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ABSTRACT
Introduction: Alzheimer’s disease (AD) is a
debilitating neurodegenerative disease that
currently affects 850,000 individuals in the UK
with estimates continuing to rise. Diagnosis is
only available in the presence of significant
neuronal pathology and apparent cognitive
decline, meaning that treatment avenues are
often limited and carry little to no effect on
prognosis. Olfactory function has been shown
to have a direct correlation with cognitive
function and therefore may serve as a potential
diagnostic tool for the detection of preclinical
disease. The objective was to examine the current literature to establish the accuracy of
olfactory function testing in determining current and future cognitive function.
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Methods: A systematic review was performed
via Medline on 17 October 2019 using the
search terms and Boolean operators ‘Dementia
OR Alzheimer’s AND olfaction AND cognitive
impairment’ yielding 111 results. These were
then screened using inclusion/exclusion criteria
alongside a PICO strategy. After titles, abstracts
and full text were screened, nine articles were
included in the review and critically appraised
using the AXIS and CASP tools.
Results: Significant correlations are demonstrated between olfactory impairment (OI) and
cognitive decline. However, there were limitations of many of the studies in that confounders
such as head trauma, upper respiratory infection (URTI) and smoking history were not
considered. The majority of the studies also
used an olfactory screening tool that was not
designed for the population being examined.
Conclusion: Despite improvements in olfactory
testing needing to be implemented, OI is clearly
impaired in neurodegenerative disease across a
multitude of ages and cultures, offering an early
marker of future cognitive decline. As a result of
the heterogenous nature of the included studies, there is a further need for future research to
ensure the sensitivity, validity and reliability of
implementing olfactory testing as an early
marker of future cognitive decline.
Keywords: Alzheimer’s
disease;
Cognitive
impairment; Dementia; Diagnosis; Olfactory
impairment; Preclinical; Screening
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Key Summary Points
Background
Alzheimer’s accounts for 60–80% of all
dementias, affecting 850,000 in the UK
and predicted to increase to 1.6 million by
2040.
Diagnosis only after significant neuronal
pathology has occurred, treatment
focused on symptom control only.
Olfactory nerve pathology may occur
before cognitive symptoms manifest
facilitating preclinical diagnosis and
opportunity to develop novel therapeutics
to inhibit disease progression.
Aims
To critically appraise relevant literature to
establish whether olfactory testing
provides a suitably accurate preclinical
biomarker of Alzheimer’s disease for
clinical use, and to make
recommendations for future research.
Key findings
Olfactory impairment (OI) is implicated in
cognitive decline. However, despite
homogeneity of conclusions, limitations
of study design result in conclusions that
may not completely isolate
neurodegenerative pathology as driver of
OI. It is therefore recommended that
future studies use a minimum set of
inclusion/exclusion criteria for
increasingly accurate associations.

