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Subjective cognitive decline is a better 
marker for future cognitive decline in females 
than in males
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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 differences in the preva-
lence of AD, there is a paucity of research examining sex differences in SCD. Therefore, the goal of this project was to 
determine if the relationship between the endorsement of SCD and future cognitive changes differ 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 differences in baseline cognitive scores, while linear mixed-effects 
models were completed to determine group differences 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 
proteins amyloid-β (Aβ) and tau in the brain [52]. As Aβ 
plaques and neurofibrillary tau tangles form, communi-
cation between neurons is disrupted leading to atrophy, 
and ultimately functional impairment affecting multiple 
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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]. Therefore, 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 effective-
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 effects 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]. Therefore, SCD may prove to be an 
effective 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. 
This critical time window may explain why such inter-
ventions have difficulties in demonstrating effective 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 effective 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. Therefore, 
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 differences have also been observed in SCD, albeit 
findings yield inconsistent results. For example, it has 

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 differs as a function of biological sex. Such 
an exploration may result in a better understanding of 
whether females endorsing SCD have different cogni-
tive trajectories subjecting them to greater decline and 
higher prevalence of AD compared to males. To exam-
ine this relationship, we investigated sex differences in 
cognition in a sample of female and male healthy older 
adults with and without SCD. The importance of exam-
ining sex differences 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. This design allows us to determine whether SCD 
is predictive of future cognitive decline and if this asso-
ciation differs 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/​paren​tStud​yDesi​gns.​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) 

http://www.radc.rush.edu
http://www.radc.rush.edu
https://www.radc.rush.edu/docs/parentStudyDesigns.htm
https://www.radc.rush.edu/docs/parentStudyDesigns.htm
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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). The healthy control (NC/SCD −) sam-
ple (N = 2188) contained 528 Males and 1660 Females. 
The 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]. There 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 t-tests were completed on age 
and education. Multiple comparisons were corrected for 
using Bonferroni correction. Differences in baseline cog-
nitive scores between male and females with and without 
SCD were examined using linear regressions (“lm,” pack-
age “stats” in “R”). Differences in rates of change in cogni-
tion between males and females were investigated using 
linear mixed effects models (“lmer,” package “lme4” in R 
[7]. These models examined the association between each 
cognitive domain (i.e., global, episodic memory, semantic 

Table 1  Demographic information for each study included in this paper

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

CORE (n = 254) LATC (n = 148) MAP (n = 1211) MARS (n = 519) ROS (n = 887)

Baseline age 72.1 ± 6.0 70.1 ± 6.1 79.0 ± 7.1 72.5 ± 5.7 74.3 ± 6.8

Education 15.0 ± 3.0 9.8 ± 4.9 15.2 ± 3.3 15.1 ± 3.5 18.6 ± 3.4

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 4.8 ± 2.9 2.4 ± 1.2 5.4 ± 3.7 5.3 ± 3.6 6.5 ± 4.1

Baseline global cognition 0.07 ± 0.45  − 0.20 ± 0.49 0.31 ± 0.43 0.09 ± 0.43 0.40 ± 0.41

Baseline episodic memory 0.27 ± 0.50  − 0.04 ± 0.53 0.33 ± 0.49 0.19 ± 0.45 0.43 ± 0.46

Baseline semantic memory  − 0.04 ± 0.79  − 0.08 ± 0.74 0.35 ± 0.62 0.11 ± 0.65 0.36 ± 0.62

Baseline perceptual speed 0.11 ± 0.65  − 0.13 ± 0.77 0.24 ± 0.73 0.06 ± 0.71 0.43 ± 0.76

Baseline visuospatial abilities  − 0.16 ± 0.74  − 0.16 ± 0.74 0.37 ± 0.63  − 0.12 ± 0.72 0.41 ± 0.59

Baseline working memory  − 0.13 ± 0.74  − 0.77 ± 0.66 0.27 ± 0.70 0.02 ± 0.70 0.31 ± 0.73

https://www.radc.rush.edu/
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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). Therefore, using 
Bonferroni correction with the assumption of independ-
ence between tests is valid. However, due to presence of 
interdependency between the regression and mixed effects 
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. The interaction of inter-
est was SCD:MaleSex, to examine if baseline cognitive 
scores differed between males and females in each group. 
The models also included years of education and age at 
baseline (Age_bl) as covariates.

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 − . The models also 
included Time From Baseline, years of education, and age 
at baseline (Age_bl) as covariates. The interactions of inter-
est were Sex:TimeFromBaseline, SCD:TimeFromBaseline, 
and Sex:SCD:TimeFromBaseline to examine if change over 
time differed between males and females within each group. 
To investigate whether there were significant differences 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 effect to account for 
repeated measures of the same participant.

