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Abstract
Background: Subjective cognitive decline (SCD) is considered an early symptom of Alzheimer’s disease (AD) and other

types of dementia. Establishing differences between males and females in the presentation and risk factors associated with

SCD is critical for utilizing subjective cognitive assessments in prognosticating dementia.

Objective: We performed a comprehensive review of studies examining the moderating effect of sex on the association

between SCD and relevant physical and/or mental health-related outcomes.

Methods: This study was performed following the PRISMA guidelines. We conducted database search in Medline,

Cochrane, Web of Science (WOS), and CINAHL. Primary studies including data of the moderating effect of sex on

the association between SCD and different outcomes were selected.

Results: A total of 16 studies were included. We found limited evidence for a moderating effect of sex in SCD. Most of

the available literature explored sex differences in SCD for risk of dementia, cognitive performance, competing risk of

death, AD biomarkers, basal forebrain resting-state functional connectivity, brain volume, among other health outcomes.

Among SCD individuals, females showed increased risk of cognitive decline, dementia and other health outcomes,

whereas males showed increased risk of death and longer sickness absence compared to controls.

Conclusions: Our comprehensive review denotes a lack of studies directly testing the moderating effect of sex in SCD.

The available literature points to sex specific associations between SCD and multiple clinical outcomes. However, in line

with the current effort of the SCD initiative, further research is necessary within this emerging topic.
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Introduction
Subjective cognitive decline (SCD) has been proposed as an
early indicator of Alzheimer’s disease (AD), potentially
reflecting the preclinical stage before objective cognitive
changes are detectable.1 Longitudinal studies have demon-
strated that up to 27% of individuals with SCD develop cog-
nitive impairment and clinically progress to mild cognitive
impairment or dementia.2,3 Following the publication of a
conceptual research framework for SCD,4 there is a stronger
focus on the characteristics and risk factors that could
explain or moderate the progression from SCD to clinical
impairment.1 The prevalence of AD biomarkers during
the SCD stage is up to 35.9% for amyloid, 33.6% for phos-
phorylated tau (p-tau) and 46.3% for total tau.5

Interestingly, results show that SCD not only increases
the risks for developing AD but also other dementias.3 In
fact, cerebrovascular disease is often found in SCD com-
pared to controls.6 This evidence underscores the possible
heterogeneity within the SCD population in terms of under-
lying pathology.

The scientific literature points to specific contributions of
sex to this heterogeneity, in terms of risk and clinical pres-
entation. Females comprise roughly two-thirds of AD
cases,7 whereas males show increased risk of developing
vascular dementia in the presence of cardiovascular risk
factors.8 Biological factors, such as hormonal changes or
APOE ϵ4 carriership, and sociocultural influences, includ-
ing help-seeking behavior or cognitive reserve, may con-
tribute to these observed sex disparities.7,9,10 For instance,
the transition to menopause has been associated with accel-
erated brain aging and amyloid accumulation,10,11 whereas
men may underreport early cognitive symptoms due to cul-
tural norms around health-seeking.12,13 Clarifying whether
sex-specific mechanisms moderate the association of SCD
with different clinical outcomes is therefore critical for
identifying those most at risk of progression.

Although by definition SCD individuals do not present
with cognitive impairment, subclinical variability in cogni-
tion have been described.14 Poorer cognitive performance
within normal thresholds in processing speed, executive
functions, memory, and visuospatial abilities have been
described in older individuals with SCD.15,16 Other import-
ant findings in SCD individuals are self-perceived changes
in functionality,14 and increased depressive and anxiety
symptoms.17–20 Importantly, one of the key debates in the
field is whether subjective complaints reflect mood states
rather than neurodegenerative processes. However, it has
been demonstrated that the association of SCD and

neurodegeneration biomarkers is independent of depressive
symptomatology.17,20 Thus, self-reported changes in cogni-
tion, functionality and mood are also frequent in SCD.
Understanding whether SCD associations vary for males
and females could help disentangle the variability observed
at this earliest stage.