INTRODUCTION
Alzheimer’s disease (AD) is a debilitating neurodegenerative condition that accounts for
60–80% of all cases of dementia [1]. It currently affects 850,000 people in the UK, with
estimates rising to 1.6 million by 2040 [2]. This
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inflation is partly attributable to the increase in
population size and the continual rise in
average life expectancy [3]. Compounding this,
despite an evolving understanding of disease
pathogenesis, current treatment for AD is
mainly focused on symptom control and does
little to nothing in halting disease progression.
Fundamentally, a growing number of the
population are reaching an age in which the
risk of developing a neurodegenerative disease
becomes significantly more likely, with no way
to prevent it.
Arguably the greatest challenge in AD management is diagnosis. In 1983, the National
Institute of Neurological and Communicative
Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association
(ADRDA) convened a meeting with the purpose
of establishing criteria to aid in the clinical
diagnosis of AD [4]. This report addressed factors such as clinical history, examination, neuropsychological
testing
and
laboratory
assessments that have proven to be relatively
successful over time with a sensitivity of 81%
and specificity of 70% [5]. A weakness of the
criteria is its reliance on clinical features that
could only provide a ‘probable’ diagnosis of AD,
retrospectively proven via histopathological
confirmation. Since then, there have been
continued developments in the understanding
of AD, and in 2007 the National Institute on
Aging and the Alzheimer’s Association (NIA-AA)
began work on updating these criteria in
response to recent innovations. These included
magnetic resonance imaging (MRI), positron
emission tomography (PET) and cerebrospinal
fluid (CSF) assays to consider biomarkers such as
tau and amyloid-b (Ab42) [6]. With the introduction of these biomarkers, there has been a
shift in the concept of AD. This led to the
International Working Group (IWG) proposing
a new lexicon for both the medical and research
community to account for the broader diagnostic coverage of AD [7]. The 2011 research
framework published by the NIA-AA has separate diagnostic guidelines; one for clinical
diagnosis [8] and another for preclinical AD [9].
The latter is designed exclusively for researchers
to share a common language when testing
hypotheses. This research framework is
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important because AD can be defined by either
post-mortem examination or in vivo biomarkers, fundamentally shifting the possibility of
diagnosis away from the clinical manifestations
experienced by the patient and towards a biological construct. Jack et al. state that the shift
from a syndromal to a biological definition of
AD is a logical step forward because it facilitates
enhanced understanding of the mechanisms
underlying disease progression and that diseasemodifying interventions must engage a target
defined biologically [10]. This is an essential
step in the goal of designing interventions that
can inhibit pathological mechanisms before
symptoms become clinically evident.
However, Jack et al. state the current limitations of biomarkers. There can be a discordance
between CSF and imaging, an example being
the concentration of Ab42 in CSF not correlating
with that seen via PET scanning in a linear
fashion. Rather, it is ‘L-shaped’ and therefore
suggests a temporal offset between the two. Tau
PET ligand binding seems to show a more linear
association with CSF phosphorylated tau (Ptau); however, this seems to plateau later in the
disease while the PET signal continues to rise. It
is also important to consider that a large
majority of current PET and CSF data is based
on participants recruited from tertiary settings
rather than the community. Evidence showing
that a clinic-based population differs from a
community-based one and therefore conclusions may not be transferrable to a wider population [11].
In the UK, the National Institute for Health
and Care Excellence (NICE) recommends that
diagnosis is made by considering the patient’s
history, symptoms and examination alongside
blood and urine tests to exclude an organic
cause of cognitive decline. It is further recommended that cognitive testing such as the
10-point cognitive screener is used, which can
improve diagnostic accuracy [12]. However, AD
cannot be ruled out on the basis of a normal
cognitive score. A suspected rapidly progressive
dementia warrants a referral to neurological
services where potential biomarkers of AD can
be examined via CSF. This is an invasive procedure and therefore uncomfortable for the
patient. It was previously thought that to
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diagnose AD there must be evidence of impairment in both memory and one other cognitive
domain that are independent of organic causes.
However, there are several non-amnestic presentations of AD such as the syndrome of posterior cortical atrophy [8, 13] that mean
language difficulties can be taken as the primary
deficit alongside one other such as visuospatial
problems. Following this, if the diagnosis is still
uncertain and AD is suspected, NICE recommends the use of imaging such as fluorodeoxyglucose-positron emission tomographyCT (FDG-PET), or perfusion single-photon
