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Highlights

preclinical AD.

1 | BACKGROUND

Alzheimer’s disease (AD) is a progressive neurodegenerative disease
characterized by the accumulation of amyloid beta (Af) plaques and
tau neurofibrillary tangles, followed by widespread neurodegeneration
and cognitive decline, culminating in dementia.® Early identification of
individuals at risk for AD is critical for timely intervention, particularly
as the disease progresses over decades before the occurrence of first
cognitive deficits? and as therapies targeting amyloid pathology and
other early pathological stages become available. Subjective cognitive
decline (SCD) refers to self-reported cognitive decline in the absence
of measurable deficits on neuropsychological tests.® According to the
SCD research framework,®> SCD is measured based on self-report,
which can be reported spontaneously or on request via questionnaires
or interviews, in individuals whose performance on cognitive tests
remains within normal limits on neuropsychological testing using cog-
nitive screening tools (e.g., Montreal Cognitive Assessment [MoCA]* or
the Mini-Mental State Examination [MMSE]®) and/or comprehensive
neuropsychological test batteries. SCD is considered the first symptom
of AD, appearing at stage 2 of the disease,»® and has been associated
with an increased risk of developing mild cognitive impairment (MCI)
and progression to the dementia stages of the disease.” 8

While SCD is associated with an increased risk of cognitive decline,
not all individuals reporting SCD will decline.® Furthermore, the
presence of AD biomarkers among individuals with SCD varies con-
siderably, particularly in relation to amyloid and tau pathology as
assessed through positron emission tomography (PET) imaging or cere-
brospinal fluid (CSF) measures ranging from 10% to 76%.”:%1° This
broad variability highlights the heterogeneity of SCD as a clinical entity.
Conversely, biomarker positivity can be present in cognitively normal
(CN) individuals without SCD. Therefore, SCD alone is not sufficient
to predict cognitive decline or the presence of underlying AD, neces-
sitating the identification of additional reliable and easily accessible
markers that can improve the specificity of early risk assessment.

One promising candidate for preclinical AD detection is odor
identification impairment. Multiple studies have demonstrated that
odor identification is impaired at the demential® and MCI'2 stages
and is thought to emerge even before measurable episodic mem-
ory deficits.1® The primary olfactory cortex morphometry is damaged
in MCI,** and olfactory identification is associated with hippocam-
pal volume and entorhinal cortex thickness in patients with MC1>-17
and individuals with SCD.'® Olfactory identification is also associated
with longitudinal tau pathology accumulation within the central olfac-

tory system in cognitively normal individuals.1? Cross-sectional studies

* |Individuals with SCD exhibit lower odor identification scores.

* Olfactory identification may serve as an early marker of neurodegeneration in

* Heterogeneity highlights the need for multimodal biomarker approaches.

showed associations between olfactory identification and memory in
CN older adults,?° individuals with SCD,'821 and those with MC|.2122
Several longitudinal studies have demonstrated that olfactory identifi-
cation scores are associated with cognitive decline in cognitively nor-
mal individuals?3-2> and conversion from MCI to dementia stage.26:27
Taken together, these findings suggest that olfactory impairment may
represent a subtle, early marker of neurodegeneration and could have
predictive value in the detection of preclinical AD.

A prior meta-analysis?® suggested a trend toward lower olfactory
identification scores in individuals with SCD compared to CN older
adults. The number of included studies was small (k = 5), limiting
the analysis of potential moderators and the interpretation of the
conclusions. Since its publication, several new studies have examined
olfactory function in SCD. With the advent of treatments that miti-
gate the burden of amyloid pathology at the MCI and early dementia
stages, it is crucial to identify low-cost, non-invasive, and accessible
signs and markers for AD that manifest prior to the onset of mea-
surable cognitive deficits, particularly before the progression to MCI.
Olfactory testing may thus offer a valuable complement to existing cog-
nitive screening tools and could aid in stratifying risk in clinically normal
individuals reporting cognitive concerns. The aims of the meta-analysis
were to (1) compare odor identification between older adults with SCD
and CN older adults without cognitive complaint and (2) evaluate the
magnitude of olfactory identification impairment in SCD by comparing
the effect sizes of olfactory differences with those observed in general

cognitive screening measures (e.g., MoCA?* or MMSE?®).

