") Check for updates

Received: 4 September 2024 Revised: 22 January 2025 Accepted: 26 January 2025

DOI: 10.1002/alz.70016

Alzheimer’s & Dementia®

RESEARCH ARTICLE THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Decreased practice effects in cognitively unimpaired amyloid
betapositive individuals: a multicenter, longitudinal, cohort
study

Adria Tort-Merino®?® | AgnésPérez-Millan>>® | Neus Falgas'? |

Sergi Borrego-Ecija? | DianaEsteller’ | BeaBosch®? | Magdalena Castellvil |
Jordi Junca-Parella’? | Andreadel Val-Guardiola®’ | Guadalupe Fernandez-Villullas®? |
Anna Antonell*? | MariaBelén Sanchez-Saudin6s* | SaraRubio-Guerra® |

Nuole Zhu* | Maria Garcia-Martinez’ | AnaPozueta® | AinaraEstanga® |

Mirian Ecay-Torres® | CarolinaLopezdeLuis® | Mikel Tainta® | Miren Altuna® |
Eloy Rodriguez-Rodriguez?>>’ | Pascual Sdnchez-Juan® | Pablo Martinez-Lage® |
Alberto Lle6* | JuanFortea* | Ignaciollldin-Gala* | MirceaBalasa®? |
AlbertLlad6? | LorenaRami’? | Raquel Sdnchez-Valle'?

1Alzheimer’s Disease and Other Cognitive Disorders Unit, Hospital Clinic de Barcelona. Fundacié de Recerca Clinic Barcelona - Institut d’Investigacions Biomédiques
August PiiSunyer (IDIBAPS), University of Barcelona, Barcelona, Catalonia, Spain

2Centro de Investigacion Biomédica en Red en Enfermedades Neurodegenerativas (CIBERNED), Madrid, Spain

SeHealth Center, Faculty of Computer Science, Multimedia and Telecommunications, Universitat Oberta de Catalunya, Barcelona, Spain
4Memory Unit, Department of Neurology, Hospital de la Santa Creu i Sant Pau and Institute of Biomedical Research, Barcelona, Catalonia, Spain
5Hospital Universitario Marqués de Valdecilla, Instituto de Investigacién Marqués de Valdecilla - IDIVAL, Santander, Cantabria, Spain
6Fundacién CITA-Alzhéimer Fundazioa, Centro de Investigacion y Terapias Avanzadas, Donostia, Basque Country, Spain

7Medicine and Psychiatry Department, University of Cantabria, Santander, Cantabria, Spain

8 Alzheimer’s Centre Reina Sofia-CIEN Foundation-ISCIII, Madrid, Spain

Correspondence
Adria Tort-Merino, Alzheimer’s Disease and Abstract
gltl,:?Cr(feongc':ﬁ)l::izﬁjﬁéngé';Zig'rtcaal INTRODUCTION: We aimed to determine whether cognitively unimpaired (CU)
Clinic Barcelona - Institut d’Investigacions amyloid- beta-positive (AS+) individuals display decreased practice effects on serial
Biomediques August Pii Sunyer (IDIBAPS),
University of Barcelona, Villarroel, 170,

08036, Barcelona, Spain. METHODS: We included 209 CU participants from three research centers, 157 Ag—

Email: atort@recerca.clinic.cat

neuropsychological testing.

controls and 52 A3+ individuals. Participants underwent neuropsychological assess-
Lorena Rami and Raquel Sanchez-Valle are ment at baseline and annually during a 2-year follow-up. We used linear mixed-effects
co-senior authors. models to analyze cognitive change over time between the two groups, including time
from baseline, amyloid status, their interaction, age, sex, and years of education as fixed

effects and the intercept and time as random effects.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2025 The Author(s). Alzheimer’s & Dementia published by Wiley Periodicals LLC on behalf of Alzheimer’s Association.

Alzheimer’s Dement. 2025;21:€70016. wileyonlinelibrary.com/journal/alz | 1of12
https://doi.org/10.1002/alz.70016


https://orcid.org/0000-0002-5646-0482
mailto:atort@recerca.clinic.cat
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/alz
https://doi.org/10.1002/alz.70016
http://crossmark.crossref.org/dialog/?doi=10.1002%2Falz.70016&domain=pdf&date_stamp=2025-03-25

.ot12 | Alzheimer’s &P Dementia

TORT-MERINO ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Funding information

Instituto de Salud Carlos I11 (ISCIII),
Grant/Award Numbers: JR22/00014,
JR20/0018, P121/00791, P124/00598,
P119/00745; Global Brain Health Institute,
Alzheimer’s Association, Alzheimer’s Society,
Grant/Award Numbers: GBHI ALZ
UK-21-720973, AACSF-21-850193;
Alzheimer’s Association Clinician Scientist
Fellowship Program, Grant/Award Number:
AACSF-21-850193; Fundacién
CITA-Alzhéimer Fundazioa; Ministry of Health
of Spain, Grant/Award Numbers: P112/02262,
PI11500919; Basque Country Government,
Grant/Award Numbers: S-PR12CHO001,
S-PR13ZH001

KEYWORDS

Highlights

1 | BACKGROUND

Early detection of Alzheimer’s disease (AD), particularly in the asymp-
tomatic stage when intervention holds the greatest promise, is a major
challenge in the field. The comprehensive characterization of subtle
changes in cognitive trajectories of cognitively unimpaired (CU) indi-
viduals with biological evidence of AD pathology is critical in order
to track this population and will be of paramount importance for the
interpretation of primary prevention trials on new disease-modifying
therapies.

Practice effects are a well-known phenomenon referring to the
improvement in performance on a cognitive task that occurs as a
result of prior exposure or practice with that same task.2* Practice
effects have been extensively studied in normal aging and in cognitively
impaired individuals. Several studies have reported that patients with
mild cognitive impairment (MCI) and mild AD show practice-effects
reductions.”~?

Practice effects have also been assessed in CU individuals at
increased risk of developing AD.19-1> The absence of practice effects
in annual cognitive testing within the first 3 years of follow-up has
been associated with the risk of progression to symptomatic stages
of the disease.’® More recently, Machulda et al. examined practice
effects in 190 CU individuals with different biomarker profiles (ie, neu-
roimaging measures of amyloid and neurodegeneration) at 15- and
30-month intervals and found that those individuals with abnormal
biomarkers of amyloid and neurodegeneration or neurodegeneration
alone displayed worse performances when compared with individu-
als with no biomarker abnormalities or only amyloidosis.?? Thus, some
researchers have attempted to address several issues involving the
identification, monitoring, and interpretation of practice effects in CU
populations at risk of developing AD. However, further studies, partic-
ularly those involving international cohorts, are essential to expand the

existing evidence and enhance the generalizability of these findings.

RESULTS: The AB+ group showed reduced practice effects in verbal learning
(8 = —1.14, SE = 0.40, p = 0.0046) and memory function (8 = —0.56, SE = 0.19,
p =0.0035), as well as in language tasks (8= —0.59, SE =0.19, p = 0.0027).

