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Abstract

Background: The identification of biomarkers for early detection of Alzheimer’s disease (AD) is critical to the devel-
opment of therapies and interventions targeted at symptom management and tracking the pathophysiology of
disease. The endorsement of subjective cognitive decline (SCD) has emerged as a potential indicator of early change
in cognitive status that may be predictive of future impairment at a time when measurable declines in neuropsycho-
logical performance cannot be detected. While there are numerous findings revealing sex di erences in the preva-
lence of AD, there is a paucity of research examining sex di erences in SCD. Therefore, the goal of this project was to
determine if the relationship between the endorsement of SCD and future cognitive changes di er as a function of
biological sex.

Methods: A sample of 3019 male and female healthy older adults (2188 without SCD, 831 with SCD), with a mean
follow-up time of 5.7 years, were included from the Rush Alzheimer’s Disease Center Research Sharing Hub. Linear
regressions were performed to determine group di erences in baseline cognitive scores, while linear mixed-e ects
models were completed to determine group di erences in the rate of cognitive change over time.

Results: Individuals endorsing SCD had significantly lower baseline cognitive scores and increased rates of decline in
all cognitive domains compared to those without SCD. Males exhibited significantly lower scores in baseline perfor-
mance in global cognition, episodic memory, and perceptual speed regardless of SCD classification. Females with
SCD were found to decline at significantly faster rates than both males with SCD and males and females without SCD
in all cognitive domains over a maximum 15-year follow-up period.

Conclusions: SCD is related to lower baseline cognitive performance and faster cognitive decline compared to
those who do not endorse SCD. Females with SCD have the fastest rate of decline suggesting that SCD may be more
predictive of future decline in females than in males. Targeted assessments of SCD may allow for the identification of
individuals for inclusion in intervention trials, and other research studies, aiming to attenuate casual disease processes,
which may ultimately aid in the mitigation of sex disparities in AD.
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Introduction
Alzheimer’s disease (AD) is a neurodegenerative dis-
order characterized by pathological aggregation of the
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cognition domains (e.g., memory, visuospatial ability, lan-
guage, and attention). Although debilitative functional
changes occur with the progression of disease, it has
been suggested that the pathophysiology of AD begins
nearly 20 years prior to the clinical presentation of symp-
toms [54, 61].  erefore, it has become critical to target
AD-related biomarkers early as they may be reflective of
future decline. Advancements in clinical trial research
have resulted in the US Food and Drug Administra-
tion’s (FDA) recent approval of Aducanumab (Aduhelm)
for AD treatment. However, due to its lack of e ective-
ness at improving cognitive functioning, conflicting trial
results, and potential harm caused by the drug [27, 37,
55], agencies such as the European Medicines Agency
(EMA) have refused to market this medication as a treat-
ment for AD. As such, to date, there is still no uniform
drug or treatment available to slow the progression of
disease or reverse the disease process. For this reason, it
has become increasingly important for research targeting
mechanisms of early detection to help with disease pre-
vention and to combat the deleterious e ects of AD.

Research has suggested that subjective cognitive decline
(SCD), or the self-reported experience of subtle changes
in cognitive functioning without any measurable changes
in neuropsychological test performance [25], may be a
preclinical marker of AD [3]. For example, individuals
who endorse SCD have an increased risk of developing
AD compared to the general population [3, 49, 53]. Typi-
cally reported as increased confusion or memory loss,
the prevalence of SCD among adults aged 60 and older
is around 25% [50].  erefore, SCD may prove to be an
e ective target for early intervention. Existing interven-
tion studies and clinical trials targeting AD and other
related dementia risk factors have revealed limited suc-
cess at maintaining or improving cognitive function [1,
17, 60]. However, these interventions are often introduced
after AD-related cognitive decline has already begun.

is critical time window may explain why such inter-
ventions have di culties in demonstrating e ective ways
of preventing and reducing cognitive decline. Although
interventions have been largely unsuccessful in terms of
elimination of symptoms, it has been suggested that they
may be e ective at ameliorating symptoms, thus improv-
ing cognitive outcomes [41]. SCD has been suggested as
one of the earliest clinical indicators of AD prior to meas-
urable cognitive decline, and its cognitive correlates align
with the earliest pathological changes in AD.  erefore,
explorations into SCD may allow for the improvement of
early detection techniques at a critical time window prior
to more pronounced atrophy and objective clinical symp-
toms as a consequence of disease progression.