2 | METHODS

The protocol of this meta-analysis was not registered.

2.1 | Study eligibility criteria

Eligible studies included a direct comparison of odor identification
scores between individuals with SCD and CN participants without cog-
nitive impairment or cognitive complaint, with both groups including
men and women aged 50 years and older. The definition of SCD was
based on two core criteria: (1) self-reported cognitive decline relative
to a previous performance level and (2) normal cognitive performance
on standardized cognitive tests, such as the MMSE or the MoCA to
exclude MCI. CN participants were required to be CN without objec-

tive cognitive impairment (i.e., scoring > —1.5 standard deviations
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on cognitive tests) and without self-reported complaints of cognitive
decline. Studies were excluded if participants were younger than 50
years of age, had a diagnosed cognitive impairment, or had a psychi-
atric or neurological condition that could affect cognitive or olfactory

function.

2.2 | Outcome

Eligible studies had to assess odor identification, which is typically
through a multiple-choice format in which participants were asked to
smell a household or familiar odor and to match it with a verbal or
visual cue (e.g., words or pictures). Examples of such tests include the
Sniffin’ Sticks Identification Test (SSIT),2? the Odor Perception Identi-
fication Test (OPID)1>/AROMHA Brain Health Test,30 the University of
Pennsylvania Smell Identification Test (UPSIT),3! or the Cross-Cultural
Smell Identification Test (CC-SIT).32 Similarly, eligible studies were
required to include a measure of general cognition functioning using a
standard screening test (MoCA or MMSE).*> No studies were excluded

on the basis of test modality (i.e., the test used).

2.3 | Search strategy and information source

A systematic literature search was conducted to identify relevant stud-
ies published up to February 1, 2025. The search was conducted in
the PsycNET, PubMed, Academic Search Complete (EBSCO), and Sco-
pus databases. The following keywords and Boolean operators were
used: (“SCD” OR “subjective cognitive decline” OR “subjective cogni-
tive impairment” OR “subjective memory impairment” OR “subjective
memory decline” OR “cognitive complaint® OR “memory complaint*”
OR “cognitive concerns” OR “memory concerns”) AND (“olfac*” OR
“smell” OR “olfactory dysfunction” OR “olfactory impairment”). Studies
had to be published in English.

After the removal of 106 duplicates, 113 titles and abstracts were
screened for eligibility. We excluded studies that were unrelated to the
research question, review articles, case studies, qualitative studies, or
the absence of a control group. After the initial screening, 40 studies
were identified as potentially eligible and were further assessed for
inclusion. After reviewing full-text articles, 11 studies and 13 reports
met the inclusion criteria (Figure 1). The list of included studies is

reported in the supplementary material.

2.4 | Risk of bias assessment

The methodological quality of each included study was assessed using
the Newcastle-Ottawa Scale (NOS), as recommended.33 The NOS® is
atool designed to evaluate the quality of non-randomized case-control
studies in meta-analyses, assessing three key domains: participant
selection, comparability between groups, and outcome ascertainment.
The scoring system ranges from O to 9 points, with higher scores indi-

cating higher study quality. Studies scoring O to 3 were considered at

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic review: A systematic literature search was
conducted in PsycNET, PubMed, Academic Search Com-
plete, and Scopus to identify studies examining odor
identification performance in individuals with SCD com-
pared to CN participants. Eligible studies included vali-
dated olfactory identification tests and cognitive screen-
ing assessments (MoCA or MMSE). Out of 113 records
screened, 11 studies met the inclusion criteria and were
analyzed in a meta-analysis.