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

(1)
Cognitive Score ∼ SCD ∶ Sex + SCD + Sex + Age_bl + Education

R syntax ∶ lm(Cognitive Score ∼ Sex ∗ SCD + Age_bl + Education)

(2)Cognitive Score ∼ Sex : TimeFromBaseline : SCD + Sex : TimeFromBaseline+
TimeFromBaseline : SCD + Sex : SCD + Sex + TimeFromBaseline + SCD + Age_bl + Education+ (1|ID)

R syntax : lmer(CognitiveScore ∼ Sex ∗ TimeFromBaseline ∗ SCD + Age_bl + Education+ (1|ID))

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 differ between 
SCD + males and females (t = 1.96) or SCD − males and 
females (t = 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 (t 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 (t belongs to 
[18.33–30.15], p < 0.001). Males had lower global cogni-
tion, episodic memory, and perceptual speed (t belongs 
to [− 4.13 to − 7.50], p < 0.01), but higher visuospatial 
scores (t = 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 (t 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 effects model predictions of 
cognitive scores over time for each cognitive domain 
by sex and SCD classification. Table  3 provides the 
estimates for the mixed effects model. For all cognitive 
domains, Time From Baseline (t belongs to [− 11.60 
to − 53.54], p < 0.001) and increased age at baseline  (t 
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 (t belongs to [17.26–25.40], p < 0.001). All 
results remained significant after FDR correction.

The main effect of SCD was significant for all 
domains except working memory (t belongs to [− 2.28 
to − 7.88], p < 0.05). The main effect of male sex was sig-
nificant for all domains except working memory. Males 
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exhibited lower overall performance in global cogni-
tion, episodic memory, semantic memory, and percep-
tual speed (t 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). The SCD classifica-
tion by Time From Baseline interaction was significant 
for all cognitive domains for females (t 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 (t belongs to [− 2.25 to − 3.12], 
p < 0.05). The three-way interaction between male sex, 
SCD classification, and Time From Baseline was sig-
nificant for all cognitive domains (t 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 (t 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 (t belongs to [− 2.25 to 3.12], p < 0.05). While 

Fig. 1  Baseline cognitive differences 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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SCD − males and females do not differ 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 effect (1|study) 
and with additional interactions for Age:TimeFromBaseline 
as well as Education:TimeFromBaseline. These additional 
analyses were completed to ensure results were not driven 
by differences in either cohort demographics or in how 
age and education influence change over time between the 
sexes. These models produced similar results in terms of 
effect 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. Therefore, 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 effect 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. That is, males with and without SCD did not 
differ 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 differences 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 (1+TimeFromBaseline|ID). The results were simi-
lar to those of the full sample in terms of effect size and 
significance.

Discussion
Previous findings have suggested that cognitive func-
tioning, including rate of cognitive decline, may differ 
between males and females (e.g., [32]. However, there is 
limited research examining sex differences in people who 
may be at the earliest stages of cognitive decline, those 
with SCD. This limited understanding of how sex may 

Table 2  Linear regression outputs for baseline data

Bolded values are results that remained significant after FDR correction

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

Age at baseline β =  − 0.13 β =  − 0.12 β =  − 0.13 β =  − 0.24 β =  − 0.02 β = 0.02

SE = 0.01 SE = 0.01 SE = 0.01 SE = 0.02 SE = 0.02 SE = 0.01

t =  − 10.82 t =  − 10.47 t =  − 8.80 t =  − 15.19 t =  − 0.99 t = 1.67

p < .001 p < .001 p < .001 p < .001 p = .32 p = 0.94

Male sex β =  − 0.13 β =  − 0.22 β =  − 0.08 β =  − 0.22 β = 0.32 β <  − 0.01

SE = 0.03 SE = 0.03 SE = 0.04 SE = 0.04 SE = 0.04 SE = 0.04

t =  − 4.13 t =  − 7.24 t =  − 2.06 t =  − 5.52 t = 7.50 t =  − 0.25

p < .001 p < .001 p = .04 p < .001 p < .001 p = .80

Education β = 0.33 β = 0.22 β = 0.25 β = 0.30 β = 0.30 β = 0.25
SE = 0.01 SE = 0.01 SE = 0.01 SE = 0.01 SE = 0.02 SE = 0.01
t = 30.15 t = 21.03 t = 18.33 t = 21.05 t = 20.18 t = 20.48
p < .001 p < .001 p < .001 p < .001 p < .001 p < .001

SCD classification β =  − 0.08 β =  − 0.13 β =  − 0.09 β =  − 0.09 β = 0.03 β = 0.03

SE = 0.03 SE = 0.03 SE = 0.04 SE = 0.04 SE = 0.04 SE = 0.03

t =  − 2.80 t =  − 4.58 t =  − 2.39 t =  − 2.30 t = 0.66 t = 0.85

p = .005 p < .001 p = .017 p = .021 p = .51 p = .39

SCD classification:Male 
sex

β = 0.01 β = 0.05 β = 0.01 β <  − 0.01 β = 0.05 β =  − 0.08

SE = 0.04 SE = 0.06 SE = 0.06 SE = 0.03 SE = 0.08 SE = 0.07

t = 0.24 t = 0.94 t = 0.10 t =  − 0.06 t = 0.59 t =  − 1.25

p = 0.81 p = 0.35 p = .92 p = .95 p = .56 p = .21
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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. Therefore, 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. The three-way interaction between Sex, 
SCD classification, and Time From Baseline was also 
significant, revealing that SCD + females decline at a sig-
nificantly faster rate than SCD + males in all cognitive 
domains. When examining the interaction effect of SCD 
classification and Time From Baseline in the longitudinal 

Fig. 2  Longitudinal cognitive change over time in females and males with and without subjective cognitive decline. SCD − , older adults without 
subjective cognitive decline. SCD + , older adults with subjective cognitive decline
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model, SCD + males exhibited significantly lower overall 
performance in global cognition, episodic, and semantic 
memory compared to SCD − males, while SCD + females 
exhibited significantly lower performance in all cognitive 
domains compared to SCD − females. Our results reveal 

that (1) people with SCD have both lower baseline cogni-
tion and an increased rate of decline compared to people 
without SCD, and (2) SCD in females may be more pre-
dictive of future cognitive decline than in males, which 
may help explain sex disparities in cognitive decline.

