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Abstract

INTRODUCTION: We aimed to determine whether cognitively unimpaired (CU)

amyloid- beta-positive (Aβ+) individuals display decreased practice effects on serial

neuropsychological testing.

METHODS:We included 209 CU participants from three research centers, 157 Aβ−
controls and 52 Aβ+ individuals. Participants underwent neuropsychological assess-

ment at baseline and annually during a 2-year follow-up.We used linear mixed-effects

models to analyze cognitive change over time between the two groups, including time

frombaseline, amyloid status, their interaction, age, sex, and years of education as fixed

effects and the intercept and time as random effects.
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RESULTS: The Aβ+ group showed reduced practice effects in verbal learning

(β = −1.14, SE = 0.40, p = 0.0046) and memory function (β = −0.56, SE = 0.19,

p= 0.0035), as well as in language tasks (β=−0.59, SE= 0.19, p= 0.0027).

DISCUSSION: Individualswith normal cognitionwho are in theAlzheimer’s continuum

show decreased practice effects over annual neuropsychological testing. Our findings

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

KEYWORDS
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subtle cognitive decline

Highlights

∙ This was amulticenter study on practice effects in asymptomatic Aβ+ individuals.

∙ Weused LMEmodels to analyze cognitive trajectories across multiple domains.

∙ Practice-effects reductionsmight be an indicator of subtle cognitive decline.

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

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.1–4 Practice

effects havebeenextensively 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.5–9

Practice effects have also been assessed in CU individuals at

increased risk of developing AD.10–15 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.10 More recently, Machulda et al. examined practice

effects in 190CU 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.12 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.

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

comparedwith 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)16 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,17 the Func-

tional Activities Questionnaire,18 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 amajor 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 (Aβ) and phosphorylated tau (p-tau).
2. Aβ+ group (n= 52): CU individuals with reduced levels of CSFAβ or

abnormal CSF Aβ and p-tau.

Additionally,we explored the role of p-taubydividing theAβ+ 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 (FU1) and 2 (FU2) from

baseline.

2.3 Neuropsychological assessment

All participantswere assessedwith a comprehensive neuropsychologi-

cal battery encompassing five cognitivedomains thatwas administered

by trained neuropsychologists.

Learning and memory function were evaluated using the Free

and Cued Selective Reminding Test (FCSRT).19 From the FCSRT, we

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 Aβ 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 0 to 48), total learning score

(0 to 48), delayed free recall (0 to 16), and delayed total recall (0 to

16). Recall of the constructional praxis subtest from the Consortium

to Establish a Registry for Alzheimer’s Disease (CERAD) battery20 (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)21 (0 to 60) and a category fluency test (CFT).22 The praxis

domain included the constructional praxis subtest from the CERAD

battery20 (0 to 11). Visuospatial functionwasmeasured by the number

location subtest of the Visual Object and Space Perception (VOSP)

F IGURE 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 B24 – 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-IV).25 Global cognition was assessed through the MMSE16

(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.26 Individuals

were then classified based on each center’s cutoffs for the amyloid

biomarker27–29 (see details in the Supplementary Material). The three

research centers participate in the Alzheimer’s Association quality

control program for CSF biomarkers.30

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 ε4 status was

dichotomized as negative/positive. Positive was defined as when at

least one ε4 allele was present. Baseline neuropsychological perfor-

mances were compared between controls and Aβ+ 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 twogroups (con-

trol vs Aβ+) 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 vsA+ vsA+T+).We appliedBonferroni corrections to account for

multiple comparisons, ensuring stricter control of Type I errors across

analyses.

3 RESULTS

3.1 Demographics, biological, and clinical data

Demographic, biological, and clinical data are reported in Table 1. The

Aβ+ group was slightly older, had fewer years of education, and had

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

Control

(n= 157)

Aβ+
(n= 52) T p

Sex (%women) 66.8% 69.2% 0.98a 0.75

Age 60.8± 7.5 64.6± 6.8 −3.24 0.001

Years of education 13.7± 4.4 12.1± 4.5 2.33 0.021

MMSE 28.9± 1.2 28.8± 1.1 0.53 0.59

APOE ε4 (% positive) 18.4% 61.5% 35.05a <0.001

p-tau positivity 3.1% 25% −3.51 <0.001

Abbreviation:MMSE,Mini-Mental State Examination.
aχ2 test.

a higher frequency of the APOE ε4 allele compared to the control

group. There were no differences in sex distribution or MMSE scores.

