practice effects or participant variables.

SRB Group Analyses—Previously published SRB prediction equations for the RBANS
Index scores were applied to the current RBANS Baseline and Follow-up performances

of our community and clinic amnestic MCI samples. As has been described previously
(Hammers, Suhrie, Porter, et al., 2020), the SRB prediction algorithms were calculated

from a development sample using hierarchical multiple-regression analyses to maximize the
prediction of RBANS performance. Specifically, the combination of demographic variables
(e.0., age, education, sex, ethnicity), retest interval, and baseline RBANS Index score was
used to predict the RBANS Index score at follow-up one year later. Age and education

were represented as years old at baseline and number of years of formal education,
respectively. Sex was coded as male = 0, and female = 1. Ethnicity was coded as non-White/
non-Caucasian = 0, or White/Caucasian = 1. The retest interval was represented as days
from 7;to 7, Index scores were age-corrected standard scores calculated from the RBANS
manual, with a mean of 100 and a standard deviation of 15. Please see Table 2 for the
specific SRB prediction algorithms for the RBANS Indexes (Hammers, Suhrie, Porter, et al.,
2020) applied to the current samples.

Following the application of these SRB prediction equations to the current MCI samples’
baseline RBANS Index scores and relevant demographic and testing characteristics, a z
score was calculated for each participant, which reflects an individual normalized deviation
of change. As indicated previously, the Observed One-Year Follow-up score was compared
to the Predicted Follow-up score, normalized by the SE,; of the regression (McSweeny

et al., 1993). While some discussion in the literature exists regarding the proper standard
error estimate for use in reliable change methods (Hinton-Bayre, 2010), we have previously
shown the equivalence of the two most-common estimates and provided support for use

of the SE.; (Hammers & Duff, 2019). This zscore was represented by the equation, z

= (To— T2 SEgg Zscores for each RBANS Index for both the community and clinic
amnestic MCI samples were separately compared to expectation (z= 0) based on the normal
distribution of zscores using a one-sample #test. Additionally, the resultant zscores were
compared between the community and clinic amnestic MCI samples using independent
samples ftests.

Individual Distribution Analyses—Finally, the resultant zscores were trichotomized
into “decline”, “stable”, or “improve”. As described above, if the zscores were normally
distributed, then one would expect that 5% of participants would possess a z score <
-1.645,” 90% would possess a zscore between +/- 1.645, and 5% would possess a
zscore > 1.645. Using this trichotomization, individual one-sample chi-square analyses
were conducted for each RBANS Index score separately for each amnestic MCI sample
to determine if the observed distribution of participants significantly deviated from the
expected distribution based on the normal distribution of z scores. Additionally, two-way
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chi-square analyses were conducted for the RBANS scores to determine if differences were
observed between the community and clinic amnestic MCI samples in the distribution of
participants who “declined”/remained “stable”/“improved”.

Measures of effect size were expressed throughout as Cohen’s d'values for continuous data
and Phi coefficients for categorical data. A two-tailed alpha level was set at .01 for all
statistical analyses.

Demographic and Baseline Performance Analyses

Table 1 reflects demographic characteristics of participants from Hammers et al.’s (2020)
development sample and the current community and clinic amnestic MCI validation
samples. In the current samples, the community amnestic MCI sample was older, less
educated, more predominantly female, and possessed shorter retest intervals on average
than the clinic amnestic MCI sample (all ps < .001). Although differences were observed,
these variables were all incorporated into the original Hammers et al. SRB equations,
therefore their covariation in the subsequent recruitment group comparison analyses was not
necessary. No differences were observed between samples for premorbid intellect (p = .13)
or ethnicity (p=.29). When compared to Hammers et al.’s original development sample,
as can be seen in Table 1, the community amnestic MCI sample was older and possessed

a greater proportion of males than Hammers et al.’s development sample (both ps < .001).
The clinic amnestic MCI sample was more educated, and possessed a longer retest interval
and greater proportions of males than Hammers et al.’s development sample (all ps <.001).
Expanded results (e.g., fvalues, effect sizes) are available upon request.

When considering Observed Baseline RBANS Index performances between the two
amnestic MCI samples, differences were seen across nearly all Indexes. As can be seen

in Table 1, Observed Baseline performances were lower for the clinic amnestic MCI sample
relative to the community amnestic MCI sample for all RBANS Indexes (ps < .001) except
for the Visuospatial/Constructional (o = .56) and Attention (p=.76) Indexes. Similarly,
Observed Baseline performances for the clinic amnestic MCI sample were lower for all
RBANS Indexes than Hammers et al.’s development sample (ps = .001), and also for

the community amnestic MCI sample relative to the development sample for all RBANS
Indexes (s = .001) except Visuospatial/Constructional (o =.01; see Table 1). Expanded
results are available upon request.