Table 3  Linear mixed effects output for longitudinal data

Bolded values are results that remained significant after FDR correction. The additional contrast was completed to examine the difference in rate of change for male 
SCD + vs. male SCD − 

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

Age at baseline β =  − 0.26 β =  − 0.25 β =  − 0.23 β =  − 0.32 β =  − 0.09 β =  − 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 β = 0.34 β = 0.24 β = 0.24 β = 0.29 β = 0.29 β = 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 = 20.43 t = 21.32 t = 21.52
p < .001 p < .001 p < .001 p < .001 p < .001 p < .001

SCD classification β =  − 0.24 β =  − 0.27 β =  − 0.23 β =  − 0.17 β =  − 0.09 β =  − 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 =  − 1.61

p < .001 p < .001 p < .001 p < .001 p = .022 p = .11

Male sex β =  − 0.18 β =  − 0.26 β =  − 0.12 β =  − 0.24 β = 0.32 β =  − 0.05

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 =  − 1.18

p < .001 p < .001 p = .002 p < .001 p < .001 p = .24

TimeFromBaseline β =  − 0.19 β =  − 0.12 β =  − 0.20 β =  − 0.28 β =  − 0.08 β =  − 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-
sification

β = 0.09 β = 0.14 β = 0.06 β = 0.01 β = 0.15 β =  − 0.02

SE = 0.07 SE = 0.07 SE = 0.07 SE = 0.07 SE = 0.08 SE = 0.08

t = 1.27 t = 1.96 t = 0.75 t = 0.17 t = 2.10 t =  − 0.22

p = .20 p = .05 p = .45 p = .86 p = .036 p = .83

SCD: TimeFromBase-
line (females)

β =  − 0.14 β =  − 0.15 β =  − 0.13 β =  − 0.07 β =  − 0.09 β =  − 0.08
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-
Baseline

β =  − 0.02 β < 0.01 β =  − 0.02 β <  − 0.01 β =  − 0.01 β =  − 0.04
SE < 0.01 SE < 0.01 SE = 0.01 SE < 0.01 SE = 0.01 SE = 0.01
t =  − 1.73 t = 0.25 t =  − 1.78 t =  − 0.37 t =  − 1.02 t =  − 3.72
p = .08 p = .80 p = .07 p = .71 p = .30 p < .001

MaleSex: SCD clas-
sification: TimeFrom-
Baseline

β = 0.10 β = 0.09 β = 0.07 β = 0.06 β = 0.10 β = 0.06
SE = 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: 
TimeFromBaseline 
(males)

β =  − 0.04 β =  − 0.06 β =  − 0.06 β =  − 0.01 β < 0.01 β =  − 0.02

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 =  − 0.87 t = 0.4 t =  − 1.00

p = .024 p = .003 p = .001 p = .38 p = .68 p = .32
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There is mounting evidence suggesting that sex differ-
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 
effect 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]. This 
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 differences 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. That 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 affects this relationship, 
which may be indicative of a more rapid trajectory of 
cognitive decline.

While previous research has examined sex differences 
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]. The 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. The 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 

current study, we focused on examining  sex differences 
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 differences 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 differences 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. That is, 
females reporting SCD may be more likely to experience 
substantial cognitive changes compared to males with 
SCD. These 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 
1/3rd of all AD cases [46]. However, several of these AD 
risk factors disproportionately affect 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]. This 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]. These 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]. The 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 different questionnaires 
used to determine SCD status results in different cogni-
tive trajectories and atrophy patterns [42] as well as dif-
ferent patterns of white matter hyperintensity burden 
[43]. Therefore, it is thus possible that the use of differ-
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. The 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 different personalities compared to males 
[57]. The fact that sex differences are prevalent in these 
domains affecting SCD may potentially contribute to dis-
parities in the experience and subsequent endorsement 

of SCD. Although findings are inconsistent on the poten-
tial effects 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
The current study compared cognitively unimpaired 
males and females with and without SCD to demon-
strate that sex differences 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. These 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. This 
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.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13195-​022-​01138-w.

Additional file 1: Supplemental Table 1. Linear mixed effects model 
including time from baseline as a random slope.

Acknowledgements
We want to acknowledge all the MARS, AA Core, and MAP participants. We 
are also grateful for the hard work from the staff and investigators at the Rush 
Alzheimer’s Disease Center. To obtain data from MARS, AA Core, and MAP for 
research use, please visit the RADC Research Resource Sharing Hub (www.​
radc.​rush.​edu).