Sex di erences have also been observed in SCD, albeit
findings yield inconsistent results. For example, it has
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been revealed that SCD in females is more strongly asso-
ciated with future dementia diagnoses than in males
[19]. Another study has observed that SCD in males is
associated with worse performance on a measure of
global cognition (Alzheimer’s Disease Assessment Scale-
13) compared to females [56]. While the former sug-
gests that SCD is associated with clinical progression in
females more strongly than males, the latter indicates
that SCD is associated with increased cognitive decline
in males compared to females. Taken together, findings
from these studies reveal that biological sex may play a
role in SCD. However, further research is needed to bet-
ter understand the interaction between sex and SCD.
Despite evidence indicating biological sex is indepen-
dently associated with AD prevalence [12, 45], cortical
atrophy [15, 29], and clinical progression [14, 62], the
relationship between sex, cognition, and SCD classi-
fication remains relatively unexplored. It is critical to
investigate whether cognitive decline observed in peo-
ple with SCD di ers as a function of biological sex. Such
an exploration may result in a better understanding of
whether females endorsing SCD have di erent cogni-
tive trajectories subjecting them to greater decline and
higher prevalence of AD compared to males. To exam-
ine this relationship, we investigated sex di erences in
cognition in a sample of female and male healthy older
adults with and without SCD. e importance of exam-
ining sex di erences in both groups is to ensure that the
change over time is specific to those with SCD and not
simply what occurs in healthy “normal” aging in this
sample. is design allows us to determine whether SCD
is predictive of future cognitive decline and if this asso-
ciation di ers by biological sex.

Methods

Participants

Data used in preparation of this article were obtained
from the RADC Research Resource Sharing Hub (www.
radc.rush.edu). Participants provided informed written
consent to participate in one of three cohort studies on
aging and dementia: (1) Minority Aging Research Study
[4], (2) Rush Alzheimer’s Disease Center Clinical Core
[51], or (3) the Rush Memory and Aging Project [10].
Demographic and clinical characteristics by cohort are
provided in Table 1. More information about each cohort
study design can be accessed online through the RADC
Research Resource Sharing Hub (https://www.radc.rush.
edu/docs/parentStudyDesigns.htm).

Participant inclusion criteria for this specific study
were as follows: (1) cognitively normal/healthy (NC/
SCD -) status at their baseline visit (e.g., no mild cog-
nitive impairment, MCI), (2) no report of stroke, (3)
had completed at least two cognitive assessments, (4)
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Table 1 Demographic information for each study included in this paper

CORE (n=254) LATC (n=148) MAP (n=1211) MARS (n=519) ROS (n=2887)
Baseline age 721+60 701461 790+71 725+57 743168
Education 150+30 98+49 152433 151435 186+34
Baseline SCD + 68 (27%) 49 (33%) 354 (29%) 141 (27%) 219 (25%)
Females 210 (83%) 115 (78%) 929 (77%) 407 (78%) 634 (72%)
Mean follow-up 48+29 24+12 54437 53+36 65+41
Baseline global cognition 0.07+045 —0204+049 0.31+043 0.09+0.43 040+041
Baseline episodic memory 0.27+050 —0.04+053 0.33+049 0.19+045 0431046
Baseline semantic memory —0.04+079 —0.08+074 0.35+0.62 0.11+0.65 0.36+0.62
Baseline perceptual speed 0.11+065 —013+0.77 0244073 0.06+0.71 043+0.76
Baseline visuospatial abilities —016+0.74 —016+0.74 0.37+0.63 —-012+0.72 0414059
Baseline working memory —013+0.74 —0.77+£066 0.27+0.70 0.02+0.70 0314073

Scores are presented as mean =+ standard deviation or number of sample and percentage of population. SCD + cognitively healthy older adults with subjective
cognitive decline. CORE Clinical CORE Study, LATC Latino CORE Study, MAP Memory and Aging Project, MARS Minatory Aging Research Study, ROS Religious orders

study

completed the questionnaire assessing memory com-
plaints, and (5) at least 55 years of age at baseline. A
clinical diagnosis of cognitive status was completed
using a three-stage process including computer scoring
of cognitive tests, clinical judgment by a neuropsychol-
ogist, and diagnostic classification by a clinician based
on criteria of the joint working group of the National
Institute on Aging and the Alzheimer's Association
(NIA-AA) [39]. Our two samples included a total of
3019 healthy older adult participants with a mean fol-
low-up time of 5.7 years (with a total of 24,689 follow-
ups available for analysis, hereafter referred to as Time
From Baseline). e healthy control (NC/SCD —) sam-
ple (N=2188) contained 528 Males and 1660 Females.

e SCD sample (N=831) contained 196 Males and
635 Females. Both samples had an equal sex distribu-
tion (24% male, 76% female).