Traditional Baseline vs. One-Year Follow-up Analyses

Community amnestic MCl Sample—When examining change over time using a
traditional method of comparing Observed Baseline and Observed One-Year Follow-up
scores for the RBANS Indexes for the community amnestic MCI sample (see Table 3

for Means and SD%), significant differences were observed for the Indexes of Immediate
Memory, {63) = -3.37, p=.001, d=-0.85, and Delayed Memory, {63) = -4.28, p=.001, d
= -1.08. Specifically, the Observed One-Year Follow-up scores for both Indexes were higher
than at Observed Baseline. No significant differences were observed for RBANS Indexes of
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Visuospatial/Constructional, {63) = 1.89, p= .06, o= 0.48, Language, 463) = 1.64, p= .11,
d=0.41, Attention, £63) = -1.28, p=.21, d=-0.32, or Total Scale score, {63) = -2.04, p=
.05, d=-0.51.

Clinic amnestic MCI Sample—For the clinic amnestic MCI sample (see Table 4), no
significant differences were observed between Observed Baseline and Observed One-Year
Follow-up for any of the RBANS Index scores, Immediate Memory, {57) = 0.61, p= .54,
d=0.16, Visuospatial/Constructional, £57) = -0.11, p=.92, d=-0.03, Language, {57) =
1.70, p= .10, d= 0.45, Attention, {57) = 1.97, p= .05, d=0.52, Delayed Memory, {57) =
0.58, p= .56, d=0.15, or Total Scale score, 57) = 1.28, p= .21, d=0.34.

Traditional Baseline vs. One-Year Follow-up Summary—Observed Baseline scores
were comparable to Observed One-Year Follow-up scores for the vast majority of RBANS
Index scores. The only exceptions were seen in the community amnestic MCI sample, where
the Observed One-Year Follow-up score was Aigherthan the Observed Baseline score for the
Indexes of Immediate Memory and Delayed Memory.

SRB Group Analyses

Community amnestic MCl Sample—SRB prediction equations for the RBANS Indexes
from Hammers and colleagues (Hammers, Suhrie, Porter, et al., 2020) were applied to the
current sample of community amnestic MCI participants. As seen in Table 3, when using
one-sample ftests to compare zscores for each RBANS Index to an expected z score of

zero based on the normal distribution of z scores, statistical significance was observed for 3
of 5 RBANS Indexes (Immediate Memory, {63) = -2.81, p=.007, d=-0.71, Visuospatial/
Constructional, {63) = -2.73, p=.008, d=-0.69, and Language, {63) = —-4.82, p=.001,
d=-1.21) and the Total Scale score, {63) = —3.07, p=.003, d=-0.77. In each case,

the resultant zscore was significantly lower than zero. As a reminder, a negative zscore
indicates that the Observed Follow-up score was lower than the Predicted Follow-up score
and suggested a reliable “decline” over one year, whereas a positive zscore indicates that
the Observed Follow-up score was higher than the Predicted Follow-up score suggested a
reliable “improvement” over one year. Neither Indexes of Attention, {63) = -1.73, p=.09, d
= -0.46, nor Delayed Memory, {63) = -2.43, p=.02, d=-0.61, were significant.

Clinic amnestic MCI Sample—For the clinic amnestic MCI participants (Table 4), when
using one-sample #tests to compare zscores for each RBANS Index to an expected zscore
of zero, statistical significance was observed for all 5 RBANS Indexes (Immediate Memory,
K57) =-10.42, p=.001, d=-2.76, Visuospatial/Constructional, {57) = -3.00, p=.004, d=
-0.79, Language, #57) = -8.53, p=.001, d=-2.26, Attention, {57) = -4.64, p=.001, d=
-1.23, Delayed Memory, {57) = —-8.40, p=.001, d=—-2.23) and the Total Scale score, {57)
=-8.89, p=.001, d=-2.36. As with the community amnestic MCI sample, in each case the
resultant zscore was significantly lower than zero.

Community amnestic MCl Sample vs. Clinic amnestic MCI Sample—Further,
when comparing z scores for each RBANS Index score between the community and clinic
amnestic MCI samples (Tables 3 and 4) using independent samples ¢tests, significant
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differences were observed for 3 of 5 Indexes (Immediate Memory, {120) =5.72, p=.001,
d=1.04, Language, #120) = 3.02, p=.003, d=0.55, Delayed Memory, {120) = 4.48, p
=.001, d=0.82) and the Total Scale score, £120) = 3.64, p=.001, d= 0.66. Specifically,
zscores were significantly lower for the clinic amnestic MCI group than the community
amnestic MCI group for all Indexes. No differences were observed between amnestic MCI
samples for the RBANS Indexes of Visuospatial/Constructional, {120) = 0.01, p=.99, d=
0.01, or Attention, 120) =2.29, p=.02, d=0.42.

SRB Group Analyses Summary—After applying Hammers et al.’s (2020) SRB
prediction equations to the community amnestic MCI sample, their zscores were
significantly lower than zero for 3 of 5 RBANS Indexes (Immediate Memory, Visuospatial/
Constructional, Language) and the Total Scale score. Z scores for the clinic amnestic MCI
sample were lower than zero for all 5 RBANS Indexes and the Total Scale score. These
negative zscores mean that the Observed One-Year Follow-up scores were lower than the
Predicted One-Year Follow-up scores, suggesting a reliable “decline” over one year. When
comparing between amnestic MCI samples, zscores were significantly lower for the clinic
amnestic MCI group than the community amnestic MCI group for the Indexes of Immediate
Memory, Language, Delayed Memory, and the Total Scale score.