This evidence indicates that SCD, as originally defined
by the SCD-I, can be associated with multiple clinical out-
comes, including risk of dementia,3,5 variability in cogni-
tion,16,17 functionality,14 biomarkers21,22 and mental
health.23,24 To advance in precision medicine and to
unravel clinical heterogeneity in SCD individuals, it is
necessary to better understand the factors that may influence
or moderate the associations of cognitive complaints with
relevant clinical symptoms. The recent literature review
from the SCD-I summarizing the latest contributions to
the knowledge about SCD points to disentangling such het-
erogeneity as a priority of the future research in the field.25

As a result, the SCD-I has included the category of
SCD-plus as a status of increased risk characterized by
memory-specific complaints, onset within the last five
years, concern associated with decline, and age >60.
However, whether sex contributes to increased risk is yet
to be determined. Generating a clearer picture of sex-
specific SCD patterns will be invaluable for refining risk
stratification, defining preventive approaches, and advan-
cing precision medicine in the field of neurodegenerative
diseases. Accumulating research suggests that there may
be differences in the prevalence, presentation, and factors
associated with SCD between males and females.9

Hormonal factors, genetics, and underlying pathologies
have been postulated as potential causes of these differ-
ences.9 However, whether these sex differences moderate
the association between SCD and different outcomes is
still poorly understood. Therefore, the aim of this study is
to investigate the moderating effect of sex on the associ-
ation between SCD and relevant physical and/or mental
health-related outcomes by means of a comprehensive nar-
rative synthesis of empirical studies.

Methods
The review protocol for this study was prospectively regis-
tered in PROSPERO (CRD42023392799) and followed the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.26

The current study is part of a larger project based on a
single registration and search strategy to evaluate the
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moderating effect of sex, age, and education on the associ-
ation between SCD and relevant outcome measures. The
analysis of age and education are beyond the scope of the
present work and will be presented separately; while, the
joint systematic review protocol can be consulted here
https://www.crd.york.ac.uk/prospero/display_record.php?
RecordID = 392799.

Search strategy and study selection process
To identify relevant studies, we conducted a comprehensive
search of multiple databases, including Medline, Cochrane,
Web of Science (WOS), and CINAHL from their inception
dates to February 2022. Our search strategy utilized add-
itional terms related to SCD (i.e., “subjective cognitive com-
plaint”OR “cognitive complaint”OR “subjective cognitive
impairment” OR “subjective memory decline” OR “sub-
jective memory complaint” OR “memory complaint” OR
“subjective memory impairment”) and sex (i.e., “gender”
OR “sex” OR “women” OR “men” OR “male” OR
“female”) (Supplemental Table 1). As we acknowledge
that sex and gender are often used interchangeably in the
scientific literature, we have therefore used both concepts
in our search to maximize coverage of the scientific litera-
ture. In our reporting, we will use the terms “sex” and
“female/male” because of the biological nature of our
research,27,28 but it should be noted that the classification
is based on self-reports. No restriction on language was
imposed in the initial search.

Two reviewers independently screened titles and
abstracts for relevance to the selection criteria, with any dis-
agreements resolved through discussion or with the partici-
pation of a third reviewer. The inclusion criteria were
applied to the full-text articles deemed relevant, which
were then further evaluated and selected for inclusion in
the study.

Selection criteria
We used the following inclusion criteria for our study:

(A) Studies where there was a study group with SCD,
as defined by Jessen research criteria,1 which
include 1) self-experienced persistent decline in
cognitive capacity in comparison with a previously
normal status and unrelated to an acute event, and
2) normal age-, sex-, and education-adjusted per-
formance on standardized cognitive tests used to
classify mild cognitive impairment (MCI) or pro-
dromal AD. Studies operationalizing SCD as sub-
jective memory decline, subjective cognitive
impairment, subjective memory impairment, sub-
jective cognitive complaints, or subjective
memory complaints were considered.

