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Abstract

Background: Recently, subjective cognitive decline (SCD) has been considered to be one of the
first signs of Alzheimer’s disease (AD). Since this potential early marker is sensitive but not
specific to AD, combining it with other markers could ensure higher accuracy when predicting
which persons with SCD will convert to AD. Since olfactory dysfunction is observable in both
AD and mild cognitive impairment (MCI), it is a promising marker that could help improve the
early diagnosis of AD.

Objective: The aim of this meta-analysis was to verify whether the presence of SCD is associated
with a decrease in olfactory identification ability.

Methods: We collected articles from the following databases: PsychNet, PubMed, Ebsco and

CE 1Y

ProQuest using the keywords: “SCD”, “subjective cognitive decline”, “subjective cognitive

9% ¢ 9% 66 99 ¢

impairment”, “subjective memory impairment”, “subjective memory decline”, “cognitive
complaints”, “memory complaints”, “cognitive concerns”, “memory concerns”, “olfac*” and
“smell”. We included articles according to the following criteria: (1) participants aged 50 and
over; (2) presence of an SCD group or a conceptual equivalent; (3) presence of a healthy control
group with the same age range; and (4) assessment of olfactory identification ability.

Methods: Five studies met the inclusion criteria. Small and homogeneous effects were observed
for olfactory identification alteration in individuals with SCD relative to controls (g =-0.16, 95%
CI[-0.46, 0.14]).

Conclusion: Despite the low number of studies included, the findings suggest that odor

identification is slightly altered in SCD compared to healthy older adults. This alteration in

individuals with SCD could be an early marker of AD.
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INTRODUCTION

In 2017, approximately six million Americans were diagnosed with clinical Alzheimer’s
disease (AD) or mild cognitive impairment (MCI) due to AD pathology and this number is
expected to rise up to 15 million by 2060 [1]. AD is a neurodegenerative disease characterized by
the accumulation of amyloid-f plaques and tau neurofibrillary tangles in the brain that lead to
dementia. Given the difficulty of measuring these brain markers in vivo, the probable diagnosis
of AD is solely based on clinical criteria and usually occurs at the dementia stage [2]. However,
AD has a long progression and begins with a preclinical phase, lasting decades, during which
brain damage occurs [3]. This preclinical phase of AD ends with the development of MCI, which
is characterized by cognitive impairments in one or more cognitive domains, most commonly in
episodic memory in patients who will convert to AD dementia [4,5]. During the preclinical phase,
the brain damage could expresses itself as subjective cognitive decline (SCD). SCD is subjective
because, at this stage, the level of cognitive performance remains within normal range on
classical clinical assessments [6]. Nevertheless, in individuals with SCD from the Consortium
pour l'identification précoce de la maladie d'Alzheimer - Québec (CIMA-Q) cohort, hippocampal
volume was linked to a decline in episodic memory performance, a relationship that was not
present in healthy older adults [7]. However, although SCD is a sensitive marker for AD, it
remains poorly specific. Not all cases of SCD will develop MCI or dementia [8] and combining
other earlier symptoms with SCD might be an opportunity to increase the specificity of the early
diagnostic of AD. One potential sign is the olfactory dysfunction, which is a clinical marker of

AD.
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Several meta-analyses have shown that olfactory function is impaired in patients with
AD, with the identification and recognition of odors being the more impaired functions [9,10]. A
similar impairment in the ability to identify odors was also found in MCI [11-15]. Since MCI is
considered as an early clinical stage of dementia [5], with a variable annual conversion rate from
MCI to AD dementia of 7.5 to 16.5% [16], researchers have investigated the possible role of
olfactory dysfunction as a predictor for the conversion from MCI to AD. Combined with other
markers (informant report of functioning, verbal memory, hippocampal and entorhinal cortex
volume), olfactory identification performance helped strongly predict conversion from MCI to
AD after a 3-year follow-up [17]. In another study, MCI patients with pathological olfactory
identification at baseline were more likely to develop dementia after a 2-year follow-up [18].
When looking into different MCI subtypes, a population-based study showed that impaired
olfactory identification was associated with amnestic MCI (aMCI) incidence, but not with non-
amnestic MCI (naMCI) [19]. In the same study, olfactory identification scores strongly predicted
progression from aMCI to AD which suggests that olfaction is more altered in aMCI than in
naMCI and could be used as a marker of AD in MCI.