2. Interpretation: This meta-analysis demonstrated that
individuals with SCD exhibited significantly lower odor
identification scores compared to CN participants. The
findings suggest that olfactory identification deficits may
serve as an early indicator of AD-related neurodegenera-
tion and cognitive decline, preceding MCI.

3. Future directions: Future studies should explore the
predictive value of odor identification impairment in
longitudinal cohorts to determine its role in tracking dis-
ease progression and conversion to MCI or dementia.
The inclusion of genetic (e.g., APOE &4) and biomarkers
would improve mechanistic understanding and clinical
utility. Multimodal biomarker approaches are needed to
enhance early detection strategies for AD and other
neurodegenerative diseases.

high risk of bias, 4 to 6 at moderate risk, and 7 to 9 at low risk. The risk
of bias for each study was independently evaluated by two reviewers
(BJand CZ). If disagreement emerged, the most conservative score was
assigned. No major disagreements occurred during this process, and no
studies were excluded based on quality assessment. The final risk of

bias scores for each included study is summarized in S1.

2.5 | Statistical analyses

We conducted random-effects meta-analyses using the meta package
in R. We applied the standardized mean difference (SMD, Hedges' g)
for each study by comparing the mean scores of SCD and CN groups.
To improve variance estimation, we performed a random-effects model
using the Hartung-Knapp adjustment, with effect sizes weighted by
the inverse variance of their standard errors. This approach pro-
vides robust confidence intervals and improves statistical inference,
especially in meta-analyses with small numbers of studies or high
heterogeneity.3°~37 We assessed heterogeneity using Cochran’s Q
statistic, Higgins’ 12 index, and 72 to quantify between-study variability.
High heterogeneity (12 > 75%) prompted further investigation through
meta-regression. We conducted meta-regression analyses to exam-
ine the potential moderating effects of age, sex proportion (female),

educational level (years), and test modality on effect sizes.
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Identification of studies via databases and registers

Records identified from:
Pubmed (n = 70)
Psychinfo (n = 48)
Academic Search Complete
(n=51)
Scopus (n = 50)

c
o
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©
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=]

A 4

Records screened
(n=113)

> Records excluded

A4

Reports sought for retrieval
(n=41)

»| Reports not retrieved

Screening

\4

Reports assessed for eligibility
(n=40)

v

Studies included in review

(n=11)
Reports of included studies
(n=13)

Records removed before
screening:
Duplicate records removed
(n=106)

(n=72)

(n =1) (Not in English)

Reports excluded:
Out of topic (n = 25)
Not fitting participants criteria
(age, psychiatric
comorbidities) (n = 2)
Same participants in different
articles (n = 2)

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of study selection. The figure

illustrates the study selection process based on PRISMA guidelines.

We assessed potential publication bias using visual inspection of
funnel plots, Egger’s regression test, and the trim-and-fill method. Fun-
nel plot asymmetry and Egger’s test p values < 0.05 were considered
indicative of potential bias. We used the trim-and-fill method to impute
missing studies and adjust the pooled effect size under the assumption
of publication bias. Statistical significance was set at p < 0.05 for all

analyses.

3 | RESULTS
3.1 | Study selection and characteristics

A total of 11 studies met the inclusion criteria, combining 660 indi-
viduals with SCD and 574 CN participants (Figure 1 and Table 1). Two
reports/articles (Tahmasebi et al., 2019, 2019b) used the same sample;

therefore, this dataset counted as a single study to avoid duplication.

According to the study quality assessment, no studies were excluded
for a high risk of bias (i.e., NOS scale <3) (Table S1).

3.2 | Main Effect (Odor Identification)

Meta-analysis of the pooled SMD revealed that SCD groups exhibited
significantly lower odor identification scores compared to CN groups
(SMD = -0.67, 95% CI [-1.31, —0.03], p = 0.04). Variability in effect
sizes across studies was observed (12 = 92.1%, 72 = .73) and statistically
significant (Q(10) = 125.84, p < 0.001) (Figure 2).