(B) Studies that assessed the moderator effect of sex in
the association of SCD with any relevant physical
and/or mental health-related outcome (e.g., pro-
gression to dementia, depression, physical activ-
ity). If no studies directly analyzing the
moderator effect were found, studies where the
moderating effect could be indirectly assessed
were also included (i.e., comparing groups based
on sex).

(C) Articles written in English or Spanish.

We excluded studies with patients diagnosed with MCI/
prodromal AD or dementia. Additionally, we excluded
studies where SCD could be explained by a psychiatric or
neurological disease, medical disorder, medication usage,
or substance use. Studies where it was not possible to
extract the moderator effect between sex and any physical
and/or mental health-related outcome due to the type of ana-
lysis (e.g., adjusted models) were also excluded.

Data extraction and quality assessment
Two reviewers independently extracted and evaluated study
characteristics and assessed the risk of bias. In case of any
discrepancies, a third review author was consulted, and dis-
cussions were held to achieve a consensus. Data extraction
was conducted using a spreadsheet file that captured rele-
vant information from each study. This file included data
collection dates, sample characteristics (age, sex, diagno-
sis), study design, type of SCD measure (validated ques-
tionnaires, etc.), SCD domains (memory, attention,
language, etc.), and outcomes measures (progression to
dementia, depression, biomarkers, etc.).

To assess the methodological quality of observational
studies, we used Joanna Briggs Institute (JBI) critical
appraisal tools.29

Data synthesis
We conducted a comprehensive narrative synthesis, which
involved summarizing the findings in a descriptive and
qualitative manner. Due to substantial heterogeneity
among the studies and the limited number of studies avail-
able for each outcome measure, a meta-analysis could not
be performed. The included studies varied in their analytical
approaches, with some examining sex differences while
others tested interactions, further complicating the compar-
ability of findings. To facilitate the analysis, we grouped the
studies based the reported outcomes. By comparing and
contrasting the findings across studies, we identified simi-
larities and differences. Subsequently, we drew conclusions
based on this narrative synthesis approach. By adopting this
methodology, we aimed to provide a thorough and compre-
hensive summary of the evidence while recognizing and
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addressing the heterogeneity observed across the included
studies.

Results
The initial search in the electronic databases yielded 4835
references. After removing duplicates and screening by
title and abstract, 272 full-text articles were assessed for eli-
gibility. In addition, one relevant study not retrieved in the
database search was identified through manual searches.
Consequently, 16 studies (17 references)30–46 were finally
included (Figure 1). Of the 16 studies analyzed, 6 directly
explored the moderating effect of sex in the association of
SCD with at least one health-related outcome33–36,41,44

while 10 relied on group comparisons or other statistical
approaches rather than formal interaction analyses.30–
32,36–43,45,46 Because the latter did not directly test for mod-
eration, they were included in the systematic review only to
explore sex differences that might indirectly suggest a mod-
erating effect.

Characteristics of the included studies
All 16 studies had an observational design (7 cross-
sectional and 9 cohort studies). Although sex and gender
are often used interchangeably in the scientific literature,
the concepts are not interchangeable. However, self-
reported gender as a proxy of sex was used to operationalize
sex variable for all the studies included. The variables

evaluated as associated health outcomes in SCD were the
risk of dementia, risk of death, dementia biomarkers,
urinary cortisol level, basal forebrain resting-state func-
tional connectivity (RSFC), cognitive performance,
frailty, mobility and balance, sickness absence, work dis-
ability, and mental health. The characteristics of the
included studies are provided in Table 1.

Risk of bias in the included studies
The primary sources of bias in the cross-sectional studies
were related to the criteria used to operationalize SCD
and the identification and evaluation of confounding
factors. In cohort studies, the main risk of bias was
related to possible losses to follow-up and strategies for
addressing incomplete follow-up. A detailed quality assess-
ment of each study can be found in Table 2 and Table 3.

The moderating effect of sex
Risk of dementia. We found two studies37 directly testing for
the moderating effect of sex on the association between
SCD and risk of dementia, and two studies30,36 evaluating
sex differences on risk of dementia in people with SCD.