Longitudinal cohort studies on healthy community-dwelling older adults showed that
olfactory dysfunction can predict cognitive decline. In cognitively healthy older adults, reduced
olfactory function at baseline has been related to cognitive decline [20,21], to a bigger proportion
of conversion to MCI [22] and to a higher risk of developing dementia [23]. Moreover, a
longitudinal study including 1037 cognitively healthy older adults at baseline showed that
olfactory identification is a better predictor than verbal episodic memory to predict cognitive
decline in the transition to MCI [24]. Overall, these findings suggest that olfaction could be an

early marker for cognitive decline in the preclinical stages of AD. These findings are in line with
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93  Murphy’s model (2019), which suggests that olfactory decline is one of the earliest clinical
94  markers of AD, beginning at a stage when people are still cognitively within the norm [25],
95  which might correspond to the SCD stage. Over the past decade, researchers have studied
96  olfaction in SCD or a conceptually equivalent clinical entity. However no consensus has been
97  reached on whether the olfactory decline found in MCI and dementia is already detectable in this
98  stage of the disease.
99
100 Objective
101 No meta-analyses have addressed olfaction in SCD. Thus, whether olfactory decline
102 begins at the MCI stage or earlier remains unclear. The aim of this meta-analysis is to assess
103 whether SCD is associated with a decrease in the ability of olfactory identification. In other
104  words, we aim to address the following question: Do individuals with SCD have a reduced
105  olfactory identification ability compared to healthy older adults?
106
107  Methods
108  The protocol of this meta-analysis was not registered.
109 Eligibility Criteria of the Studies Selected
110 To be eligible to be included in this meta-analysis, studies had to compare olfactory
111  identification capacity between an SCD group and a healthy control group without cognitive
112 complaint, with both groups comprising men and women aged 50 years and older.
113 Participants included in the SCD group had to report complaints of cognitive decline
114  while having normal cognitive performance. There are two criteria to establish that an individual

115  is experiencing a SCD: (1) subjective perception of cognitive decline relative to previous
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performance level; (2) a normal level of cognitive performance as assessed by valid cognitive
tests such as the Mini-Mental State Examination (MMSE) [26], the Montreal Cognitive
Assessment (MoCA) [27] or other cognitive tests that are used to exclude MCI [6]. Thus, studies
where participants met both criteria of SCD were included in the meta-analysis. Given that the
SCD term was only recently established in 2014 by the SCD-Initiative working group [6] to
describe individuals that are at risk of developing cognitive decline or dementia, and since
memory complaint is the most frequent cognitive complaint reported, other terms such as
subjective cognitive impairment, subjective memory complaint or subjective memory
impairment were used to characterize these individuals. Thus, all studies assessing olfactory
identification in individuals with cognitive complaint and normal scores on classical cognitive
tests were included in the meta-analysis.

Participants in the control groups were healthy individuals of 50 years of age and over
with no objective cognitive impairment (> -1.5 SD score on cognitive tests), as measured by a
valid cognitive assessment, and did not self-report any complaints of cognitive decline. General
exclusion criteria for both groups included: (1) being under 50 years of age, (2) presenting a
cognitive impairment, and (3) having any psychiatric diagnosis or other neurological condition

that could affect cognition.
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Outcome. To be included in the meta-analysis, studies had to measure the sense of smell
through a score obtained in a behavioral examination using validated olfactory identification
tests such as the Sniffin’ Sticks Identification Test [28], the Odor Percept Identification Test [29],
the University of Pennsylvania Smell Identification Test (UPSIT) [30], and the Cross-Cultural
Smell Identification Test (CC-SIT) [31].

Search Strategy and Information Source. We searched for studies published up to July
2020. No studies were excluded from our meta-analysis because of their country of origin.