Consistent with previous work investigating mem-
ory concerns in the RUSH cohort, subjective cognitive
decline was defined based on two questions examining
memory complaints [2, 5, 20]. Participants were asked,
“About how often do you have trouble remembering
things?” and “Compared to 10 years ago, would you
say that your memory is much worse, a little worse, the
same, a little better, or much better?” Both questions
were scored using a scale of 1 to 5 with 5 being often/
worse and 1 being never/much better. Following past
research and the RUSH recommendations, if the par-
ticipants scored 8—10 on these two questions, they were
classified as having memory complaints [2], reported as
subjective cognitive decline (SCD +) in this study.

Cognitive assessment
All participants were administered a battery of neuropsy-
chological tests including 19 tests selected to assess five

cognitive domains and a measure of overall global cogni-
tive function [5, 58].  ere were seven tests of episodic
memory (immediate and delayed recall of Story A of the
Wechsler Memory Scale-Revised; immediate and delayed
recall of the East Boston Story; Word List Memory, Recall
and Recognition), three tests of semantic memory (\Ver-
bal Fluency; Boston Naming; Reading Test), three tests
of working memory (Digit Span forward and backward;
Digit Ordering), four tests of perceptual speed (Symbol
Digit Modalities Test; Number Comparison; two indi-
ces from a modified version of the Stroop Test), and two
tests of visuospatial ability (Line Orientation; Progres-
sive Matrices). Composite measures of each domain were
used in analyses, as well as a global composite of all tests.
To create each composite score, individual tests were con-
verted to z-scores, using the mean and standard deviation
from the combined cohort at baseline, and z-scores for
the relevant tests were averaged. An individual’s standard
performance across all 19 of these tests was averaged to
create a measure of global cognitive function [30]. More
information for the specific tests used for each category
can be obtained from https.//www.radc.rush.edu/.

Statistical analysis

Analyses were performed using “R” software version
4.0.5. Independent sample #-tests were completed on age
and education. Multiple comparisons were corrected for
using Bonferroni correction. Di erences in baseline cog-
nitive scores between male and females with and without
SCD were examined using linear regressions (“Im;” pack-
age “stats” in “R”). Di erences in rates of change in cogni-
tion between males and females were investigated using
linear mixed e ects models (“Imer;” package “Ime4” in R
[7].  ese models examined the association between each
cognitive domain (i.e., global, episodic memory, semantic
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memory, perceptual speed, working memory, and visuos-
patial abilities), SCD classification (i.e., SCD+and SCD —),
and sex (i.e.,, male and female). All models were corrected
for multiple comparisons using false discovery rate (FDR)
[9], p-values were reported as raw values with significance,
then determined by FDR correction. All continuous values
were z-scored within the population prior to the analyses.

Bonferroni correction was completed on demographic
information because there is no expectation of correlation
between those variables (e.g., age and sex).  erefore, using
Bonferroni correction with the assumption of independ-
ence between tests is valid. However, due to presence of
interdependency between the regression and mixed e ects
models performed, FDR was completed. In other words,
the outputs from the regressions are going to be, by nature,
associated and therefore Bonferroni would over correct
(increase type 2 error) in these cases whereas FDR would
not.

To investigate the influence of sex on baseline cognitive
scores by SCD classification, linear regressions for each
cognitive domain were completed. e interaction of inter-
est was SCD:MaleSex, to examine if baseline cognitive
scores di ered between males and females in each group.

e models also included years of education and age at
baseline (Age_bl) as covariates.

Cognitive Score ~ SCD : Sex + SCD + Sex + Age_bl + Education
R syntax : Im(Cognitive Score ~ Sex s SCD + Age_bl + Education) (1)