Pérès et al. (2011)37 observed that, after controlling for
educational level, marital status, depressive symptomatol-
ogy, and Mini-Mental State Examination (MMSE) score,
SCD was independently associated with greater risk of
dementia over 15 years of follow-up (HR= 1.50; CI =

Figure 1. PRISMA flow diagram.
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1.25–1.79). A significant interaction by sex was found, with
females having higher risk of dementia (HR= 1.88; 95% CI:
1.48–2.41) than males (HR= 0.99; IC 95%: 0.74–1.33)
(p-interaction = 0.002).

Similarly, Heser et al. (2019)35 reported that, in models
adjusted for age, education, cognitive status, and depressive
symptoms, SCD at baseline increased the risk of subsequent
dementia (p < 0.001), and this effect was significantly less
pronounced in males (interaction: p = 0.022). Stratified ana-
lyses showed that SCD increased the risk for subsequent
dementia in females (HR= 1.77, p < 0.001), but not in
males (HR= 1.07, p = 0.682).

Abdulrahman et al. (2022)30 investigated how sex
affects the association between SCD (operationalized
based on subjective memory complaints) and the risk of
developing dementia. Individuals with SCD had an 85%
higher dementia risk (HR= 1.85, 95% CI = 1.17–2.90, p =
0.008) compared to individuals without SCD. However,
there was no evidence of sex-related differences, as the dif-
ference in HRs for males and females was not significant
(p-interaction = 0.57). Interestingly, when individuals pre-
sented SCD jointly with complaints about their functional-
ity (i.e., Instrumental activities of Daily Living), females
showed significantly higher risk of progression to dementia
(HR =2.85, 95% CI = 1.65–4.91; p < 0.001).

Kryscio et al. (2014)36 evaluated sex differences on risk
of transition to cognitive impairment, dementia versus tran-
sition to death in people with SCD. They found that SCD
females had higher risk of progressing to dementia (OR =
2.6, 95%CI = 1.1–5.8).

The available studies consistently suggest that females
with SCD are at higher risk of developing dementia than
men, although findings are mixed when considering add-
itional factors such as functional complaints or worries.

Cognitive performance. We found three studies exploring a
moderating effect of sex in the association of SCD with sub-
clinical variability in cognitive performance,33,34,46 and one
study exploring sex-differences within SCD.43 All four
studies focused only on the memory domain, except
Wang et al., (2018)43 which also investigated global
cognition.

Using a longitudinal approach, Drouin et al. (2020)34

showed that higher memory complaints at baseline pre-
dicted lower memory performance in the next 4.5 years
for both males and females. However, baseline SCD
based on memory complaints was associated with steeper
memory decline in SCD females compared to males.

Cipolli et al. (1990)33 studied the moderating effect of
sex in the association of SCD operationalized based on
memory complaints and the acquisition-recall and delayed
recall of new verbal information. They did not find statistic-
ally significant moderating effect of sex for the association
between memory complaints and the studied memory
subcomponents.T
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Oliver et al. (2022),46 in a sample of 3019 cognitively
unimpaired older adults, examined sex differences in cogni-
tive trajectories among individuals with SCD. They found
that baseline performance varied by sex, with males
showing significantly lower scores in global cognition, epi-
sodic memory, and perceptual speed, but higher scores in
visuospatial abilities compared to females. Moreover, a sig-
nificant three-way interaction between sex, SCD classifica-
tion, and time indicated that females with SCD experienced
a faster decline than males with SCD across all cognitive
domains (global cognition, episodic memory, semantic
memory, processing speed, visuospatial ability, and
working memory).

Wang et al. (2018)43 showed that, within SCD indivi-
duals, females showed significantly better performance in
different memory tasks, including the Rey Auditory
Verbal Learning Test-5 (RAVLT-5) total sum and immedi-
ate recall, compared with SCD males. Furthermore, they
also found that SCD females performed significantly
better in global cognition compared to SCD males operatio-
nalized by the Assessment Scale-Cognitive subscale 13
(ADAS-13).