Individual Distribution Analyses

When examining the distribution of community amnestic MCI and clinic amnestic MCI
participants that either “declined”, remained “stable”, or “improved” relative to predictions
over the one-year interval between Baseline and One-Year Follow-up administrations of

the RBANS, the majority of participants remained “stable” (86% of community MCI
participants and 75% of clinic MCI participants) for both the RBANS Indexes (see Table 5).

Community amnestic MCl Sample—For the community amnestic MCI sample, using
one-sample chi square analyses, statistically different distributions were observed relative to
what was anticipated based on the normal curve distribution of zscores (i.e., 5% “decline”,
90% remained “stable”, 5% “improve”) for 1 of 5 RBANS Indexes (Delayed Memory,

% (2) =15.22, p=.001, Phi= 0.49). Specifically, greater proportions of individuals
“declined” than expected based on normal distributions for this Index (16% “declined” on
Delayed Memory; see Table 5). No significant differences in distributions from anticipation
were observed for the Indexes of Immediate Memory, y? (2) = 4.75, p=.09, Phi=0.27,
Visuospatial/Constructional, y? (2) = 4.75, p= .09, Phi=0.27, Language, y° (2) =7.88, p=
.02, Phi=0.35, Attention, y? (2) = 0.50, p=.78, Phi= 0.09, or Total Scale score, y? (2) =
2.16, p=.34, Phi=0.18.

Clinic amnestic MCI Sample—Relatedly, for the clinic amnestic MCI sample, one-
sample chi square analyses revealed that statistically different distributions were observed
relative to anticipation based on the normal curve distribution of zscores for 3 of 5 RBANS
Indexes (Immediate Memory, y? (2) = 211.79, p=.001, Phi=1.91, Language, y? (2) =
20.61, p=.001, Phi=0.60, Delayed Memory, ;(2 (2) =210.97, p=.001, Phi=1.91) and
Total Scale score, y? (2) = 20.61, p=.001, Phi=0.60. Specifically, greater proportions of
individuals “declined” than expected based on normal distributions for each Index (17% of
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participants “declined” on both the Language and Total Scale score, and 47% “declined”

on both the Immediate Memory and Delayed Memory). No significant differences in
distributions from anticipation were observed for the Indexes of Visuospatial/Constructional,
x%(2)=2.77, p= .25, Phi= 0.22, and Attention, y? (2) = 2.77, p= .25, Phi=0.22.

Community amnestic MCl Sample vs. Clinic amnestic MCI Sample—When
comparing distributions of “decline”/“stable”/“improve” between the community amnestic
MCI and clinic amnestic MCI samples over one year, two-way chi-square analyses revealed
significant differences for 2 of 5 RBANS Indexes (Immediate Memory, ;(2 (2)=76.59, p
=.001, Phi=0.79, and Delayed Memory, ;(2 (2) =42.28, p=.001, Phi=0.59) and the
Total Scale score, /1/2 (2) =38.92, p=.001, Phi=0.56. Specifically, a greater percentage of
participants “declined” on the Immediate Memory and Delayed Memory Indexes, and Total
Scaled score, for the clinic amnestic MCI sample compared to the community amnestic
MCI sample (47% versus 11%, respectively, for Immediate Memory, 47% versus 16%,
respectively, for Delayed Memory, and 17% versus 3%, respectively, for Total Scale score).
No differences were observed between the community and clinic amnestic MCI samples for
Indexes of Visuospatial/Constructional, 1/2 (2) =1.56, p= .46, Phi=0.11, Language, ;(2 2
=2.86, p=.24, Phi=0.15, or Attention, ;(2 (2)=2.32, p=.31, Phi=0.14.

Individual Distribution Analyses Summary—Although most participants remained
within the “stable” range on repeat testing, greater proportions of individuals “declined”
over one year for the community amnestic MCI sample relative to expectation for RBANS
Delayed Memory Index. Greater proportions of individuals “declined” over one year for

the clinic amnestic MCI sample relative to expectation for Indexes of Immediate Memory,
Language, Delayed Memory, and Total Scale score. When comparing the two amnestic MCI
samples, a greater percentage of participants “declined” on the Immediate Memory and
Delayed Memory Indexes, and the Total Scale score, for the clinic amnestic MCI sample
compared to the community amnestic MCI sample.

DISCUSSION

The current study sought to examine the validity of previously published SRB predicted
difference equations for the RBANS Indexes (Hammers, Suhrie, Porter, et al., 2020) using
two independent samples of older adults with amnestic MCI who were living independently
in the community and assessed twice over a one-year period. These algorithms were
previously calculated from 129 robustly cognitively intact older adults and possess the
potential to improve the accuracy of one-year serial RBANS prediction, but they have yet

to be validated. Additionally, the current study extended previous research by comparing
community-recruited versus memory-clinic-recruited amnestic MCI samples on the amount
of change observed over one year using reliable change methods, which to our knowledge is
the first study to do so.