For the longitudinal analysis, the categorical variables of
interest were sex (i.e., male vs. female), contrasting the males
against the females and SCD classification (i.e., SCD+vs
SCD —), contrasting SCD +against SCD—. e models also
included Time From Baseline, years of education, and age
at baseline (Age_bl) as covariates. e interactions of inter-
est were Sex:TimeFromBaseline, SCD:TimeFromBaseline,
and Sex:SCD: TimeFromBaseline to examine if change over
time di ered between males and females within each group.
To investigate whether there were significant di erences in
SCD+and SCD —males, the models were repeated a sec-
ond time, using NC males as the reference. Participant ID
was included as a categorical random e ect to account for
repeated measures of the same participant.
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Results
Demographics and baseline cognitive scores
In both SCD groups, males had higher education than
females (SCD+: t=4.30, p<0.001; SCD—: t=4.23,
p<0.001). Age did not significantly di er between
SCD + males and females (¢ =1.96) or SCD — males and
females (¢=1.55). Table 1 presents the demographic
information for each cohort included in this study.
Figure 1a plots baseline cognitive scores for female
and male SCD — participants. Figure 1b plots baseline
cognitive scores for female and male SCD + partici-
pants. Table 2 provides the outputs for the baseline lin-
ear regression models. Increased age was associated
with lower cognitive scores at baseline in all cognitive
domains (¢ belongs to [—8.80 to—15.19], p<0.001)
except visuospatial ability and working memory. On
the other hand, increased education was associated
with higher cognitive scores in all domains (¢ belongs to
[18.33—30.15], p<0.001). Males had lower global cogni-
tion, episodic memory, and perceptual speed (¢ belongs
to [—4.13 to—7.50], p<0.01), but higher visuospatial
scores (¢=7.50, p<0.001) compared to females at base-
line, regardless of SCD classification. SCD classification
was associated with lower scores in baseline global cog-
nition, episodic memory, semantic memory, perceptual
speed (¢ belongs to [—4.58 to —2.30, p<0.05), but not
visuospatial abilities or working memory. Further, none
of the SCD by sex interactions were significant.

Cognitive change

Figure 2 shows the mixed e ects model predictions of
cognitive scores over time for each cognitive domain
by sex and SCD classification. Table 3 provides the
estimates for the mixed e ects model. For all cognitive
domains, Time From Baseline (¢ belongs to [—11.60
to —53.54], p<0.001) and increased age at baseline (¢
belongs to [— 4.08 to — 22.48], p<0.001) were associated
with lower cognitive performance. Increased education
was associated with increased performance in all cogni-
tive domains (¢ belongs to [17.26—25.40], p<0.001). All
results remained significant after FDR correction.

Cognitive Score ~ Sex : TimeFromBaseline : SCD + Sex : TimeFromBaseline+ )
TimeFromBaseline : SCD + Sex : SCD + Sex + TimeFromBaseline + SCD + Age_bl + Education + (1|ID)
R syntax : Imer(CognitiveScore ~ Sex x TimeFromBaseline x SCD + Age_bl + Education + (1|ID))

Residuals and random e ects coe cients were
inspected to ensure that the assumptions of the linear
mixed e ects models were met. R syntax for the models
has been displayed to enable replication of the models.

e main e ect of SCD was significant for all
domains except working memory (¢ belongs to [—2.28
to—7.88], p<0.05). emaine ectof male sex was sig-
nificant for all domains except working memory. Males
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Fig. 1 Baseline cognitive di erences in each domain for females and males with and without subjective cognitive decline. Top image represents
baseline cognitive scores with mean and standard deviation for healthy older adults without subjective cognitive decline (SCD —). Bottom image
represents baseline cognitive scores with mean and standard deviation for healthy older adults with subjective cognitive decline (SCD +)
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exhibited lower overall performance in global cogni-
tion, episodic memory, semantic memory, and percep-
tual speed (¢ belongs to [—3.05 to—7.09], p<0.005),
but higher overall performance in visuospatial abilities
(t=8.33, p<0.001). Male by SCD Classification was not
significant for any cognitive domain, and the male by
Time Fom Baseline year was only significant for work-
ing memory (¢t= —3.72, p<0.001). e SCD classifica-
tion by Time From Baseline interaction was significant
for all cognitive domains for females (¢ belongs to
[-7.02 to—12.85], p<0.001), indicating that females
with SCD had increased rates of decline in all domains
compared to SCD—. In comparison, for males, the

SCD classification by Time From Baseline interac-
tion was significant for global cognition, episodic,
and semantic memory (¢ belongs to [—2.25 to —3.12],
p<0.05). e three-way interaction between male sex,
SCD classification, and Time From Baseline was sig-
nificant for all cognitive domains (¢ belongs to [2.84—
4.65], p<0.005). Taken together, these results suggest
that SCD + females decline at significantly faster rates
than SCD — females in all cognitive domains (¢ belongs
to [—7.02 to—12.85], p<0.001), whereas SCD + males
decline at faster rates than SCD — males only in global
cognition, episodic memory, and semantic mem-
ory (¢ belongs to [—2.25 to 3.12], p<0.05). While
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Table 2 Linear regression outputs for baseline data
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Global cognition Episodic memory Semantic memory Perceptual speed Visuospatial abilities Working memory

