
Cowman, D, Langhough, R, Olson, H, Basche, K, Sanson-Miles, L, Bruno, D, 
Hermann, B, Christian, BT, Betthauser, TJ, Johnson, SC and Mueller, KD

 Sex differences in story recall decline in preclinical Alzheimer’s disease

https://researchonline.ljmu.ac.uk/id/eprint/26387/

Article

LJMU has developed LJMU Research Online for users to access the research output of the 
University more effectively. Copyright © and Moral Rights for the papers on this site are retained by 
the individual authors and/or other copyright owners. Users may download and/or print one copy of 
any article(s) in LJMU Research Online to facilitate their private study or for non-commercial research.
You may not engage in further distribution of the material or use it for any profit-making activities or 
any commercial gain.

The version presented here may differ from the published version or from the version of the record. 
Please see the repository URL above for details on accessing the published version and note that 
access may require a subscription. 

For more information please contact researchonline@ljmu.ac.uk

http://researchonline.ljmu.ac.uk/

Citation (please note it is advisable to refer to the publisher’s version if you 
intend to cite from this work) 

Cowman, D, Langhough, R, Olson, H, Basche, K, Sanson-Miles, L, Bruno, D,
Hermann, B, Christian, BT, Betthauser, TJ, Johnson, SC and Mueller, KD 
(2025) Sex differences in story recall decline in preclinical Alzheimer’s 
disease. Brain Communications. fcaf169. ISSN 2632-1297 

LJMU Research Online

http://researchonline.ljmu.ac.uk/
mailto:researchonline@ljmu.ac.uk


BRAIN COMMUNICATIONS
https://doi.org/10.1093/braincomms/fcaf169 BRAIN COMMUNICATIONS 2025: fcaf169 | 1

Sex differences in story recall decline in 
preclinical Alzheimer’s disease
Douglas Cowman,1 Rebecca Langhough,2,3,4 Hayley Olson,1 Kristin Basche,3

Leah Sanson-Miles,1 Davide Bruno,5 Bruce Hermann,2,6 Bradley T. Christian,4,7,8

Tobey J. Betthauser,2,4,8 Sterling C. Johnson2,4 and Kimberly D. Mueller1,2,4

Stage II pre-clinical Alzheimer’s disease is defined by the presence of increased amyloid-beta evidenced by fluid and/or imaging bio-
markers, in the absence of clinical signs and symptoms. Previous research suggests that pre-clinical sex differences exist on measures of 
story recall, such as the Wechsler memory scale-revised logical memory test total score. However, sex differences on a composite met-
ric of proper names from that test have not been investigated, and the relationships between sex and amyloid positivity on longitudinal 
logical memory measures are unclear. We examined longitudinal trajectories of total score and proper names by sex (Aim 1), and by 
the combination of sex and amyloid status (Aim 2). N = 457 Wisconsin registry for Alzheimer’s prevention participants with PET 
Pittsburgh compound B-assessed amyloid status (+/−) were included. Linear mixed-effects models were used to examine the inter-
action between sex and age at visit (the time variable), and sex and amyloid+/− on longitudinal total and proper name scores. Aim 
1 analyses showed a main effect such that female participants, on average, scored higher than males on both total and proper 
name recall. The interaction between sex and age was not statistically significant, indicating that both sexes experienced a similar aver-
age rate of annual decline. Aim 2 analyses showed that amyloid positive participants, regardless of sex, showed steeper declines com-
pared to amyloid negative, female participants (reference group). Thus, while female participants generally outperformed males on 
story recall measures, the impact of amyloid burden on longitudinal story recall trajectories was not significantly more pronounced 
in females. Results emphasize the need for further exploration into sex-specific cognitive reserve mechanisms in the context of 
Alzheimer’s disease biomarker burden, as well as in the assessment and understanding of cognitive decline trajectories.
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Graphical Abstract

Introduction
Pre-clinical Alzheimer’s disease is defined by the presence of 
increased amyloid-beta (Aβ) evidenced by fluid and/or im-
aging biomarkers, in the absence of clinical signs and symp-
toms of the disease.1 Females account for approximately 
two-thirds of persons living with Alzheimer’s disease in the 
USA and worldwide.2,3 While this is partly explained by dif-
ferences in longevity between sexes, previous research sug-
gests pre-clinical sex differences exist across some cognitive 
domains, particularly verbal learning and memory.4,5 For in-
stance, in cognitively healthy persons throughout life, fe-
males have been consistently shown to outperform males 
on tests of verbal episodic memory.6,7 This purported female 
advantage is maintained in persons with amnestic mild cog-
nitive impairment (MCI), but some have found it to be lost in 
individuals with Alzheimer’s disease dementia, possibly due 
to different rates of decline in females with MCI than 
males.2,4,5,8 Conversely, others report that females continue 

to outperform males despite advancing disease burden.9

Females scoring higher on tests of verbal memory and subse-
quently losing this advantage in Alzheimer’s disease demen-
tia may infer a sex-specific cognitive reserve.9 The cognitive 
reserve theory hypothesis proposes that certain characteris-
tics such as advanced education and above average IQ pro-
vide a reserve capacity of greater cognitive strategies and 
connections that can be maintained despite Alzheimer’s dis-
ease pathology. It predicts that persons with greater reserve 
have more observed Alzheimer’s disease pathology than 
those without at similar levels of clinical progression. Once 
brain pathology passes a threshold level, decline is more ac-
celerated in those with high reserve due to more advanced 
pathology.10-13 The possibility of sex-specific cognitive re-
serve deserves better understanding since verbal memory tests 
are the main tools used to identify MCI and Alzheimer’s dis-
ease dementia. These sex differences may delay an MCI diag-
nosis and mask underlying brain pathology in females.14
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The aforementioned research has focused on ‘total scores’; 
that is, the sum of the verbal items recalled on a particular 
task, such as list-learning or story recall tasks. However, 
the most utilized tests, such as Logical Memory story recall 
from the Wechsler memory scale-revised (WMS-R), can be 
insensitive to subtle cognitive decline associated with pre- 
clinical Alzheimer’s disease.15 Prior research has suggested 
that ‘process scores’, or the quantification of errors or other 
aspects of an individual’s spontaneous recall performance 
(the process by which they arrived at the total score), may 
be more sensitive to subtle decline than total scores alone.16

For example, our group has examined the lexical categories 
of the words recalled in WMS-R logical memory story recall, 
and that the lexical category of ‘proper names’ (i.e. names of 
people and places) was uniquely and significantly sensitive to 
Alzheimer’s disease biomarkers in a cognitively unimpaired 
sample of adults at increased risk for Alzheimer’s disease. 
Specifically, proper names were associated with Aβ status, 
while none of the other story recall variables, including total 
score, were associated with Aβ status, and the proper names 
model was the model of best fit, suggesting that individual 
items in logical memory stories may be useful tools for early 
detection of cognitive decline.17,18

Previous research suggests that sex-specific norms for ver-
bal memory tests may improve diagnostic accuracy of 
amnestic MCI.17 Sex differences on logical memory mea-
sures in the Wisconsin registry for Alzheimer’s prevention 
(WRAP) study have not yet been examined. Whether sex dif-
ferences on item-level story recall in logical memory exist 
and whether they are related to Alzheimer’s disease biomar-
kers remains uncertain and needs to be understood to further 
the diagnostic toolbox for more accurate early detection. 
Sex-specific trajectories of decline on proper name recall 
are also yet to be researched.