Authors’ contributions
M.O. and C.M. completed the data request to gain access to the data. M.O., 
C.M., F.K., and J.G. were involved in the conceptualization of the study design. 
M.O and C.M. were involved in data curation and writing the main manuscript 
text. C.M. and M.D. completed the formal data analysis. C.M. and F.K. prepared 
the figures. F.K., J.G., and M.D. were involved in the review and editing of the 
manuscript. All authors reviewed the manuscript prior to submission. The 
author(s) read and approved the final manuscript.

https://doi.org/10.1186/s13195-022-01138-w
https://doi.org/10.1186/s13195-022-01138-w
http://www.radc.rush.edu
http://www.radc.rush.edu


Page 11 of 12Oliver et al. Alzheimer’s Research & Therapy          (2022) 14:197 	

Funding
Dr. Oliver is supported by the Columbia Center for Interdisciplinary Research 
on Alzheimer’s Disease Disparities. Dr. Morrison is supported by a postdoctoral 
fellowship from Canadian Institutes of Health Research, Funding Reference 
Number: MFE-176608. Dr. Dadar reports receiving research funding from the 
Healthy Brains for Healthy Lives (HBHL), Alzheimer Society Research Program 
(ASRP), and Douglas Research Centre (DRC). Dr. Kamal is supported by a post-
doctoral scholarship from the Quebec Bio-imaging Network. 

Availability of data and materials
Data used in preparation of this study were obtained from the RADC 
Research Resource Sharing Hub and are available from the RADC data-
base (www.​radc.​rush.​edu) upon registration and compliance with the 
data usage agreement.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained by the RUSH investigators. All study 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].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Psychological Science and Neuroscience, Belmont University, 
Nashville, TN, USA. 2 Belmont Data Collaborative, Belmont University, Nashville, 
TN, USA. 3 McConnell Brain Imaging Centre, Montreal Neurological Institute, 
McGill University, Montreal, QC, Canada. 4 Department of Neurology and Neu-
rosurgery, McGill University, Montreal, QC, Canada. 5 Department of Psychiatry, 
McGill University, Montreal, QC, Canada. 6 Douglas Mental Health University 
Institute, Montreal, QC, Canada. 

Received: 18 August 2022   Accepted: 5 December 2022

References
	1.	 Anderson RM, Hadjichrysanthou C, Evans S, Wong MM. Why do so 

many clinical trials of therapies for Alzheimer’s disease fail? Lancet. 
2017;390(10110):2327–9. https://​doi.​org/​10.​1016/​S0140-​6736(17)​32399-1.

	2.	 Arvanitakis Z, Leurgans SE, Fleischman DA, Schneider JA, Rajan KB, Pruzin 
JJ, Shah RC, Evans DA, Barnes LL, Bennett DA. Memory complaints, 
dementia, and neuropathology in older blacks and whites. Ann Neurol. 
2018;83(4):718–29. https://​doi.​org/​10.​1002/​ana.​25189.

	3.	 Ávila-Villanueva M, Fernández-Blázquez MA. Subjective cognitive decline 
as a preclinical marker for Alzheimer’s disease: the challenge of stability 
over time. Frontiers in aging neuroscience. 2017;9:377. https://​doi.​org/​10.​
3389/​fnagi.​2017.​00377.

	4.	 Barnes LL, Shah RC, Aggarwal NT, Bennett DA, Schneider JA. The Minority 
Aging Research Study: ongoing efforts to obtain brain donation in Afri-
can Americans without dementia. Curr Alzheimer Res. 2012;9(6):734–45. 
https://​doi.​org/​10.​2174/​15672​05128​01322​627.

	5.	 Barnes LL, Schneider JA, Boyle PA, Bienias JL, Bennett DA. Memory com-
plaints are related to Alzheimer disease pathology in older persons. Neurol-
ogy. 2006;67:1581–5. https://​doi.​org/​10.​1212/​01.​wnl.​00002​42734.​16663.​09.

	6.	 Barnes LL, Yumoto F, Capuano A, Wilson RS, Bennett DA, Tractenberg RE. 
Examination of the factor structure of a global cognitive function battery 
across race and time. J Int Neuropsychol Soc. 2016;22(1):66–75. https://​
doi.​org/​10.​1017/​S1355​61771​50011​13.

	7.	 Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models 
using lme4. J Stat Softw. 2015;67(1):1–48. https://​doi.​org/​10.​18637/​jss.​
v067.​i01.

	8.	 Beam CR, Kaneshiro C, Jang JY, Reynolds CA, Pedersen NL, Gatz 
M. Differences between women and men in incidence rates of 
dementia and Alzheimer’s disease. Journal of Alzheimer’s Disease. 
2018;64(4):1077–83. https://​doi.​org/​10.​3233/​JAD-​180141.

	9.	 Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical 
and powerful approach to multiple testing. J Roy Stat Soc: Ser B (Meth-
odol). 1995;57(1):289–300. https://​doi.​org/​10.​1111/j.​2517-​6161.​1995.​
tb020​31.x.

	10.	 Bennett DA, Buchman AS, Boyle PA, Barnes LL, Wilson RS, Schneider JA. 
Religious orders study and rush memory and aging project. Journal 
of Alzheimer’s disease. 2018;64(s1):S161–89. https://​doi.​org/​10.​3233/​
JAD-​179939.

	11.	 Blanken AE, Nation DA. Does gender influence the relationship between 
high blood pressure and dementia? Highlighting areas for further investi-
gation. Journal of Alzheimer’s Disease. 2020;78(1):23–48. https://​doi.​org/​
10.​3233/​JAD-​200245.

	12.	 Cummings JL, Cole G. Alzheimer disease. Jama. 2002;287(18):2335–8. 
https://​doi.​org/​10.​1001/​jama.​287.​18.​2335.