For our current validation samples of both community MCI and clinic amnestic MCI
participants, no change in performance was observed over one year when using the
traditional method of comparing observed test scores at baseline and one-year across most
RBANS Indexes administered. The exceptions were the Immediate and Delayed Memory
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Indexes for the community amnestic MCI sample, where participants’ performance was

on average better at one-year follow-up than at baseline. While potentially unexpected,

the literature suggests a wide discrepancy of findings when examining rates of annual
conversion from MCI to AD, ranging from 4-40% of patients declining to AD per year
(Boyle, Wilson, Aggarwal, Tang, & Bennett, 2006; Gauthier et al., 2006; Panza et al., 2007;
Panza et al., 2005). This suggests that some studies — like the current study — have observed
stability over one year in MCI samples, whereas others have observed a moderate degree of
decline.

In contrast, when applying Hammers et al.’s (2020) SRB prediction equations to baseline
performance on the RBANS, the Observed One-Year Follow-up scores for both our samples
of amnestic MCI participants were consistently below expectation compared to predictions,
such that participants tended to score worse than predicted. First, zscores for the community
amnestic MCI sample were significantly lower than anticipated for Indexes of Immediate
Memory, Visuospatial/Constructional, Language, and the Total Scale score (Cohen’s a5 = |
0.69 — 1.21 |). For the clinic amnestic MCI sample, zscores were significantly lower than
anticipated for all five Indexes and the Total Scale score (Cohen’s 6 =|0.79 — 2.76 |).

As indicated above, a zscore being lower than the expected value of 0 (hegative zscore)
indicates that the Observed Follow-up score was lower than the Predicted Follow-up score.
These findings are consistent with the literature suggesting that the use of SRB prediction
equations can be more sensitive to change over time than the traditional baseline versus
follow-up assessment method (Duff, Suhrie, Dalley, Anderson, & Hoffman, 2019).

Second, when examining the distributions of participants that displayed “improvement” (or
greater benefit from practice than expected), “stability” (or expected long-term practice
effects), or “declines” (or smaller long-term practice effects) relative to predictions, greater
proportions of individuals performed worse than expected based on normal distributions in
each amnestic MCI sample for select Indexes. For example, for the community amnestic
MCI sample, 16% of participants “declined” on the Delayed Memory Index. For the clinic
amnestic MCI sample, 17% of participants “declined” on both the Language Index and Total
Scale score, and 47% “declined” on both the Immediate Memory and Delayed Memory
Indexes. On no Index did a significant number of participants “improve” beyond expectation
relative to predictions (e.g., > 5-10% of the sample “improving” beyond predictions).
Because predicted scores are generally expected to improve from baseline to follow-up due
to the benefit from repeated exposure, the current collective performances suggest that our
two amnestic MCI samples generally reflected a reliable “decline” relative to expectation
for delayed memory and other cognitive domains, and they experienced lesser long-term
practice effects than expected on the RBANS over one year. Overall, potential reasons that
the one-year RBANS scores in the current samples are consistently lower than predicted
include the following: (1) the equations are not representative or appropriate for the samples,
or (2) the equations are appropriate and also permitting observation of the subtle decline
over one year that is not observed through “traditional” methods. When examining Table 5
specifically, the level of variance (or the % of those Improving or Declining) does not appear
to be occurring at random, but instead the Decliners (10% across tasks for community
amnestic MCI, 24% for clinic amnestic MCI) greatly outweigh the Improvers (4% across
tasks for community amnestic MClI, 1% for clinic amnestic MCI). This is consistent with
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expectations for cognitively compromised samples, and suggests that our SRB equations are
permitting observation of subtle decline. Taken together, the current results appear to add
external support to the validity of Hammers et al.’s SRB equations for the RBANS Indexes
to predict cognitive performance one year after baseline assessment.

Our reduced long-term practice effect finding is consistent with several studies reporting
an absence or a reduction of practice effects in MCI across a number of cognitive

measures and retest intervals (Britt et al., 2011; Calamia, Markon, & Tranel, 2012; Cooper,
Lacritz, Weiner, Rosenberg, & Cullum, 2004; Darby, Maruff, Collie, & McStephen, 2002;
Schrijnemaekers, de Jager, Hogervorst, & Budge, 2006). However, worse outcomes were
not observed for all RBANS Indexes for these amnestic MCI samples based on expectation
in our study, and overall 86% (community amnestic MCI) and 75% (clinic amnestic MCI)
of participants still displayed the expected level of long-term practice effect relative to
Hammers et al.’s prediction equations (2020). Therefore, long-term practice effects were
not non-existent in these amnestic MCI samples. Several authors have previously provided
supportive evidence on the presence of practice effects in MCI participants (Duff et al.,
2007; Mathews et al., 2014; Yan & Dick, 2006), and it has been proposed that while
declarative memory is impacted early in the course of MCI, procedural memory is expected
to stay stable in most individuals with amnestic MCI until later in the condition (Duff et al.,
2008; Yan & Dick, 2006). Consequently, we would propose that long-term practice effects
appear to be impacted by both declarative and procedural memory, such that even patients
further along the amnestic MCI continuum (i.e., those with severe memory impairment at
baseline) still tend to benefit from practice to a certain extent. Also, as our study focused
on samples with amnestic MCI and less on other non-memory domains, it is possible that
the continued evidence of long-term practice effects may be influenced by other cognitive
domains like executive functioning. Specifically, executive functioning has been implicated
in influencing both short- and long-term practice effects by reducing the novelty-effect for
tests (Suchy, Kraybill, & Franchow, 2011; Thorgusen, Suchy, Chelune, & Baucom, 2016),
which may have contributed to our findings in these amnestic MCI samples.