We had two main aims: to determine whether the rate of 
decline on total and item level (proper names) logical mem-
ory delayed recall measures differ between sexes (Aim 1) 
and, to investigate whether rates of decline on these same lo-
gical memory measures differ by sex/PiB status group (Aim 
2). We hypothesized that females would perform better at 
baseline and decline at a rate similar to males (Aim 1), and 
that amyloid positivity would moderate the effect of sex on 
LMT and PN longitudinal trajectories (Aim 2). To explore 
these questions, we used the logical memory story recall 
task from the WMS-R from the WRAP, a longitudinal co-
hort study of participants enriched for Alzheimer’s disease 
risk who are free of dementia and predominantly cognitively 
unimpaired at cognitive baseline.18

Materials and methods
Participants
The study sample was drawn from the WRAP study, utilizing 
data from the May 2022 WRAP data freeze. WRAP is an 
ongoing longitudinal observational cohort of participants 

who enrolled in early to late middle age and were non- 
demented at baseline; in addition, the sample is enriched 
for Alzheimer’s disease risk due to ∼75% of participants 
having a parental history of Alzheimer’s disease.19 The se-
cond visit occurred 2-4 years after the baseline, and subse-
quent visits occurred every 2 years after the first follow-up 
(see Johnson et al.19). WMS-R logical memory was first 
added to the cognitive test battery in 2007, and item-level 
data was first entered in summer 2018, including available 
retrospective data from previous cognitive visits.18 Logical 
memory baseline is defined as the first visit in which the 
WMS-R logical memory recall task was administered to 
each participant (median visit = 2). Participants were in-
cluded in the present analyses from the WRAP cohort if at 
the time of these analyses they had participated in logical 
memory assessments and Alzheimer’s disease biomarker 
studies, were free of neurological diagnoses at any visit, 
were dementia free at logical memory baseline, and had 
English as their first language (Fig. 1). To focus on longitu-
dinal trajectories, participants were required to have at least 
two follow-up visits. This ensured that all included data were 
sufficiently robust for modelling longitudinal changes over 
time.

Helsinki declaration
Human subjects participation in these studies was approved 
by the University of Wisconsin Health Sciences Institutional 
Review Board, in accordance with the Helsinki declaration. 
All participants provided informed consent.

Cognitive assessment battery
Participants underwent a comprehensive neuropsychologic-
al battery at each WRAP visit. For this analysis, tests were se-
lected that measure memory, language, or global cognitive 
function. To characterize the study sample, we included 
WMS-R logical memory I and II (immediate and delayed re-
call, respectively); wide range achievement test—3rd edition 
reading subtest (WRAT-3); and mini mental state examin-
ation (MMSE).19 We included MMSE to help characterize 
the sample due to WRAP being mostly healthy at the baseline 
logical memory test.

Story recall outcomes
Standard procedures for the logical memory test administra-
tion were followed in accordance with the WMS-R manual.19

In this task, two short stories (Story A and Story B) made up of 
several sentences that contain 25 ‘idea units’ (consisting of a 
target word, phrase, or idea) were read aloud to the partici-
pant who was then asked to retell each story immediately 
using the following instructions: ‘tell the story back to me, 
using as close to the same words as you can remember; you 
should tell me all you can, even if you are not sure’. The par-
ticipant was then asked to recall both stories again after a 20– 
30 min delay. During their recanting the story, the examiner 
underlined correctly expressed idea units, and notated 

Sex differences in story recall and AD                                                                                     BRAIN COMMUNICATIONS 2025, fcaf169 | 3

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/7/3/fcaf169/8125273 by guest on 20 M

ay 2025



alternative wordings for later scoring.18 The delayed story re-
call total was included in this analysis as one of the two cog-
nitive outcomes (possible range = 0 to 50); the other 
outcome was the total number of proper names produced in 
delayed recall. In order to create the proper names total scores, 
we used a previously described method where a database of 
idea units coded as separate variables were run through a 
part of speech tagger to assign each idea unit to lexical cat-
egories (e.g. proper names, verbs, numerical expressions, 
nouns); we then extrapolated a composite score of correctly 
recalled proper names in the delayed recall portion of the lo-
gical memory (0–9 correctly recalled proper names).18

Cognitive status determination
To determine cognitive status after each visit, a ‘flagging algo-
rithm’ based on a robust normative approach was applied to 
participants’ neuropsychological test scores.20 This algorithm 
‘flags’ participants who are declining 1.5 SDs below the in-
ternal, robust normative means. WRAP researchers developed 
these norms in which normative distributions for cognitive 
test scores are made adjusting for age, sex, and literacy, where 
the normative group is non-declining over time.21 Records 
that were not flagged as potentially abnormal were then as-
signed a cognitive status of cognitively unimpaired—stable. 
Records that were flagged by the algorithm were then exam-
ined by a consensus review team, which then assigned the par-
ticipant as either cognitively unimpaired-stable, cognitively 
unimpaired-declining, and MCI or dementia (based on 
NIA-AA criteria), and without reference to biomarkers.20-22

Pittsburg compound B
The subset of the WRAP longitudinal cohort we selected for 
all analyses had undergone at least one 70 [11C]Pittsburgh 
compound-B (PiB) scan on a Siemens EXACT HR + scanner 
(and prior to 2015, a T1-weighted magnetic resonance im-
aging scan on a GE 3.0T MR750 using an 8-channel head 
coil). [11C]PiB radiosynthesis, acquisition and reconstruction 
parameters, image processing and quantification have been 
described previously.23 PiB positivity was ascertained by ap-
plying a threshold to the mean DVR (global PiB) across eight 
bilateral ROIs (global DVR > 1.19).24

Statistical analysis
Statistical analyses were performed in R Version 4.2.2. 
Significance level was set at P < 0.05 across all analyses. To 
characterize how groups differed across sample characteris-
tics, χ2 was used for categorical variables and Kruskal–Wallis 
for total years of education.

Aim 1: Sex as a moderator of age on Logical Memory mea-
sures over time

Linear mixed-effects regression was used to model the ef-
fect of sex on longitudinal decline on LMT delayed total 
scores and PN delayed scores. To facilitate interpretation 
of the models, all LMT and PN scores were first converted 
to z scores using the mean and standard deviation from the 
baseline visit of a subset of participants who were cognitively 
unimpaired at baseline (n = 449). Models were run using 
‘lmer’ in the R package ‘lme4’.25 We included the random 

Figure 1 Participant selection and exclusion process. Inclusion and exclusion criteria process for participant selection from the WRAP 
sample. WMS-R, Weschler memory scale-revised; WRAP, Wisconsin registry for Alzheimer’s prevention; PiB, Pittsburgh compound B; WRAT-3, 
wide range achievement test-3. *37 participants excluded due to previous diagnoses of meningitis (N = 4), stroke (N = 2), epilepsy (N = 1), and 
other neurological diagnoses (N = 5).
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effect of subject-specific intercept in models to account for 
within-person correlations.26 Covariates for all models 
included age at visit, a practice effect term, a binarized edu-
cation term, and standardized WRAT-3 reading scores 
(reflecting literacy).27 Wide range achievement test-3 was 
used to measure quality of education as it has been shown 
to reduce effects of social determinants of health discrepan-
cies in education between ethnic and regional groups.28

The binarized education year term classified participants 
into two groups: those with 16 or more years of education 
(equivalent to Bachelor’s Degree) and those with <16 years 
of education. Age was used as the time variable to account 
for varying time intervals between visits and the sex*age in-
teractions were of primary interest in Aim 1.