3.3 | Moderator analysis

Meta-regression analyses were performed to identify potential

sources of heterogeneity. Age differences between SCD and CN
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groups did not significantly moderate the observed differences in odor
identification performance (8 = 0.09, SE = 0.20, 95% CI [-0.36, 0.54],
p =0.67, R% = 0%), suggesting that age alone does not account for the
variability in effect sizes across studies (Figure 3). None of sex propor-
tion (female %) (8 = —2.72, SE = 1.49, 95% Cl [-6.14, 0.70], p = 0.10,
R2 = 23.52%), educational level (years) (8 = 0.03, SE = 0.39, 95% ClI
[-0.90,0.95], p=0.94, R2 = 0%), or test modality (F(4,6) = 1.56, p = 0.30)
significantly moderated the differences observed in odor identification
between SCD and CN groups. However, cognitive score on screening
measures was a significant moderator (8 = —1.79, SE = 0.64, 95% Cl
[-3.24, —0.34], p = 0.02, R? = 46.47%), indicating that larger odor
identification differences were observed in studies where cognitive

differences between SCD and CN groups were smaller or minimal

Publication bias was assessed using funnel plot inspection, Egger’s
test, and the trim-and-fill method. Funnel plot symmetry indicated a
low likelihood of substantial small-study effects or selective reporting,
which was further supported by a non-significant result from Egger’s
test (t = —1.79, p = 0.11). The trim-and-fill analysis imputed two addi-
tional studies, resulting in an adjusted pooled SMD of —0.30 (95% Cl
[-1.03, 0.44], p = 0.39), which was substantially weaker and statisti-
cally non-significant compared to the original estimate (SMD = —0.67,
95% Cl [-1.31, —0.03], p = 0.04). This adjustment suggests that the
observed effect size might have been overestimated in the presence of
publication bias and that caution is warranted regarding the robustness

3.5 | Main effect (cognitive score on screening

The meta-analysis of cognitive differences between SCD and CN also
revealed a significant effect (SMD = -0.31, 95% CI [-0.53, —0.08],
p=0.01) (Figure 2). Heterogeneity was moderate (12 = 39.3%, 72 = 0.05,
p =0.21) but not statistically significant (Q(10) = 16.48, p = 0.09), indi-
cating that cognitive differences between SCD and CN are consistent
across studies. As heterogeneity remained below the critical threshold
(12 < 75%), no moderator analysis was deemed necessary. Overall, the

odor identification differences (SMD = —0.67) showed a larger effect

Funnel plot inspection showed no strong evidence of asymmetry, and
Egger’s test was again non-significant (t = —1.88 p = 0.09), indicating a
low likelihood of publication bias (Figure 4). The trim-and-fill analysis

imputed four additional studies, resulting in an adjusted pooled SMD
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QOdor identification
Study SMD SE(SMD)

Bouhaben et al. (2024)
Chen et al. (2021)

Dhilla Albers et al. (2016)
Jobin et al. (2024) -0.1100  0.3643
Papadatos et al. (2023) -0.2700 0.2374
Risacher et al. (2017) 1.2000 0.7483
Schmicker et al. (2023) 0.3500 0.4129
Sohrabi et al. (2009) -0.7400 0.2249
Tahmasebi et al. (2019) -0.6700 0.2174
Wang et al. (2021)
Weber et al. (2004)

-2.0000
-0.0200 0.0687

-0.6000 0.3162

Random effects model (HK)

-2

Cognition
Study SMD SE(SMD)

Bouhaben et al. (2024) -0.2900 0.1966
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Papadatos et al. (2023) -0.7100  0.3201
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Standardized Mean