DISCUSSION: Individuals with normal cognition who are in the Alzheimer’s continuum
show decreased practice effects over annual neuropsychological testing. Our findings

could have implications for the design and interpretation of primary prevention trials.

Alzheimer’s disease, cognition, early detection, neuropsychological assessment, practice effects,
subtle cognitive decline

* This was a multicenter study on practice effects in asymptomatic A+ individuals.
* We used LME models to analyze cognitive trajectories across multiple domains.

* Practice-effects reductions might be an indicator of subtle cognitive decline.

* Implications on clinical and research settings within the AD field are discussed.

To fill this gap, we aimed to assess practice effects in a large sample
of CU individuals recruited from three research centers to (1) explore
longitudinal cognitive trajectories in terms of practice-related gains of
cognitive function and (2) investigate whether CU individuals who are
in the Alzheimer’s continuum display reduced practice effects when

compared with controls.

2 | METHODS
2.1 | Participants

We retrospectively included 209 CU individuals from three Span-
ish research centers (Figure 1): Hospital Clinic de Barcelona (HCB)
and Hospital de la Santa Creu i Sant Pau (HSP) in Barcelona and
Hospital Universitario Marqués de Valdecilla (HUMV) in Santander.
All participants provided signed informed consent before enrolling in
the different projects in accordance with the Declaration of Helsinki
and met the following inclusion criteria: (a) age > 45 years and at
least 3 years of formal education, (b) Mini-Mental State Examination
(MMSE)*é score > 24 and objective cognitive performance within the
normal range (cutoff 1.5 standard deviations from normative mean)
in the verbal memory measure (gold standard) from a specific neu-
ropsychological battery (see below), (c) preserved daily functioning,
assessed through either the Clinical Dementia Rating,'” the Func-
tional Activities Questionnaire,8 or clinical criteria, (d) completion of
baseline evaluation and procedures and two follow-up sessions, and
(e) remained CU throughout whole study period. The following exclu-
sion criteria were applied: (a) presence of any neurological diagnosis
that may affect cognitive performance, (b) presence of a serious or
unstable medical condition, and (c) diagnosis of a major psychiatric dis-
order including schizophrenia, major depression, or substance abuse.

Participants were classified into the following groups:
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1. Control group (n = 157): CU individuals with a normal AD cere-
brospinal fluid (CSF) biomarker profile defined as normal levels of
amyloid beta (Ap) and phosphorylated tau (p-tau).

2. AB+ group (n=52): CU individuals with reduced levels of CSF AS or
abnormal CSF Ag and p-tau.

Additionally, we explored the role of p-tau by dividing the AB+ group
into two subgroups: individuals positive only for the amyloid biomarker
(A+; n = 31) and those positive for both amyloid and p-tau (A+T+;
n=13).

2.2 | Study design

This was a multicenter, longitudinal, cohort study. The cohort included
participants from different projects from HCB, HSP, and HUMV that
shared the same design and procedures: a baseline visit including
neurological and neuropsychological evaluation, blood sampling and
CSF extraction, and two annual visits for neuropsychological assess-
ment follow-up. Participants from HSP and HUMV were recruited
as part of a multicenter study called “SIGNAL Project.” Importantly
for the present research, all participants completed the baseline
visit and two follow-up sessions at years 1 (FU4) and 2 (FU,) from
baseline.

2.3 | Neuropsychological assessment

All participants were assessed with a comprehensive neuropsychologi-
cal battery encompassing five cognitive domains that was administered
by trained neuropsychologists.

Learning and memory function were evaluated using the Free
and Cued Selective Reminding Test (FCSRT).1? From the FCSRT, we

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Research in context

1. Systematic review: We searched the literature (PubMed)
for “practice effects” in (preclinical) AD. The absence or
attenuation of practice effects in cognitively unimpaired
(CU) individuals who are at risk of developing AD symp-
toms have been associated with risk of progression to
clinical stages of the disease.

2. Interpretation: Our findings indicate that practice effects
over serial neuropsychological testing are decreased in
CU individuals with abnormal Ag levels, suggesting that
these reductions might be an indicator of subtle cog-
nitive decline in the earliest phase of the Alzheimer’s
continuum.

3. Future directions: Further studies are needed to explore
practical implications of the present findings for the
design and interpretation of primary and secondary pre-
vention trials on disease-modifying therapies.

analyzed the free learning score (range O to 48), total learning score
(O to 48), delayed free recall (0 to 16), and delayed total recall (O to
16). Recall of the constructional praxis subtest from the Consortium
to Establish a Registry for Alzheimer’s Disease (CERAD) battery2° (0
to 11) was used to assess visual memory. This specifically assesses
the recall of previously drawn figures from the constructional praxis
subtest. The language domain composed of the Boston Naming Test
(BNT)Z! (0 to 60) and a category fluency test (CFT).22 The praxis
domain included the constructional praxis subtest from the CERAD
battery2° (0 to 11). Visuospatial function was measured by the number
location subtest of the Visual Object and Space Perception (VOSP)

HOSPITAL CLINIC DE
BARCELONA

93 participants

HOSPITAL DE LA SANTA
CREU | SANT PAU

232 participants

HOSPITAL UNIVERSITARIO
MARQUES DE VALDECILLA

201 participants

Did not meet
inclusion criteria
(n=131):
Criterion A (n = 0)

Did not meet
inclusion criteria
(n = 28):
Criterion A (n = 1)

Criterion B (n = 2)
Criterion C (n = 0)
Criterion D (n = 15)
Criterion E (n = 10)

Criterion B (n = 7)
Criterion C (n = 0)
CriterionD(n = 122)
Criterion E (n = 2)

Did not meet

inclusion criteria
(n =158):

Criterion A (n = 0)
Criterion B (n = 32)
Criterion C (n = 0)
Criterion D (n = 126)
Criterion E (n = 0)

FIGURE 1 Sample composition flowchart.
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battery23 (0 to 10) (see specifications in the Supplementary Material).
The attention and executive functions domain consisted of the Trail
Making Test (TMT) - forms A and B2 - and the digit span forward
(attention span [0 to 9]) and backward (working memory [0 to 9])
subtests from the Wechsler Adult Intelligence Scale-Fourth Edition
(WAIS-1V).2> Global cognition was assessed through the MMSE1®
(0 to 30). Importantly, participants completed the same neuropsycho-
logical assessment at baseline and in the follow-up visits in terms of
test procedures, forms, and items employed.

2.4 | Determination of CSF biomarkers and
apolipoprotein E (APOE) analysis

All participants underwent a lumbar puncture to analyze CSF AD
biomarkers and blood extraction for APOE status determination
following international consensus recommendations.2é Individuals
were then classified based on each center’s cutoffs for the amyloid
biomarker?’-2? (see details in the Supplementary Material). The three
research centers participate in the Alzheimer’s Association quality

control program for CSF biomarkers.3°

2.5 | Statistical analyses

Statistical analyses were conducted using R, version 4.2.1 (https://
WWW.r-project.org).