Additionally, the results of analyses from our secondary aim appear to extend the validation
of Hammers et al.’s (2020) SRB prediction equations. Specifically, we included two sets of
amnestic MCI samples — those recruited from the community versus those recruited from

a memory disorders clinic — to identify whether differential rates of cognitive change or
long-term practice effect were observed across different recruitment samples of amnestic
MCI participants. Our results indicated that not only did the clinic amnestic MCI sample
perform worse at baseline relative to the community amnestic MCI sample for several of the
RBANS Indexes (Immediate Memory, Language, Delayed Memory, and Total Scale score),
they also tended to exhibit smaller long-term practice effects over one year — as measured
by lower z scores for the clinic amnestic MCI sample than the community amnestic MCI
sample for several RBANS Indexes (Immediate Memory, Language, Delayed Memory, and
Total Scale score), and also by greater proportions of participants in the clinic amnestic MCI
sample displaying “declines” from prediction over one year than the community amnestic
MCI sample across many RBANS Indexes (Immediate Memory, Delayed Memory, and
Total Scale score). Our baseline results are consistent with repeated observations that source
of recruitment has been shown to influence findings using MCI participants. Specifically,

Clin Neuropsychol. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hammers et al.

Page 13

recruiting patients with MCI from memory clinics has resulted in worse performance on
memory tasks (Brodaty et al., 2014; Kirsebom et al., 2017), more severe hippocampal
atrophy (Whitwell et al., 2012), and greater risk of MCI-to-dementia progression (Farias

et al., 2009; Roh et al., 2016). As a result, it appears that studies using MCI participants
should be intentional about their choices regarding recruitment source, as patients may tend
to present more severely on the AD continuum if recruited from a clinic.

Regarding the differential long-term practice effects observed between the two amnestic
MCI samples, these findings are consistent with research suggesting lower practice effects
tend to be observed in more severely cognitively compromised samples (Calamia et al.,
2012; Cooper et al., 2004; Gavett et al., 2016). Specifically, we observed that z scores were
consistently lower for the clinic amnestic MCI sample than the community amnestic MCI
sample, and that Observed Baseline performances were also lower for the clinic amnestic
MCI sample across RBANS Indexes. This suggests that despite incorporating Baseline
performance in the SRB equations, differences in baseline performance were likely an
important contributor to the observed long-term practice effect differences between our two
amnestic MCI samples. Rapport (Rapport et al., 1997; Rapport, Brines, Axelrod, & Theisen,
1997) has previously used the phrase “the rich get richer” to describe this effect. When
applied to our samples, our community amnestic MCI sample possessed stronger baseline
performances on several domains of cognition, which appears to have left them poised

to benefit from practice to a greater extent than the clinic amnestic MCI sample, leading

to the relatively higher zscores for the community amnestic MCI sample. Additionally,

the properties of most regression-based prediction formulas are such that greater accuracy
of prediction occurs for individuals falling closer to the mid-range of the performance
scale, versus falling at the extremes (Tabachnick & Fidell, 1996). As will be observed in

an example below, this likely led to expected improvements at 7, being higher for lower
baseline performances (e.g., SS = 80) than for average baseline performances (e.g., SS
=100) in our sample. As a result of Hammers et al.’s SRBs being more susceptible to
regression to the mean effects at the extremes, they likely over-estimated 7, predictions

for low baseline scores or under-estimated 7 predictions for very high baseline scores

in our sample. Subsequently, this suggests that future work examining practice effects in
cognitive data should continue to consider the importance of baseline performance as an
underlying mechanism. Overall, as a result of these recruitment sample comparisons, the
current study supports that the Hammers et al. (2020) prediction equations are generally able
to discriminate rates of cognitive change among cognitively nuanced samples.

An example may be helpful to highlight two potential patterns that can be observed when
applying these Hammers et al. (2020) prediction equations to individual patients. Please

see Table 6 for Observed Baseline, Observed One-Year Follow-up, and Predicted One-Year
Follow-up scores for a 70-year-old female participant with 12 years of education, who was
administered the RBANS twice over one year. The first pattern is that of a patient who
appears to improve on an Index at follow-up by a large amount relative to baseline (i.e.,
traditional method of examining change), but the SRB prediction equations indicate that the
change is not beyond expectation. Specifically, on the Language Index of the RBANS, our
patient improves by 15 points from 7;to 7, which would appear to be a large change

using the traditional method of change. However, using the SRB method, her zscore for this
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Index is only 1.17 due to the expected long-term practice effect benefit at 7, (the Predicted
Follow-up score was expected to improve by 3.44 points over Baseline performance).