We searched for published studies in the following databases: PsychNet, PubMed and
Ebsco. The ProQuest Dissertations and Theses database was used to find unpublished theses. The

29 <¢

following keywords were used in our search: “SCD”’, “subjective cognitive decline”, “subjective

99 ¢¢ 99 ¢¢

cognitive impairment”, “subjective memory impairment”, “subjective memory decline”,
“cognitive complaints”, “memory complaints”, “cognitive concerns’, “memory concerns”,
“olfac*” and “smell”. After excluding duplicate studies, 322 titles and abstracts were reviewed
(See Figure 1). Studies were excluded when they were off-topic (e.g., animal studies, assessment
of other sensory modalities, absence of SCD group, etc.), reviews, case studies, qualitative
papers or if they did not include a control group. This screening identified 18 potentially eligible
studies.

Study Selection

The first author (BJ) evaluated all of the selected studies to assess their eligibility
according to the criteria mentioned above. He then sent the list of potentially eligible articles to a
research assistant who was blind with respect to the purpose of this meta-analysis. An article was

only included if it was approved by both evaluators based on the risk of bias assessment.

Risk of Bias in Individual Studies
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Risk of bias for each of the selected studies was assessed independently by two
evaluators [BJ and AR] according to the Newcastle-Ottawa Scale (NOS) [32]. The NOS is a
scale used to evaluate the quality of non-randomized case-control studies published in meta-
analyses (i.e., evaluation of participants’ selection, comparability between groups, ascertainment
of olfactory identification), which was recommended by Zeng and colleagues in 2015 [33]. A
consensus was reached after pooling the results (See Table 2). A score between 0 and 3 was
considered a high risk of bias, between 4 and 6 a moderate risk of bias, and between 7 and 9 a
low risk of bias. When disagreement emerged at this stage, it was agreed that the most
conservative result would be selected. No major disagreement emerged and no studies were

excluded following this evaluation.

Analyses

Analyses were performed using Meta-Essential [34]. For each study, Hedges’ g was
calculated to obtain a standardized effect size. When an article did not contain means and
standard deviations, we calculated them when possible. When it was not possible, we contacted
the authors to obtain the missing data. One author has been contacted and confirmed that two
studies [35,36] used the same sample and provided us the data of the full sample. The combined
effect size was then calculated. According to Brydges [37], Cohen’s guidelines [38] are probably
overestimated average effect sizes in gerontology. After analyzing 88 meta-analyses in
gerontology, he suggests that a g = 0.16 can be interpreted as a small effect size, g=0.38 as a
medium effect size and g > 0.76 as a large effect size. Finally, the more conservative random

effects model has been used to compute the significance level of the mean effect sizes for each
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study since selected studies are not functionally 100 % equivalent (i.e., not every study used the
same olfactory identification test and the same exact design).

Risk of bias across studies

To quantify heterogeneity in effect sizes, we used Cochrane’s Q-statistic [39]. We
assumed heterogeneity if Pg was significant at p < .05. Then, the testing of potential moderators,
such as age, sex and type of olfactory identification tests, was allowed if there was presence of
heterogeneity. I° was generated to quantify the degree of heterogeneity among studies. Thus, the
decision to test potential moderators or not was not only based on a significance test, which
could be underpowered with a small number of studies.

Publication bias was assessed using the visual inspection of the funnel plot and confirmed

using Begg’s rank test and Egger’s regression test [40,41].

Results

Study selection and characteristics

After analyzing full-text articles, six were eligible for extraction of quantitative data (See
Figure 1). Two studies used the same sample, therefore the entire sample was used and counted
for one study. Thus, five studies (samples) met the criteria for a total of 264 participants with
SCD and 334 controls (See Table 1). According to study quality assessment, no studies were
excluded for a high risk of bias (i.e., <3 on NOS scale) (See Table 2). In all studies, the two
compared groups were reported as equivalent in terms of age, and a significant difference on sex
distribution was only found in one study [42].

Main effect
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The aim of this meta-analysis is to determine whether identification olfactory ability is
altered in SCD compared to healthy older adults. The analysis reveals a small effect size (g=-
0.16, 95% CI [-0.46, 0.14]; k=5) that was not significantly heterogenous (Q=5.72, Po=0.23) (See
Figure 2). The homogeneity of the effect sizes was also confirmed with a second indicator
(I’=30.0%). Thus, moderator analysis was not necessary.

Publication bias

We did not performed regression-based analysis due to the insufficient number of
included studies (5). Thus, a funnel plot was generated (See Figure 3). Asymmetry at the bottom
(right) of the funnel plot may be due to a possible publication bias. This asymmetry suggests

caution in interpretation of the results, until more studies have been conducted.