Age at baseline B=-0.13 B=—-0.12 B=-0.13
SE=0.01 SE=0.01 SE=0.01
= —10.82 = —10.47 = —8.80
p<.001 p<.001 p<.001
Male sex B=-0.13 B=—-0.22 = —0.08
SE=0.03 SE=0.03 SE=0.04
t=-4.13 t=-7.24 t=—206
p<.001 p<.001 p=.04
Education B=0.33 B=0.22 B=0.25
SE=0.01 SE=0.01 SE=0.01
t=30.15 t=21.03 t=18.33
p<.001 p<.001 p<.001
SCD classification B=—0.08 B=-0.13 B=—0.09
SE=0.03 SE=0.03 SE=0.04
=-—2.80 = —4.58 =-2.39
p=.005 p<.001 p=.017
SCD classification:Male =0.01 £=0.05 B=001
Sex SE=0.04 SE=0.06 SE=0.06
=024 =094 t=0.10
p=081 p=0.35 p=.92

B=-0.24 B=—-002 £=0.02
SE=0.02 SE=0.02 SE=0.01
=—15.19 t=-099 t=167

p<.001 p=.32 p=094
B=-0.22 =032 B< —001
SE=0.04 SE=0.04 SE=0.04
t=—5.52 t=7.50 t=-025
p<.001 p<.001 p=.80
B=0.30 B=0.30 B=0.25
SE=0.01 SE=0.02 SE=0.01
t=21.05 t=20.18 t=20.48
p<.001 p<.001 p<.001
B= —0.09 £=0.03 £=0.03
SE=0.04 SE=0.04 SE=0.03
=-2.30 t=0.66 t=0.85
p=.021 p=.51 p=.39
B<—001 5=0.05 B=—-008
SE=0.03 SE=0.08 SE=0.07
t=—0.06 t=059 t=-125
p=.95 p=.56 p=.21

Bolded values are results that remained signi cant after FDR correction

SCD — males and females do not di er in terms of rate
of cognitive decline in any cognitive domain except
for working memory, in which males exhibit a faster
decline, SCD +females decline at significantly faster
rates than SCD + males in all cognitive domains (Fig. 2,
Table 2).

It should be noted that all models were repeated includ-
ing study cohort as a random categorical e ect (1|study)
and with additional interactions for Age:TimeFromBaseline
as well as Education:TimeFromBaseline.  ese additional
analyses were completed to ensure results were not driven
by di erences in either cohort demographics or in how
age and education influence change over time between the
sexes.  ese models produced similar results in terms of
e ect size and significance reflecting an insignificant role
of cohort, age by Time From Baseline, and education and
Time From Baselineon the current findings.

For a more conservative assessment, we also repeated
the models including Time From Baseline as a random
slope: (1 + TimeFromBaseline| ID). To achieve slopes
that accurately represent the data, a large number of
follow-ups for each person is required. More specifi-
cally, based on the work by Wright et al. [59] to obtain
estimated slopes that have a high correlation (>0.8) with
the true underlying slopes, 8 timepoints per person are
needed.  erefore, participants were included in this
analysis if they had at least 8 follow-up visits. Our sample

was reduced to 1305 participants with 16,335 timepoints.
Results for this analysis are presented in Supplementary
Table 1. Almost all results remained the same in terms
of e ect size and significance. For episodic memory,
the three-way interaction between male sex, SCD clas-
sification, and Time From Baseline was no longer sig-
nificant. Secondly, the SCD classification by Time From
Baseline interaction for males was also no longer sig-
nificant for global cognition, episodic, and semantic
memory.  at is, males with and without SCD did not
di er in their rate of change over time in any cognitive
domain when controlling for Time From Baseline using
a random slope. To ensure that these di erences are not
caused by the reduction in our sample size due to the
additional criterion of 8 follow-up visits per participant,
the models were repeated in this subset without the
term (14TimeFromBaseline|ID). e results were simi-
lar to those of the full sample in terms of e ect size and
significance.

Discussion

Previous findings have suggested that cognitive func-
tioning, including rate of cognitive decline, may di er
between males and females (e.g., [32]. However, there is
limited research examining sex di erences in people who
may be at the earliest stages of cognitive decline, those
with SCD. is limited understanding of how sex may
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influence cognitive decline in SCD limits the ability to
have targeted interventions and therapies to help prevent
cognitive decline due to MCI or dementia.  erefore, the
current study aimed to elucidate sex disparities in the
trajectory of cognitive decline to aid in a better under-
standing of techniques for early detection and disease
mitigation. In our sample of 3019 cognitively unimpaired
older adults, the rate of change in cognitive performance
varied between males and females in people with SCD.