Aim 2: Sex/PiB status group differences in change in longi-
tudinal measures of logical memory

To examine the relationship between sex, PiB positivity, 
and age on logical memory delayed total scores and proper 
names delayed total scores, we again used linear mixed-effects 
models, replacing the sex*age interaction in the Aim 1 models 
with a 4− level sex/PiB status*age interaction where the four 
groups were female/PiB positive (n = 90), female/PiB negative 
(n = 222), male/PiB positive (n = 37), and male/PiB negative 
(n = 108). Significant interactions were followed by simple 
age slopes characterization and pairwise contrasts to identify 
which groups differed in slopes. Effect sizes were calculated 
for each pairwise comparison using Cohen’s d.

Sensitivity analyses
Pittsburgh compound B positivity threshold
Using a published equation, the validated local PiB DVR 
threshold of 1.19 corresponds to a Centiloid (Cl) of 

∼21.6.29 While this corresponds to an increasingly common-
ly used cut-off of 20 CL, our data and others have shown that 
lower Cl thresholds (∼10–13 CL) include those who are in 
the most early stages of amyloid accumulation.30-33 Thus, 
in sensitivity analyses, we ran the above analyses at a lower 
mean PiB DVR (global PiB) threshold using global DVR >  
1.13 (CL∼12.6).

Results
Aim 1: Sex as a moderator of age on logical memory mea-
sures over time

Participant demographics and baseline clinical characteris-
tics for Aim 1 are presented in Table 1 overall and by sex. A 
total of 457 participants with PiB PET imaging data, including 
312 (68.27%) females, were included. Males were older and 
had more education; there were no other sex-specific differ-
ences in demographic or clinical characteristics.

Results of the linear mixed-effect regression analysis of 
logical memory delayed total score and proper names 
delayed total score are presented side by side in Table 2
and graphically in Fig. 2 (with predicted male and female 
simple age slopes superimposed on spaghetti plots of 
individual performances). For both outcomes, the signifi-
cant age terms (β = −0.04, P < 0.001 and β = −0.04, P <  
0.001, respectively) and non-significant sex*age interac-
tions (P = 0.713 and P = 0.871, respectively) indicated 
that both sexes experienced a similar average annual 
decline using age as the time variable. Female participants 
scored higher than males at baseline (coefficient = 0.23) on 
logical memory delayed total and on proper names delayed 
total (coefficient = 0.21).

Table 1 Participant demographics and baseline clinical characteristics: Aim 1

Overall Female Male P

N (%) 457 (100) 312 (68.27) 145 (31.72)
Age at baseline logical memory (mean (SD)) 58.15 (6.78) 57.78 (6.65) 58.95 (6.99) 0.086
Age at most recent visit (mean (SD)) 67.07 (7.22) 66.56 (7.06) 68.17 (7.46) 0.027
Number of logical memory assessments (median [range])* 5 [1–7] 5 [1–7] 5 [1–7] 0.243
Race (n (%)) 0.934

Non-Hispanic White 429 (93.9) 292 (93.6) 137 (94.5)
African-American 21 (4.6) 15 (4.8) 6 (4.1)
Hispanic 7 (1.5) 5 (1.6) 2 (1.4)

Total years of education (median [Q1-Q3]) 16 [14–18] 16 [14–17] 17 [16–18] <0.001
WRAT-3 reading standard score (mean (SD)) 106.44 (9.37) 105.98 (9.25) 107.43 (9.58) 0.122
Cognitive status at logical memory baseline (n (%)) 0.104

Cognitively unimpaired—stable 380 (83.2) 265 (84.9) 115 (79.3)
Cognitively unimpaired—declining 69 (15.1) 44 (14.1) 25 (17.2)
Clinical MCI 8 (1.8) 3 (1.0) 5 (3.4)

Parental history Alzheimer’s disease dementia (n (%)) 345 (75.5) 237 (76.0) 108 (74.5) 0.824
APOE-ϵ4 carriers (n (%) 1 + alleles) 170 (37.2%) 119 (38.1%) 51 (35.2%) 0.680
PiB + (n (%)) 127 (27.8) 90 (28.8) 37 (25.5) 0.531
Cognitive performance at logical memory baseline
Logical memory total delayed recall (range 0–50) (mean (SD)) 26.26 (7.10) 26.68 (6.77) 25.34 (7.69) 0.061
Proper names (range 0–9) (mean (SD)) 4.87 (2.17) 5.01 (2.18) 4.58 (2.11) 0.05
MMSE (mean [median]) 29.43 [30] 29.45 [30] 29.40 [30] 0.618

*‘Number of logical memory assessments’ reflects the total number over the full duration of the study. Bolded values indicate statistically significant results (P < 0.05). WRAT-3, wide 
range achievement test-3 reading subtest; MMSE, mini-mental status examination; Logical memory, subtest from the Wechsler memory scale-revised (WMS-R).
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Aim 2: Sex/PiB status group differences in change in 
longitudinal measures of logical memory Participant demo-
graphics and clinical characteristics for Aim 2 are presented 
in Table 3 by the four sex/PiB status groupings: female PiB 
positive (n = 90), female PiB negative (n = 222), male PiB 
positive (n = 37), and male PiB negative (n = 108). Female 
PiB positive and male PiB positive groups differed from the 
female PiB negative group in both age at baseline and age 
at most recent visit. The female PiB negative group differed 
from the male PiB negative group in total years of education. 
The PiB positive groups differed from the PiB negative 
groups in APOE genotype. Sex/PiB status groups did not sig-
nificantly differ in either number of visits or time between 
visits.

Aim 2a: Sex/PiB status group differences in change in logic-
al memory delayed recall

Results of the linear mixed-effect regression analysis of lo-
gical memory delayed total score are presented in Table 4
and graphically in Fig. 3. There was a significant sex/PiB sta-
tus * age interaction in the PiB positive groups, indicating 
that PiB positivity was associated with faster decline in total 
score in both sexes. Specifically, simple age-slopes for change 
in total score were −0.0845 (−0.102, −0.0668) for female 
PiB + and −0.0361 (−0.0492, −0.0229) for female PiB−, 
and −0.0707 (−0.0941, −0.0473) for male PiB + and 
−0.0398 (−0.0551, −0.0245) for male PiB−. Pairwise con-
trasts indicated significant differences when comparing sim-
ple age-slopes of female PiB− and female PiB + (P < 0.0001, 
Cohen’s d = 0.082), female PiB− and male PiB +  
(P = 0.0024, Cohen’s d = 0.058), male PiB− and male 
PiB + (P = 0.0106, Cohen’s d = 0.052), and female PiB +  
and male PiB− (P < 0.0001, Cohen’s d = −0.075). Pairwise 
contrasts did not indicate significant differences in the simple 
age-slopes of female PiB− and male PiB− (P = 0.6210, 
Cohen’s d = 0.006) or female PiB + and male PiB +  
(P = 0.2758, Cohen’s d = −0.023).