This zscore is lower than the z+1.645 threshold, consequently this performance does

not reflect a statistically significant improvement despite the large discrepancy between
observed baseline and follow-up scores. A second pattern can also emerge, in that a patient
appears to decline only a small amount (i.e., traditional method), but when factoring in
expected improvement, the performance at 7 reflects a significant decline (via the SRB
method). For example, our patient displayed a decline of 7 points in her Delayed Memory
Index, which may be dismissed as insufficient change in the traditional method. However,
using the SRB method, this amount of change is reflective of a zscore on this Index of
-1.70. This zscore is higher than the z+1.645 threshold, indicating that this performance
does reflect a statistically significant decline. Within the SRB method, such a large negative
zscore reflects the expectation that Hammers et al.’s development sample benefited from
practice at 7,on the Delayed Memory Index. As a result, instead of our patient improving
by 11.51 points (Predicted Follow-up relative to Baseline), she declined by 7 points, which
led to the large discrepancy between Observed and Predicted Follow-up (18.51 points) and
the subsequent large negative z score. This same pattern is observed on the Immediate
Memory Index, where our patient declines by 2 points at 7, her Predicted Follow-up

score was expected to improve by 16.37 points relative to baseline. Her actual discrepancy
between Observed and Predicted Follow-up on this Index is therefore large (18.37 points)
and reflective of a zscore of —1.69. As both of these latter zscore values are greater than the
z£1.645 threshold, our patient displays statistically significant “declines” in her Immediate
and Delayed Memory abilities over one year.

This case example points out an important distinction between statistical significance and
clinical relevance when incorporating reliable change methods into clinical or research
decisions. The RBANS Index zscore values that reached statistical significance (Tables

3 and 4) ranged between —0.37 and —1.60 therefore these values would not have been
significant (i.e., exceeding z= —-1.645) on the individual level. However, by focusing on the
proportion of individuals per sample possessing clinically meaningful “decline” in Observed
relative to Predicted Follow-up scores, these latter results highlight the greater percentage
of amnestic MCI patients “declining” or failing to observe long-term practice effects at one-
year follow-up on the RBANS. Such findings lend support to the ability of Hammers and
colleagues’ SRB prediction equations (2020) of identifying clinically meaningful change in
individual patients or participants.

The current study is not without limitations. First, these results only inform us about change
in participants with amnestic MCI, and do not speak to the Hammers et al. (2020) SRB
algorithms ability to predict change in patients with other disease states ranging from

AD and Frontotemporal dementia to those being cognitively intact. Further consideration
of validity and generalizability of these prediction equations should be withheld until

future studies can examine patients with these conditions. Additionally, the lack of clinical
characterization or identification of probable etiology of our amnestic MCI samples may be
a limitation to possible interpretation and generalization of results. Second, some research
has suggested that MCl is not as accurately captured by the RBANS compared to a

more sensitive neuropsychological battery (Duff, Hobson, Beglinger, & O’Bryant, 2010),
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therefore these findings may not generalize to other memory tests when working with
amnestic MCI participants. Similarly, these findings were observed for retest intervals of
approximately one year, and until further studies are conducted it cannot be determined if
they generalize to other retest intervals (Calamia et al., 2012). Third, the original studies that
generated both the Duff (Duff et al., 2004) and Hammers et al. (2020) SRBs used RBANS
Form A for all evaluations, consequently Duff’s and Hammers et al.’s SRBs are based on the
same forms being used. Since we were attempting to validate these Hammers et al.’s SRBs,
we were therefore limited by the original studies and administered RBANS Form A for all
evaluations as well. Future studies should consider practice effects in alternate forms of the
RBANS as a new area of investigation, particularly examining differences in cognitively
normal and clinical stable individuals, as this more closely approximates clinical practice.

Fourth, it is unclear if the current results would be similarly observed in a study
incorporating more heterogeneous participants in regards to premorbid functioning,
education, ethnicity, sex, or baseline performance. For example, as both of our samples
were classified as amnestic MCI, our baseline RBANS Index scores for Immediate Memory
and Delayed Memory Indexes tended towards lower on the spectrum of performance. As

a result, these performances likely fell below the mid-range of performance for Hammers

et al.”’s (2020) prediction equations, leading to increased susceptibility of regression to the
mean and subsequent over-prediction of 7, performance (Tabachnick & Fidell, 1996). This
subsequent over-prediction, particularly for the Immediate Memory Index, may result in the
appearance of “declines” relative to prediction for an individual who performed generally
comparable between 77 and 7 (see Table 6). As such, diagnosticians should be mindful