Specifically, males exhibited significantly lower base-
line performance in global cognition, episodic memory,
and perceptual speed but higher performance in visuos-
patial abilities. e three-way interaction between Sex,
SCD classification, and Time From Baseline was also
significant, revealing that SCD 4 females decline at a sig-
nificantly faster rate than SCD+ males in all cognitive
domains. When examining the interaction e ect of SCD
classification and Time From Baseline in the longitudinal
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Table 3 Linear mixed e ects output for longitudinal data

Global cognition Episodic memory Semantic memory Perceptual speed Visuospatial abilities Working memory

Age at baseline B=—0.26 B=—0.25 B=—0.23 B=—0.32 B=—0.09 B=—0.06
SE=0.01 SE=0.01 SE=0.01 SE=0.01 SE=0.01 SE=0.01
t=-—19.58 t=—19.31 t=—16.96 t=—22.48 t=—-6.78 t=—4.08
p<.001 p<.001 p<.001 p<.001 p<.001 p<.001

Education B=0.34 B=0.24 B=0.24 B=0.29 B=0.29 B=0.31
SE=0.01 SE=0.01 SE=0.01 SE=0.01 SE=0.01 SE=0.01
t=25.40 t=17.98 t=17.26 t=2043 t=21.32 t=21.52
p<.001 p<.001 p<.001 p<.001 p<.001 p<.001

SCD classification B=—-0.24 B=-0.27 B=-0.23 B=-0.17 B=—0.09 B= —0.06
SE=0.04 SE=0.03 SE=0.04 SE=0.04 SE=0.03 SE=0.04
t=-6.71 t=-7.88 t=-6.43 t=—4.48 t=-—2.28 t=—161
p<.001 p<.001 p<.001 p<.001 p=.022 p=.11

Male sex B=—-0.18 B=—-0.26 B=-0.12 B=-0.24 B=0.32 B=—-005
SE=0.04 SE=0.04 SE=0.04 SE=0.04 SE=0.04 SE=0.04
t=—4.69 t=—-7.09 t=—3.05 t=—5.88 t=8.33 t=-118
p<.001 p<.001 p=.002 p<.001 p<.001 p=.24

TimeFromBaseline B=-0.19 B=-0.12 B=—-0.20 B=—0.28 B=—0.08 B=-0.10
SE<0.01 SE<0.01 SE<0.01 SE<0.01 SE<0.01 SE<0.01
t=—-35.14 t=—19.02 t= —34.50 t=—53.54 t=—-11.60 t=-17.43
p<.001 p<.001 p<.001 p<.001 p<.001 p<.001

Male sex: SCD clas- B=0.09 =014 B=0.06 =001 B=0.15 B=—0.02

sification SE=007 SE=007 SE=007 SE=007 SE=008 SE=008
t=127 t=196 t=0.75 t=0.17 t=210 t=-022
p=20 p=.05 p=45 p=86 p=.036 p=83

SCD: TimeFromBase- =-0.14 =-0.15 =-0.13 = —0.07 =-0.09 = —0.08

line (females) SE=0.01 SE=0.01 SE=0.01 SE=0.01 SE=0.01 SE=0.01
t=-12.85 t=-11.88 t=-11.49 t=-7.07 t=-7.02 t=-7.20
p<.001 p<.001 p<.001 p<.001 p<.001 p<.001

Male sex: TimeFrom- 3= —0.02 £<0.01 B=-002 B<—001 B=-001 B=—0.04

Baseline SE<001 SE<001 SE=001 SE<001 SE=001 SE=0.01
t=—173 t=0.25 t=-178 t=-037 t=-102 t=—3.72
p=.08 p=.80 p=.07 p=.71 p=.30 p<.001

MaleSex: SCD clas- B=0.10 B=0.09 B=0.07 B=0.06 B=0.10 B=0.06

SBiESC:‘I?:e” TimeFrom-  ¢¢_ 0,02 SE=0.02 SE=0.02 SE=0.02 SE=0.03 SE=0.02
t=4.65 t=3.56 t=3.22 t=2.96 t=4.00 t=2.84
p<.001 p<.001 p=.001 p=.003 p<.001 p=.004

Contrasts

SCD classification: B= —0.04 B= —0.06 B= —0.06 = —001 5<0.01 B=—0.02

(Tri]:;fg)omBase"”e SE=0.02 SE=0.02 SE=0.02 SE=0.02 SE=0.02 SE=0.02
t=—-2.25 t=—2.97 t=-3.12 t=—-087 t=04 t=—1.00
p=.024 p=.003 p=.001 p=.38 p=.68 p=.32

