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1 | BACKGROUND

The identification of cognitive change is particularly relevant in older

adults at risk for dementia. Clinically, cognitive decline can suggest the

Deborah Sevigny-Resetco?

Abstract

INTRODUCTION: Identification of cognitive decline is critical in older adults at risk
for dementia. In a 2020 study reported in Archives of Clinical Neuropsychology, Kiselica
and colleagues developed standardized regression-based (SRB) change formulae for
the Uniform Data Set 3.0 Neuropsychological Battery in cognitively unimpaired older
adults. However, validation of their applicability in impaired individuals is needed.
METHODS: Using longitudinal data on 5974 participants (cognitively unimpaired, mild
cognitive impairment, dementia) from the National Alzheimer’s Coordinating Center,
SRB change scores were calculated for each individual and compared across groups.
RESULTS: Across 6 to 24 months, minimal cognitive change was observed in cogni-
tively unimpaired participants. Modest declines were seen in those with mild cognitive
impairment and substantial declines in those with dementia. Change scores were neg-
atively correlated with the Clinical Dementia Rating scale. In impaired individuals, SRB
scores indicated more decline in those with positive amyloid scans.

DISCUSSION: Validation of SRB scores affords greater confidence in employing them
in clinical and research settings.

KEYWORDS
change, dementia, longitudinal, mild cognitive impairment, neuropsychology, normative data

Highlights

» Validation of regression-based cognitive change scores in impaired samples.

* Clear differences on change scores across three groups (intact, MCI, dementia).

* Largely stable scores in intact participants, but notable decline in MCI and dementia.

* Moderate to strong relationship between change scores and the Clinical Dementia
Rating scale sum of boxes.

development of a cognitive disorder or progression of a disease state
(eg, mild cognitive impairment [MCI] to dementia). In research settings,
change can help evaluate the effects of interventions in this popu-

lation, including identifying stability for disease-modifying agents. As
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such, access to empirically validated methods of quantifying cognitive
change is needed.

One method of quantifying cognitive change is the standardized
regression-based (SRB) change formulae,! in which an individual’s
follow-up (ie, Time 2) cognitive test score is predicted from his/her
initial (ie, Time 1) score and other relevant variables (eg, age, edu-
cation, retest interval). Notable discrepancies between observed
and predicted Time 2 scores can indicate decline (if sufficiently
negative) or improvement (if sufficiently positive). Such SRB mod-
els have provided insights into diagnosis,2 prognosis,3~> treatment
response,® and brain pathology’ 10 in older adults with MCI and
dementia.

Using a large sample of cognitively unimpaired older adults from
the National Alzheimer’s Coordinating Center (NACC) database, Kisel-
ica et al.'* developed SRB change formulae (hereafter referred to
as SRBs) for the Uniform Data Set 3.0 Neuropsychological Battery
to assess change across 6 to 24 months. Following the SRB model
of McSweeny et al.,! these SRBs accounted for 14% to 62% of the
variance of the Time 2 cognitive scores, using predictors of the respec-
tive Time 1 score, age, sex, education, race, and retest interval. These
SRB change scores were preliminarily validated on a separate, ran-
domly selected group of cognitively unimpaired older adults by (1)
examining base rates of change using different cutoffs (eg, —1.645 vs
—1.96), (2) examining correlations of change scores on similar tests
(eg, animal vs vegetable fluency), and (3) examining correlations of
change scores with a measure of cognitive and daily functioning.
Although these analyses did demonstrate that the SRB change scores
performed as expected in this cognitively unimpaired sample, fur-
ther validation in a clinical sample is needed to give clinicians and
researchers more confidence in the value and generalizability of these
formulae.