	13.	 Dadar M, Maranzano J, Ducharme S, Collins DL, Alzheimer’s Disease Neu-
roimaging Initiative. White matter in different regions evolves differently 
during progression to dementia. Neurobiol Aging. 2019;76:71–9. https://​
doi.​org/​10.​1016/j.​neuro​biola​ging.​2018.​12.​004.

	14.	 Fisher DW, Bennett DA, Dong H. Sexual dimorphism in predisposition to 
Alzheimer’s disease. Neurobiol Aging. 2018;70:308–24. https://​doi.​org/​10.​
1016/j.​neuro​biola​ging.​2018.​04.​004.

	15.	 Filon JR, Intorcia AJ, Sue LI, Vazquez Arreola E, Wilson J, Davis KJ, Serrano 
GE. Gender differences in Alzheimer disease: brain atrophy, histopathology 
burden, and cognition. J Neuropathol Exp Neurol. 2016;75(8):748–54. https://​
doi.​org/​10.​1093/​jnen/​nlw047.

	16.	 Gannon OJ, Robison LS, Custozzo AJ, Zuloaga KL. Sex differences in risk 
factors for vascular contributions to cognitive impairment & dementia. 
Neurochem Int. 2019;127:38–55. https://​doi.​org/​10.​1016/j.​neuint.​2018.​11.​
014.

	17.	 Gauthier S, Albert M, Fox N, Goedert M, Kivipelto M, Mestre-Ferrandiz J, 
Middleton LT. Why has therapy development for dementia failed in the 
last two decades? Alzheimer’s & Dementia. 2016;12(1):60–4. https://​doi.​
org/​10.​1016/j.​jalz.​2015.​12.​003.

	18.	 Hebert LE, Scherr PA, McCann JJ, Beckett LA, Evans DA. Is the risk of 
developing Alzheimer’s disease greater for women than for men? Am J 
Epidemiol. 2001;153(2):132–6. https://​doi.​org/​10.​1093/​aje/​153.2.​132.

	19.	 Heser K, Kleineidam L, Wiese B, Oey A, Roehr S, Pabst A, Wagner M. 
Subjective cognitive decline may be a stronger predictor of incident 
dementia in women than in men. Journal of Alzheimer’s Disease. 
2019;68(4):1469–78. https://​doi.​org/​10.​3233/​JAD-​180981.

	20.	 Hill NL, Mogle J, Bhargava S, Whitaker E, Bhang I, Capuano AW, Barnes LL. 
Differences in the associations between memory complaints and depres-
sive symptoms among Black and White older adults. J Gerontol Series B. 
2020;75(4):783–91. https://​doi.​org/​10.​1093/​geronb/​gby091.

	21.	 Holland D, Desikan RS, Dale AM, McEvoy LK. Higher rates of decline 
for women and apolipoprotein E ε4 carriers. Am J Neuroradiol. 
2013;34(12):2287–93. https://​doi.​org/​10.​3174/​ajnr.​A3601.

	22.	 Huebschmann AG, Huxley RR, Kohrt WM, Zeitler P, Regensteiner JG, 
Reusch JE. Sex differences in the burden of type 2 diabetes and cardio-
vascular risk across the life course. Diabetologia. 2019;62(10):1761–72. 
https://​doi.​org/​10.​1007/​s00125-​019-​4939-5.

	23.	 Irvine K, Laws KR, Gale TM, Kondel TK. Greater cognitive deterioration in 
women than men with Alzheimer’s disease: a meta analysis. J Clin Exp 
Neuropsychol. 2012;34(9):989–98. https://​doi.​org/​10.​1080/​13803​395.​
2012.​712676.

	24.	 Jessen F, Amariglio RE, Buckley RF, van der Flier WM, Han Y, Molinuevo 
JL, Wagner M. The characterisation of subjective cognitive decline. The 
Lancet Neurology. 2020;19(3):271–8. https://​doi.​org/​10.​1016/​S1474-​
4422(19)​30368-0.

	25.	 Jessen F, Amariglio RE, Van Boxtel M, Breteler M, Ceccaldi M, Chételat 
G, Initiative SCD, Subjective Cognitive Decline Initiative. A conceptual 
framework for research on subjective cognitive decline in preclinical 
Alzheimer’s disease. Alzheimer’s & dementia. 2014;10(6):844–52. https://​
doi.​org/​10.​1016/j.​jalz.​2014.​01.​001.

	26.	 Ji H, Kim A, Ebinger JE, Niiranen TJ, Claggett BL, Merz CNB, Cheng S. Sex 
differences in blood pressure trajectories over the life course. JAMA cardi-
ology. 2020;5(3):255–62. https://​doi.​org/​10.​1001/​jamac​ardio.​2019.​5306.