Bolded values are results that remained signi cant after FDR correction. The additional contrast was completed to examine the di erence in rate of change for male
SCD +vs. male SCD —

model, SCD + males exhibited significantly lower overall ~ that (1) people with SCD have both lower baseline cogni-
performance in global cognition, episodic, and semantic  tion and an increased rate of decline compared to people
memory compared to SCD — males, while SCD +females ~ without SCD, and (2) SCD in females may be more pre-
exhibited significantly lower performance in all cognitive  dictive of future cognitive decline than in males, which
domains compared to SCD —females. Our results reveal — may help explain sex disparities in cognitive decline.
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ere is mounting evidence suggesting that sex di er-
ences exist in both normal cognition and dementia. For
example, a recent cohort study of over 26,000 partici-
pants reported cognitively unimpaired females to have
greater global cognition, executive function, and memory
compared to males [32]. Similarly, in our study, a main
e ect of sex was observed for all cognitive domains
except working memory, demonstrating that regardless
of SCD status, females tend to score higher on neuropsy-
chological assessments in several domains compared to
males, whereas males score higher in visuospatial ability
then females. Levine and colleagues [32] also observed
that cognitively unimpaired females had an increased
rate of decline compared to males. Additionally, several
other studies have suggested that although females may
score higher at baseline, they may be subject to faster
cognitive decline compared to males [21, 23, 34]. s
increased rate of decline in females may contribute to the
sex disparities that exist in prevalence of AD [8, 35]. In
the present study, females were not observed to have an
increased rate of decline in the SCD —group compared
to males. Rather, sex di erences in cognitive decline were
observed only in SCD+group. SCD +females experi-
enced steeper declines in cognitive performance com-
pared to SCD +males, and SCD — males and females, in
all domains.  at is, although SCD — females are shown
to consistently have the highest cognitive performance
over time compared to SCD —males (except in visuos-
patial abilities), and SCD + males and females, the intro-
duction of SCD (+), negatively a ects this relationship,
which may be indicative of a more rapid trajectory of
cognitive decline.

While previous research has examined sex di erences
in SCD status, the results are limited to smaller samples
and cross-sectional data [56] as well as only examin-
ing subsequent dementia (and AD) conversion [19, 47],
global cognition, and instrumental activities of daily liv-
ing [47] and not rate of cognitive change. Previously,
females with SCD have been reported to exhibit lower
overall baseline global cognition, enhanced memory,
and similar performance on executive functioning and
semantic memory tasks compared to males with SCD
[56]. e current study expanded on this work by exam-
ining a large sample with longitudinal assessments of
cognitive performance in order to further explore sex
discrepancies. e longitudinal assessment is particu-
larly important given that at baseline, females exhibited
enhanced performance than males in most domains
(except semantic memory and visuospatial ability),
whereas females with SCD+had an increased rate of
decline in all domains (i.e., global cognition, episodic
memory, semantic memory, perceptual speed, visuospa-
tial ability, and working memory). Furthermore, in the
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current study, we focused on examining sex di erences
in the trajectory of cognitive decline over time, rather
than the relationship between worry and conversion in
individuals with SCD. Future research should examine
whether sex di erences are present in the relationship
between SCD and worry with cognitive decline.

Given that SCD (SCD +) has been linked to increased
risk for MCI and AD [24], those who endorse these
subjective cognitive complaints are at greater risk for
subsequent cognitive decline compared to those that
do not (e.g., [44]). In the current study, both male and
female SCD + participants had increased rate of decline
compared to SCD — participants, supporting the notion
that SCD is indicative of future decline [24, 28]. How-
ever, SCD +males only had increased rates of decline in
global cognition, episodic memory, and semantic mem-
ory compared to SCD —males, whereas SCD + females
decline at significantly faster rates than SCD — females
in all cognitive domains. When employing the more con-
servative approach, SCD + males did not have increased
rates of decline in any domain compared to SCD — males.
With the presence of sex di erences in SCD+(i.e.,
SCD +females exhibiting increased rates of change in
all cognitive domains compared to SCD + males), our
findings suggest that the relationship between SCD and
future cognitive changes may be more predictive of cog-
nitive decline in females compared to males. at is,
females reporting SCD may be more likely to experience
substantial cognitive changes compared to males with
SCD. ese findings suggest that waning cognitive abili-
ties may have the potential to be captured early, particu-
larly in females, with SCD + individuals detecting subtle
cognitive changes prior to objective testing. Previous
studies have observed that females tend to self-report
cognitive changes more than males [38]. Combining our
findings with the increased reports in females relative to
males may be indicative of either greater changes or bet-
ter perception of cognitive changes in females. As such,
the relationship between SCD and cognition may be
stronger in females.