The current project sought to further validate the SRBs developed
by Kiselica et al.'! by applying them to a more recent version of the
NACC database and examining their results in those judged to be cog-
nitively unimpaired or who had MCI or dementia. It was hypothesized
that individuals classified as having dementia at Time 1 would have the
largest amount of decline via SRBs, the cognitively unimpaired partic-
ipants would have the least decline, and the MCI participants would
fall between the other two groups. Secondary analyses comprised the
following: (1) The base rates of improvement, stability, and decline
were examined in these groups, with more decline expected in the MCI
and dementia groups; (2) SRBs were correlated with an overall mea-
sure of cognition and daily functioning, the Clinical Demetia Rating
(CDR) scale, where these two variables were expected to be negatively
correlated; and (3) SRB z-scores were compared in those individuals
who had amyloid positron emission tomography (PET) scan results,
with amyloid positive individuals expected to have worse/lower SRBs
than their amyloid negative counterparts. If further validated in
clinical groups, then the application of SRBs might offer more sen-
sitive metrics for tracking change in clinical settings and clinical

trials.

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using traditional (eg, PubMed) sources. While regression-
based cognitive change has not been widely studied, a
relatively recent paper by Kiselica et al. (2020) was the
impetus for this work. Relevant citations are appropri-
ately cited.

2. Interpretation: Our findings demonstrate that the
regression-based change scores developed by Kiselica
et al. (2020) provide useful information about cognitive
change in impaired samples. Such information allows
clinicians and researchers to more confidently employ
these methods.

3. Future directions: Although the manuscript validates the
change scores of Kiselica et al. (2020), there is need for
additional studies to expand this work. Examples include
further understanding of (1) the role of shorter and longer
retest intervals in determining cognitive change; (2) the
impact of non-English test administration on cognitive
change; and (3) the applicability of these change scores to
younger, more ethnically diverse, and more etiologically

diverse samples.

2 | METHODS

2.1 | Participants

The sample comprised 5974 older adults drawn from the NACC
database, which was from the June 2023 data freeze. Of the 48,605
individuals in the database, 1190 below the age of 50 were excluded.
Additionally, 4062 were excluded who did not complete the visit in
English; 15,976 were excluded with a follow-up visit of less than 6
months or more than 2 years from their baseline visit; 19,840 were
excluded because they did not complete the Uniform Data Set Version
3.0 Neuropsychological Battery at a baseline visit (Time 1) and the next
follow-up visit (Time 2); 283 were excluded because they did not have
a contemporaneous CDR score; and 1280 were excluded because they
were in the original sample in Kiselica et al.!* Of the 5974 individuals
included in this sample, 769 had amyloid PET results for the secondary
analyses.

2.2 | Measures

The cognitive tests in the NACC Uniform Data Set 3.0 Neuropsycho-
logical Battery,'? for which Kiselica et al.1* developed SRBs, include
Montreal Cognitive Assessment (MoCA)!3; Trail Making Test, Parts A

and B#; Craft Story Immediate and Delayed Recall'®; Benson Figure
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Copy and Recallé; Category Fluency (animals and vegetables); Phone-
mic Fluency (sum of F-words and L-words); Number Span (Forward
and Backward); and Multilingual Naming Test (MiNT).17-18 These tests,
which assess global cognition, attention and processing speed, visu-
ospatial abilities, language, memory, and executive functioning, have

been described in detail elsewhere.'21?

For each test, higher scores
indicate better cognition, with the exception of the Trail Making Tests,
where lower scores indicate better cognition. Raw cognitive scores
were used for analyses. Due to unknown factors, not all partici-
pants had scores for each test, but all available cognitive data were
used.

Cognitive and functional impairment was assessed with the CDR,2°
which rates memory, orientation, judgment and problem-solving, com-
munity affairs, home and hobbies, and personal care, using input from
the participant and a collateral source. The sum of the box scores was
used for analyses, with higher scores indicating more cognitive and
functional impairment.

Within the Uniform Data Set 3.0, clinicians indicated if participants
had a result for an amyloid PET scan, and if so, whether it was pos-
itive or negative, according to local standards. No additional details
about the scan acquisition, processing, or quantified values were

available.