of the impact of this potential over-prediction if applying these prediction equations —
especially for the Immediate Memory Index — for diagnostic or classification purposes.
Additionally, both of our samples possessed elevated levels of premorbid intellect and
education. While these levels were generally consistent with Hammers et al.’s development
sample, they differed from the general population. As both premorbid intellect and education
have been used as proxy measures for cognitive reserve (Jefferson et al., 2011), these factors
have been suggested as protective factors in the development of dementia (Stern, 2006),
influences on the onset of AD symptoms (Roe, Xiong, Grant, Miller, & Morris, 2008), and
moderators in the development of AD pathology (Rentz et al., 2010; Rodrigue et al., 2012;
Roe, Mintun, et al., 2008). Further, both of our samples were predominantly Caucasian, and
the community sample was predominantly female. While future research should consider
such predictions in samples that are not primarily well-educated Caucasian females, the
current study’s proportion of highly educated females in the community sample (along with
Hammers et al.’s original development sample) appear to reflect long-standing trends in
research participation. Specifically, it has been observed that women tend to volunteer more
than men across all age ranges (United States Bureau of the Census, Statistics, National, &
Service, 2015), reaching a difference of upwards of 30% (U.S. Bureau of Labor Statistics,
2016), and that individuals with higher education and Caucasians consistently volunteer at
greater levels (United States Bureau of the Census et al., 2015). Together, future studies
examining these SRBs across a wide range of RBANS performance, premorbid intellect,
education levels, sex, and ethnicity are therefore encouraged.
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Despite these limitations, the current results appear to externally validate the SRB prediction
equations developed by Hammers and colleagues (2020), which can be used to more
accurately quantify clinically meaningful change over one year when using the RBANS.
Given the multitude of research suggesting the importance of practice effects on treatment
response and benefit in MCI samples (Duff et al., 2018; Duff, Hobson, et al., 2010; Duff et
al., 2011; Galvin et al., 2005; Hassenstab et al., 2015; Machulda et al., 2013; Mormino et al.,
2014), these current results also support the potential of these SRB prediction algorithms to
provide diagnostic and prognostic value, and inform treatment recommendations.
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Table 1.

Demographic characteristics of Hammers et al.’s (2020) development and the current amnestic MCI validation
samples

Variable Current Validation Sample Hammerset al., 2020 Development Sample
Community Amnestic MCI | Clinic Amnestic MCI
Mean (SD) Mean (SD) Mean (SD)

n 64 58 129
Age (vears)™ 2 792(7.9) 741(5.2) 75.6 (7.5)
Education (years)l’ 3 156 (2.6) 17.0 (2.9) 15.4(2.7)
Gender (n; %)‘Z' 23

Males 21 (33%) 38 (66%) 22 (17%)

Females 43 (67%) 20 (36%) 107 (83%)
Ethnicity ()

Non-White, Non-Caucasian 0 1 1

White, Non-Hispanic 64 57 128
WRAT-4 Reading Subtest 109.8 (10.8) 107.2 (7.9) 107.4 (7.6)
Baseline RBANS Indexes

Immediate Memory” % % 86.6 (13.6) 76.9 (14.4) 109.2 (14.5)

Visuospatial/Constructional ® 100.4 (14.9) 98.8 (11.4) 105.2 (15.7)

Language™ 2 % 98.3(114) 88.6 (10.5) 104.6 (11.2)

Attention? > 95.9 (14.1) 96.7 (14.9) 104.4 (14.7)

Delayed Memory™ %% 802 (12.7) 69.7 (19.2) 108.6 (9.1)

Total Scale™ %% 89.2(104) 81.6 (11.3) 109.2 (12.7)
Retest Interval (days)l’ s 398.5 (66.8) 474.2 (49.5) 381.5(37.9)

Note: MCI = Mild Cognitive Impairment, WRAT-4 = Wide Range Achievement Test,
1=. .. . o . . . .
significant difference between the current validation community amnestic MCI and clinic amnestic MCI samples, p< .01.
2= . . o . .
significant difference between the current validation community amnestic MCI sample and Hammers et al.’s development sample, p < .01.

3=. .. . o - .
significant difference between the current validation clinic amnestic MCI sample and Hammers et al.’s development sample, p < .01.
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Table 3.

Baseline, Follow-up, and Predicted Follow-up RBANS scores, standardized z scores, and p values for
Observed versus Predicted Follow-up scores in community amnestic MCI participants (/7= 64)

Observed Baseline | Observed Follow-up | Predicted Follow-up zscore p Value
RBANS Indexes
Immediate Memory 86.6 (13.6) 92,5 (13.9) 96.8 (8.4) -0.40(1.1) | 0.007
Visuospatial/Constructional 100.4 (14.9) 96.7 (16.8) 101.9 (7.0) -0.37 (1.1) 0.008
Language 98.3 (11.4) 96.0 (11.2) 102.1 (7.1) -0.62(1.0) | 0.001
Attention 95.9 (14.1) 97.8 (15.4) 100.2 (8.9) -0.19(0.9) | 0.09
Delayed Memory 80.2 (12.7) 87.0 (18.4) 91.0 (8.9) -0.38(1.2) | 0.02
Total Scale 89.2 (10.4) 91.8 (12.8) 95.5 (7.5) -0.32(0.8) | 0.003

Note: RBANS = Repeatable Battery for the Assessment of Neuropsychological Status, p value = significance of one-sample #tests examining
whether zscores differed from expectation (z = 0) based on the normal distribution of zscores.
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Table 4.