Risacher et al. (2017) -0.7000  1.0742
Schmicker et al. (2023) -1.0000 0.4335
Sohrabi et al. (2009) -0.1300  0.1790
Tahmasebi et al. (2019) 0.1300  0.1541
Wang et al. (2021) -0.2000  0.3345
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Random effects model (HK)
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FIGURE 2 Forest plots of standardized mean differences (SMDs) of odor identification and cognitive performances in individuals with
subjective cognitive decline versus cognitively normal participants. Each horizontal line represents the 95% confidence interval (Cl) for an
individual study, with the square indicating the SMD estimate. The size of the square reflects the weight of the study in the meta-analysis. The
diamond at the bottom represents the overall pooled SMD and its 95% Cl, estimated using a random-effects model.

of —0.19 (95% CI [-0.42, 0.05], p = 0.11), which, although weaker and
non-significant, remained in the same direction.

4 | DISCUSSION

Here we report that individuals with SCD exhibited lower odor identi-
fication scores compared to CN participants, extending the hypothesis
that odor identification deficits may serve as an early marker of the
presence of AD pathology and future cognitive decline during stage
2 (SCD). The effect size for group differences in odor identification
(SMD = —-0.67) was larger than that observed for general cognitive
screening tests (SMD = —0.31), suggesting that odor identification
impairment may be a more sensitive measure of subtle neurodegen-
erative changes in individuals with SCD. Heterogeneity was observed
across studies in odor identification differences, which could not be
explained by age, sex proportion, education, or test modality. Cogni-
tive performance significantly moderated odor identification scores;
however, the direction of this association indicated that larger odor

identification deficits were observed in studies where cognitive dif-

ferences between SCD and CN groups were smaller. This finding
suggests a distinct pattern between cognitive performance on screen-
ing tests and olfactory identification function in SCD, supporting the
potential of odor identification as a marker for neurodegenerative
changes not captured by standard general cognitive screening tools.
Although publication bias did not appear to have strongly influenced
the results, the high level of heterogeneity highlighted the need for
further investigation into additional contributing factors, including
genetic predispositions and fluid and/or imaging biomarkers of neu-
rodegeneration, which may account for the variability in olfactory
identification deficits in SCD populations.

This meta-analysis showed that odor identification was signifi-
cantly reduced in SCD compared to CN participants, confirming a
trend observed in an initial meta-analysis published in 2021.28 In the
context of the AD continuum, this finding suggests that odor identi-
fication is impaired prior to the onset of cognitive deficits associated
with MCI. This result aligns with studies demonstrating associa-
tions between olfactory identification scores and AD tau or amyloid
pathology biomarkers measured in cognitively unimpaired!?#° and

non-demented individuals.*>*2 A longitudinal study showed that lower
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FIGURE 3 Meta-regression and test modality effects on standardized mean difference (SMD) in odor identification across subjective
cognitive decline and cognitively normal groups. The four panels depict meta-regression analyses evaluating the impact of age difference (top left),
sex difference (top right), and education difference (bottom left). The bottom-right panel shows the effect of test modality on SMD, with different
olfactory identification tests (UPSIT, SSIT, OPID, CC-SIT) represented as separate estimates with corresponding 95% confidence intervals.
Negative SMD values indicate poorer olfactory performance in the SCD group compared to the CN group. Overall, none of these potential
moderators reached statistical significance. Two studies did not provide information regarding sex distribution,*® and one did not report
educational level®83?; these studies were excluded from the respective moderator analyses. CC-SIT, Cross-Cultural Smell Identification Test;
OPID, Odor Perception Identification Test; SSIT, Sniffin’ Sticks Identification Test; UPSIT, University of Pennsylvania Smell Identification Test.
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FIGURE 4 Meta-regression effect of cognition on standardized
mean difference (SMD) in odor identification across subjective
cognitive decline (SCD) and cognitively normal (CN) groups. Negative
SMD values suggest poorer olfactory performance in SCD compared
to CN. The meta-regression analysis identified cognitive scores on
screening tests as a significant moderator (3=-1.79,p =0.02),
indicating that larger olfactory differences were observed in studies
with smaller cognitive differences between groups.

olfactory identification score correlated with baseline tau accumula-
tion in key olfactory regions (i.e., piriform cortex, amygdala, hippocam-
pus, parahippocampus, entorhinal cortex) and predicted accelerated

progression of tau pathology ~2.5 years subsequently.’? Similarly,

olfactory identification has been associated with hippocampal volume
and entorhinal cortex thickness in patients with MCI*°~17 and individ-
uals with SCD without cognitive impairment.'® These findings suggest
that odor identification tests could be among the earliest objec-
tive measurements of AD-related damage to brain regions involved
in olfactory processing, occurring before the observable cognitive
deficits.