Aim 2b: Sex/PiB status group differences in change in 
proper name recall

Results of the linear mixed-effect regression analysis of 
proper names delayed total score are presented in Table 4
and graphically in Fig. 3. For proper names delayed total score, 
there was a significant sex/PiB status*age interaction in PiB 
positive groups, indicating that PiB positivity was associated 
with faster decline in total score in both sexes. Simple-age 
slopes for change in total score were −0.0716 (−0.0898, 
−0.0533) for female PiB + and −0.0346 (−0.0473, −0.0219) 
for female PiB−, and −0.0730 (−0.0983, −0.0476) for male 
PiB + and −0.0379 (−0.0531, −0.0227) for male PiB−. 
Pairwise contrasts indicated significant differences when 
comparing simple age-slopes of female PiB− and female 
PiB + (P = 0.0001, Cohen’s d = 0.055), female PiB− and 
male PiB + (P = 0.0027, Cohen’s d = 0.057), male PiB− and 
male PiB + (P = 0.0097, Cohen’s d = 0.052), and female 
PiB + and male PiB− (P = 0.0010, Cohen’s d = −0.05). 
Pairwise contrasts did not indicate significant differences in 
the simple age-slopes of female PiB− and male PiB− 
(P = 0.6829, Cohen’s d = 0.005) or female PiB + and male 
PiB + (P = 0.9921, Cohen’s d = 0.002).

Sensitivity analyses
Pittsburgh compound B positivity threshold
Linear mixed-effects regression was performed to examine 
differences in rates of decline between the four groups on lo-
gical memory delayed total score and proper names delayed 
total score using a lower PiB threshold (global DVR < 1.13). 
Participant demographics and sample characteristics are 
available in Supplementary Table 1 by the four new sex/ 
PiB status groupings created by the lower threshold: female 
PiB positive (n = 113), female PiB negative (n = 199), 
male PiB positive (n = 45), and male PiB negative 
(n = 100). Results are available in Supplementary Table 2
and Supplementary Fig. 1. When lowering the PiB thresh-
old, the overall patterns from the main analyses remained 
with minor differences that did not affect significance or 
conclusions.

Table 2 Linear mixed-effect regression results: Aim 1

Z score of logical memory delayed total Z score of proper names delayed total

Predictors Estimates CI P Estimates CI P

(Intercept) −4.46 −5.44 to −3.49 < 0.001 −3.67 −4.55 to −2.79 <0.001
Sex (female) 0.23 0.06–0.40 0.007 0.21 0.06–0.37 0.007
Education (> = BA) 0.18 −0.00–0.37 0.053 0.10 −0.06–0.27 0.221
Practice effects 0.11 0.07–0.14 <0.001 0.05 0.02–0.09 0.002
WRAT-3 reading standard score 0.04 0.03–0.05 <0.001 0.03 0.02–0.04 <0.001
Age (centred) −0.04 −0.06 to −0.03 <0.001 −0.04 −0.06 to −0.03 <0.001
Sex (female) × age −0.00238 −0.02–0.01 0.713 0.00113 −0.01–0.01 0.871
Random effects

σ2 0.36 0.46
τ00 0.62WRAPNo 0.46WRAPNo

ICC 0.63 0.50
N 457WRAPNo 457WRAPNo

Marginal R2/conditional R2 0.175/0.696 0.149/0.576

Practice effects are calculated by subtracting the baseline visit from the total number of visits.29 Age was centred on the mean age of 62.74. Bolded values indicate statistically significant 
results (P < 0.05). WRAT-3 reading, wide-range achievement test.
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Discussion
In this investigation, we examined longitudinal trajectories of 
story recall tasks and whether sex-specific differences (Aim 1) 
or sex and combined amyloid status differences were present 
(Aim 2). Story recall was represented by the commonly used 
WMS-R logical memory delayed total score and a novel com-
posite index of proper name recall. Our Aim 1 findings showed 
a main effect, such that female participants outperformed 

males on both the logical memory delayed total score and the 
proper names delayed score. Both sexes experienced a similar 
rate of decline over time, as we hypothesized. Our Aim 2 ana-
lyses showed that amyloid status was associated with faster 
rate of decline in proper name recall and total score recall for 
both sexes, such that amyloid positive males and females de-
clined more rapidly compared to amyloid negative males and 
females. Although the difference in amyloid-related rate of de-
cline between the sexes was not statistically significant, the 

Figure 2 Linear mixed-effect regression results: Aim 1. The top panel shows predicted values of logical memory total score over time 
(x-axis) and the bottom panel depicts proper name recall over time. Age (years) is the time variable, and was centred on the mean age of 62.74 for 
ease of interpretation. The purple line represents females and the green line represents males. The lighter coloured lines in the figure represent 
each participant’s data points over time (spaghetti plot). Lines were determined by linear mixed-effects regression models: outcome ∼ sex 
(female) + education (< = bachelor’s degrees) + practice effects (nvis-1) + WRAT-III standard reading score + age + sex*age.
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effect size for total score in amyloid positive females was slight-
ly larger than that of amyloid positive males, however both ef-
fect sizes were small (0.08 for females, 0.05 for males). Finally, 

contrary to our hypothesis, we found that male and female par-
ticipants who were amyloid positive declined at ostensibly the 
same rate on proper names delayed recall score.

Table 3 Participant demographics and clinical characteristics: Aim 2

Overall
Female 

PiB−
Female 

PiB+ Male PiB− Male PiB+ P

N (%) 457 222 (48.57) 90 (19.39) 108 (23.63) 37 (8.1)
Age at baseline logical memory (mean (SD)) 58.15 (6.78) 57.05 (7.00)1,2 59.60 (5.33)1 58.39 (7.49) 60.59 (5.01)2 0.002
Age at most recent visit (mean (SD)) 67.07 (7.22) 65.67 (7.25)3,4 68.77 (6.07)3 67.39 (7.64) 70.43 (6.49)4 <0.001
Number of logical memory assessments (median [range]) 5 [1–7] 5 [1–7] 5 [1–7] 5 [1–7] 6 [1–7] 0.456
Time between baseline and most recent LM follow-up visit 

(mean (SD))
8.95 (3.84) 8.72 (3.69) 9.20 (3.78) 8.91 (4.19) 9.84 (3.75) 0.366

Race (n (%)) 0.797
Non-Hispanic White 429 (93.9) 205 (92.3) 87 (96.7) 102 (94.4) 35 (94.6)
African-American 21 (4.6) 13 (5.9) 2 (2.2) 5 (4.6) 1 (2.7)
Hispanic 7 (1.5) 4 (1.8) 1 (1.1) 1 (0.9) 1 (2.7)