http://www.radc.rush.edu
https://doi.org/10.1016/S0140-6736(17)32399-1
https://doi.org/10.1002/ana.25189
https://doi.org/10.3389/fnagi.2017.00377
https://doi.org/10.3389/fnagi.2017.00377
https://doi.org/10.2174/156720512801322627
https://doi.org/10.1212/01.wnl.0000242734.16663.09
https://doi.org/10.1017/S1355617715001113
https://doi.org/10.1017/S1355617715001113
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.3233/JAD-180141
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.3233/JAD-179939
https://doi.org/10.3233/JAD-179939
https://doi.org/10.3233/JAD-200245
https://doi.org/10.3233/JAD-200245
https://doi.org/10.1001/jama.287.18.2335
https://doi.org/10.1016/j.neurobiolaging.2018.12.004
https://doi.org/10.1016/j.neurobiolaging.2018.12.004
https://doi.org/10.1016/j.neurobiolaging.2018.04.004
https://doi.org/10.1016/j.neurobiolaging.2018.04.004
https://doi.org/10.1093/jnen/nlw047
https://doi.org/10.1093/jnen/nlw047
https://doi.org/10.1016/j.neuint.2018.11.014
https://doi.org/10.1016/j.neuint.2018.11.014
https://doi.org/10.1016/j.jalz.2015.12.003
https://doi.org/10.1016/j.jalz.2015.12.003
https://doi.org/10.1093/aje/153.2.132
https://doi.org/10.3233/JAD-180981
https://doi.org/10.1093/geronb/gby091
https://doi.org/10.3174/ajnr.A3601
https://doi.org/10.1007/s00125-019-4939-5
https://doi.org/10.1080/13803395.2012.712676
https://doi.org/10.1080/13803395.2012.712676
https://doi.org/10.1016/S1474-4422(19)30368-0
https://doi.org/10.1016/S1474-4422(19)30368-0
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1016/j.jalz.2014.01.001
https://doi.org/10.1001/jamacardio.2019.5306


Page 12 of 12Oliver et al. Alzheimer’s Research & Therapy          (2022) 14:197 

	27.	 Knopman DS, Jones DT, Greicius MD. Failure to demonstrate efficacy of 
aducanumab: an analysis of the EMERGE and ENGAGE trials as reported 
by Biogen, December 2019. Alzheimer’s & Dementia. 2021;17(4):696–701. 
https://​doi.​org/​10.​1002/​alz.​12213.

	28.	 Koppara A, Wagner M, Lange C, Ernst A, Wiese B, König HH, Jessen F. 
Cognitive performance before and after the onset of subjective cognitive 
decline in old age. Alzheimer’s Dementia: Diagnosis, Assessment Disease 
Monitoring. 2015;1(2):194–205. https://​doi.​org/​10.​1016/j.​dadm.​2015.​02.​
005.

	29.	 Koran MEI, Wagener M, Hohman TJ. Sex differences in the association 
between AD biomarkers and cognitive decline. Brain Imaging Behavior. 
2017;11(1):205–13. https://​doi.​org/​10.​1007/​s11682-​016-​9523-8.

	30.	 Lamar M, Wilson RS, Yu L, Stewart CC, Bennett DA, Boyle PA. Associations 
of decision making abilities with blood pressure values in older adults. J 
Hypertens. 2020;38(1):59–64. https://​doi.​org/​10.​1097/​HJH.​00000​00000​
002220.

	31.	 Laws KR, Irvine K, Gale TM. Sex differences in Alzheimer’s disease. Curr 
Opin Psychiatry. 2018;31(2):133–9. https://​doi.​org/​10.​1097/​YCO.​00000​
00000​000401.

	32.	 Levine DA, Gross AL, Briceño EM, Tilton N, Giordani BJ, Sussman JB, 
Galecki AT. Sex differences in cognitive decline among US adults. JAMA 
Netw Open. 2021;4(2):e210169–e210169. https://​doi.​org/​10.​1001/​jaman​
etwor​kopen.​2021.​0169.

	33.	 Liew TM. Depression, subjective cognitive decline, and the risk of neuro-
cognitive disorders. Alzheimer’s Rese Ther. 2019;11(1):1–8. https://​doi.​org/​
10.​1186/​s13195-​019-​0527-7.

	34.	 Lin KA, Choudhury KR, Rathakrishnan BG, Marks DM, Petrella JR, 
Doraiswamy PM, Alzheimer’s Disease Neuroimaging Initiative. Marked 
gender differences in progression of mild cognitive impairment over 8 
years. Alzheimer’s Dementia. 2015;1(2):103–10. https://​doi.​org/​10.​1016/j.​
trci.​2015.​07.​001.

	35.	 Liu CC, Li CY, Sun Y, Hu SC. Gender and age differences and the trend 
in the incidence and prevalence of dementia and Alzheimer’s disease 
in Taiwan: a 7-year national population-based study. BioMed Res Int. 
2019;2019. https://​doi.​org/​10.​1155/​2019/​53785​40.

	36.	 McLean CP, Asnaani A, Litz BT, Hofmann SG. Gender differences in anxiety 
disorders: prevalence, course of illness, comorbidity and burden of illness. 
J Psychiatr Res. 2011;45(8):1027–35. https://​doi.​org/​10.​1016/j.​jpsyc​hires.​
2011.​03.​006.

	37.	 Mahase E. Aducanumab: European agency rejects Alzheimer’s drug over 
efficacy and safety concerns. BMJ. 2021;375:n3127. https://​doi.​org/​10.​
1136/​bmj.​n3127.

	38.	 Martinez JE, Pardilla-Delgado E, Guzmán-Vélez E, Vila-Castelar C, Amariglio 
R, Gatchel,J, Quiroz YT. Subjective cognitive decline and its relation to 
verbal memory and sex in cognitively unimpaired individuals from a 
Colombian cohort with autosomal-dominant Alzheimer’s disease. J Int 
Neuropsychological Soc. 2021:1-9. https://​doi.​org/​10.​1017/​S1355​61772​
10008​01.