There is a large literature of longitudinal studies demonstrating
the predictive value of odor identification performance on longitudi-
nal cognitive decline?34344 and conversion to MCI.244> |n the current
meta-analysis, cognitive performance on screening tests emerged as
a significant moderator, although the direction of the association indi-
cated that larger differences in odor identification performance across
groups were observed in studies where cognitive differences between
SCD and CN groups were smaller. This finding suggests that olfac-
tory identification deficits are detectable when cognitive decline is
minimal and that cognitive performance remains within the normal
range on standard screening tests. While odor identification effect
sizes were not positively correlated with general cognitive differences
across groups on screening tests in this meta-analysis, prior research
showed significant positive associations between odor identification
and declarative memory (i.e., episodic and semantic memory) in older
adults, 20 individuals with SCD,*821 and MCI.2%22 Memory is typically
the first cognitive domain affected in the course of ADZ0 and, like

odor identification, is supported by shared common structures of the
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FIGURE 5 Funnel plots assessing publication bias for each comparison (olfactory identification and cognition). The left panel displays the
funnel plot for publication bias, where each point represents an individual study’s standardized mean difference plotted against its standard error.
The dotted lines indicate the expected distribution of studies in the absence of bias. Symmetry suggests minimal small-study effects or selective
reporting. The right panel shows the trim-and-fill-adjusted funnel plot, with open circles representing imputed studies added to correct for
potential asymmetry. The adjusted pooled effect size was smaller than the original estimate, suggesting possible overestimation due to publication
bias. The wide confidence interval of the adjusted estimate includes zero, indicating that the association may not be significant after accounting for

missing studies.

medial-temporal lobe, including the entorhinal cortex, hippocampus,
and parahippocampus.#161? Taken together, these findings support
the hypothesis that early odor identification decline in preclinical AD
may be more closely aligned with declarative memory function than
with general cognitive screening scores, positioning odor identifica-
tion decline as a sensitive early detectable marker that can improve
risk stratification in individuals with SCD whose cognitive and memory
scores remain in the normal range.

Another potential explanation for this inverse association between
cognition and odor identification is the differential influence of cultural
bias on cognitive versus olfactory measures.*® While odor identifica-
tion can be affected by prior sensory experience and familiarity with
specific odors, cognitive screening tests might be influenced by lan-

guage, educational background, cultural knowledge, and test-taking

conventions. These factors may reduce the sensitivity and variability
of cognitive scores across diverse populations, attenuating group dif-
ferences. In contrast, odor identification tests may preserve greater
discriminatory power despite cultural variation, contributing to the
larger effect sizes observed in odor identification. Future studies
should continue to explore how olfactory identification measures can
be optimized for diverse populations and validated as early, culturally
robust biomarkers of neurodegeneration.

Moderator analyses revealed that age, sex, education, and olfactory
test modality did not moderate the effect size. Demographic factors
have been observed to be associated with olfactory performance.*’ In
the current meta-analysis, sex was not a significant moderator, with
a p value approaching significance (p = 0.10), suggesting a potential

trend for larger effect sizes when SCD groups included more females
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compared to CN groups. This potential trend warrants further inves-
tigation, particularly given the higher prevalence of AD in women.
Other demographic variables, including age and education, also did
not significantly moderate the effect sizes. This pattern is consistent
with prior meta-analytic findings showing an absence of a moderat-
ing effect of age on the association between declarative memory and
olfactory identification scores in CN older adults, which was the case
for olfactory detection threshold.?® Additionally, age-related olfactory
decline is typically more pronounced for olfactory detection threshold
than for odor identification,”” which may partly explain the absence
of age effects in the present analysis. Similarly, another meta-analysis
revealed no effect of education level on olfactory identification per-
formance in MCL.12 These findings suggest that odor identification
decline in SCD may emerge independently of demographic factors
and could reflect other factors such as underlying neuropathologi-
cal changes, rather than general aging effects or education-related
cognitive reserve.