2.3 | Procedures

As anational repository of data, the NACC database has been approved
by the appropriate institutional research ethics committees and certify
that studies were performed in accordance with ethical standards as
laid down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards.

Participants were categorized as cognitively unimpaired, MCI, or
dementia based on the opinion of a single clinician or consensus group
from NACC using participant/collateral report, CDR, and cognitive test
scores. It is unclear the extent to which SRBs were employed in clinical
consensus diagnosis at Alzheimer’s Disease Research Centers, but it is
not believed that they were routinely used.

2.4 | Data analyses

The SRBs of Kiselica et al.!* were applied to the 5974 cases in the
current dataset. These formulae predicted an individual’s Time 2 raw
score from the following predictors: respective Time 1 raw score, age
(in years), sex (coded as male = 1 or female = 2), education (in years),
race (coded as White = 1 or non-White = 2), and retest interval (in
days). The predicted Time 2 score was subtracted from the observed
Time 2 score, and the difference was divided by the standard error
of the estimate (SEE) in Kiselica’'s original SRBs (ie, [Time 2gpserved —
Time 2predicted]/SEE). This process yielded an SRB z-score for each of
the cognitive scores obtained for every individual, with negative val-
ues indicating that the individual showed more decline relative to the

cognitively unimpaired participants in Kiselica’s sample and positive

Disease Monitoring

values indicating more improvement relative to that sample. Follow-
ing convention,?! these z-scores were trichotomized as “decline” being
<—1.645, “stable” being —1.644 to 1.644, or “improvement” being
>1.645.

For the primary analysis, the three groups (cognitively unimpaired,
MCI, dementia) were compared on the SRB z-scores for each of the
13 cognitive test scores with analysis of variance (ANOVA) tests. Post
hoc analyses were made with Bonferroni corrections. Secondary anal-
yses comprised the following: (1) The three groups were compared
on the trichotomized SRB z-scores (decline, stable, improve) with chi-
square tests; (2) SRB z-scores were correlated with the CDR sum of
boxes with Spearman correlations, as CDR values tended to be skewed;
and (3) SRB z-scores were compared between individuals with posi-
tive versus negative amyloid PET scan results with independent t-tests
by group. In all analyses, demographic variables were not included
as covariates, as these variables are included in the prediction of

Time 2 scores in Kiselica et al.1* An alpha level of 0.05 was used for

analyses.
3 | RESULTS
3.1 | Preliminary comparisons between groups

Demographic information for each group is presented in Table 1.
There were significant age differences by group, MCI > cognitively
unimpaired > dementia (F(2,5971) = 35.95, p < 0.001). Educa-
tion differences were also identified by group, cognitively unim-
paired > MCIl > dementia (F(2,5934) =51.12,p < 0.001). Regarding sex,
the cognitively unimpaired group had significantly more females than
males, and the dementia and MCI groups had more males than females
(¢2(2) = 158.05, p < 0.001). Each group had significantly more White-
identifying participants than non-White participants (;(2(2) = 115.94,
p < 0.001). The mean retest interval between Time 1 and Time 2
was significantly different (F(2,5971) = 13.54, p < 0.001), with the
cognitively unimpaired group having the longest interval. Not surpris-
ingly, the three groups differed on the CDR sum of boxes at Time 1
(F(2,5971) = 3542.20, p < 0.001) and Time 2 (F(2,5971) = 3899.04,
p < 0.001) in the expected direction (dementia > MCI > cognitively
unimpaired; Table 1). Similarly, Time 1 and Time 2 cognitive test scores
(see Table 2) showed the expected significant differences between the
groups (cognitively unimpaired > MCI > dementia). After the SRBs
of Kiselica et al.1! were applied to the entire sample, the Predicted
Time 2 scores (see Table 2) also showed the expected significant group

differences.

3.2 | Primary analyses comparing groups on SRB
Z-scores

As displayed in Table 3, the cognitively unimpaired group showed mini-
mal change from Time 1 to Time 2, as demonstrated by their mean SRB

z-scores near 0 (—0.14 to 0.12). Conversely, those in the MCI group
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TABLE 1 Demographics.