Discussion

This study is the first meta-analysis on olfaction in individuals with SCD. We found that
olfactory identification is slightly impaired in individuals with SCD compared to healthy older
adults. In preclinical AD, at the SCD stage, individuals notice a decline in their cognition that
causes them worries, but which classical neuropsychological tests are not able to detect [6,43].
Our results suggest that olfactory identification declines in individuals with SCD. It seems that
olfactory identification tests are more sensitive to objectify a decline than classical
neuropsychological tests at the SCD stage.

Our results are in line with those from Sohrabi et al. (2009), who found that among
olfactory functions, olfactory identification was linked to subjective memory complaints in
community-dwelling older individuals, whereas olfactory detection, i.e. the ability to detect

odors, was not [44]. Other studies have shown that olfactory identification is associated with

10
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semantic memory and verbal capacities [45,46]. Thus, the decline of olfactory identification in
individuals with SCD might be related to a decline in semantic memory and verbal capacities
that is nevertheless not detectable with clinical tests. However, in 2019, Tahmasebi and
colleagues did not find a significant link between olfactory identification and semantic memory
in individuals with SCD [35]. They suggest that the decline in olfactory identification might be
due to neuropathology consequences that are not limited to semantic memory and conclude that
the ability to identify odors is distinct from semantic memory. This conclusion is in accordance
with the model of aging and memory decline proposed by Larsson et al. (2016). This 3-
component model includes olfactory, semantic and episodic memory and better explains the
effect of age on memory performance in older adults than a 2-component model limited to
semantic and episodic memory. In other words, they found that olfactory memory as indexed by
episodic odor recognition and odor identification is modeled separately from episodic and
semantic memory for visual and verbal information [47]. Interestingly, they found that among
older individuals, those carrying APOE &4 allele, which is a high risk factor for developing AD,
showed poorer memory performance, and these effects tended to be larger for olfactory memory.
Thus, these results suggest that a decline in olfactory memory might be one of the early signs of
AD. As a proxy of olfactory memory, assessing olfactory identification in individuals with SCD
might help discriminate those who will convert to MCI or AD.

Another interesting point to discuss is the amplitude of the effect we found in our meta-
analysis. No consensus had been reached on whether the olfactory decline found in MCI and
dementia is already detectable in the SCD stage of the disease. Some studies found significant
differences between healthy older participants and participants with SCD on olfactory

identification scores [44,48], while other studies did not [35,36,42,49]. This meta-analysis

11
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246  confirmed that an olfactory decline is detectable at this early preclinical stage of the disease. The
247  slight effect we found on olfactory identification may be due to the lack of specificity of the SCD
248  diagnosis to discriminate those who will convert to MCI or AD from those who will remain

249  stable. Interestingly, Jessen et al. (2014) propose a subcategory of SCD, the subjective cognitive
250  decline plus or “SCD+” to better characterize those who are more at risk of developing an

251  objective cognitive decline. SCD+ features include: (a) a subjective decline in memory, (b) an
252 onset of SCD within the past 5 years, (¢) and at 60 years and older, (d) a concern associated with
253  SCD, (e) a persistence of SCD over time, (f) a seeking of medical help, and (¢) a confirmation of
254 cognitive decline by an observer [6,8]. Thus, one may hypothesize that individuals with SCD+
255  may have lower odor identification abilities than individuals with SCD or healthy older adults.
256  Unfortunately, results from our meta-analysis cannot help verify this hypothesis given that the
257  characteristics of the participants in the included studies were not sufficiently detailed to apply
258  the SCD+ criteria.

259 Furthermore, in order to interpret our results on the pathological course of AD, we

260  hypothesize that neuropathological changes occur on olfactory function at the earliest phase of
261  the disease. In 2017, Risacher et al. showed that tau deposition, but not amyloid-f pathology, is
262  associated with the olfactory identification score in individuals with SCD [42]. These data are
263  consistent with the results of the literature where olfactory identification scores were related to
264  neurofibrillar pathology in the entorhinal cortex and hippocampus [50]. Thus, the decline of

265  olfactory function would be much closer to a marker of tau pathology. This is an interesting

266  hypothesis given that tau predicts cognitive decline in individuals with SCD [51,52].