Overall, the evidence indicates that although baseline
memory complaints predict future decline in both sexes,
females with SCD present a steeper decline over time,
while cross-sectional comparisons often reveal equal or
even superior cognitive performance in females compared
to men.

Competing risk of death. We did not find any study directly
testing for the moderating effect of sex on the association
between SCD and competing risk of death. Nonetheless,
three studies evaluated sex differences in mortality among
people with SCD.

Abdulrahman and colleagues (2022)30 found no differ-
ence in risk of mortality between individuals with SCD
compared to those without SCD (p = 0.29). Within the
SCD group, they also found no evidence of a sex effect in
the risk of death (p = 0.76). To note, when individuals pre-
sented SCD jointly with subclinical complaints about their
functionality (i.e., Instrumental activities of Daily Living),
males showed significantly higher risk of death (HR=
1.59, 95% CI = 1.07–2.37; p = 0.02).

In the study by Strand and colleagues (2018)41 among
SCD patients, the median survival time at age 75 years
was 9.2 years (95% CI; 7.5–10.8) for males and 12.0
years (95% CI; 9.1–15.0) for females. Thus, SCD males
survived a median of 3 years less than SCD females,
however, the analyses were not adjusted for confounders.
To note, the survival of the SCD individuals was compar-
able to that in the general population.

In the study by Kryscio and colleagues (2014),36the
authors found no significant effect of sex in SCD indivi-
duals’ risk of death.

Overall, males with SCD generally showed shorter sur-
vival times and increased risk of death compared to
females, particularly when SCD co-occurred with func-
tional complaints.

Alzheimer’s disease biomarkers
We did not find any study directly testing for the moderat-
ing effect of sex on the association between SCD and AD
biomarkers. Nonetheless, four studies evaluated sex differ-
ences on AD biomarkers in people with SCD.31,40,43,47 All
four investigated amyloid-beta biomarkers and two investi-
gated tau biomarkers of AD.31,43

Babapour and colleagues (2020)31 showed that, within
SCD individuals, females had more tau-related pathology
as assessed through cerebrospinal fluid (CSF) biomarkers,
compared with males. However, these differences were
only significant among APOE ϵ4 carriers, while there
were no sex differences among APOE ϵ4 non-carriers.
There were no sex differences in the amyloid-beta CSF
biomarker.

Wang and colleagues (2018)43 showed no sex differ-
ences in amyloid-beta and tau CSF biomarkers, while
females had more amyloid-beta pathology on the positron
emission tomography (PET) biomarker. Zhang and collea-
gues (2018)47 showed more amyloid-beta pathology on
PET.

Snitz and colleagues (2015)40 did not find any sex differ-
ences on amyloid-beta pathology on PET, in a cohort of
cognitively unimpaired individuals spanning from no to
several subjective cognitive complaints.

In summary, sex differences in AD biomarkers among
individuals with SCD remain inconclusive, although some
studies suggest that females, especially APOE ϵ4 carriers,
may present with greater tau and amyloid pathology than
men.

Basal forebrain resting-state functional connectivity (RSFC). We
did not find studies directly testing for the moderator effect
of sex in the association between SCD and basal forebrain
biomarkers. However, we found one study directly testing
for the interaction between sex and PET-measured global
amyloid levels, when predicting biomarkers of the choliner-
gic system, operationalized as RSFC of the basal forebrain
in a cohort of 267 SCD individuals.32 The authors found a
moderating effect of sex in the association between global
amyloid levels and RSFC of the basal forebrain, revealing
that higher amyloid deposits were more strongly associated
with the basal forebrain functional connectivity in frontal
and subcortical areas in SCD females compared to males.
Thus, this study provides evidence on a moderating effect
of sex in the impact of amyloid deposits over functional
connectivity of the basal forebrain in SCD. Nevertheless,
since the study lacks a control group without complaints,
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it is unclear whether the same effect is also present in
non-SCD individuals.