emission CT (SPECT) and MRI [14]. NICE further states that AD cannot be ruled out solely on
the basis of imaging results. Fundamentally,
despite many methods to make an AD diagnosis
more likely, there is no definitive way to consistently achieve it, and by the time symptoms
become clinically evident, significant neuronal
pathology has occurred. The window of opportunity has closed, and progressive cognitive
decline appears inevitable.
Despite this, neurofibrillary tangles of the
olfactory bulb are an early pathological feature
of AD. A growing body of research has shown a
clear correlation between early olfactory changes and mild cognitive impairment (MCI),
which is a recognised checkpoint on the way to
AD [15, 16]. This is not a novel concept.
Changes in olfactory function in AD have been
observed as early as 1974 [17], but have not
made their way into diagnostic criteria because
of a number of challenges. Confounding factors
such as smoking, stroke and upper respiratory
tract infection (URTI) are among factors that
can contribute to olfactory impairment (OI),
meaning that it is difficult to determine the
extent to which OI is affected by neurodegenerative pathology. It is also essential to consider
that olfactory function declines as a normal part
of aging. Murphy et al. illustrate that on average, 24.5% of those aged 53–97 had some degree
of OI [18], with Doty et al. demonstrating that
more than 75% of healthy individuals aged
80 years or older had OI [19].
Like all physiological mechanisms of the
human body, the principal role of olfaction is
survival. Evidence shows that anosmics have a
three times higher risk of experiencing a
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hazardous event when compared to normosmics [20], with approximately 50% of
anosmics stating they had accidentally eaten
spoiled or rotten food [21]. Olfaction guides
one’s perception away from ingesting hazardous substances such as smoke, toxins and
microbial threats and towards items that imply
a survival benefit such as nutritious foods.
Moreover, it is such an important aspect of
survival that it is an independent variable in
predicting 5-year mortality despite accounting
for confounders such as nutrition and neurodegenerative disease [22, 23].
Olfaction also has a strong link with emotional memory and quality of life (QOL). Sullivan et al. describe how the link between the
olfactory nerve and the limbic system bypasses
the thalamus, and therefore the cortex, to provide direct access to a region of memory and
emotional processing [24]. Odours encountered
during development are linked to positive/
negative emotions, which are triggered when
re-encountered, suggesting that the olfactory
nerve is a unique gateway to a part of ourselves
that remains forever inaccessible when dysfunctional. This inevitably has a dramatic
impact on our sense of wellbeing, safety, pleasure, appetite and overall QOL. Miwa et al.
demonstrate that participants with OI stated a
25% reduction in QOL with areas such as safety
in recognising noxious odours such as gas leaks,
personal hygiene and lack of food enjoyment
among the primary concerns [25]. Despite this,
it seems that OI is an understated and neglected
modality. Murphy et al. show that only 9.5% of
2491 participants reported olfactory impairment despite a prevalence of 24.5% when tested
[18]. This is supported by further work by Doty
et al. in patients with AD in which only 6%
complained of OI despite 90% having impairment when tested [26]. The Australian Medical
Association guidelines state that anosmia represents only 5% impairment to the individual
[27]; however, when considering the reduced
QOL, increased risk of harm and mortality, it
could be an area in which increased awareness
could lead to a happier and healthier life.
Despite the challenges of assessing OI, correlations have been demonstrated in a variety of
neurodegenerative diseases such as AD [28, 29],
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Parkinson’s disease (PD) [30–32] and dementia
with Lewy bodies (DLB) [33, 34]. Prevalence of
OI in these conditions is also extremely high,
seen in up to 100% of patients with AD and 90%
of those with PD [35, 36]. Testing is relatively
cheap, quick and non-invasive. If testing could
consistently predict future cognitive decline
across a wide variety of cultures, it would provide a valuable preclinical marker of disease. If
simple tests were administered in the context of
the NHS Health Check, it is possible that early
interventions could be designed and implemented to either dramatically slow disease
progression or halt it entirely. This makes for an
enticing proposition, with Alzheimer’s UK stating that if we could delay dementia onset by
5 years, 30,000 lives could be saved each year
[2]. The fundamental question becomes: what
steps are required to utilise the increased diagnostic power that olfactory testing has to offer?
The main aims of this review were to critically appraise relevant literature to establish
whether olfactory testing provides an accurate
preclinical biomarker of AD; to critically
appraise the methods in selected articles to
understand if conclusions are accurate enough
for use in clinical practice and to highlight
limitations in current olfactory testing to guide
further research.