Development Cognitively

sample unimpaired MCI Dementia
N 627 2255 1855 1864
Age™** 69.98 (7.69) 70.29 (7.44)2 71.69 (8.00)° 69.45 (9.16)°
Education (years)** 16.50(2.43) 16.54 (2.44) 16.23(2.69)° 15.71(2.78)¢
Sex (% male)** 35.40% 35.60% 52.00% 52.60%
Race (% White)*** 76.60% 78.90% 82.80% 91.20%
Retest interval (days)*** 423.32(84.18) 430.24 (87.31)? 421.49 (82.08)° 416.94(80.95)°
CDRT1*** 0.01(0.09) 0.16(0.39)? 1.40 (1.05)° 5.14(3.28)
CDRT2** 0.02 (0.09) 0.20(0.49)? 1.89 (1.66)° 7.09 (4.24)¢

Note: Each subscript letter denotes values significantly different from one another. Race and sex assessed with Pearson’s y?; age, education, retest interval,

CDR T1 and T2 assessed with ANOVAs.

Abbreviations: ANOVA, analysis of variance; CDR, clinical dementia rating scale; MCI, mild cognitive impairment; T1, Time 1; T2, Time 2.

***p <0.001.

showed a moderate amount of decline, with mean SRB z-scores ranging
from —1.07 to —0.15. Those classified as having dementia demon-
strated the most decline across time, with mean SRB z-scores ranging
from —3.35 to —0.64. These differences were statistically significant

across groups (eg, all p-values < 0.001, 52 ranged from 0.08 to 0.41).

321 |
z-scores

Secondary analyses of trichotomized SRB

When the three groups were compared on trichotomized SRB z-scores
(decline: <1.645; stable: —1.645 to +1.645; improvement: >1.645)
with chi-square tests, significant differences were observed for each
test score (all p-values < 0.001, see Table 4). Using these cutoffs,
normally distributed scores should yield 5% decline, 90% stable, and
5% improvement, which were the results for the cognitively unim-
paired participants. However, those with MCI showed 1 to 6 times as
many decliners as expected compared to Kiselica’s cohort. Those with
dementia showed 3 to 10 times as many decliners as expected.

3.2.2 | Secondary analyses of correlations of SRB
z-scores with the CDR sum of boxes

The correlations between the SRB z-scores and the CDR sum of boxes
for all participants are seen in Table 5. Consistent with expectations,
all correlations are negative, indicating that lower/more negative SRB
z-scores (ie, more cognitive decline) are associated with higher CDR
sum of boxes scores (ie, worse cognitive and daily functioning). The
largest correlations between SRB z-scores and CDR scores were for
the MoCA, and the smallest correlations were for Number Span For-
ward. The average correlation between the SRB z-scores and the Time
2 CDR was slightly but significantly higher than the average correla-
tion between the SRB z-scores and the Time 1 CDR (rcpr1 = —0.42,
rcprz = —0.46,z=-2.71,p=0.003).

3.2.3 | Secondary analyses of SRB z-scores by
amyloid status

In the cognitively unimpaired group, 215 were reported to be amyloid
negative and 56 amyloid positive. Consistent with the primary analy-
sis, there were no significant differences between the amyloid positive
and negative cognitively unimpaired individuals on any of the 13 SRB
z-scores (all p-values > 0.05; see Table S1).

In the MCI group, there were 100 amyloid negative individuals and
166 amyloid positive. These two subgroups differed on five of the 13
SRB z-scores: MoCA (p < 0.001), Benson Figure Recall (p < 0.001),
Category Fluency for vegetables (p < 0.001), Craft Story Immediate
Recall (p = 0.005), and Craft Story Delayed Recall (p < 0.001). For
each of these differences, those reported to be amyloid positive had
significantly lower SRB z-scores (see Table S2).