Brain volume. We did not find any study directly testing for
the moderating effect of sex on the association between
SCD and brain volume. However, one study tested for dif-
ferences between SCD males and SCD females in the
volume of different brain areas.43 There were significantly
larger volumes of hippocampus, entorhinal cortex, fusiform
and medial temporal lobe in SCD males compared to
females. Nevertheless, no correction for head size is men-
tioned and since the study lacks a control group without
complaints, it is unclear whether the same effect is also
present in non-SCD individuals.

Urinary cortisol. We found one study testing for the moder-
ating effect of sex on the association between SCD and cor-
tisol levels, using an interaction model between sex (i.e.,
males versus females) and SCD (i.e., presence/absence of
SCD) in relation to urinary cortisol levels.44 The authors
found that females with SCD showed significantly higher
levels of cortisol compared to females without SCD.
There were no differences found for the males. Thus,
there is evidence of an effect of sex in the association of
SCD with urinary cortisol levels.

Mental health. Vestberg and colleagues (2007)42 examined
whether sex moderates the association between cognitive
status, defined as objective memory impairment (OMI)
versus subjectivememory impairment (SMI), anddepressive
symptoms in a clinical sample of individuals with memory
complaints. The authors found a significant interaction of
sex and cognitive status (SMI versus OMI) and the levels
of depressive symptomatology measured by Hospital
Anxiety and Depression Scale (HADS). Specifically,
among patients with SMI, females reported higher levels of
depressive symptoms than males, whereas depressive
symptom levels were similar across sexes in the OMI
group (β= –4.9, p = 0.038, 95% CI: −9.59 to −0.27). This
suggests that sex may influence how objective cognitive
status relates to depressive symptoms among individuals pre-
sentingwithmemory complaints.Although this study did not
include a control group without memory complaints, it pro-
vides evidence that sex may moderate the relationship
between cognitive status and depressive symptomatology.

Mobility and balance. We did not find any study directly
testing for the moderating effect of sex on the association
between SCD and mobility and balance. However, one
study45 tested sex-related differences between individuals
with SCD and cognitively normal individuals. The
authors found that females with SCD had significant impair-
ment in mobility and balance compared to cognitively
normal females (p < 0.001). In contrast, in males, there

were no significant differences among groups for balance
or mobility.

Sickness absence and disability benefits. We did not find any
study directly testing for the moderating effect of sex on the
association between SCD and sickness absence (SA) and
disability benefits. Nonetheless, two studies using the
same cohort38,39 evaluated sex differences on SA38 and dis-
ability benefits39 in SCD.

In the first study, Pihlajamäki and colleagues (2020)38

found that the odds ratio (OR) for being susceptible to
any SA was 1.70 (1.35–2.13) for females and 1.45 (1.17–
1.78) for males with SCD. The corresponding rate ratios
(RR) for SA duration were 2.62 (2.06–3.33) for females
and 3.25 (2.49–4.25) for males. Thus, SCD females
showed qualitatively increased risk of SA but shorter
periods of SA compared to males.

Regarding disability benefits, Pihlajamäki and collea-
gues (2021)39 found that SCD predicted disability benefits
in both sexes when controlling for age and prior SA.
Hazard ratios were 2.9 (95% CI = 1.4–6.0) for females
and 3.7 (95% CI = 1.8–7.9) for males.

Discussion
In this systematic review, we focused on the moderating
effect of sex on the association between SCD and relevant
health outcomes such as cognitive decline, dementia, and
mortality. Overall, most of the included studies relied on
sex groups comparisons rather than formal moderation
models, limiting the extent to which true moderation can
be assessed. However, the available literature indicates
that females with SCD may show an elevated risk for
future memory decline and dementia, while males with
SCD may show increased risk of mortality. Moreover, the
reviewed literature suggests sex-related differences in the
levels of amyloid and tau biomarkers, urinary cortisol,
brain volume and functional connectivity in individuals
with SCD.