NECESSITY OF SYSTEMATIC
REVIEWS AND EVIDENCE-BASED
MEDICINE
High-quality research is the foundation on
which healthcare professionals harness the
necessary knowledge on the safety and efficacy
of clinical interventions to make optimal decisions for the benefit of their patients. However,
with an ever-increasing body of scientific literature coupled with a reduction in clinician
time, it becomes increasingly difficult to draw
accurate conclusions. Systematic reviews were
implemented in the late 1970s as a method to
harness the almost exponential growth of clinical research during this time [37]. Fundamentally, amalgamating a wide body of empirical
evidence on a specific research question into a
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succinct conclusion increases the effectiveness
of evidence-based medicine.
Transparency is a foundational principle,
allowing researchers to understand the methods
used to examine the literature and make their
own conclusions on data presented. The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement was
developed in 2009 and consists of a 27-item
checklist and flow diagram that includes items
deemed essential for transparent reporting. It
provides a minimum set of reporting standards,
facilitating a uniform quality in presented data.
Explicit, systematic methodology, such as a
priori inclusion/exclusion criteria, is designed
to reduce bias and provide accurate conclusions
on which optimal clinical decisions can be
made.

METHODOLOGY
Information Searches and Sources
An initial Google Scholar search was performed,
facilitating orientation into current research
and relevant keywords that would subsequentially inspire final search criteria. There were
limited articles on changes to both taste AND
appetite in preclinical detection of AD; however, there was a wide body of research on how
OI correlates to MCI and AD and therefore
formed the basis of subsequent search criteria.
As a result of this being an undergraduate
systematic review constrained by time, Medline
was selected as the primary database due to
research showing that a significantly high proportion of relevant literature could be retrieved
using this database [38, 39]. Dunn et al. showed
that Medline was one of the top two resources
(alongside print and online journals) used by
clinicians when searching for information on
optimal patient care [40]. Further reasons
include that all articles are peer-reviewed, only
original research is published, articles must
primarily target health professionals and
researchers, and all content is freely available
via PubMed.
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Olfactory Testing Criteria
For the purpose of this review, only articles
using the University of Pennsylvania Smell
Identification Test (UPSIT) or Sniffin’ Sticks test
were included.
The UPSIT is a 40-item test comprising
microencapsulated odorants which the participant releases via scratching and selecting the
appropriate fragrance via four multiple-choice
options. It is considered the gold standard
olfactory test and was selected as a result of
multiple studies having demonstrated its sensitivity to smoking habits, gender, race, age and a
range of olfactory disorders [26, 41, 42], along
with its test–retest reliability coefficients in
excess of r = 0.9 [41]. It also has the ability to be
self-administered, facilitating cost-effectiveness,
practicality and convenience.
Secondly, Sniffin’ Sticks test was selected.
There are two variations of this test. Sniffin’
Sticks 16 comprises 16 reusable odour-dispensing pens that are subdivided to assess odour
threshold (T), discrimination (D) and identification (I), later amalgamated into a composite
TDI score. The test has been published in well
over 200 articles and has a test–retest reliability
of r = 0.92 (T), r = 0.80 (D), r = 0.88 (I) [43].
Owing to being a shorter test, it has the
advantage of reducing potential olfactory fatigue and loss of attention which may be a factor
in MCI and AD. Furthermore, subcategories
provide the advantage of comprehensively
evaluating each olfactory domain, in comparison to the UPSIT which only tests olfactory
identification. Sniffin’ Sticks 12 comprises 12
odour-dispensing pens and, like the UPSIT,
focuses exclusively on odour identification.
Critical Appraisal of Literature
As both cross-sectional studies (CSS) and longitudinal studies (LS) were included in this systematic review, two separate critical appraisal
tools were used. Firstly, the Appraisal tool for
Cross-Sectional Studies (AXIS) tool was used to
appraise individual CSS (see Appendix 1 in the
electronic supplementary material). It was
developed in 2016 by a select panel
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encompassing a number of different disciplines
such as epidemiology and public health. The
eventual inclusion criteria were formulated
using The Delphi Process, in which each question was agreed upon by at least 80% of the
group. The final product is a critical appraisal
tool that accurately assesses reporting quality
and bias in CSS [44]. Three questions were
removed from the AXIS tool as they were not
relevant to the selected studies: ‘Were measures
undertaken to address and categorise non-responders? Does the response rate raise concerns
about non-response bias? If appropriate, was
information about non-responders described?’
To critically appraise each LS, the Critical
Appraisal Skills Programme (CASP) checklist for
cohort studies was used (see Appendix 2 in the
electronic supplementary material). It comprised a 15-question checklist and was used to
assess the quality and bias in the LS selected for
the review. Its aim is to critically appraise the
validity, results and assess how the results of the
study will help locally. Where a study had both
an LS and CSS component, the CASP tool was
used for critical appraisal. One question was
removed because of lack of relevance: ‘Was the
exposure accurately measured to minimise
bias?’
Ethical Compliance
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