Baseline characteristics by group are presented as means (standard
deviation) or frequencies (percentages). Differences in demographics,
clinical, and CSF data at baseline were analyzed by X2 tests for cat-
egorical data and ANOVA for quantitative data. APOE ¢4 status was
dichotomized as negative/positive. Positive was defined as when at
least one ¢4 allele was present. Baseline neuropsychological perfor-
mances were compared between controls and AB+ using analyses of
covariance (ANCOVA) controlling for age and years of education.

For the longitudinal analyses, we used linear mixed-effects (LME)
models to study the evolution of time according to the two groups (con-
trol vs AB+) at the three available time points. The fixed effects were
time from baseline, amyloid status, amyloid status by time interaction,
baseline age, sex, and years of education, and the random effects were
the intercept and time (see equation in the Supplementary Material).
Further longitudinal analyses using LME models, with the same fixed
and random effects, were conducted to explore the role of p-tau (con-
trols vs A+ vs A+T+). We applied Bonferroni corrections to account for
multiple comparisons, ensuring stricter control of Type | errors across

analyses.

3 | RESULTS
3.1 | Demographics, biological, and clinical data

Demographic, biological, and clinical data are reported in Table 1. The
AB+ group was slightly older, had fewer years of education, and had

TABLE 1 Demographic, biological, and clinical data among study
groups.

Control AB+

(n=157) (n=52) T p
Sex (% women) 66.8% 69.2% 0.987 0.75
Age 608+75 646+68 324 0.001
Years of education 137+44 121+45 2.33 0.021
MMSE 289+12 288+11 0.53 0.59
APOE ¢4 (% positive) 18.4% 61.5% 35.05°  <0.001
p-tau positivity 3.1% 25% -3.51 <0.001

Abbreviation: MMSE, Mini-Mental State Examination.

2 test.

a higher frequency of the APOE &4 allele compared to the control
group. There were no differences in sex distribution or MMSE scores.

Frequency of CSF p-tau positivity among A3+ individuals was 25%.

3.2 | Cross-sectional neuropsychological
performance among study groups

There were no cross-sectional differences between the control and
AB+ groups in any of the neuropsychological scores at baseline or
follow-up sessions. Baseline neuropsychological performance is shown
in Figure 2 and Table 2. Cross-sectional neuropsychological perfor-
mance at baseline and follow-up sessions are included in Table S1 and
Figure S1.

3.3 | LME models

When comparing the results of the LME models for amyloid status by
time interaction, the control group showed higher practice effects in
learning and verbal memory measures, such as the free learning score
(B=-1.14,SE =0.40,p =0.0046) and the delayed free recall (3=—0.56,
SE =0.19, p = 0.0035) from the FCSRT, as well as in language tasks (ie,
BNT; 3=-0.59, SE =0.19, p = 0.0027). These results remained signif-
icant after applying Bonferroni corrections for multiple comparisons.
See Table 3 for the LME model coefficients and Figure 3 for the plots for
the significant variables of the model (see Figure S2 for the remaining

plots).

3.3.1 | LME models on the effect of p-tau

Overall, the A+T+ group exhibited the lowest performance compared
with controls and A+ participants. Regarding practice effects, the
A+T+ group displayed lower slopes in free learning measures than
both the control (p < 0.001) and the A+ (p = 0.013) groups. On the
other hand, the A+ group showed lower slopes than the control group
in the delayed free recall of the FCSRT (p = 0.0021) and in the BNT
(p = 0.0070). Figure 4 shows the performance of these groups for the
significant variables of the model. The remaining plots and the LME

coefficients are also included in Figure S3 and Table S2.
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FIGURE 2 Baseline neuropsychological performance among the study groups. Data are presented in z-scores for visualization purposes to
standardize performance across all tests and present them on a common scale (error bars represent SD). Trail Making Test scores are shown
inverted. CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; FCSRT, Free and Cued Selective Reminding Test; VOSP, Visual

Object and Space Perception Battery.

TABLE 2 Baseline neuropsychological performance among study groups.

Function Measure Control AB+ F p
Learning/encoding FCSRT/free learning 268 + 5.4 26.9 + 6.3 2.292 0.13
FCSRT/total learning 435 + 37 427 + 47 0.007 0.98
Verbal memory FCSRT/delayed free recall 10.8 + 2.1 10.7 + 2.4 0.733 0.39
FCSRT/delayed total recall 151 + 1.1 150 + 1.2 0.645 0.42
Visual memory CERAD—drawings recall 94 + 20 8.75 + 24 0.847 0.36
Language Boston Naming Test 54.1 + 3.7 53.6 + 4.5 0.483 0.49
Category fluency test 215+ 5.1 195 + 4.7 1.36 0.24
Praxis CERAD—constructional 10.6 + 0.7 10.6 + 0.7 0.895 0.35
Perception VOSP—number location 94 + 0.8 9.2 + 0.9 2.58 0.11
Attention/executive Trail Making Test—A 41.1 + 18.2 45.1 + 18.3 0.128 0.72
functions Trail Making Test—B 904 + 40.8 1035 + 52.5 0.106 075
Digit span—forward 64+ 18 6.1+ 15 0.291 0.59
Digit span—backward 48 + 1.5 42 + 1.2 2.551 0.11

Note: Data are presented as means + standard deviation.

Abbreviations: CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; FCSRT, Free and Cued Selective Reminding Test; VOSP, Visual Object and

Space Perception Battery.

4 | DISCUSSION

In a large multicenter CU sample, individuals with evidence of AS
pathology displayed reduced multidomain practice effects over annual
neuropsychological testing compared with controls. The association
found between amyloid deposition and the longitudinal decline of
practice effects in CU individuals reinforces the need to consider

this common cognitive phenomenon for the identification of individ-
uals who are at increased risk of developing AD and in the design
and interpretation of primary prevention trials of disease-modifying
therapies.