Total years of education (median [Q1-Q3]) 16 [14–18] 16 [14–17]5 17 [14–18]6 17 [16– 
18]5,6

17 [14–18] <0.001

WRAT-3 reading standard score (mean (SD)) 106.44 
(9.37)

105.44 (9.33) 107.30 (8.95) 108.02 
(9.13)

105.73 
(10.74)

0.087

Cognitive status at logical memory baseline (n (%)) 0.397
Cognitively unimpaired—stable 380 (83.2) 189 (85.1) 76 (84.4) 87 (80.6) 28 (75.7)
Cognitively unimpaired—declining 69 (15.1) 30 (13.5) 14 (15.6) 17 (15.7) 8 (21.6)
Clinical MCI 8 (1.8) 3 (1.4) 0 (0.0) 4 (3.7) 1 (2.7)

Parental history Alzheimer’s disease dementia (n (%)) 345 (75.5) 159 (71.6) 78 (86.7) 76 (70.4) 32 (86.5) 0.054
APOE-ϵ4 carriers (n (%) 1 + alleles) 170 (37.2%) 62 (27.9%) 57 (63.3%) 26 (24.1%) 25 (67.6%) <0.001
Cognitive performance at logical memory baseline

Logical memory delayed recall total score (range 0–50) 
(mean (SD))

26.26 (7.10) 26.31 (6.76) 27.60 (6.75) 25.45 (7.48) 25.03 (8.38) 0.125

Proper names delayed recall total score(range 0–9) (mean 
(SD))

4.87 (2.17) 5.00 (2.14) 5.03 (2.30) 4.70 (2.15) 4.22 (1.95) 0.153

MMSE (mean [median]) 29.43 [30] 29.45 [30] 29.42 [30] 29.46 [30] 29.22 [30] 0.499

WRAT-3, wide range achievement test-3 reading subtest; MMSE, mini-mental status examination; Logical Memory, subtest from the Wechsler memory scale-revised (WMS-R). Post 
hoc Tukey’s test pairwise differences, confidence interval set at 0.95: baseline LM age 1: female PiB−<female PiB+ P = 0.01, 2: female PiB−<male PiB+ P = 0.02; age at most recent visit 3: 
female PiB−<female PiB+ P < 0.01, 4: female PiB−<male PiB+ P < 0.001; years of education 5: male piB−<female PiB− P < 0.001, 6: male PiB−<female PiB+ P = 0.03. Bolded values indicate 
statistically significant results (P < 0.05).

Table 4 Linear mixed-effect regression results: Aim 2

Z score of logical memory delayed total Z score of proper names delayed total

Predictors Estimates CI P Estimates CI P

(Intercept) −4.24 −5.21 to −3.28 <0.001 −3.43 −4.30 to −2.55 <0.001
WRAT-3 reading standard Score 0.04 0.03–0.05 <0.001 0.03 0.02–0.04 <0.001
Education (> = BA) 0.20 0.01–0.38 0.034 0.12 −0.05–0.28 0.172
Practice effects 0.12 0.08–0.15 <0.001 0.06 0.03–0.09 <0.001
Age (Centred) −0.04 −0.05 to −0.02 <0.001 −0.03 −0.05 to −0.02 <0.001
Female PiB+ 0.07 −0.14–0.28 0.532 −0.04 −0.23–0.15 0.649
Male PiB− −0.26 −0.46 to −0.06 0.010 −0.24 −0.42 to −0.06 0.009
Male PiB+ −0.12 −0.42–0.18 0.426 −0.20 −0.47–0.07 0.155
Age × Female PiB+ −0.05 −0.06 to −0.03 <0.001 −0.04 −0.05 to −0.02 <0.001
Age × Male PiB− −0.0037 −0.02–0.01 0.619 −0.0033 −0.02–0.01 0.681
Age × Male PiB+ −0.03 −0.06 to −0.01 0.002 −0.04 −0.06 to −0.01 0.003
Random effects

σ2 0.35 0.45
τ00 0.61WRAPNo 0.46WRAPNo

ICC 0.63 0.50
N 457WRAPNo 457WRAPNo

Marginal R2/conditional R2 0.186/0.701 0.159/0.581

Practice effects are calculated by subtracting the baseline visit from the total number of visits; WRAT-3 Reading: wide-range achievement test.29 Age was centred on the mean age of 62.74. 
Regarding sex/PiB status: the 4- level sex/PiB status*age interaction where the four groups were female/PiB positive (n = 90), female/PiB negative (n = 222), male/PiB positive (n = 37), 
and male/PiB negative (n = 108) is a created variable to investigate Aim 2 and is not an interaction term. The values in this table are being compared to the female/PiB negative group. 
Bolded values indicate statistically significant results (P < 0.05).
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Female advantage in logical memory 
proper name delayed recall
Our finding of a female advantage in story recall total score 
trajectories is in line with a 2023 meta-analysis of 496 effect 
sizes and 355 173 participants, showing a small but robust 
effect of a female advantage in episodic memory (delayed 

recall) across the lifespan.34 However, we also found a fe-
male advantage in proper name delayed recall. Previous 
studies on proper name retrieval, most often through face- 
name learning and memory tasks, have had conflicting re-
sults regarding whether or not sex differences exist.35-37

This novel finding in a relatively large sample (n = 457) 
with nearly 10 years of longitudinal follow-up suggests 

Figure 3 Linear mixed-effect regression results: Aim 2. The top panel shows predicted values of logical memory total score (y-axis) over 
time (x-axis) and the bottom panel depicts proper name recall (y-axis) over time (x-axis). Age (years) is the time variable, and was centred on the 
mean age of 62.74 for ease of interpretation. The green line represents females who are amyloid negative as measured by Pittsburgh compound-B, 
the purple line represents females who are amyloid positive; the light blue line represents males who are amyloid negative, and the yellow line 
represents males who are amyloid positive. The lighter coloured lines in the figure represent each participant’s data points over time (spaghetti 
plot). Lines were determined by linear mixed-effects regression models. Outcome ∼ sex (female) + education (< = bachelor’s degrees) + practice 
effects (nvis-1) + WRAT-III standard reading score + age + 4-level sex and amyloid status *age.
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that, similar to other verbal learning and memory tasks, fe-
males may encode and retrieve proper names better than 
men. Some normative studies of proper name stimuli have 
been conducted, but none of these prior studies examined 
sex as a demographic variable.38,39 Prior theories about the 
mechanisms of memory for proper names suggests that suc-
cessful encoding and retrieval is likely related to spatial, tem-
poral, social, personal, and affective characteristics and 
experience.40 Proper name recall has been shown to decline 
in typical aging, with steeper declines in the presence of cog-
nitive impairment.36,41,42 Further, previous research has de-
monstrated an age-related increase in tip-of-the-tongue 
errors, and a decrease in the proportion of correct responses 
for proper names than for object names.43,44 Most proposed 
explanations for the proper name difficulty centre on the idea 
that proper names can be considered ‘referring expressions’, 
which designate individual features rather than conceptual 
categories, and therefore do not have the same network of se-
mantically related attributes to aid in retrieval that regular 
nouns do; how these features may influence encoding and re-
trieval by sex has not been investigated.18,45 Future longitu-
dinal studies designed to examine sex differences using a 
wider range of proper names can help elucidate underlying 
neuropsychological and neurobiological mechanisms of 
these differences.