Study Selection and Eligibility Criteria
Articles were excluded on the basis of age
(greater than 5 years old) in order to review the
latest literature (n = 37), review articles (n = 13),
if the predominant neurodegenerative disease
being investigated was PD (n = 7) or (amyotrophic lateral sclerosis (ALS) (n = 1), if participants had co-morbidity (n = 1) if not
performed on humans (n = 1), or were unable to
be readily attained (n = 4). Therefore 47 full-text
articles were assessed for eligibility, and further
excluded based on ineligible study design or no
comparable group (n = 25) or the UPSIT or
Sniffin’ Sticks olfactory assessment tool not
being used (n = 13), leaving 9 studies with a
total of 14,760 participants for inclusion in this
systematic review (Table 2).
Conclusions of Selected Articles
Despite different study designs, age, follow-up,
olfactory and cognitive measures used, olfactory
function was strongly correlated with cognitive
function (Table 3). These results are in alignment with previously published literature on
this topic. LS allowed change to be witnessed
over time and provide more accurate insight
into how MCI progressed into AD. However,
Yahiaoui-Doktor et al. state that odour identification alone was not sufficient to discriminate
between those with or without cognitive
impairment, which is the only included study
unable to do this [54].
Bias

RESULTS
A systematic literature search was performed on
17 October 2019 using the search terms and
Boolean operators ‘Dementia OR Alzheimer’s
AND olfaction AND cognitive impairment’
yielding 111 articles. Articles were assessed
using the inclusion/exclusion criteria as shown
by the flowchart in Fig. 1, alongside the Patient,
Intervention, Comparison, Outcome (PICO)
strategy shown in Table 1.

Selection Bias
Of the included nine articles, five recruited
participants with MCI and AD from specialist
services such as a memory clinic [47, 49, 51–53]
and healthy controls (HC) from the general
community or were unstated. Devanand et al.
only recruited Medicare beneficiaries [46]. As
demonstrated in Table 4, Velayudhan et al.
included nine domestic partners and four firstdegree relatives of the participants with MCI/
AD in the HC cohort [53].
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Fig. 1 PRISMA ﬂowchart of selected studies included in this systematic review [45]
Sampling Bias
There was wide variability in the exclusion criteria of selected articles. Table 5 demonstrates
that only three of nine studies considered
infection in their exclusion criteria [48, 51, 53],
only two considered sinonasal disease [51, 53]
and two considered head trauma [51, 52].
Smoking is only included in the exclusion criteria in three articles [49, 51, 53].

Cultural Bias
As demonstrated in Table 2, four of the nine
articles included in this review used Sniffin’
Sticks in a cultural environment in which it was
not validated [47, 50–52]. Furthermore, the
UPSIT was used on UK participants in a study by
Velayudhan et al. despite lack of validity [53].
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Table 1 PICO framework used to guide research question
Acronym Deﬁnition

Determinants

P

Patient or
population

Patient’s with AD

I

Intervention

Preclinical detection of olfactory disturbance by the following olfactory assessment tools:
University of Pennsylvania Smell Identiﬁcation Test (UPSIT) and Snifﬁn’ Sticks

C

Control or
comparison

Adult participants without AD or mild cognitive impairment

O

Outcome

How preclinical olfactory changes correlate with diagnosis/progression of cognitive decline

PICO framework demonstrating the focus of this systematic review. AD was selected as a result of being the most prevalent
neurodegenerative disease and therefore progress in this area would beneﬁt the widest population of patients. UPSIT and
Snifﬁn’ Sticks were selected because they are the most commonly used olfactory tests in the literature and provide the widest
amount of data for critical appraisal

Covariates
Age, sex and education were included as a
covariate in each of the studies. As shown by
Table 6, apolipoprotein E (APOE) e4 was considered in three of the nine studies [48–50].
Kreisl et al. found no correlation between UPSIT
scores and APOE e4 status (OR 1.75; 95% CI
0.56, 5.44; p = 0.3352), and also that APOE e4
status was not significantly higher in MCI in
comparison to HC (p = 0.4488) [49]. Palta et al.
also found that APOE e4 status did not modify
the association between OI and MCI [50].
Woodward et al. found that APOE e4 status was
higher in both MCI and AD when compared to
HC; however, odour identification deficiency
was independent from APOE e4 status [48].
Furthermore, smoking is included as a covariate
in four articles [46, 48, 50, 51]
Medication Use of Participants
Table 7 shows that only three of the nine
included articles considered medication use in
their study design or as a covariate [49, 50, 52],
and one stated lack of consideration as a limitation [48]. Even when medication use was
included in the study design, there was typically
only consideration of a specific type, such as
psychotropics, and did not account for all
medications a participant may be taking. In all

other studies there was no mention of the positive or negative correlation that medication use
can have on olfactory function.