Baseline, Follow-up, and Predicted Follow-up RBANS scores, standardized z scores, and p values for
Observed versus Predicted Follow-up scores in clinic amnestic MCI participants (/7= 58)

Observed Baseline | Observed Follow-up | Predicted Follow-up zscore p Value
RBANS Indexes
Immediate Memory 76.9 (14.4) 76.0 (16.3) 93.3(8.3) -1.60 (1.2) 0.001
Visuospatial/Constructional 98.8 (11.4) 99.0 (16.5) 104.2 (7.3) -0.37 (0.9) 0.004
Language 88.6 (10.5) 86.2 (12.2) 97.9 (6.5) -1.19(1.1) | o0.001
Attention 96.7 (14.9) 93.5 (15.9) 100.7 (9.4) -0.55(0.9) | 0.001
Delayed Memory 69.7 (19.2) 68.6 (20.6) 83.7 (13.5) -1.39(1.3) | o0.001
Total Scale 81.6 (11.3) 80.2 (12.8) 90.1 (8.1) -0.84(0.7) | o0.001

Note: RBANS = Repeatable Battery for the Assessment of Neuropsychological Status, p value = significance of one-sample #tests examining
whether z scores differed from expectation (z= 0) based on the normal distribution of zscores.
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Percentage of community and clinic amnestic MCI samples that declined, remained stable, or improved based
on standardized regression-based methodology (total 7= 122)

Community Amnestic MCI

Clinic Amnestic MCI

(n=64) (n=58)
Decline | Stable | Improve | Decline | Stable | Improve

RBANS Indexes

Immediate Memory 11 84 5 47 53 0

Visuospatial/ Constructional 11 84 5 9 90 1

Language 13 84 3 17 83 0

Attention 5 92 3 9 90 1

Delayed Memory 16 80 5 47 52 1

Total Scale 3 95 2 17 83 0
Cumulative Percent of Decline/Stable/Improve Across Indexes 10 86 4 24 75 1

Note: MCI = Mild Cognitive Impairment, RBANS = Repeatable Battery for the Assessment of Neuropsychological Status.

Clin Neuropsychol. Author manuscript; available in PMC 2023 August 01.



Page 26

Hammers et al.

‘G0 >d
*

15835 [aoualayiq paloIpald =2 (0z202) ‘Ie 18 SIswweH wouy suoienba uoissaibial ay) Jo a1ew sy ay) 4o Jodig plepuels =759 *dn-mojjo4 paldlpaid — dn-mojjo4
PanIasqO = dduaiayig paripald "(0202) ‘1e 19 SJaWWeH WOy ejnwIo) UoIssaifial ayl WoJy PanLiap aJe sa103s dn-mojjo4 paloipald auljaseg paatasqO — dn-mojjo4 PanIasqO = aduaialg PanlasqQ 810N

zgo- | 6T 80'9- 8016 23 <8 €8 9[eas [eloL
£04T= | ogi01 15°8T- 1568 L- L 8L AKiowa\ pafeleq
8L0~ | 60°€T 0z 0T- 0256 €= 58 88 Uonusny
1T | v86 95Tt 786 ST+ 0Tt 56 abenbue
€T0- | 0¥t 6LT- 6,101 5+ 00T 56 [euonoNISUOD[eredsonsin
#0897~ | 6801 Le8T- LE16 - 6L 18 Ajowap srerpswiw]
saxapu| SNYge
21005z | ™35 | e0ueleyIQ PeRIPRId | dn-MOj(04 PeRIPRId | 0WBJRYIA POARS]O | dn-mojjod PRARS]O | Buljesed PeARSAO

a|dwex3 ase)

‘9 s|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Neuropsychol. Author manuscript; available in PMC 2023 August 01.



	Abstract
	INTRODUCTION
	METHOD
	Participants
	Procedure
	Analyses
	Demographic and Baseline Performance Analyses
	Traditional Baseline vs. One-Year Follow-up Analyses
	SRB Group Analyses
	Individual Distribution Analyses


	RESULTS
	Demographic and Baseline Performance Analyses
	Traditional Baseline vs. One-Year Follow-up Analyses
	Community amnestic MCI Sample
	Clinic amnestic MCI Sample
	Traditional Baseline vs. One-Year Follow-up Summary

	SRB Group Analyses
	Community amnestic MCI Sample
	Clinic amnestic MCI Sample
	Community amnestic MCI Sample vs. Clinic amnestic MCI Sample
	SRB Group Analyses Summary

	Individual Distribution Analyses
	Community amnestic MCI Sample
	Clinic amnestic MCI Sample
	Community amnestic MCI Sample vs. Clinic amnestic MCI Sample
	Individual Distribution Analyses Summary


	DISCUSSION
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.
	Table 6.