Our study demonstrates that practice effects over annual neuropsy-
chological testing are reduced in CU individuals with an abnormal
AB biomarker. The higher differences in terms of performance gain
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TABLE 3 Linear mixed-effects model coefficients. TABLE 3 (Continued)

B SE p B SE p
FCSRT/Free learning YOE 0.156 0.066 0.019
Time 1.968 0.199 <0.001 Time x amyloid status 0.580 0.364 0.11
Amyloid status 2371 1.067 0.027 CERAD - constructional praxis
Age at baseline -0.254 0.044 <0.001 Time 0.040 0.037 0.29
Sex 2.604 0.668 <0.001 Amyloid status 0.283 0.167 0.091
YOE 0.149 0.072 0.039 Age at baseline —-0.013 0.006 0.034
Time x amyloid status -1.141 0.399 0.0046 Sex -0.088 0.090 0.33
FCSRT/total learning YOE 0.052 0.010 <0.001
Time 0.885 0.135 <0.001 Time x amyloid status -0.095 0.074 0.20
Amyloid status -0419 0.784 0.59 VOSP—number location
Age at baseline -0.131 0.028 <0.001 Time -0.139 0.050 0.0059
Sex 0.670 0.428 0.12 Amyloid status -0.212 0.200 0.29
YOE 0.072 0.046 0.12 Age at baseline -0.012 0.007 0.099
Time x amyloid status -0.068 0.271 0.80 Sex -0.197 0.111 0.078
FCSRT/delayed free recall YOE 0.017 0.012 0.15
Time 0.604 0.094 <0.001 Time x amyloid status 0.008 0.100 0.94
Amyloid status 0.842 0455 0.066 Trail Making Test—A
Age at baseline -0.092 0.017 <0.001 Time -1.107 0.551 0.046
Sex 0.814 0.256 0.0017 Amyloid status -1.605 3.429 0.64
YOE 0.100 0.028 <0.001 Age at baseline 0.818 0.119 <0.001
Time x amyloid status -0.556 0.188 0.0035 Sex 0.910 1.802 0.61
FCSRT/delayed total recall YOE -0.893 0.194 <0.001
Time 0.209 0.049 <0.001 Time x amyloid status 1479 1117 0.19
Amyloid status 0.268 0.245 0.27 Trail making test—B
Age at baseline -0.033 0.008 <0.001 Time -0.118 1.454 0.94
Sex 0.215 0.120 0.076 Amyloid status -1.736 7.768 0.82
YOE 0.046 0.013 <0.001 Age at baseline 2531 0.346 <0.001
Time x amyloid status -0.168 0.098 0.088 Sex 7.809 5217 0.14
CERAD—drawings recall YOE —-2.386 0.593 <0.001
Time 0.053 0.088 0.55 Time x amyloid status 2.140 3.018 0.48
Amyloid status 0.073 0.422 0.86 Digit span - forward
Age at baseline -0.072 0.016 <0.001 Time -0.014 0.053 0.79
Sex -0.129 0.245 0.60 Amyloid status -0.017 0.342 0.96
YOE 0.060 0.026 0.023 Age at baseline -0.020 0.016 0.22
Time x amyloid status -0.163 0.174 0.35 sex -0.129 0.246 0.60
Boston naming test YOE —-0.006 0.027 0.82
Time 0.654 0.096 <0.001 Time x amyloid status -0.021 0.109 0.85
Amyloid status 1.211 0.687 0.079 Digit span - backward
Age at baseline -0.178 0.034 <0.001 Time 0.083 0.053 0.12
Sex -1.069 0.516 0.040 Amyloid status -0.316 0.279 0.26
YOE 0.242 0.056 <0.001 Age at baseline -0.028 0.013 0.027
Time x amyloid status -0.587 0.193 0.0027 Sex -0.087 0.191 0.65
Category fluency test YOE 0.035 0.021 0.094
Time -0.042 0.182 0.82 Time x amyloid status 0.099 0.108 0.36
Amyloid status -1653 0.946 0.082 Note: Linear mixed-effects model coefficients for cognitive trajectories by
Age at baseline -0.233 0.040 <0.001 visit according to amyloid status. In bold, significant p values and variable
Sex 0082 0611 0.89 names with time x amyloid status significant. The significance was set at
p <0.05.
(Continues)

Abbreviation: YOE, years of education.
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FIGURE 3 Linear mixed-effects model plots at individual and population levels. Linear mixed-effects model plot showing predicted population
tendency (thick line) and predicted individual trajectories (thin line) according to amyloid status. Individual lines are lighter/darker depending on
number of observations with the same results. FCSRT, Free and Cued Selective Reminding Test.

across the first three annual assessments were found in several ver-
bal memory outcomes. The findings are in line with prior literature
examining practice effects through serial neuropsychological testingin
CU individuals with increased risk of developing AD, where memory

measures are found to be particularly sensitive to these early cogni-

tive changes.810.13.14.3132 Oyr results also align with recent studies
highlighting the utility of computerized cognitive testing for detecting
diminished practice effects in A+ CU individuals.>33* We replicate
and expand these previous works by showing that practice effects in

verbal learning and memory measures are the most consistent in these
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populations and that other non-memory domains such as language or
attention and executive functions could also play an important role. In
this regard, a recent work developed standardized regression-based
change norms across multiple cognitive tests. By accounting for the
influence of practice effects, the study provides a clinically valuable

tool to detect meaningful cognitive changes.®®

Practice effects in non-memory domains over longitudinal cogni-
tive assessments have also been reported.81215.36.37 |n the present
study, we found that the A+ group performance on the BNT remained
stable throughout the study period, while the control group showed
an improvement over time. In normal aging, while there are functions

such as memory, processing speed, and attention that show a clear
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decline, other cognitive abilities such as vocabulary and general knowl-
edge remain stable or even improve.383? Given the expected stability
of this function over time, naming performance could be considered
an interesting variable when assessing practice effects as an indica-
tor of subtle cognitive difficulties. Our results on the BNT are also in
agreement with a clinicopathologic study,3¢ where individuals with-
out biological evidence of AD improved longitudinally on this measure
while a group with AD neuropathologic characteristics did not. Taken
together, our findings highlight the need to include comprehensive
neuropsychological assessments when studying CU populations for the
characterization and monitoring of the earliest cognitive changes in
individuals who are at risk of developing AD.

A critical question in the field of AD is whether the presence
of amyloidosis alone could drive to (subtle) cognitive dysfunction.
Several studies have suggested that only the co-occurrence of amy-
loidosis and neurodegeneration accelerates cognitive decline in CU
individuals.*®*1 However, some studies employing highly demanding
neuropsychological measures or more sensitive methods have shown
that it is possible to identify subtle difficulties in CU AB+ individuals,
even at the cross-sectional level. #2744 In the specific field of practice
effects, Machulda et al. showed that individuals with both amyloi-
dosis and neurodegeneration had worse cognitive trajectories at a
30-month follow-up than individuals with amyloidosis alone.’? Con-
versely, in our cohort we found a reduction of practice effects in a
group of AB+ individuals where the frequency of CSF p-tau positiv-
ity was only 25%. Furthermore, our additional analyses revealed that
the group with amyloidosis alone continued to perform worse than
the controls in delayed recall measures and naming tasks. However,
given the small sample size of this subgroup, these findings should be
interpreted with caution. Overall, considering the temporal evolution
of AD biomarkers throughout the asymptomatic phase of the disease,
where tau abnormalities are presented prior to neurodegeneration,*
our results suggest that practice-effects reductions might be detected
in the earliest stage of the AD continuum.