The interest in SCD stems mainly from its potential as
one of the earliest symptoms of objective cognitive impair-
ment and dementia.1–3 The evidence reviewed here sup-
ports the idea of SCD as an early marker of dementia
both for males and females, but this risk might be especially
relevant in females with SCD.30,36,37 Interestingly, object-
ive cognitive performance in cross-sectional assessments
did not demonstrate marked disparities,33 with females
even exhibiting equal or superior cognitive performance.43

By definition, cognitive performance at baseline in SCD is
comparable to that of individuals without cognitive com-
plaints,4 explaining the divergent results. However, a
steeper prospective decline in memory functions was
evident in females over time,34 underscoring the nuanced
nature of sex-related cognitive trajectories in the context
of SCD. Nonetheless, these findings remain tentative
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given the limited number of studies that directly testing
moderation analyses, reinforcing the necessity for well-
powered longitudinal research to conclusively determine
sex-specific risk patterns.

Males with SCD had a higher risk of mortality than
females with SCD, especially when presented jointly with
self-reported difficulties in activities of daily living.30 The
contrast among SCD individuals regarding the risk of
death (higher in males) and the risk of developing dementia
(higher in females), may be explained by disparities in life
expectancy.48 Longer life expectancy may provide females
more time to develop cognitive decline and dementia com-
pared to males. It is noteworthy that Strand and colleagues
(2018)41 observed that males lived on average three years
less than females in the follow-up period after the age of
75. Although activities of daily living are preserved in
SCD, the association between subclinical difficulties and
cognitive complaints has previously been reported in this
population.14,17 Hence, we found that in SCD, complaints
related to activities of daily living were associated with dif-
ferent patterns of outcomes in males and females, although
these sex differences did not reach statistical significance.
Thus, the evidence from the current systematic review sup-
ports personalized early interventions in SCD depending on
sex. However, whether these sex-related differences result
from a true moderating effect of sex in SCD or from
broader population-level sex differences remains unclear,
underscoring the importance of future investigations that
include robust comparison groups without SCD.

Regarding biomarkers of underlying AD pathology, the
evidence on the moderating effect of sex is limited due to
the absence of studies comparing SCD with healthy con-
trols without complaints. Building on previous findings
showing an association between SCD and AD,5,21,22 the
four studies reviewed did not test whether sex moderates
the relationship between SCD and AD biomarkers.
However, they provide mixed evidence of sex differences
in biomarker levels, suggesting that this may be an important
area for future research. Although SCDwas previously asso-
ciated with increased amyloid and tau levels,21,22 as well as
lower cholinergic integrity,49 this association was similar
for males and females. Interestingly, Babapour and collea-
gues (2020)31 showed that among APOE ϵ4 carriers,
females exhibited significantly higher levels of tau biomar-
kers compared to males. Together with the sex-specific tra-
jectories regarding dementia and death in SCD, the
findings ofBabapour and colleagues (2020)31 raise important
questions about the interplay of genetic profiles, pathology,
and sex in SCD. The moderating effect of sex was not
studied in biomarkers of other pathologies such as cerebro-
vascular disease measured with white matter signal abnor-
malities (WMSA) on MRI.6 These WMSA have shown
increased frequency in cognitively unimpaired females in
the general population.50 Altogether, future research should
investigate sex-specific pathology findings in SCD, taking

into consideration the role of different genetic profiles and
biomarkers beyond amyloid-beta and tau. Further, the poten-
tial moderating effect of sex on the association between SCD
and AD biomarkers should be tested directly and using other
independent cohorts in future studies.

Other outcome measures in this review included
balance, sickness absence, urinary cortisol, and mental
health. The evidence shows that females with SCD
present with worse mobility and balance, as well as
poorer mental health and increased levels of urinary cor-
tisol as a proxy of stress levels.42,44,45 These findings are
in line with the so-called sex paradox, where men show
better general health compared to females but lower life
expectancy.48 We cannot exclude that gender roles in
our society may have impacted the reviewed studies on
health outcomes. Gender roles and behaviors contribute
to sex-based differences in health outcomes, with
females being more prone to seek healthcare due to trad-
itional family health roles.12 Traditional gender roles
may incline females to report health issues more openly
than males. Studies show females report more symptoms
and take more days off work for health reasons,13,51

enabling the early detection of potentially life-
threatening problems. In the current systematic review,
these findings align with Pihlajamäki and colleagues
(2020),38 where SCD females showed a higher risk of
sickness absence but shorter absence periods than SCD
males. Regular visits to health care services facilitate pre-
ventive interventions and early detection of disease.52

Skipping periodic health assessments might be associated
with more severe presentations of disease and death.
Whether the lower rates of help-seeking behaviors play
a role in the longer sickness absence and increased risk
of death in SCD males remains unanswered.