In the dementia group, 50 amyloid negative individuals were com-
pared to 182 amyloid positive individuals. These two subgroups dif-
fered on six of the 13 SRB z-scores: MoCA (p = 0.015), Benson Figure
Copy (p = 0.014), Benson Figure Recall (p < 0.001), Trail Making Test,
Part A (p = 0.006), Craft Story Immediate Recall (p < 0.001), and Craft
Story Delayed Recall (p < 0.001). For each of these differences, those
reported to be amyloid positive had significantly lower SRB z-scores
(see Table S3).

4 | DISCUSSION

The current project sought to further validate the SRBs developed by
Kiselica et al.1! by applying them to a more recent version of the NACC
database and examining their suitability with individuals who were
judged to be cognitively unimpaired, as well as extending analyses to
individuals that had MCI or dementia. Consistent with the primary
hypothesis, individuals classified as having dementia at Time 1 had
the largest amount of cognitive decline at Time 2, as seen through

the SRBs of Kiselica et al.1* The cognitively unimpaired participants
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TABLE 3 Z-scores by group.

DUFF and SEVIGNY-RESETCO

Cognitively

unimpaired MCI Dementia Analysis (ANOVA)
MoCA 0.05(1.04) -1.07(1.52) —-3.35(2.26) F(2,3914) = 1380.12, 7% = 0.41***
Number Span Forward 0.12(0.98) —0.15 (1.00) —0.64(1.07) F(2,4680) = 208.83,7? = 0.26"**
Number Span Backward —0.01(0.95) —-0.44(1.01) —-1.05(1.02) F(2,4660) = 397.54,1? =0.08***
Trails A —0.12 (1.00) —-0.88(2.13) —2.91(3.60) F(2,3934) = 450.12,7? =0.19***
Trails B 0.01(0.97) -0.67 (1.66) -1.75(2.17) F(2,3418) = 297.60,7? =0.15***
MINT —-0.11(1.18) —-0.78(1.97) —2.75(3.66) F(2,3815) = 393.56,7? = 0.15***
Category Fluency—animals —-0.04(1.02) —0.58 (1.00) —-1.30(1.03) F(2,4918) = 589.14,5? =0.19***
Category Fluency—vegetables —0.08(1.01) —0.69 (1.00) —1.45(0.96) F(2,4862)=719.07,1? =0.23***
Phonemic Fluency (F and L) —0.08 (0.99) —0.39(1.06) —-0.99 (1.10) F(2,4599) = 273.36,? =0.17***
Craft story Immediate Recall —0.01(0.97) —0.68 (1.06) —1.44(0.98) F(2,4598) = 724.73,1? =0.15***
Craft Story Delayed Recall —-0.01(0.93) —-0.77 (1.02) -1.41(0.81) F(2,4538) = 805.88, 72 = 0.24***
Benson Figure Copy —-0.14(1.02) -0.61(1.57) —2.61(3.49) F(2,3860) = 433.82,7? =0.18"**
Benson Figure Recall —0.06(0.98) —0.94(1.35) -1.86(1.19) F(2,3779) = 697.75,9? =0.27***

Note: In each cell values are presented as mean (standard deviation).

Abbreviations: ANOVA, analysis of variance; MCI, mild cognitive impairment; MiNT, Multilingual Naming Test; MoCA, Montreal Cognitive Assessment.

***p <0.001.

TABLE 4 Chi-square analyses for groups using trichotomized SRB z-cores by group.

Cognitively

unimpaired MCI
MoCA 6/90/4 32/66/2
Number Span Forward 3/91/6 5/91/4
Number Span Backward 4/92/4 11/87/3
Trails A 7/92/1 20/79/1
Trails B 5/94/1 21/76/3
MINT 6/91/3 22/75/4
Category Fluency—animals 5/90/5 13/85/2
Category Fluency—vegetables 5/91/4 16/82/1
Phonemic Fluency (F and L) 5/91/4 10/87/3
Craft Story Immediate Recall 5/91/4 18/80/2
Craft Story Delayed Recall 4/92/4 21/78/1
Benson Figure Copy 8/92/1 17/82/1
Benson Figure Recall 6/91/3 31/68/2

Dementia Analysis (x?)