DISCUSSION
Conclusions Summary
Despite different study designs, follow-up times,
use of olfactory tests and cognitive outcome
measures, all studies included in this review
found a correlation between OI and cognitive
decline. These findings support the use of
olfactory testing as a supplementary tool for use
alongside current testing criteria to further
refine diagnostic accuracy. As a result of OI
being prevalent before cognitive decline
becomes evident, results show that it could be a
useful tool for accurately assessing patients who
may be at increased risk of later progression to
AD. This suggests the potential for modifiable
therapies to be developed before symptoms
become prevalent. Although Yahiaoui-Doktor
et al. were unable to discriminate cognitive
impairment using odour identification alone,
they state that longitudinal analysis would
show which olfactory testing predicts future risk
of cognitive impairment [54].

Country

USA

USA

USA

USA

USA

China

Austria

Author (year)

Devanand et al.
(2015) [46]

Quarmley et al.
(2017) [47]

Woodward et al.
(2017) [48]

Kreisl et al. (2018)
[49]

Palta et al. (2018)
[50]

Yu et al. (2018)
[51]

Tahmasebi et al.
(2019) [52]

Snifﬁn’
Sticks
16

Snifﬁn’
Sticks
16

Snifﬁn’
Sticks
12

UPSIT

UPSIT

Snifﬁn’
Sticks
16

UPSIT

Olfactory
test

71

566 (96
in LS)

728

757

Number

127

66.8
(mean)

45–64

55–90

74 (mean)

72.8
(mean)

80.15 (SD
5.51)

Age
(years)

NA

23

2.4
(mean)

1

NA

2?4

LS/CSS

CSS

LS

LS

b

b

LS/ CSS

CSS

LS

FollowStudy
up (years) type

MMSE, WST IQ, BDI-II, 650 (120 68
2
BNT, CITY, FACE
in LS)
(median)

MMSE, MoCA

Decline in composite score 5021

MMSE

MMSE

MoCA

Decline in composite
cognitive score

Cognitive measure

Table 2 Characteristics of articles included in systematic review

0.03
\ 0.0001

MCI: r = 0.16
AD: r = 0.30

OR = 0.739
(0.603–0.908)

TDI: r = 0.540

MoCA

TDI: r = 0.630

MMSE

0.004

\ 0.01

\ 0.01

\ 0.001

0.552
HC: OR = 0.31
(0.006–14.87)a
PR = 1.56 (1.37–1.78)

0.021

MCI: OR = 4.301
(1.25–14.82)

\ 0.001

0.013

HOA: r = 0.14

ROC/AUC = 0.91

\ 0.0001

p value

RR = 1.072
(1.036–1.109)

Estimate of
association
(95% CI)

Neurol Ther (2020) 9:243–263
251

UK

Velayudhan et al.
(2019) [53]

UPSIT

Olfactory
test
57

Number

VF, WLL, WLR, TMT A 6783
and B

MMSE, CAMCOG,
BADL, NPI

Cognitive measure

18–79

57.5
(mean)

Age
(years)

NA

NA

CSS

CSS

FollowStudy
up (years) type

\ 0.001
\ 0.001

TMT-A = - 0.25
(- 0.36 to - 0.13)
TMT-B/A = - 0.01
(- 0.15 to - 0.04)

WLR = 0.31 (0.12–0.51) 0.002

WLL = 0.32 (0.13–0.50) 0.001

VF = 0.42 (0.28–0.56)

\ 0.001

0.374

eoMCI vs HC
OR = 0.827
(0.544–1.257)

0.044

p value

EOAD vs eoMCI
OR = 1.252
(1.006–1.558)

Estimate of
association
(95% CI)