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

3.2 Cross-sectional neuropsychological
performance among study groups

There were no cross-sectional differences between the control and

Aβ+ 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

(β=−1.14, SE=0.40, p=0.0046) and thedelayed free recall (β=−0.56,
SE = 0.19, p = 0.0035) from the FCSRT, as well as in language tasks (ie,

BNT; β = −0.59, SE = 0.19, p = 0.0027). These results remained signif-

icant after applying Bonferroni corrections for multiple comparisons.

SeeTable 3 for the LMEmodel coefficients andFigure3 for theplots 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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TORT-MERINO ET AL. 5 of 12

F IGURE 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 Aβ+ F p

Learning/encoding FCSRT/free learning 26.8 ± 5.4 26.9 ± 6.3 2.292 0.13

FCSRT/total learning 43.5 ± 3.7 42.7 ± 4.7 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 15.1 ± 1.1 15.0 ± 1.2 0.645 0.42

Visual memory CERAD—drawings recall 9.4 ± 2.0 8.75 ± 2.4 0.847 0.36

Language BostonNaming Test 54.1 ± 3.7 53.6 ± 4.5 0.483 0.49

Category fluency test 21.5 ± 5.1 19.5 ± 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 9.4 ± 0.8 9.2 ± 0.9 2.58 0.11

Attention/executive

functions

Trail Making Test—A 41.1 ± 18.2 45.1 ± 18.3 0.128 0.72

Trail Making Test—B 90.4 ± 40.8 103.5 ± 52.5 0.106 0.75

Digit span—forward 6.4 ± 1.8 6.1 ± 1.5 0.291 0.59

Digit span—backward 4.8 ± 1.5 4.2 ± 1.2 2.551 0.11

Note: Data are presented asmeans± standard deviation.

Abbreviations: CERAD, Consortium to Establish a Registry for Alzheimer’sDisease; FCSRT, Free andCued Selective Reminding Test; VOSP, VisualObject and

Space Perception Battery.

4 DISCUSSION

In a large multicenter CU sample, individuals with evidence of Aβ
pathology displayed reducedmultidomain 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 studydemonstrates that practice effects over annual neuropsy-

chological testing are reduced in CU individuals with an abnormal

Aβ biomarker. The higher differences in terms of performance gain
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TABLE 3 Linear mixed-effects model coefficients.

Β SE p

FCSRT/Free learning

Time 1.968 0.199 <0.001

Amyloid status 2.371 1.067 0.027

Age at baseline −0.254 0.044 <0.001

Sex 2.604 0.668 <0.001

YOE 0.149 0.072 0.039

Time× amyloid status −1.141 0.399 0.0046

FCSRT/total learning

Time 0.885 0.135 <0.001

Amyloid status −0.419 0.784 0.59

Age at baseline −0.131 0.028 <0.001

Sex 0.670 0.428 0.12

YOE 0.072 0.046 0.12

Time× amyloid status −0.068 0.271 0.80

FCSRT/delayed free recall

Time 0.604 0.094 <0.001

Amyloid status 0.842 0.455 0.066

Age at baseline −0.092 0.017 <0.001

Sex 0.814 0.256 0.0017

YOE 0.100 0.028 <0.001

Time× amyloid status −0.556 0.188 0.0035

FCSRT/delayed total recall

Time 0.209 0.049 <0.001

Amyloid status 0.268 0.245 0.27

Age at baseline −0.033 0.008 <0.001

Sex 0.215 0.120 0.076

YOE 0.046 0.013 <0.001

Time× amyloid status −0.168 0.098 0.088

CERAD—drawings recall

Time 0.053 0.088 0.55

Amyloid status 0.073 0.422 0.86

Age at baseline −0.072 0.016 <0.001

Sex −0.129 0.245 0.60

YOE 0.060 0.026 0.023

Time× amyloid status −0.163 0.174 0.35

Boston naming test

Time 0.654 0.096 <0.001

Amyloid status 1.211 0.687 0.079

Age at baseline −0.178 0.034 <0.001

Sex −1.069 0.516 0.040

YOE 0.242 0.056 <0.001

Time× amyloid status −0.587 0.193 0.0027

Category fluency test

Time −0.042 0.182 0.82

Amyloid status −1.653 0.946 0.082

Age at baseline −0.233 0.040 <0.001

Sex 0.082 0.611 0.89

(Continues)