	39.	 McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas 
CH, Phelps CH. The diagnosis of dementia due to Alzheimer’s disease: 
recommendations from the National Institute on Aging-Alzheimer’s 
Association workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimer’s dementia. 2011;7(3):263–9. https://​doi.​org/​10.​1016/j.​jalz.​2011.​
03.​005.

	40.	 Miller VM, Garovic VD, Kantarci K, Barnes JN, Jayachandran M, Mielke 
MM, Rocca WA. Sex-specific risk of cardiovascular disease and cogni-
tive decline: pregnancy and menopause. Biol Sex Differ. 2013;4(1):1–15. 
https://​doi.​org/​10.​1186/​2042-​6410-4-6.

	41.	 Montero-Odasso M, Zou GY, Kamkar N, Feldman HH, Belleville S, Chert-
kow H, Speechley M. Multidomain trials to prevent dementia: addressing 
methodological challenges. Alzheimer’s Res Ther. 2022;14(1):1–5. https://​
doi.​org/​10.​1186/​s13195-​022-​01036-1.

	42.	 Morrison C, Dadar M, Shafiee N, Villeneuve S, Collins DL, Alzheimer’s 
Disease Neuroimaging Initiative. Regional brain atrophy and cognitive 
decline depend on definition of subjective cognitive decline. NeuroIm-
age Clin. 2022;33:102923. https://​doi.​org/​10.​1016/j.​nicl.​2021.​102923.

	43.	 Morrison C, Dadar M, Villeneuve S, Ducharme S, Collins DL. White 
matter hyperintensity load varies depending on subjective cogni-
tive decline criteria. GeroScience. 2022;1–12. https://​doi.​org/​10.​1007/​
s11357-​022-​00684-3.

	44.	 Morrison C, Oliver MD. Subjective cognitive decline is associated with lower 
baseline cognition and increased rate of cognitive decline. J Gerontol: 
Series B. 2022. https://​doi.​org/​10.​1093/​geronb/​gbac1​78.

	45.	 Niu H, Álvarez-Álvarez I, Guillén-Grima F, Aguinaga-Ontoso I. Preva-
lence and incidence of Alzheimer’s disease in Europe: a meta-analysis. 
Neurología (English Edition). 2017;32(8):523–32. https://​doi.​org/​10.​1016/j.​
nrleng.​2016.​02.​009.

	46.	 Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary 
prevention of Alzheimer’s disease: an analysis of population-based 
data. Lancet Neurol. 2014;13(8):788–94. https://​doi.​org/​10.​1016/​S1474-​
4422(14)​70136-X.

	47.	 Pérès K, Helmer C, Amieva H, Matharan F, Carcaillon L, Jacqmin-Gadda H, Dar-
tigues JF. Gender differences in the prodromal signs of dementia: memory 
complaint and IADL-restriction. A prospective population-based cohort. J 
Alzheimer’s Dis. 2011;27(1):39–47. https://​doi.​org/​10.​3233/​JAD-​2011-​110428.

	48.	 Piccinelli M, Wilkinson G. Gender differences in depression: critical review. 
Br J Psychiatry. 2000;177(6):486–92. https://​doi.​org/​10.​1192/​bjp.​177.6.​486.

	49.	 Rabin LA, Smart CM, Amariglio RE. Subjective cognitive decline in 
preclinical Alzheimer’s disease. Annu Rev Clin Psychol. 2017;13:369–96. 
https://​doi.​org/​10.​1146/​annur​ev-​clinp​sy-​032816-​045136.

	50.	 Röhr S, Pabst A, Riedel-Heller SG, Jessen F, Turana Y, Handajani YS, 
Sachdev PS. Estimating prevalence of subjective cognitive decline in and 
across international cohort studies of aging: a COSMIC study. Alzheimer’s 
Res Ther. 2020;12(1):1–14. https://​doi.​org/​10.​1186/​s13195-​020-​00734-y.

	51.	 Schneider JA, Aggarwal NT, Barnes LL, Boyle P, Bennett DA. The neuropa-
thology of older persons with and without dementia from community 
versus clinic cohorts. J Alzheimer’s Dis. 2009;18(3):691–701. https://​doi.​
org/​10.​3233/​JAD-​2009-​1227.

	52.	 Selkoe DJ. The molecular pathology of Alzheimer’s disease. Neuron. 
1991;6(4):487–98. https://​doi.​org/​10.​1016/​0896-​6273(91)​90052-2.

	53.	 Slot RE, Sikkes SA, Berkhof J, Brodaty H, Buckley R, Cavedo E, van der 
Flier WM. Subjective cognitive decline and rates of incident Alzheimer’s 
disease and non–Alzheimer’s disease dementia. Alzheimer’s Dementia. 
2019;15(3):465–76. https://​doi.​org/​10.​1016/j.​jalz.​2018.​10.​003.

	54.	 Sperling RA, Aisen PS, Beckett LA, Bennett DA, Craft S, Fagan AM, Phelps 
CH. Toward defining the preclinical stages of Alzheimer’s disease: recom-
mendations from the National Institute on Aging-Alzheimer’s Association 
workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimer’s 
& dementia. 2011;7(3):280–92. https://​doi.​org/​10.​1016/j.​jalz.​2011.​03.​003.