Moreover, neuropathological studies have established that tau
pathology emerges in the earliest stages of AD, initially affecting small
subcortical structures such as the locus coeruleus, even before reach-
ing the entorhinal cortex.*® This early involvement likely contributes
to the onset of subtle neuropsychiatric and cognitive symptoms.*”-4?
In line with this, our findings on the impact of p-tau on longitudinal
cognitive trajectories revealed that the A+T+ group exhibited the
poorest performance, particularly in the free learning measures.
Therefore, the observed reduction in practice effects may not be
solely due to amyloid deposition but could also be influenced by early
tau pathology. This is particularly relevant given that tau pathology
confined to these subcortical regions might be undetectable by tra-
ditional AD biomarkers. Supporting this view, recent studies®°->2
suggest that early locus coeruleus tau pathology could play a sig-
nificant role in these subtle cognitive changes in asymptomatic
stages.

This work has important implications not only in the clinical field but
also within the framework of clinical trials and observational research.

Recent studies point to the need to consider practice effects when

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

establishing outcome measures in clinical trials.>® It is important to
emphasize that, while we assessed practice effects over annual neu-
ropsychological testing, shorter time intervals may have even greater
utility in this context. For example, Duff et al.>* evaluated 1-week prac-
tice effects in a sample of non-demented, amyloid-positive individuals
and proposed that measuring practice effects over such brief intervals
could significantly improve participant selection for prevention trials.
This approach highlights the potential for shorter-term assessments
to enhance recruitment processes and identify at-risk individuals more
effectively.

A report based on data from the Dominantly Inherited Alzheimer
Network (DIAN) by Aschenbrenner et al.>> explored the role of prac-
tice effects in AD prevention trials, presenting three key insights. First,
practice effects were influenced by clinical status in CU individuals,
with non-carriers of mutations showing better performance than car-
riers. Our findings are in line with these observations, suggesting that
the rate of improvement over time might be an indicator of subtle cog-
nitive changes also in sporadic presentations of the disease. Second,
alternative forms and randomized stimuli in computerized measures
reduced, though did not eliminate, practice effects, reflecting the
impact of learning strategies. Lastly, cognitive trajectories were consis-
tent between clinical trial and observational cohorts. Taken together,
these results highlight the need to consider practice effects when
statistically modeling cognitive endpoints in both clinical trials and
observational studies.

Regarding the effect of sex on practice effects, we observed some
variability across cognitive domains. While males were associated
with lower practice effects in learning and memory measures, this
pattern reversed for naming tasks. Notably, our findings are consis-
tent with previous literature suggesting that women tend to perform
better in verbal memory.”® More specifically, a recent study showed
that women outperformed men in the memory test employed in our
study.”” These results contribute to a better understanding of the role
of sexin practice effects, with potential implications for the early detec-
tion of cognitive decline and the development of targeted intervention
strategies.

Our work has some limitations. First, the multicentric nature of the
study implies several constraints, such as variability in data collection
(eg, order of test administration, inter-rater reliability). Regarding par-
ticipants’ characteristics, the Ag+ group was slightly older and less
educated than the controls. Also, the study design only included two
longitudinal assessments, precluding the possibility of assessing prac-
tice effects trajectories beyond. However, previous evidence suggests
that practice effects seem to be most pronounced during the first two
retests.1058 We also acknowledge the potential limitation of using
the same measure for both participant classification and as a study
outcome, as this may introduce some circularity at baseline. Another
important limitation is the potential ceiling effects observed in the con-
structional praxis and number location tests, which may have restricted
our ability to fully assess practice effects within these measures.
Finally, due to the small sample size of the A+T+ group, our analyses
on the impact of p-tau on practice effects should be interpreted with

caution.
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In conclusion, our research provides important data on the study
of practice effects in CU populations and has significant implications
in both clinical and research settings within the AD field. We showed
that individuals with normal cognition who are in the Alzheimer’s
continuum display decreased practice effects over annual neuropsy-
chological testing compared to controls. Our findings suggest that the
reduction of practice effects, particularly in memory measures, might
be an indicator of early cognitive dysfunction in the earliest phase
of the Alzheimer’s continuum. Considering the influence of practice
effects in cognitive trajectories is particularly relevant for the design
and interpretation of primary prevention trials on disease-modifying

therapies.

ACKNOWLEDGMENTS

We thank the participants for their participation in the study. This
work has been supported by the project PI19/00745 to LR, funded
by Instituto de Salud Carlos Il (ISCII) and co-funded by the Euro-
pean Union. NF was recipient of Juan Rodés contract JR22/00014
(ISCIII). 11-G is a senior Atlantic Fellow for Equity in Brain Health at
the Global Brain Health Institute (GBHI) and receives funding from
the GBHI, the Alzheimer’s Association, and the Alzheimer’s Society
(GBHI ALZ UK-21-720973 and AACSF-21-850193). 11-G was also sup-
ported by the Juan Rodés Contract (JR20/0018) and Instituto de
Salud Carlos Il (PI21/00791, P124/00598). This work was supported
by the Alzheimer’s Association Clinician Scientist Fellowship Program
AACSF-21-850193 awarded to II-G. The GAP study was supported
by Fundacién CITA-Alzhéimer Fundazioa, the Ministry of Health of
Spain (grants P112/02262 and P11500919), and the Basque Country
Government (grants S-PR12CH001 and S-PR13ZH001).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest in connection with this
paper. Author disclosures are available in the Supporting Information.

CONSENT STATEMENT
All participants included in the present study provided signed informed

consent.

ORCID

Adria Tort-Merino " https://orcid.org/0000-0002-5646-0482

REFERENCES

1. Dodge HH, Wang CN, Chang CCH, Ganguli M. Terminal
decline and practice effects in older adults without demen-
tia: the MoVIES project. Neurology. 2011;77(8):722-730.
doi:10.1212/WNL.0b013e31822b0068

2. Duff K, Beglinger LJ, Moser DJ, Paulsen JS, Schultz SK, Arndt S.
Predicting cognitive change in older adults: the relative contribution
of practice effects. Arch Clin Neuropsychol. 2010;25(2):81-88. doi:10.
1093/arclin/acp105

3. Wilson RS, Beckett LA, Bennett DA, Albert MS, Evans DA. Change
in cognitive function in older persons from a community population:
relation to age and Alzheimer disease. Arch Neurol. 1999;56(10):1274.
doi:10.1001/archneur.56.10.1274

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Wilson RS, Li Y, Bienias JL, Bennett DA. Cognitive decline in old age:

separating retest effects from the effects of growing older. Psychol
Aging. 2006;21(4):774-789.d0i:10.1037/0882-7974.21.4.774

. Cooper DB, Lacritz LH, Weiner MF, Rosenberg RN, Cullum CM. Cate-

gory fluency in mild cognitive impairment: reduced effect of practice
in test-retest conditions. Alzheimer Dis Assoc Disord. 2004;18(3):120.
doi:10.1097/01.wad.0000127442.15689.92

. Duff K, Lyketsos CG, Beglinger LJ, et al. Practice effects predict cogni-

tive outcome in amnestic mild cognitive impairment. Am J Geriatr Psy-
chiatry. 2011;19(11):932-939. doi:10.1097/JGP.0b013e318209dd3a

. Duff K, Atkinson TJ, Suhrie KR, Dalley BCA, Schaefer SY, Hammers DB.