267  Unfortunately, we cannot verify whether individuals with greater olfactory decline had a greater

268  amount of tau pathology, since the tau pathology status of the participants was not available for

12
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all the included studies in our meta-analysis. Another AD biomarker is neurodegeneration.
Structures involved in olfactory treatment, such as the hippocampus and the primary olfactory
cortex (POC), are atrophied in patients with AD and MCI. Notably, the atrophy of these
structures is correlated with olfactory performance [15]. The atrophy found in these regions
could also explain the olfactory decline observed at the SCD stage. Cross-sectional and
longitudinal olfactory studies including AD pathologic and genetic markers (tau, amyloid-f,
neurodegeneration and APOE e4 positives) in combination with SCD+ components could allow
for a better qualification of preclinical patients at risk of AD. In other words, future studies
should focus on combining olfactory measurements with other AD markers in the SCD stage to

better predict those at risk of AD .

This meta-analysis has some limitations. First, this study compared effect sizes that are
from different behavioral olfactory identification tests. Some tests are well-known and
commercially available, such as the Sniffin’ Sticks [28,53], the UPSIT [30] and the CC-SIT [31].
The Sniffin’ Sticks Identification test scores correlate with the UPSIT [54], and the CC-SIT
scores are similar and do not differ from those of the UPSIT [31]. One study used the OPID test,
which has shown similar results to the UPSIT in the classification of MCI of AD patients [29].
However, although these different tests measure the same construct and are comparable, they are
not identical. Thus, the results of this meta-analysis should be interpreted with having this in
mind. Second, this meta-analysis evaluated bias risks from each included study using the NOS.
Considering the lack of gold standard tools to assess quality of case-control studies (e.g., SCD
vs. healthy older adults) [55,56], especially for non-randomized studies, we followed the
recommendations of Zeng et al. (2015) and used the NOS to evaluate studies included in the

meta-analysis, even though the NOS has not yet been fully validated [33,55]. Although the

13
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majority of the included studies demonstrated a low to moderate risk of bias, no studies were
excluded based on this assessment. Results at the NOS scale revealed that the main shortcomings
in terms of quality were found in the method used for participants’ recruitment and the non-
inclusion of variables such as age or sex in the analysis. Rigorous recruitment methods help
avoid the risk of bias regarding the representativeness of the sampling. It is also important to
include factors such as age or sex as covariates when analyzing olfactory scores since these
variables are known to influence olfactory performance [53]. A common strength of the selected
studies was the assessment of olfactory identification by valid olfactory tests and the use of valid
cognitive tests to qualify the lack of difference between SCD and control groups on the cognitive
level. However, in most of the selected studies, confounding variables such as depression or
anxiety symptoms were not accounted for in the analyses. Considering that these symptoms
might lead the person to express an SCD, there is a need that future studies control for the
influence of these variables [6]. Third, when analyzing publication bias, we were unable to
performed regression-based analysis due to the small number of included studies. It highlights
the dearth of studies on the sense of smell within individuals with SCD. Indeed, this meta-
analysis included a low number of five different samples, which is the minimal number of
studies required for random-effects models [57]. Thus, more studies with rigorous methodologies
and larger samples of individuals with SCD are needed to conclude that olfactory identification

is indeed a biomarker of AD at the SCD stage.

Following these limitations, we recommend that future studies include larger groups that
are well-matched for sociodemographic characteristics. Furthermore, we recommend that a
rigorous neuropsychological evaluation be conducted when selecting SCD participants. Future

studies should also control for psychological variables that are susceptible to influence cognitive

14
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complaints such as anxiety or depression levels. Cognition should also be rigorously evaluated
with more than a rapid screening test (i.e., The MMSE or the MoCA) when recruiting and

differentiating healthy participants and SCD participants from MCI patients.