Amyloid-beta-related decline in story 
recall delayed total score or proper 
name delayed recall does not differ by 
sex
We found that amyloid positive participants declined faster in 
total score delayed recall, but these trajectories did not differ 
by sex. Similar to these findings, association of accumulation 
of Aβ plaque and worsening performance on tests of story re-
call have been demonstrated in slightly older pre-clinical co-
horts with different tracers.46,47 However, other studies 
have shown differing performance on tests of verbal memory 
between sexes in the presence of high Aβ deposition, which we 
did not see in our analyses as we had hypothesized.14,48 The 
sex by amyloid differences found in other studies have not 
been investigated on the logical memory subtest of the 
WMS-R, and instead used a common measure of verbal mem-
ory, the Rey Auditory Verbal Learning Test, and may be one 
reason for our discrepant findings. It is possible that the 
nature of the task—hearing a story and telling it back in con-
versation—is a more ecologically valid measure than 
list-learning, and that females may retain their advantage in 
the presence of amyloid accumulation, thus demonstrating 
cognitive resilience. Moreover, larger genome-wide studies 
have identified a genetic architecture of resilience, with several 
sex-specific molecular pathways underlying resilience.49

Other possible reasons for sex-specific resilience are not thor-
oughly understood, with some theories suggesting hormonal 
or structural brain differences between sexes as well as differ-
ences in cultural and social experience.50-52 Further study into 

the functional and structural differences in participants with 
high amyloid burden is needed to understand the underlying 
mechanisms of cognitive resilience across a range of neuro-
psychological measures. Furthermore, longer longitudinal 
follow-up with a wider range of impairment and amyloid bur-
den may reveal additional sex-specific patterns.

We did not observe sex differences in amyloid-related de-
cline in proper name recall; that is, pairwise contrasts revealed 
that amyloid positive males and amyloid positive females de-
clined at a similar rate in proper name recall. The literature re-
garding sex differences in proper name recall shows that 
females perform better than males on the face-name associa-
tive memory exam in early midlife, but this advantage is atte-
nuated in advanced age, suggesting a possible connection 
between memory function and hormone changes.18 Because 
the range of possible proper name items is relatively small 
(0–9), and because the WRAP sample is relatively young 
and unimpaired, it is possible that we did not have the range 
to detect sex differences at this time point; no other longitudin-
al study of this nature has examined sex differences in proper 
name trajectories in individuals with pre-clinical Alzheimer’s 
disease. Future research in WRAP should include additional 
analyses of proper names stratified by sex and Alzheimer’s dis-
ease biomarkers with additional time points of follow-up.

While previous research, as well as the present study, 
confirms that individuals with amyloid positivity tend 
to produce fewer proper names, our study demonstrates 
it is possible that sex does not further influence this 
relationship.

To our knowledge, this is the first study to investigate 
whether sex differences exist in proper name recall trajector-
ies, and one of the first to examine whether sex differences 
exist in amyloid-related decline in proper names. Our novel 
finding that there is a female advantage in proper name recall 
further reinforces the sex-specific advantage females possess 
in verbal learning and memory. Previous research has shown 
that proper name recall is sensitive to Aβ deposition in unim-
paired adults at risk for Alzheimer’s disease, and the present 
study shows that the rate of amyloid-related decline does not 
differ by sex.18,21,53

A need for sex based normative standards on diagnostic test 
batteries has been previously proposed, and has been posited 
as an essential tool in the early detection of pre-clinical 
Alzheimer’s disease in the female population.17 Prior research 
by our group included sex in the development of cross- 
sectional and longitudinal norms for several tests in the 
WRAP battery and for tests and composites harmonized be-
tween WRAP and the local Alzheimer’s Disease Research 
Study.52,54 The latter includes norms for Logical Memory 
Story A (immediate and delayed recall). Future research may 
add similar norms for the proper names variables.55 Proper 
name recall has been previously demonstrated to be a better 
predictor of Aβ status than other story recall scores.18,51 A 
diagnostic tool that can circumvent the purported sex-specific 
cognitive reserve would be beneficial to early detection in fe-
male populations by reducing the number of false-negatives 
that may arise in tests of verbal learning and memory.
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Study limitations
Our study’s strengths include the longitudinal design, the 
evaluation of sex-specific differences in story recall and their 
relationship to amyloid positivity and the examination of a 
novel composite score from logical memory, proper names’. 
Additionally, our study makes use of a well-established co-
hort that may be larger than other studies considering the im-
pacts of sex and amyloid burden.

Our study is not without limitations. First, our study design 
had the inclusion criteria of all participants having at least 
two time points of Logical Memory data in order to ensure ro-
bust longitudinal analyses; however, in so doing, we may have 
excluded individuals who were lost to follow-up after their base-
line visit, introducing a selection bias. Future studies will there-
fore specifically examine missing data and the potential impact 
these may have on assessment of cognitive decline in relation to 
Alzheimer’s disease biomarkers. An additional potential limita-
tion of our study is the use of the WMS-R, which is an outdated 
version of this test. The current version, the WMS-IV, also has 
an LMT component to it, but the vocabulary in the stories differ. 
As the WRAP study is a longitudinal study, we continue to use 
the WMS-R for the sake of consistency. Future studies should 
consider different test forms and how these may or may not rep-
licate our findings, as well as how these test versions compare to 
each other. Another potential limitation in our work is the pos-
sible issue of false-positive Aβ findings in amyloid PET imaging, 
as has been noted to occur in a case study of an individual with 
behavioural variant frontotemporal dementia, who was classi-
fied as ‘amyloid positive’.56 Although we tested different thresh-
olds of Aβ positivity in this study, it is still possible that some 
individuals near the threshold are mischaracterized. Future di-
rections may include evaluating Alzheimer’s disease biomarkers 
on a continuous scale to account for these potential variations. 
Finally, the study sample is predominantly non-Hispanic white 
and highly educated, and therefore not representative of the gen-
eral population. Taken together, results should be interpreted 
with caution and require replication.

We showed that there was a main effect such that females 
generally performed higher on both Logical Memory delayed 
total and proper names delayed total, and that amyloid bur-
den served as a significant predictor of decline across both 
sexes. As the WRAP is a cohort comprised of highly edu-
cated, predominantly non-Hispanic white, Midwestern indi-
viduals, it is necessary to replicate this study on other groups 
to validate these findings.

Supplementary material
Supplementary material is available at Brain Communications 
online.

Acknowledgements
We would like to thank all participants and their families, 
and the faculty and staff at the University of Wisconsin’s 

Wisconsin Alzheimer’s Institute and Wisconsin Alzheimer’s 
Disease Research Center, whose contributions make this 
work possible.

Funding
The authors would like to acknowledge the National 
Institutes of Health, the National Institute on Aging, the 
Eunice Kennedy Shriver National Institute of Child Health 
and Human Development, and the Alzheimer’s Association 
for financial support of this work under the following grants: 
NIH R01 AG021155, R01 AG027161, R01 AG054059, 
R01 AG070940 and S10 OD025245.