75/25/0 x%(4)=1335.28, Cramer’s V =0.41***
16/83/1 x*(4)=218.31, Cramer’s V =0.15"**
27/72/1 x*(4) =381.33, Cramer’s V = 0.20"**
48/50/2 X*(4) = 633.74, Cramer’s V = 0.28"**
47/50/3 x*(4) =523.82, Cramer’s V = 0.28"**
51/46/3 x*(4) = 658.60, Cramer’s V = 0.29"**
41/59/1 x*(4)=755.77, Cramer’s V = 0.28"**
45/54/1 x*(4) =838.35, Cramer’s V = 0.29"**
27/72/1 x*(4) =357.35, Cramer’s V = 0.20***
47/53/1 x%(4) =795.13, Cramer’s V = 0.29***
46/54/0 X%(4)=779.78,Cramer’'s V = 0.29***
43/56/1 x*(4) =490.88, Cramer’s V = 0.25"**
66/34/0 x%(4) =994.12, Cramer’s V = 0.36"**

Note: In each cell, the percentages of cases that decline/remained stable/improved are reported. Some cells may add up to more than 100% due to rounding.

Abbreviations: MiNT, Multilingual Naming Test; MoCA, Montreal Cognitive Assessment; SRB, standardized regression-based.

***p <0.001.

demonstrated minimal decline on cognitive tests between visits,
with mean SRB z-scores being very close to 0. Those classified
with MCI had mean SRB z-scores of approximately —0.5, or about
half of a standard deviation unit of cognitive decline compared
to Kiselica’s original sample. Those classified as having demen-
tia at Time 1 had SRB z-scores in the —1 to —2 range, which is
1 to 2 standard deviation units below Kiselica’s sample. Further-

more, when the amount of cognitive change was trichotomized as

decline/stable/improve, the percentage of cases falling into each
of these three categories mirrored the primary findings: very few
cases classified as having dementia and MCI improved over time, and
most declined, which supports the notion that an absence of practice
effects is an indicator of late life cognitive dysfunction.2223 Con-
versely, those classified as cognitively unimpaired at Time 1 tended
to show the expected distribution of 5% declining, 90% remaining

stable, and 5% improving by Time 2. These results provide additional
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TABLE 5 CDRcorrelations by cognitive test.

CDRTime 1 CDR Time 2
MoCA —0.63"* -0.68"**
Number Span Forward -0.26"** —0.28"**
Number Span Backward -0.37*** —0.40"**
Trails A —0.45"* -0.51"*
Trails B -0.37*** —0.44**
MiINT -0.36"* —0.40"*
Category Fluency—animals —-0.43*** —-0.47"*
Category Fluency—vegetables —-0.47* -0.51"*
Phonemic Fluency (F and L) —0.31*** —0.34***
Craft Story Immediate Recall —0.47* —0.53**
Craft Story Delayed Recall —-0.51*** -0.58***
Benson Figure Copy —0.34*** -0.36""*
Benson Figure Recall —0.53*** -0.57***

Abbreviations: CDR, Clinical Demetia Rating; MiNT, Multilingual Naming
Test; MoCA, Montreal Cognitive Assessment.
***p <0.001.

validation of the neuropsychological change scores presented in
Kiselica et al.1* and support their application in clinical and research
settings and clinical trials.

These results are consistent with other studies that examined SRBs
in cognitively unimpaired and impaired samples. For example, Lin
et al.2* developed SRBs on a subset of the Alzheimer’s Disease Neu-
roimaging Initiative (ADNI) cohort. Reliable decline was much more
prevalent in those with late MCl and Alzheimer’s disease compared
to those with early MCI, subjective cognitive impairment, or no cog-
nitive impairment. In another ADNI sample, more decline across 6
months (as measured with SRBs) was associated with an increased
risk of Alzheimer’s disease after 6 years in individuals with amnestic
MCI.* Therefore, these SRB models appear appropriate for capturing
the expected decline in older adults with cognitive impairments.