	55.	 Tampi RR, Forester BP, Agronin M. Aducanumab: evidence from clinical 
trial data and controversies. Drugs Context. 2021;10. https://​doi.​org/​10.​
7573/​dic.​2021-7-3

	56.	 Wang L, Tian T, Alzheimer’s Disease Neuroimaging Initiative. Gender 
differences in elderly with subjective cognitive decline. Front Aging 
Neurosci. 2018;10:166. https://​doi.​org/​10.​3389/​fnagi.​2018.​00166.

	57.	 Weisberg YJ, DeYoung CG, Hirsh JB. Gender differences in personality 
across the ten aspects of the Big Five. Front Psychol. 2011;2:178. https://​
doi.​org/​10.​3389/​fpsyg.​2011.​00178.

	58.	 Wilson RS, De Leon CF, Barnes LL, Schneider JA, Bienias JL, Evans DA, 
Bennett DA. Participation in cognitively stimulating activities and risk of 
incident Alzheimer disease. Jama. 2002;287(6):742–8. https://​doi.​org/​10.​
1001/​jama.​287.6.​742.

	59.	 Wright DB. (2017). Some limits using random slope models to measure 
academic growth. In Frontiers in Education (Vol. 2, p. 58). Frontiers Media 
SA. https://​doi.​org/​10.​3389/​feduc.​2017.​00058.

	60.	 Yiannopoulou KG, Anastasiou AI, Zachariou V, Pelidou SH. Reasons for 
failed trials of disease-modifying treatments for Alzheimer disease and 
their contribution in recent research. Biomedicines. 2019;7(4):97. https://​
doi.​org/​10.​3390/​biome​dicin​es704​0097.

	61.	 Younes L, Albert M, Moghekar A, Soldan A, Pettigrew C, Miller MI. 
Identifying changepoints in biomarkers during the preclinical phase of 
Alzheimer’s disease. Front Aging Neurosci. 2019;11:74. https://​doi.​org/​10.​
3389/​fnagi.​2019.​00074.

	62.	 Zhu D, Montagne A, Zhao Z. Alzheimer’s pathogenic mechanisms and 
underlying sex difference. Cell Mol Life Sci. 2021;78(11):4907–20. https://​
doi.​org/​10.​1007/​s00018-​021-​03830-w.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/alz.12213
https://doi.org/10.1016/j.dadm.2015.02.005
https://doi.org/10.1016/j.dadm.2015.02.005
https://doi.org/10.1007/s11682-016-9523-8
https://doi.org/10.1097/HJH.0000000000002220
https://doi.org/10.1097/HJH.0000000000002220
https://doi.org/10.1097/YCO.0000000000000401
https://doi.org/10.1097/YCO.0000000000000401
https://doi.org/10.1001/jamanetworkopen.2021.0169
https://doi.org/10.1001/jamanetworkopen.2021.0169
https://doi.org/10.1186/s13195-019-0527-7
https://doi.org/10.1186/s13195-019-0527-7
https://doi.org/10.1016/j.trci.2015.07.001
https://doi.org/10.1016/j.trci.2015.07.001
https://doi.org/10.1155/2019/5378540
https://doi.org/10.1016/j.jpsychires.2011.03.006
https://doi.org/10.1016/j.jpsychires.2011.03.006
https://doi.org/10.1136/bmj.n3127
https://doi.org/10.1136/bmj.n3127
https://doi.org/10.1017/S1355617721000801
https://doi.org/10.1017/S1355617721000801
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1186/2042-6410-4-6
https://doi.org/10.1186/s13195-022-01036-1
https://doi.org/10.1186/s13195-022-01036-1
https://doi.org/10.1016/j.nicl.2021.102923
10.1007/s11357-022-00684-3
10.1007/s11357-022-00684-3
https://doi.org/10.1093/geronb/gbac178
https://doi.org/10.1016/j.nrleng.2016.02.009
https://doi.org/10.1016/j.nrleng.2016.02.009
https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.3233/JAD-2011-110428
https://doi.org/10.1192/bjp.177.6.486
https://doi.org/10.1146/annurev-clinpsy-032816-045136
https://doi.org/10.1186/s13195-020-00734-y
https://doi.org/10.3233/JAD-2009-1227
https://doi.org/10.3233/JAD-2009-1227
https://doi.org/10.1016/0896-6273(91)90052-2
https://doi.org/10.1016/j.jalz.2018.10.003
https://doi.org/10.1016/j.jalz.2011.03.003
https://doi.org/10.7573/dic.2021-7-3
https://doi.org/10.7573/dic.2021-7-3
https://doi.org/10.3389/fnagi.2018.00166
https://doi.org/10.3389/fpsyg.2011.00178
https://doi.org/10.3389/fpsyg.2011.00178
https://doi.org/10.1001/jama.287.6.742
https://doi.org/10.1001/jama.287.6.742
https://doi.org/10.3389/feduc.2017.00058
https://doi.org/10.3390/biomedicines7040097
https://doi.org/10.3390/biomedicines7040097
https://doi.org/10.3389/fnagi.2019.00074
https://doi.org/10.3389/fnagi.2019.00074
https://doi.org/10.1007/s00018-021-03830-w
https://doi.org/10.1007/s00018-021-03830-w