Certain methodological limitations must be considered
in our review. Given the broad aim of the current study, a
specific outcome measure was not determined a priori,
which leads to substantial heterogeneity among the
studies, hindering the inclusion of a meta-analysis. This
wider approach provided a broader vision of the moderator
effect of sex on many important health outcomes. Most of
the included studies did not formally test for moderating
effect (i.e., SCD by sex interactions), raising questions
about whether the observed sex differences are comparable
to those in control individuals without SCD. The specific
role of sex and gender in SCD has been established as a pri-
ority by the international SCD initiative,25 and the current
systematic review evidences a lack of studies focusing on
that area. Indeed, this review’s findings illustrate the need
for methodologically rigorous studies that adopt clear mod-
eration models and include appropriate control groups, to
move beyond general sex group comparisons. To note,
the variability among SCD operationalization methods
and the samples included could be a source of heterogeneity
across studies partially explaining some contradicting
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results. Although it was mandatory for all studies to fulfill
the basic SCD-I criteria4 to be included in the present
review, the extent to which studies applied additional
‘SCD-plus’ features (i.e., memory-specific complaints,
onset within the last five years, concern associated with
decline, and age >60) was not always reported. We did
not identify studies that explicitly operationalized SCD+
instead of SCD. Nevertheless, most studies included
memory-related complaints and had a mean participant
age above 60, which suggests that they would meet the
SCD+ risk enrichment profile. Some studies, however,
did not report age distributions or the specific type of cog-
nitive complaint used to classify SCD, which may have
contributed to variability across findings. These issues high-
light the importance of standardizing SCD assessment and
reporting, as well as clarifying whether risk enrichment fea-
tures are present, to improve comparability across studies.

Finally, we acknowledge the possibility that some rele-
vant evidence may not have been identified through our
search strategy. This could include studies published after
our search end date or articles that were available during
our search period but not indexed in the databases we con-
sulted. As with any systematic review, the possibility of
missing evidence cannot be fully excluded, and this
should be considered when interpreting our findings.
These limitations further emphasize the importance of regu-
larly updating systematic reviews in rapidly evolving
research areas such as SCD, to ensure that conclusions
are based on the most comprehensive and up-to-date body
of evidence. However, the current findings still cover a
broad timeframe and evidences the underexplored moderat-
ing effect of sex in SCD. We acknowledge these limitations
and their potential impact on the generalizability and
robustness of the results obtained should be considered.

In conclusion, while our comprehensive overview sug-
gests that sex may be a relevant factor in the association
between SCD and several health outcomes, the moderating
effect of sex has not been systematically tested in most
studies. The most consistent evidence to date pertains to
the potential moderating role of sex in the relationship
between SCD and future objective cognitive decline.
Although findings are mixed, some studies report stronger
associations in females. These patterns underscore the
importance of conducting more targeted research that expli-
citly examines sex as a moderating factor in SCD-related
trajectories. These differential associations would enrich
the development of sex-specific strategies focused on
early intervention for AD. For example, strategies for
females could focused on early cognitive stimulation and
treatment for health outcomes, whereas strategies for
males could be focused on increasing preventive visits to
general practitioners, which could reduce their associated
risk of death and sickness absence. However, a conclusion
of this review is that the evidence available in the current
literature is limited. These findings emphasize the need

for an expanded evidence base, as further investigations
are warranted to confirm and refine the role of sex as a mod-
erator in SCD-related outcomes. Furthermore, the role of
other potential variables that could be contributing to
these divergent outcomes, such as age, education or
genetic predispositions should also be considered in the
future.
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