Competing interests
The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Data availability
The datasets presented in this article are not readily available 
because data are available through a data request process. 
Requests to access the datasets should be directed to 
https://wrap.wisc.edu/data-requests/. Access will be granted 
to named individuals in accordance with ethical procedures 
governing the reuse of sensitive data. Additionally, reques-
tors must meet the following condition to obtain access: 
completion of a formal data sharing agreement. All analyses 
were performed in R version 4.4.2, and code for these ana-
lyses is available in Supplementary Material.

References
1. Jack CR, Bennett DA, Blennow K, et al. NIA-AA Research frame-

work: Toward a biological definition of Alzheimer’s disease. 
Alzheimers Dement. 2018;14(4):535-562.

2. 2018 Alzheimer’s disease facts and figures. Alzheimers Dement. 
2018;14(3):367-429.

3. Gauthier S, Rosa-Neto P, Morais JA, Webster C. World Alzheimer 
report 2021: journey through the diagnosis of dementia. 
Alzheimer’s Disease International; 2021.

4. Chapman RM, Mapstone M, Gardner MN, et al. Women have far-
ther to fall: Gender differences between normal elderly and 
Alzheimer’s disease in verbal memory engender better detection of 
Alzheimer’s disease in women. J Int Neuropsychol Soc. 2011; 
17(4):654-662.

5. Bruno D, Gicas KM, Jauregi Zinkunegi A, Mueller KD, Lamar M. 
Delayed primacy recall performance predicts post mortem 
Alzheimer’s disease pathology from unimpaired ante mortem cognitive 
baseline. Alzheimers Dement (Amst). 2024. doi:10.1002/dad2.12524

6. Golchert J, Roehr S, Luck T, et al. Women outperform men in verbal 
episodic memory even in oldest-old age: 13-year longitudinal results 
of the AgeCoDe/AgeQualiDe study. J Alzheimers Dis. 2019;69(3): 
857-869.

7. Kramer JH, Delis DC, Daniel M. Sex differences in verbal learning. 
J Clin Psychol. 1988;44(6):907-915.

Sex differences in story recall and AD                                                                                   BRAIN COMMUNICATIONS 2025, fcaf169 | 11

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/7/3/fcaf169/8125273 by guest on 20 M

ay 2025

http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf169#supplementary-data
https://wrap.wisc.edu/data-requests/
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf169#supplementary-data
https://doi.org/10.1002/dad2.12524


8. Sohn D, Shpanskaya K, Lucas JE, et al. Sex differences in cognitive 
decline in subjects with high likelihood of mild cognitive impair-
ment due to Alzheimer’s disease. Sci Rep. 2018;8:7490.

9. Sundermann EE, Biegon A, Rubin LH, et al. Better verbal memory in 
women than men in MCI despite similar levels of hippocampal atro-
phy. Neurology. 2016;86(15):1368-1376.

10. Stern Y, Gurland B, Tatemichi TK, Tang MX, Wilder D, Mayeux R. 
Influence of education and occupation on the incidence of 
Alzheimer’s disease. JAMA. 1994;271(13):1004-1010.

11. Stern Y. What is cognitive reserve? Theory and research 
application of the reserve concept. J Int Neuropsychol Soc. 2002; 
8(3):448-460.

12. Stern Y, Albert S, Tang MX, Tsai WY. Rate of memory decline in 
AD is related to education and occupation: Cognitive reserve? 
Neurology. 1999;53(9):1942-1947.

13. Stern Y, Zarahn E, Hilton HJ, Flynn J, DeLaPaz R, Rakitin B. 
Exploring the neural basis of cognitive reserve. J Clin Exp 
Neuropsychol. 2003;25(5):691-701.

14. Sundermann EE, Biegon A, Rubin LH, et al. Does the female advan-
tage in verbal memory contribute to underestimating Alzheimer’s 
disease pathology in women versus men? J Alzheimers Dis. 2017; 
56(3):947-957.

15. Wechsler D. WMS-R: Wechsler memory scale-revised: Manual. 
Psychological Corp.: Harcourt Brace Jovanovich San Antonio; 1987.

16. Thomas KR, Edmonds EC, Eppig J, Salmon DP, Bondi MW. 
Alzheimer’s disease neuroimaging initiative. Using neuropsycho-
logical process scores to identify subtle cognitive decline and predict 
progression to mild cognitive impairment. J Alzheimers Dis. 2018; 
64(1):195-204.

17. Sundermann EE, Maki P, Biegon A, et al. Sex-specific norms for ver-
bal memory tests may improve diagnostic accuracy of amnestic 
MCI. Neurology. 2019;93(20):e1881-e1889.

18. Mueller KD, Koscik RL, Du L, et al. Proper names from story 
recall are associated with beta-amyloid in cognitively 
unimpaired adults at risk for Alzheimer’s disease. Cortex. 2020; 
131:137-150.

19. Johnson SC, Koscik RL, Jonaitis EM, et al. The Wisconsin registry 
for Alzheimer’s prevention: A review of findings and current direc-
tions. Alzheimers Dement (Amst). 2018;10:130-142.

20. Langhough Koscik R, Hermann BP, Allison S, et al. Validity evidence 
for the research category, “cognitively unimpaired—Declining,” as a 
risk marker for mild cognitive impairment and Alzheimer’s disease. 
Front Aging Neurosci. 2021;13:688478.

21. Mueller KD, Du L, Bruno D, et al. Item-level story recall predictors 
of amyloid-Beta in late middle-aged adults at increased risk for 
Alzheimer’s disease. Front Psychol. 2022;13:908651.

22. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cog-
nitive impairment due to Alzheimer’s disease: Recommendations 
from the National Institute on Aging-Alzheimer’s Association work-
groups on diagnostic guidelines for Alzheimer’s disease. Alzheimers 
Dement. 2011;7(3):270-279.

23. Johnson SC, Christian BT, Okonkwo OC, et al. Amyloid burden 
and neural function in people at risk for Alzheimer’s disease. 
Neurobiol Aging. 2014;35(3):576-584.

24. Racine AM, Clark LR, Berman SE, et al. Associations between per-
formance on an abbreviated CogState battery, other measures of cog-
nitive function, and biomarkers in people at risk for Alzheimer’s 
disease. J Alzheimer’s Dis. 2016;54(4):1395-1408.

25. Bates D, Maechler M, Bolker B, Walker S. lme4: linear mixed-effects 
models using Eigen and S4. R Package Version, 1.1-7. 2014. http:// 
CRAN.R-project.org/package=lme4

26. Laird NM, Ware JH. Random-effects models for longitudinal data. 
Biometrics. 1982;38(4):963-974.

27. Wilkinson GS, Wide Range I. WRAT-3: Wide range achievement 
test administration manual. 1993 edn. Wide Range, Inc.; 1993.

28. Manly JJ, Jacobs DM, Touradji P, Small SA, Stern Y. Reading level 
attenuates differences in neuropsychological test performance 

between African American and white elders. J Int Neuropsychol 
Soc. 2002;8(3):341-348.