Findings from this study have important implications
for interventions and therapies designed to target cogni-
tive decline and dementia prevention. For example, risk
factors such as midlife hypertension, midlife obesity,
diabetes, physical inactivity, smoking, depression, and
low education are all modifiable factors contributing to
1/3" of all AD cases [46]. However, several of these AD
risk factors disproportionately a ect females. For exam-
ple, both lower educational attainment, as well as psy-
chiatric disorders such as depression, are more prevalent
in females [22]. Additionally, blood pressure is observed
to be higher in males early in life, whereas females have
a steeper increase in blood pressure that continues
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throughout the life compared to males [26]. is preva-
lence of higher mid-life blood pressure in females is asso-
ciated with a greater risk for the development of dementia
compared to males [11]. Other factors specific to females
such as preeclampsia, menopause, and hypertensive preg-
nancy disorders also have negative impacts on the cardio-
vascular system and cognition [16, 40].  ese risk factors,
paired with explanations such as higher life expectancy
[18], lower cognitive reserve, and faster rates of functional
and structural deterioration [31] in females compared to
males have all led previous literature to reveal female sex
to be a significant risk factor for AD [8, 35]. e current
study supplements the existing literature by revealing that
in the earliest potential stage of the AD-trajectory prior
to measurable cognitive decline (i.e., preclinical-AD or
SCD), females also exhibit steeper declines in all cognitive
domains over time compared to males. As such, direct-
ing therapies and interventions toward risk factors that
have increased incidence in females may help reduce the
prevalence of dementia in these individuals. Our findings
suggest that SCD may be a critical indicator of subsequent
cognitive decline in females, and therapeutic interven-
tions may wish to target this population to better eluci-
date sex disparities in cognitive change over time.

One limitation of the current work is the use of
only two questions to determine SCD status. Previ-
ous research has shown that di erent questionnaires
used to determine SCD status results in di erent cogni-
tive trajectories and atrophy patterns [42] as well as dif-
ferent patterns of white matter hyperintensity burden
[43]. erefore, it is thus possible that the use of di er-
ent questionnaires may target specific declines in males
vs. females and improve the relationship between SCD
and cognition in males. Future research should explore
this relationship. Females also have increased risk factors
that influence vascular components. e resulting path-
ological changes due to vascular damage, such as white
matter hyperintensities which are known to be associ-
ated with cognitive decline and conversion to dementia
[13], may be higher in females with SCD. Future research
should examine the association between sex and SCD
status on atrophy and white matter hyperintensities.
Another limitation is that there are several factors that
may influence the endorsement of SCD (e.g., depres-
sion, worry, and personality). Several studies have dem-
onstrated that females are much more likely than males
to experience depression [48] and develop anxiety dis-
orders due to excessive worrying [36], and they tend to
have distinctly di erent personalities compared to males
[57]. e fact that sex di erences are prevalent in these
domains a ecting SCD may potentially contribute to dis-
parities in the experience and subsequent endorsement
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of SCD. Although findings are inconsistent on the poten-
tial e ects of these factors, they may play a role in either
contributing to, or exacerbating, the association of SCD
with the risk of decline and/or dementia [19, 33]. Future
research should further examine the influence of various
covariates on SCD to determine its biological basis and
whether these factors mediate the relationship between
SCD and cognitive decline.

Conclusion

e current study compared cognitively unimpaired
males and females with and without SCD to demon-
strate that sex di erences influence rate of change in
cognitive performance over time. Our findings suggest
that while both males and females with SCD have lower
baseline cognitive scores compared to those without
SCD, SCD may be more predictive of future decline in
females than in males.  ese findings have implications
for clinical and research settings where future predic-
tion of cognitive decline are examined. For example, our
findings suggest that when an individual presents with
SCD, they may be at a greater risk for cognitive decline
compared to those who do not endorse SCD. is
knowledge may allow for targeted assessments of SCD
in clinical and research settings to identify those with
SCD for inclusion in research studies and trials aim-
ing to better understand early changes associated with
cognitive decline. Furthermore, these findings should
be considered when developing interventions to slow
progression of cognitive decline particularly in females,
with the overall goal of lowering the rate of decline and
conversion to dementia.
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