Ceiling effects and regression to the mean likely contribute to dif-
ferences in predicted Time 2 scores across the groups.2® For example,
with Time 1 scores that were closer to the maximum value, the cogni-
tively unimpaired participants had less room to improve at Time 2 (ie,
ceiling effects). Additionally, with more extreme scores at Time 1, the
MCI and dementia participants were more likely to “regress” to mean
values of the entire sample, leading to higher Predicted Time 2 scores.
Since there are many (sometimes competing) factors involved in the
assessment of cognitive change, the quantification of change with SRB
methodology can clarify this complex phenomenon.

As additional validation of the SRB formulae of Kiselica et al.,!* asso-
ciations between change scores and an overall measure of cognition
and daily functioning, the CDR sum of boxes, was examined. Consis-
tent with expectations, strong correlations between these two sets of
scores were seen, with worsening cognition (ie, more negative SRB z-
scores) being associated with reports of worsening cognitive abilities
and daily functioning (ie, increasing sum of boxes on the CDR). These
associations were strongest on SRBs that evaluated global cognition
(eg, MoCA, r2 = 0.63 with CDR Time 1) and delayed recall (eg, Ben-

Disease Monitoring

son Figure Recall, r2 = 0.53 with CDR Time 1), and less notable on SRBs
assessing simple attention (eg, Number Span Forward, r2 = 0.26 with
CDR Time 1). These correlations were also stronger with the CDR at
Time 2 compared to the CDR at Time 1 (eg, MoCA: r2 = 0.68 vs 0.57,
respectively). CDR sum of boxes has been linked to the risk of develop-

ing dementia, 2627

so its association with poorer cognitive change over
time is consistent with prior work.

When individuals who were reported to be biomarker positive via
amyloid PET were compared to those reported to be amyloid negative,
there were no significant differences on SRB z-scores in the cognitively
unimpaired individuals, which suggests similar cognitive trajectories
across their first follow-up in this longitudinal study. Future investiga-
tions might examine if these two subgroups remain comparable over
longer periods of time (eg, 2 to 4 years) or if they diverge at some
point. Conversely, those with amyloid results in the MCI and demen-
tia groups showed more of this divergence. In those classified as MClI,
individuals with amyloid positivity showed more decline on measures
of global cognition, semantic fluency, and memory compared to their
amyloid negative peers. Declines in these specific cognitive measures
would be consistent with the progression to Alzheimer’s disease.28-30
Similarly, in the dementia group, the primarily amyloid positive partici-
pants demonstrated significantly worse SRB z-scores (ie, more decline)
than individuals without excessive amyloid on PET imaging. In addi-
tion to the measures showing decline in MCI, Benson Figure Copy and
Trail Making Test, Part A showed more decline with amyloid positivity
in dementia. As some cognitive scores reach their floor (eg, minimum
values on delayed recall trials) in the dementia group, they may lose
sensitivity in tracking further decline and other measures with more
range (eg, simple attention and construction) become more sensitive.
However, given the small sample sizes and dichotomous amyloid sta-
tus, these findings need to be replicated with larger cohorts and more
detailed imaging results.