It is important to note that reduced odor identification function is
not specific to AD and should not be used as a stand-alone diagnostic
tool. Several other conditions can impair olfaction, including neurolog-
ical disorders such as Parkinson’s disease and traumatic brain injury, as
well as non-neurological conditions like chronic rhinosinusitis, among
others.*8 Therefore, the interpretation of olfactory testing in the con-
text of early AD detection must be approached with caution. Two
meta-analyses demonstrated that among olfactory functions, olfac-
tory identification was more specifically damaged in AD! and MCI12
compared to a broader loss of smell observed in conditions affect-
ing the peripherical olfactory system*® or in Parkinson’s disease.!!
Furthermore, a recent study showed that while a higher odor identi-
fication score was associated with a higher probability of not having
MCI (79%), a lower score has limited sensitivity (58%) in distinguish-
ing MCI from SCD.?! This suggests that the absence of an olfactory
identification deficit lowers the likelihood of AD, whereas a reduced
score should lead to further investigation. In such cases, more invasive
and expensive diagnostic tools such as blood-based or CSF biomark-
ers, structural MRI, PET scans, comprehensive neuropsychological
testing, and otorhinolaryngological examination should be considered.
Odor identification might serve as a low-cost, non-invasive first-line
screening tool for brain health, and a low score should trigger more
in-depth evaluation to rule out other modifiable causes of olfactory
dysfunction that may benefit from early intervention addressing social
isolation, auditive and visual impairments, cardiovascular risk factors,
depression, and physical inactivity, among others.*?

Our findings support the inclusion of an olfactory identification
impairment as an additional risk factor in the SCD+ framework,
which aims to refine the identification of individuals at elevated
risk of AD. This framework also includes criteria such as memory-
specific complaints, onset of SCD within the past 5 years, age
over 60, external confirmation of cognitive decline, and clinical help
seeking.® Given the associations between olfactory deficits and AD

biomarkers,1%°% medial temporal atrophy,>~1” and longitudinal cog-
nitive decline,23-2>44 integrating odor identification into the SCD+

criteria could enhance the stratification of risk for preclinical AD.

Disease Monitoring

Future studies should investigate whether combining olfactory testing
with the SCD+ framework improves the prediction of progression to
MCl and AD dementia.

5 | LIMITATIONS

The main limitation of this meta-analysis is that while meta-regression
identified cognitive performance as a significant moderator, other
potential contributors to heterogeneity such as genetic risk (e.g.,
APOE-¢4 status), neuropathological burden, or environmental fac-
tors were not assessed due to limited available data. These vari-
ables could have enhanced the comprehension of the significant
heterogeneity observed in odor identification differences between
groups (12 = 92.1%). Future research should incorporate these vari-
ables, particularly amyloid and tau biomarkers, to strengthen the
specificity of odor identification impairment as a preclinical marker
AD.!

6 | CONCLUSION

The presence of odor identification impairments, observed alongside
a normal range of cognitive performance in individuals with SCD,
reinforces the hypothesis that odor identification impairment may con-
stitute an early marker of AD preceding MCI. These findings align
with previous research associating odor identification impairment with
AD biomarkers and longitudinal cognitive decline. Future longitudinal
research should explore whether combining odor identification testing
with the SCD+ criteria improves the accuracy and precision of predict-
ing AD pathology, future cognitive decline, and progression to MCl or
AD dementia.
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