Conclusion

Olfactory identification is slightly impaired in individuals with SCD compared to healthy
older adults. This first meta-analysis also highlights the limited literature on this topic and thus
the need for more studies in order to better characterize individuals with SCD on olfactory
capacities. To conclude, our results suggest that olfactory dysfunction may be a potential early

marker of AD.
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534  Table 1. Characteristics of studies included in the meta-analysis

Authors (Year) Olfactory SCD Control SCD mean  Control SCD mean  Control Effect size
test sample sample age mean age score (SD) mean score (Hedges’ g)

size size (SD) (SD) (SD)

Dhilla Albers etal.  OPID 74 70 77 (0.93) 75 0.67 (0.17) 0.69(0.17) -0.12

(2016) [48] (1.01)

Risacher et al. UPSIT 10 10 72.2(64)  69.5 357(3.3) 345 0.42

(2017) [42] (6.9) (2.3)

Soharabi et al. SSIT 81 63 65.53 (7.3) 64.66 12.38 13.12 -0.39

(2009) [44] (7.73) (2.18) (1.49)

Tahmasebi, et SSIT 69 161 66 65 12.16 12.83 -0.004

al.(2019) [35, 36] (58.5/74)  (57/73)*  (2.57) (2.16)

Weber (2003) [49] CC-SIT 30 30 65.9(09.7) 66 9.7(1.7) 10.3 -0.40

(8.9) (1.3)

535 Note: OPID: Odor Percept Identification. UPSIT: University of Pennsylvania Smell Identification Test. SSIT: Sniffin’ Sticks
536 Identification Test. CC-SIT: Cross-Cultural Smell Identification Test (CC-SIT). Tahmasebi et al., 2019 data set was provided by
537 the authors and has been used in both Tahmasebi et al., 2019 and Tahmasebi et al., 2019b articles.

538  *Median (25™ percentile/75" percentile).
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540

541 Table 2. Risk bias assessment of included studies

Authors (Year) Participants’ selection Comparability Ascertainment Risk bias
between groups of olfactory according to the
identification NOS

Dhilla Albers et al.  + Use of a neuropsychological battery and - No control for + Secure method Moderate.
(2016) [48] the Clinical Dementia Rating-Sum of sex, age or other to assess Ol

Boxes by clinicians. important factors.  (OPID).

+ Controls were from the same community + Same method

and without cognitive complaints. for both groups.

- No consecutive/random recruitment.

- No description of controls’ health

history.
Risacher et al. + Use of the 20-item Cognitive Change + Study control + Secure method Moderate.
(2017) [42] Index, the Montreal Cognitive Assessment  for age, sex and to assess Ol

test and other tests assessing memory and  education. (UPSIT).

excutive functions.
+ Same method

+ Controls were from the same community for both groups.
and without cognitive complaints.

- No consecutive/random recruitment.

- No description of controls’ health

history.
Soharabi et al. + Use of the Memory Functioning - No control for + Secure method Moderate.
(2009) [44] Questionnaire and the memory subtest of sex, age or other to assess OI

the Cambridge Mental Disorders of the important factors.  (SSIT).

Elderly Examination and the Mini-Mental

. R +
State Examination. Same method

for both groups.

+ Controls were from the same community

and without cognitive complaints.

- No consecutive/random recruitment.

+ Description of controls’ health history.
Tahmasebi, et al. + Use of a complete neurological + Study control + Secure method Low.
(2019) [35, 36] examination, a standard laboratory blood for age and to assess Ol

test, and psychometric testing including depression. (SSIT).

the Mini-Mental State Examination and
the Neuropsychological Test Battery
Vienna. Selections made by a professional
consensus committee.

+ Same method
for both groups.

+ Controls were from the same community
and without cognitive complaints.

- No consecutive/random recruitment.
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Authors (Year) Participants’ selection

Comparability
between groups

Ascertainment Risk bias
of olfactory according to the
identification NOS

+ Description of controls’ health history.

Weber (2003) [49]  + Use of the the Mini-Mental State
Examination and a clinical evaluation by a  for education and

trained doctoral student in psychology.

+ Study control

depression.

+ Controls were from the same community
and without cognitive complaints.

- No consecutive/random recruitment.

+ Description of controls’ health history.

+ Secure method Low.
to assess Ol
(CC-SIT).

+ Same method
for both groups.

Note: OI: olfactory identification. OPID: Odor Percept Identification. UPSIT: University of Pennsylvania Smell Identification

Test. SSIT: Sniffin’ Sticks Identification Test. CC-SIT: Cross-Cultural Smell Identification Test (CC-SIT). NOS: Newcastle-

Ottawa Scale.
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Figure 2. Forest plot of effect sizes.

Note: Error bars represent 95% Cls.
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