29. Betthauser TJ, Bilgel M, Koscik RL, et al. Multi-method investiga-
tion of factors influencing amyloid onset and impairment in three 
cohorts. Brain. 2022;145(11):4065-4079.

30. Tudorascu DL, Minhas DS, Lao PJ, et al. The use of Centiloids for 
applying [11C]PiB classification cutoffs across region-of-interest 
delineation methods. Alzheimers Dement (Amst). 2018;10: 
332-339.

31. La Joie R, Ayakta N, Seeley WW, et al. Multisite study of the rela-
tionships between antemortem [11C]PIB-PET Centiloid values and 
postmortem measures of Alzheimer’s disease neuropathology. 
Alzheimers Dement. 2019;15(2):205-216.

32. Amadoru S, Doré V, McLean CA, et al. Comparison of amyloid PET 
measured in Centiloid units with neuropathological findings in 
Alzheimer’s disease. Alz Res Therapy. 2020;12(1):22.

33. Rafii MS, Sperling RA, Donohue MC, et al. The AHEAD 3–45 
study: Design of a prevention trial for Alzheimer’s disease. 
Alzheimers Dement. 2023;19(4):1227-1233.

34. Hirnstein M, Stuebs J, Moè A, Hausmann M. Sex/gender differences 
in verbal fluency and verbal-episodic memory: A meta-analysis. 
Perspect Psychol Sci. 2023;18(1):67-90.

35. Semenza C. Retrieval pathways for common and proper names. 
Cortex. 2006;42(6):884-891.

36. Semenza C, Nichelli F, Gamboz N. The primacy effect in free recall 
of lists of common and proper names: a study on young, elderly, and 
Alzheimer’s disease subjects. In: 1996. Accessed 21 October 2024. 
https://iris.unisob.na.it/handle/20.500.12570/4609

37. Cohen G, Burke DM. Memory for proper names: A review. 
Memory. 1993;1(4):249-263.

38. Bonin P, Perret C, Méot A, Ferrand L, Mermillod M. Psycholinguistic 
norms and face naming times for photographs of celebrities in French. 
Behav Res. 2008;40(1):137-146.

39. Souza C, Carmo JC, Garrido MV. Norms for pictures of proper 
names: Contrasting famous people and well-known places in younger 
and older adults. Behav Res Methods. 2023;55(3):1244-1258.

40. Semenza C. The neuropsychology of proper names. Mind Lang. 
2009;24(4):347-369.

41. Semenza C, Mondini S, Borgo F, Pasini M, Sgaramella MT. Proper 
names in patients with early Alzheimer’s disease. Neurocase. 2003; 
9(1):63-69.

42. Semenza C, Borgo F, Mondini S, Pasini M, Sgaramella T. Proper 
names in the early stages of Alzheimer’s disease. Brain Cogn. 
2000;43(1–3):384-387.

43. James LE. Specific effects of aging on proper name retrieval: Now 
you see them, now you don’t. J Gerontol B Psychol Sci Soc Sci.. 
2006;61(3):P180-P183.

44. Rendell PG, Castel AD, Craik FIM. Memory for proper names in 
old age: A disproportionate impairment? Q J Exp Psychol A. 
2005;58(1):54-71.

45. Montemurro S, Mondini S, Nucci M, Semenza C. Proper name re-
trieval in cognitive decline: The role of cognitive reserve. Ment 
Lex. 2018;13(2):215-229.

46. Sperling RA, Johnson KA, Doraiswamy PM, et al. Amyloid depos-
ition detected with florbetapir F 18 ((18)F-AV-45) is related to lower 
episodic memory performance in clinically normal older indivi-
duals. Neurobiol Aging. 2013;34(3):822-831.

47. Pike KE, Savage G, Villemagne VL, et al. Beta-amyloid imaging and 
memory in non-demented individuals: Evidence for preclinical 
Alzheimer’s disease. Brain. 2007;130(Pt 11):2837-2844.

48. Caldwell JZK, Berg JL, Cummings JL, Banks SJ, Alzheimer’s 
Disease Neuroimaging Initiative. Moderating effects of sex on the 
impact of diagnosis and amyloid positivity on verbal memory and 
hippocampal volume. Alzheimers Res Ther. 2017;9(1):72.

49. Eissman JM, Dumitrescu L, Mahoney ER, et al. Sex differences in 
the genetic architecture of cognitive resilience to Alzheimer’s dis-
ease. Brain. 2022;145(7):2541-2554.

12 | BRAIN COMMUNICATIONS 2025, fcaf169                                                                                                                 D. Cowman et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/7/3/fcaf169/8125273 by guest on 20 M

ay 2025

http://CRAN.R-project.org/package=lme4
http://CRAN.R-project.org/package=lme4
https://iris.unisob.na.it/handle/20.500.12570/4609


50. Gurvich C, Hoy K, Thomas N, Kulkarni J. Sex differences and the 
influence of sex hormones on cognition through adulthood and 
the aging process. Brain Sci. 2018;8(9):163.

51. Carroll JC, Rosario ER, Kreimer S, et al. Sex differences in 
β-amyloid accumulation in 3xTg-AD mice: Role of neonatal sex 
steroid hormone exposure. Brain Res. 2010;1366:233-245.

52. Ingalhalikar M, Smith A, Parker D, et al. Sex differences in the struc-
tural connectome of the human brain. Proc Natl Acad Sci U S A. 
2014;111(2):823-828.

53. Hale MR, Langhough R, Du L, et al. Associations between recall of 
proper names in story recall and CSF amyloid and tau in adults 
without cognitive impairment. Neurobiol Aging. 2024;133:87-98.

54. Koscik RL, Jonaitis EM, Clark LR, et al. Longitudinal standards 
for mid-life cognitive performance: Identifying abnormal 
within-person changes in the Wisconsin Registry for 
Alzheimer’s Prevention. J Int Neuropsychol Soc. 2019;25(1): 
1-14.

55. Jonaitis EM, Hermann BP, Mueller KD, et al. Longitudinal norma-
tive standards for cognitive tests and composites using harmonized 
data from two Wisconsin AD-risk-enriched cohorts. Alzheimers 
Dement. 2024;20(5):3305-3321.

56. Rentz DM, Weiss BK, Jacobs EG, et al. Sex differences in episodic 
memory in early midlife: Impact of reproductive aging. 
Menopause. 2017;24(4):400-408.

Sex differences in story recall and AD                                                                                   BRAIN COMMUNICATIONS 2025, fcaf169 | 13

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/7/3/fcaf169/8125273 by guest on 20 M

ay 2025


	Sex differences in story recall decline in preclinical Alzheimer's disease
	Introduction
	Materials and methods
	Participants
	Helsinki declaration
	Cognitive assessment battery
	Story recall outcomes
	Cognitive status determination
	Pittsburg compound B
	Statistical analysis
	Sensitivity analyses
	Pittsburgh compound B positivity threshold


	Results
	Sensitivity analyses
	Pittsburgh compound B positivity threshold


	Discussion
	Female advantage in logical memory proper name delayed recall
	Amyloid-beta-related decline in story recall delayed total score or proper name delayed recall does not differ by sex
	Study limitations

	Supplementary material
	Acknowledgements
	Funding
	Competing interests
	Data availability
	References