Short-term practice effects in mild cognitive impairment: evaluating
different methods of change. J Clin Exp Neuropsychol. 2017;39(4):396-
407.doi:10.1080/13803395.2016.1230596

. Machulda MM, Pankratz VS, Christianson TJ, et al. Practice effects and

longitudinal cognitive change in normal aging vs. incident mild cogni-
tive impairment and dementia in the Mayo Clinic study of aging. Clin
Neuropsychol. 2013;27(8):1247-1264. doi:10.1080/13854046.2013.
836567

. Zehnder AE, Blasi S, Berres M, Spiegel R, Monsch AU. Lack of Prac-

tice Effects on Neuropsychological Tests as Early Cognitive Markers of
Alzheimer Disease?. Am J Alzheimer’s Dis Dement. 2007;22(5):416-426.
Hassenstab J, Ruvolo D, Jasielec M, Xiong C, Grant E, Morris JC.
Absence of practice effects in preclinical Alzheimer’s disease. Neu-
ropsychology.  2015;29(6):940-948.  doi:https://doi.org/10.1037/
neu0000208

lhara R, Iwata A, Suzuki K, lkeuchi T, Kuwano R, Iwatsubo T. Clin-
ical and cognitive characteristics of preclinical Alzheimer’s disease
in the Japanese Alzheimer’s Disease Neuroimaging Initiative cohort.
Alzheimers Dement Transl Res Clin Interv. 2018;4:645-651.d0i:10.1016/
j.trci.2018.10.004

Machulda MM, Hagen CE, Wiste HJ, et al. Practice effects and
longitudinal cognitive change in clinically normal older adults
differ by Alzheimer imaging biomarker status. Clin Neuropsychol.
2017;31(1):99-117.d0i:10.1080/13854046.2016.1241303
Oltra-Cucarella J, Sanchez-SanSegundo M, Ferrer-Cascales R. Predict-
ing Alzheimer’s disease with practice effects, APOE genotype, and
brain metabolism. Neurobiol Aging. 2018;71:234-240. doi:10.1016/j.
neurobiolaging.2018.08.004. Cognition or genetics?.

Samaroo A, Amariglio RE, Burnham S, et al. Diminished Learning
Over Repeated Exposures (LORE) in preclinical Alzheimer’s disease.
Alzheimers Dement Diagn Assess Dis Monit. 2020;12(1):1-10. doi:10.
1002/dad2.12132

Sanchez-Benavides G, Gispert JD, Fauria K, Molinuevo JL, Gramunt N.
Modeling practice effects in healthy middle-aged participants of the
Alzheimer and Families parent cohort. Alzheimers Dement Diagn Assess
Dis Monit. 2016;4:149-158. doi:10.1016/j.dadm.2016.07.001

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A prac-
tical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res. 1975;12(3):189-198. doi:10.1016/0022-
3956(75)90026-6

Morris JC. The Clinical Dementia Rating (CDR): current version and
scoring rules. Neurology. 1993;43(11):2412-2414. doi:10.1212/wnl.
43.11.2412-a

Pfeffer RI, Kurosaki TT, Harrah CH Jr, Chance JM, Filos S. Measure-
ment of functional activities in older adults in the community. Journal
of Gerontology. 1982;37(3):323-329.

Grober E, Buschke H. Genuine Memory Deficits in Dementia.
Dev Neuropsychol—Dev NEUROPSYCHOL. 1987;3:13-36. doi:10.1080/
87565648709540361

Morris JC, Heyman A, Mohs RC, et al. The Consortium to Estab-
lish a Registry for Alzheimer’s Disease (CERAD). Part I. Clinical
and neuropsychological assessment of Alzheimer’s disease. Neurology.
1989;39(9):1159-1165.d0i:10.1212/WNL.39.9.1159

95UB017 SUOLULLOD 9AII.1D) 9{cedl|dde au Aq peusenob afe sapie VO ‘8sn JO Sa|ni 1oy Akeuq1 18Ul JUO AS]IA UO (SUOTHPUOD-PUE-SWLBIALI0D" A3 1M ARe.q [Bu [UO//:SdL) SUONIPUOD PUe SWS | 8L 89S *[6202/20/TE] Uo ARiqI auljuo AS|IM eligeiued 8@ PepsieAlun Ad 9T00L Z[B/200T 0T/I0p/wod A8 ARiqipuljuo'seuno -z [e//sdny Wolj pepeojumod ' ‘SZ0z '6.25255T


https://orcid.org/0000-0002-5646-0482
https://orcid.org/0000-0002-5646-0482
https://doi.org/10.1212/WNL.0b013e31822b0068
https://doi.org/10.1093/arclin/acp105
https://doi.org/10.1093/arclin/acp105
https://doi.org/10.1001/archneur.56.10.1274
https://doi.org/10.1037/0882-7974.21.4.774
https://doi.org/10.1097/01.wad.0000127442.15689.92
https://doi.org/10.1097/JGP.0b013e318209dd3a
https://doi.org/10.1080/13803395.2016.1230596
https://doi.org/10.1080/13854046.2013.836567
https://doi.org/10.1080/13854046.2013.836567
https://doi.org/10.1037/neu0000208
https://doi.org/10.1037/neu0000208
https://doi.org/10.1016/j.trci.2018.10.004
https://doi.org/10.1016/j.trci.2018.10.004
https://doi.org/10.1080/13854046.2016.1241303
https://doi.org/10.1016/j.neurobiolaging.2018.08.004
https://doi.org/10.1016/j.neurobiolaging.2018.08.004
https://doi.org/10.1002/dad2.12132
https://doi.org/10.1002/dad2.12132
https://doi.org/10.1016/j.dadm.2016.07.001
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1080/87565648709540361
https://doi.org/10.1080/87565648709540361
https://doi.org/10.1212/WNL.39.9.1159

TORT-MERINO ET AL.

Alzheimer’s &Dementia® | 11012

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kaplan E, Goodglass H, Weintraub S. Boston Naming Test. Lea&Febiger;
2001. Accessed May 25, 2023. https://psycnet.apa.org/doiLanding?
doi=10.1037%2Ft27208-000

Roth C. Boston Diagnostic Aphasia Examination. Encyclopedia of Clini-
cal Neuropsychology. Pearson Canada Assessment Inc; 2011:428-430.
doi:10.1007/978-0-387-79948-3_868

Warrington E, James M. In: St Edmunds B, ed. Visual Object and Space
Perception Battery (VOSP). Thames Valley Test Co; 1991.

Reitan R. Neuropsychological Test Battery: Theory and Clinical Interpreta-
tion. Neuropsychology Press; 1985.