TABLE 3 (Continued)

Β SE p

YOE 0.156 0.066 0.019

Time × amyloid status 0.580 0.364 0.11

CERAD – constructional praxis

Time 0.040 0.037 0.29

Amyloid status 0.283 0.167 0.091

Age at baseline −0.013 0.006 0.034

Sex −0.088 0.090 0.33

YOE 0.052 0.010 <0.001

Time × amyloid status −0.095 0.074 0.20

VOSP—number location

Time −0.139 0.050 0.0059

Amyloid status −0.212 0.200 0.29

Age at baseline −0.012 0.007 0.099

Sex −0.197 0.111 0.078

YOE 0.017 0.012 0.15

Time × amyloid status 0.008 0.100 0.94

Trail Making Test—A

Time −1.107 0.551 0.046

Amyloid status −1.605 3.429 0.64

Age at baseline 0.818 0.119 <0.001

Sex 0.910 1.802 0.61

YOE −0.893 0.194 <0.001

Time × amyloid status 1.479 1.117 0.19

Trail making test—B

Time −0.118 1.454 0.94

Amyloid status −1.736 7.768 0.82

Age at baseline 2.531 0.346 <0.001

Sex 7.809 5.217 0.14

YOE −2.386 0.593 <0.001

Time × amyloid status 2.140 3.018 0.48

Digit span – forward

Time −0.014 0.053 0.79

Amyloid status −0.017 0.342 0.96

Age at baseline −0.020 0.016 0.22

sex −0.129 0.246 0.60

YOE −0.006 0.027 0.82

Time × amyloid status −0.021 0.109 0.85

Digit span – backward

Time 0.083 0.053 0.12

Amyloid status −0.316 0.279 0.26

Age at baseline −0.028 0.013 0.027

Sex −0.087 0.191 0.65

YOE 0.035 0.021 0.094

Time × amyloid status 0.099 0.108 0.36

Note: Linear mixed-effects model coefficients for cognitive trajectories by

visit according to amyloid status. In bold, significant p values and variable

names with time × amyloid status significant. The significance was set at

p< 0.05.

Abbreviation: YOE, years of education.
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F IGURE 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 testing in

CU individuals with increased risk of developing AD, where memory

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

tive changes.8,10,13,14,31,32 Our results also align with recent studies

highlighting the utility of computerized cognitive testing for detecting

diminished practice effects in Aβ+ CU individuals.33,34 We replicate

and expand these previous works by showing that practice effects in

verbal learning andmemorymeasures are themost consistent in these
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8 of 12 TORT-MERINO ET AL.

F IGURE 4 Linear mixed-effects models on effect of phosphorylated tau. 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.

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.35

Practice effects in non-memory domains over longitudinal cogni-

tive assessments have also been reported.8,12,15,36,37 In the present

study, we found that the Aβ+ 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

 15525279, 2025, 3, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.70016 by U

niversidad D
e C

antabria, W
iley O

nline L
ibrary on [31/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TORT-MERINO ET AL. 9 of 12

decline, other cognitive abilities such as vocabulary and general knowl-

edge remain stable or even improve.38,39 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,36 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 assessmentswhen studyingCUpopulations 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.40,41 However, some studies employing highly demanding

neuropsychological measures or more sensitive methods have shown

that it is possible to identify subtle difficulties in CU Aβ+ individuals,

even at the cross-sectional level.42–44 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.12 Con-

versely, in our cohort we found a reduction of practice effects in a

group of Aβ+ 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,45

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.46 This early involvement likely contributes

to the onset of subtle neuropsychiatric and cognitive symptoms.47–49

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 studies50–52

suggest that early locus coeruleus tau pathology could play a sig-

nificant role in these subtle cognitive changes in asymptomatic

stages.

Thiswork 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

establishing outcome measures in clinical trials.53 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.54 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 individualsmore

effectively.

A report based on data from the Dominantly Inherited Alzheimer

Network (DIAN) by Aschenbrenner et al.55 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 timemight 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 trajectorieswere 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.56 More specifically, a recent study showed

that women outperformed men in the memory test employed in our

study.57 These results contribute to a better understanding of the role

of sex inpractice effects,withpotential implications for theearly 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 Aβ+ 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.10,58 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 andnumber location tests,whichmayhave 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.
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