For those not familiar with the utility of SRBs, two case exam-
ples might be illustrative. During a medical appointment, a 77-year-old
Hispanic female patient with 12 years of education presented with
memory complaints. Her provider administered the MoCA, and the
patient scored 30/30 at this baseline visit (Time 1). One year later (ie,
365 days, Time 2), she continued to complain of memory problems,
so the MoCA was repeated, with a score of 26/30. Using Kiselica’s
coefficients, the patient’s Time 1 raw score, her demographics, and
time between assessments, her regression-based Time 2 score on the
MoCA was predicted to be about 27 (ie, Predicted Time 2 = 13.11
+ [-0.03*77] + [0.30*2] + [0.13*12] + [-0.85*2] + [-0.002*365] +
[0.55*30] = 27.03). When this patient’s observed and predicted Time
2 MoCA scores were compared and standardized, her “decline” of 4
raw points on the MoCA was still within the “stable” range (ie, SRB
z-score = [26 to 27.03]/1.99 = —0.52), when considering her unique
characteristics compared to the cognitively unimpaired NACC partic-
ipants in Kiselica et al.'1 However, if this same patient’s Time 1 score
was in the dementia range (eg, 22) and her Time 2 score dropped by
only 3 points (ie, 19), then her change on the MoCA would be more
indicative of “decline” using the SRBs, with her follow-up score being
predicted as about 23 (ie, Predicted Time 2 = 13.11 + [-0.03*77] +
[0.30*2] +[0.13*12] + [-0.85*2] + [-0.002*365] + [0.55*22] = 22.63).
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The comparison of her observed and predicted follow-up scores breaks
the traditional threshold for decline of —1.645 (SRB z-score = [19 to
22.63]/1.99 = —1.82). Given the complexities of cognitive change and
the many variables that can influence it, standard cutoffs to reflect
change (eg, dropping by 2 points over a year) are likely to lead to both
false positives and false negatives in these determinations. More sen-
sitive and tailored approaches, like SRBs, can allow for more accurate
determinations of change. To aid in the use of such change methods,
Kiselica et al.1* developed an SRB tool to perform these calculations,
and this Excel spreadsheet is available in the online supplementary
material of that paper.

As seen in the examples above, the SRBs are more computationally
challenging than the more commonly used simple difference method
of examining change. In the simple difference method, the difference
between Time 1 and Time 2 scores is calculated (ie, Time 2 - Time
1). Although easier to generate, the results of the simple difference
method lack clear meaning and scale. As in the examples above, it is
unclear what a 3- to 4-point decline on the MoCA means (eg, is it nor-
mal or abnormal compared to peers?). Furthermore, without acommon
scale, a 3- to 4-point decline on the MoCA is unlikely to mean the same
thing as a 3- to 4-point decline on the Trail Making Test or Craft Story
Recall. Lastly, the simple difference method does not take into account
factors that influence change, like the level of the Time 1 score, demo-
graphic variables, or the amount of time between assessments. The
SRB method does provide meaning and scale, and it accounts for these
factors, which yields a more sensitive accounting of change across time.
For a review of these methods, see Duff.2

The current work is not without limitations. First, not all participants
in the current sample were administered all cognitive tests. Since the
NACC neuropsychological battery has evolved over time, some mea-
sures have been around for a long time (eg, Trail Making Test, Category
Fluency) and others are newer (eg, MoCA, MiNT). Second, to match the
inclusion criteria of Kiselica et al.,'! participants were excluded from
the current analyses if they were below the age of 50, did not com-
plete the visit in English, had a follow-up visit of less than 6 months
or more than 2 years from baseline visit, or did not have a contem-
poraneous CDR. Although these exclusions removed a relatively small
number of participants, the generalizability of these findings to those
individuals who would have been excluded is unclear. Recently pub-
lished normative data on this cognitive battery in Spanish-speaking
adults®? may allow for SRBs for this important demographic group.
Third, the current study utilized all-cause MCI and dementia, without
consideration for subtypes or etiology. Finally, no biomarker data was
used in confirming etiologies, although a report of amyloid status was
used to compare cognitive trajectories in a small subset of the par-
ticipants. As such, these results are not specific to amnestic MCI or
Alzheimer’s disease dementia, but they appear to apply to the range
of neurodegenerative conditions that present at NACC sites. Despite
these limitations, the SRB z-scores of Kiselica et al.1 appear validated
in impaired samples, which provides evidence for their use in clinical
settings and research venues to enrich trials and/or more sensitively

identify cognitive change.
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