Wechsler D. Wechsler Adult Intelligence Scale: Fourth Edition (WAIS-IV).
Pearson; 2008.

Duits FH, Martinez-Lage P, Paquet C, et al. Performance and complica-
tions of lumbar puncture in memory clinics: results of the multicenter
lumbar puncture feasibility study. Alzheimers Dement. 2016;12(2):154-
163.d0i:10.1016/j.jalz.2015.08.003

Alcolea D, Clarimén J, Carmona-lragui M, et al. The Sant Pau Initiative
on Neurodegeneration (SPIN) cohort: a data set for biomarker discov-
ery and validation in neurodegenerative disorders. Alzheimers Dement.
2019;5:597-609. doi:10.1016/j.trci.2019.09.005

Antonell A, Tort-Merino A, Rios J, et al. axonal damage and inflam-
matory CSF biomarkers in neurodegenerative dementias. Alzheimer’s
Dement. 2019;16(2):262-272.d0i:10.1016/j.jalz.2019.09.001
lllan-Gala 1, Pegueroles J, Montal V, et al. Challenges associated
with biomarker-based classification systems for Alzheimer’s disease.
Alzheimer’s Dement. 2018;10:346-357. doi:10.1016/j.dadm.2018.03.
004

Mattsson N, Andreasson U, Persson S, et al. CSF biomarker variabil-
ity in the Alzheimer’s Association quality control program. Alzheimers
Dement. 2013;9(3):251-261.doi:10.1016/j.jalz.2013.01.010

Lim YY, Baker JE, Mills A, et al. Learning deficit in cognitively normal
APOE ¢4 carriers with LOW B-amyloid. Alzheimers Dement Diagn Assess
Dis Monit.2021;13(1):e12136. doi:10.1002/dad2.12136

Papp KV, Jutten RJ, Soberanes D, et al. Early detection of amyloid-
related changes in memory among cognitively unimpaired older adults
with daily digital testing. Ann Neurol. 2024;95(3):507-517. doi:10.
1002/ana.26833

Young CB, Mormino EC, Poston KL, et al. Computerized cogni-
tive practice effects in relation to amyloid and tau in preclinical
Alzheimer’s disease: results from a multi-site cohort. Alzheimers
Dement. 2023;15(1):e12414. doi:10.1002/dad2.12414. Published
2023 Mar 20.

Jutten RJ, Rentz DM, Fu JF, et al. Monthly at-home computerized
cognitive testing to detect diminished practice effects in preclinical
Alzheimer’s disease. Front Aging Neurosci. 2022;13:800126. doi:10.
3389/fnagi.2021.800126. Published 2022 Jan 13.

Eliassen IV, Kirsebom BE, Fladby T, et al. Regression-based cog-
nitive change norms applied in biochemically defined predementia
Alzheimer’s disease. Neuropsychology. 2023;37(1):32-43.doi:10.1037/
neu0000853

Galvin JE, Powlishta KK, Wilkins K, et al. Predictors of preclini-
cal Alzheimer disease and dementia: a clinicopathologic study. Arch
Neurol. 2005;62(5):758-765.doi:10.1001/archneur.62.5.758

Jutten RJ, Grandoit E, Foldi NS, et al. Lower practice effects as
a marker of cognitive performance and dementia risk: a literature
review. Alzheimers Dement Diagn Assess Dis Monit. 2020;12(1):e12055.
doi:10.1002/dad2.12055

Fjell AM, McEvoy L, Holland D, Dale AM, Walhovd KB. What is
normal in normal aging? Effects of aging, amyloid and Alzheimer’s
disease on the cerebral cortex and the hippocampus. Prog Neurobiol.
2014;117:20-40. doi:10.1016/j.pneurobio.2014.02.004

Harada CN, Natelson Love MC, Triebel KL. Normal cognitive aging. Clin
Geriatr Med. 2013;29(4):737-752. doi:10.1016/j.cger.2013.07.002
Mormino EC, Betensky RA, Hedden T, et al. Synergistic effect of -
amyloid and neurodegeneration on cognitive decline in clinically nor-

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

mal individuals. JAMA Neurol. 2014;71(11):1379-1385. doi:10.1001/
jamaneurol.2014.2031

Soldan A, Pettigrew C, Cai Q, et al. Hypothetical preclinical Alzheimer
disease groups and longitudinal cognitive change. JAMA Neurol.
2016;73(6):698-705. doi:10.1001/jamaneurol.2016.0194

Papp KV, Amariglio RE, Mormino EC, et al. Free and cued memory
in relation to biomarker-defined abnormalities in clinically normal
older adults and those at risk for Alzheimer’s disease. Neuropsy-
chologia. 2015;73:169-175. doi:10.1016/j.neuropsychologia.2015.04.
034

Tort-Merino A, Valech N, Pefaloza C, et al. Early detection of learn-
ing difficulties when confronted with novel information in preclinical
Alzheimer’s disease stage 1. J Alzheimers Dis. 2017;58(3):855-870.
doi:https://doi.org

Rubio-Guerra S, Sanchez-Saudinés MB, Sala |, et al. Added value of
neuropsychological norms derived from amyloid-negative cognitively
normal adults. In preparation.

Jack CR, Knopman DS, Jagust WJ, et al. Hypothetical model of dynamic
biomarkers of the Alzheimer’s pathological cascade. Lancet Neurol.
2010;9(1):119-128.d0i:10.1016/51474-4422(09)70299-6

Braak H, Thal DR, Ghebremedhin E, Del Tredici K. Stages of the patho-
logic process in Alzheimer disease: age categories from 1 to 100
years. J Neuropathol Exp Neurol. 2011;70(11):960-969. doi:10.1097/
NEN.Ob013e318232a379

Ehrenberg AJ, Suemoto CK, EP FrancaResende, et al. Neuropathologic
correlates of psychiatric symptoms in Alzheimer’s disease. J Alzheimers
Dis. 2018;66(1):115-126. doi:10.3233/JAD-180688

Falgas N, Pefia-Gonzélez M, Val-Guardiola A, et al. Locus coeruleus
integrity and neuropsychiatric symptoms in a cohort of early- and late-
onset Alzheimer’s disease. Alzheimers Dement. 2024;20(9):6351-6364.
doi:10.1002/alz.14131

Jacobs HIL, Riphagen JM, Ramakers IHGB, Verhey FRJ. Alzheimer’s
disease pathology: pathways between central norepinephrine
activity, memory, and neuropsychiatric symptoms. Mol Psychiatry.
2021;26(3):897-906. doi:10.1038/s41380-019-0437-x

Jacobs HIL, Becker JA, Kwong K, et al. Waning locus coeruleus
integrity precedes cortical tau accrual in preclinical autosomal dom-
inant Alzheimer’s disease. Alzheimers Dement. 2023;19(1):169-180.
doi:10.1002/alz.12656

. Prokopiou PC, Engels-Dominguez N, Schultz AP, et al. Association of

novelty-related locus coeruleus function with entorhinal tau deposi-
tion and memory decline in preclinical Alzheimer disease. Neurology.
2023;101(12):e1206-e1217.doi:10.1212/WNL.0000000000207646
Pahl J, Prokopiou PC, Bueicheku E, et al. Locus coeruleus integrity
and left frontoparietal connectivity provide resilience against atten-
tional decline in preclinical Alzheimer’s disease. Alzheimers Res Ther.
2024;16(1):119.d0i:10.1186/513195-024-01485-w

Jutten RJ, Papp KV, Hendrix S, et al. Why a clinical trial is as good as its
outcome measure: a framework for the selection and use of cognitive
outcome measures for clinical trials of Alzheimer’s disease. Alzheimers
Dement. 2023;19(2):708-720. doi:10.1002/alz.12773

Duff K, Hammers DB, Dalley BCA, et al. Short-term practice effects
and amyloid deposition: providing information above and beyond
baseline cognition. J Prev Alzheimers Dis. 2017;4(2):87-92. doi:10.
14283/jpad.2017.9

Aschenbrenner AJ, Hassenstab J, Wang G, et al. Avoid or embrace?
Practice effects in Alzheimer’s disease prevention trials. Front Aging
Neurosci. 2022;14(June):1-11. doi: 10.3389/fnagi.2022.883131
Asperholm M, Hégman N, Rafi J, Herlitz A. What did you do yester-
day? A meta-analysis of sex differences in episodic memory. Psychol
Bull. 2019;145(8):785-821.doi:10.1037/bul0000197

Brugulat-Serrat A, Cafas-Martinez A, Canals-Gispert L, et al. Enhanc-
ing the sensitivity of memory tests: reference data for the free and
cued selective reminding test and the logical memory task from cogni-
tively healthy subjects with normal Alzheimer’s disease cerebrospinal

95UB017 SUOLULLOD 9AII.1D) 9{cedl|dde au Aq peusenob afe sapie VO ‘8sn JO Sa|ni 1oy Akeuq1 18Ul JUO AS]IA UO (SUOTHPUOD-PUE-SWLBIALI0D" A3 1M ARe.q [Bu [UO//:SdL) SUONIPUOD PUe SWS | 8L 89S *[6202/20/TE] Uo ARiqI auljuo AS|IM eligeiued 8@ PepsieAlun Ad 9T00L Z[B/200T 0T/I0p/wod A8 ARiqipuljuo'seuno -z [e//sdny Wolj pepeojumod ' ‘SZ0z '6.25255T


https://psycnet.apa.org/doiLanding?doi=10.1037%2Ft27208-000
https://psycnet.apa.org/doiLanding?doi=10.1037%2Ft27208-000
https://doi.org/10.1007/978-0-387-79948-3_868
https://doi.org/10.1016/j.jalz.2015.08.003
https://doi.org/10.1016/j.trci.2019.09.005
https://doi.org/10.1016/j.jalz.2019.09.001
https://doi.org/10.1016/j.dadm.2018.03.004
https://doi.org/10.1016/j.dadm.2018.03.004
https://doi.org/10.1016/j.jalz.2013.01.010
https://doi.org/10.1002/dad2.12136
https://doi.org/10.1002/ana.26833
https://doi.org/10.1002/ana.26833
https://doi.org/10.1002/dad2.12414
https://doi.org/10.3389/fnagi.2021.800126
https://doi.org/10.3389/fnagi.2021.800126
https://doi.org/10.1037/neu0000853
https://doi.org/10.1037/neu0000853
https://doi.org/10.1001/archneur.62.5.758
https://doi.org/10.1002/dad2.12055
https://doi.org/10.1016/j.pneurobio.2014.02.004
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1001/jamaneurol.2014.2031
https://doi.org/10.1001/jamaneurol.2014.2031
https://doi.org/10.1001/jamaneurol.2016.0194
https://doi.org/10.1016/j.neuropsychologia.2015.04.034
https://doi.org/10.1016/j.neuropsychologia.2015.04.034
https://doi.org
https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1097/NEN.0b013e318232a379
https://doi.org/10.1097/NEN.0b013e318232a379
https://doi.org/10.3233/JAD-180688
https://doi.org/10.1002/alz.14131
https://doi.org/10.1038/s41380-019-0437-x
https://doi.org/10.1002/alz.12656
https://doi.org/10.1212/WNL.0000000000207646
https://doi.org/10.1186/s13195-024-01485-w
https://doi.org/10.1002/alz.12773
https://doi.org/10.14283/jpad.2017.9
https://doi.org/10.14283/jpad.2017.9
https://doi.org/10.3389/fnagi.2022.883131
https://doi.org/10.1037/bul0000197

o1z | Alzheimer’s & Dementia’

58.

TORT-MERINO ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

fluid biomarker levels. J Alzheimers Dis. 2021;84(1):119-128. doi:10.
3233/JAD-210640

Calamia M, Markon K, Tranel D. Scoring higher the second time
around: meta-analyses of practice effects in neuropsychological
assessment. Clin Neuropsychol. 2012;26(4):543-570. doi:10.1080/
13854046.2012.680913

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Tort-Merino A, Pérez-Millan A, Falgas
N, et al. Decreased practice effects in cognitively unimpaired
amyloid betapositive individuals: a multicenter, longitudinal,
cohort study. Alzheimer’s Dement. 2025;21:e70016.
https://doi.org/10.1002/alz.70016

95UB017 SUOLULLOD 9AII.1D) 9{cedl|dde au Aq peusenob afe sapie VO ‘8sn JO Sa|ni 1oy Akeuq1 18Ul JUO AS]IA UO (SUOTHPUOD-PUE-SWLBIALI0D" A3 1M ARe.q [Bu [UO//:SdL) SUONIPUOD PUe SWS | 8L 89S *[6202/20/TE] Uo ARiqI auljuo AS|IM eligeiued 8@ PepsieAlun Ad 9T00L Z[B/200T 0T/I0p/wod A8 ARiqipuljuo'seuno -z [e//sdny Wolj pepeojumod ' ‘SZ0z '6.25255T


https://doi.org/10.3233/JAD-210640
https://doi.org/10.3233/JAD-210640
https://doi.org/10.1080/13854046.2012.680913
https://doi.org/10.1080/13854046.2012.680913
https://doi.org/10.1002/alz.70016

	Decreased practice effects in cognitively unimpaired amyloid betapositive individuals: a multicenter, longitudinal, cohort study
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Participants
	2.2 | Study design
	2.3 | Neuropsychological assessment
	2.4 | Determination of CSF biomarkers and apolipoprotein E (APOE) analysis
	2.5 | Statistical analyses

	3 | RESULTS
	3.1 | Demographics, biological, and clinical data
	3.2 | Cross-sectional neuropsychological performance among study groups
	3.3 | LME models
	3.3.1 | LME models on the effect of p-tau


	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