Key characteristics of individual articles demonstrate that despite variability in study design, location, cohort size and selection of testing tools, OI is strongly
correlated with cognitive performance.
MMSE Mini-Mental State Examination, WST IQ Wortschatztest, BDI-II Beck Depression Inventory II, BNT Boston Naming Test, CITY City identiﬁcation test,
FACE Face identiﬁcation test, MoCA Montreal Cognitive Assessment, SRT-TR Selective Reminding Test–Total Immediate Recall, VF verbal ﬂuency, WLL word
list learning, WLR word list recall, TMT trail making test, TDI threshold ? discrimination ? identiﬁcation, CAMCOG Cambridge Cognitive Examination,
BADL Bristol Activities of Daily Living, NPI neuropsychiatric inventory, EOAD early onset Alzheimer’s disease, eoMCI early onset mild cognitive impairment,
HOA healthy older adult, ROC receiver operating characteristic, AUC area under curve
a
UPSIT score \ 35 in predicting cognitive decline in participants with MCI and healthy controls (HC)
b
The AXIS tool was selected to critically appraise studies that included a LS component in its design

Yahiaoui-Doktor
Germany Snifﬁn’
et al. (2019) [54]
Sticks
12

Country

Author (year)

Table 2 continued
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Table 3 Conclusions summary of included articles
Authors

Conclusions

Devanand et al. [46]

Olfactory identiﬁcation testing was superior than verbal episodic memory testing in predicting
future cognitive decline in cognitively intact participants

Quarmley et al. [47]

Olfactory testing is a useful supplementary screening tool in clinical categorisation of AD and MCI

Woodward et al. [48] Olfactory identiﬁcation provides a useful screening tool for AD-related amnestic disorder, and can
be used to stratify risk of conversion from aMCI to AD
Kreisl et al. [49]

Participants with high UPSIT predicted absence of amyloidosis on PET imaging with 100%
negative predictive value, but only 41% positive predictive value. This shows that UPSIT has the
potential to determine who should undergo PET scanning to further reﬁne diagnostic accuracy.
Participants with high UPSIT scores are less likely to experience memory decline

Palta et al. [50]

Reduced olfactory function was associated with lower cognitive performance across multiple
domains, showing a higher overall prevalence of MCI

Yu et al. [51]

Olfactory dysfunction is seen in patients with AD, demonstrated by overall declines in all 3
olfactory domains

Tahmasebi et al. [52]

Objective olfactory assessments are a promising aid in helping to predict conversion from MCI to
AD. However, low sensitivity and high speciﬁcity mean a combining olfactory testing with
neuropsychological testing will be far more beneﬁcial

Velayudhan et al. [53] OI seen in participants with EOAD when compared with eoMCI and HC. OI signiﬁcantly
correlated with diagnosis of EOAD
Yahiaoui-Doktor et al. Signiﬁcant correlation between olfactory and cognitive performance. However, olfactory
[54]
identiﬁcation alone was not sufﬁcient to discriminate between participants with or without
cognitive impairment
Brief conclusion summary of individual articles included in this systematic review. All articles found a correlation between
OI and MCI and/or AD, suggesting its value as a supplementary tool alongside other diagnostic testing
EOAD early onset Alzheimer’s disease, eoMCI early onset mild cognitive impairment, aMCI amnestic mild cognitive
impairment, HC healthy control, OI olfactory impairment, MCI mild cognitive impairment

Bias
Selection Bias
Sampling bias was seen in multiple studies. Five
recruited participants with MCI and AD from
specialist services such as a memory clinic,
hospital or medical professional referral
[47, 49, 51–53]. Devanand et al. only recruited
Medicare beneficiaries, which may not accurately represent the entire population [46]. HC
were recruited from the general community or
unstated, representing an inherent selection
bias. The most significant bias was seen in the
study by Velayudhan et al. Of 21 HC

participants, 9 were domestic partners of the
participants with MCI/AD, despite evidence
showing a significantly increased risk of
dementia when living with a spouse with the
disease [55]. Furthermore, four first-degree relatives of the participants with MCI/AD were
also included in the HC cohort despite research
showing the statistically significant genetic
correlation of AD [56]. This significantly effects
the results when considering the small overall
cohort size. Participants were largely screened
from a single community; however, YahiaouiDoktor et al. included participants from an
entire German city [54] and Palta et al. included
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Table 4 Recruitment of participants
Authors

HC

MCI

AD

Devanand et al. [46]

All participants Medicare beneﬁciaries recruited from North Manhattan—WHICAP

Quarmley et al. [47]

Unstated

Woodward et al. [48]

Unstated

Kreisl et al. [49]

Public advertisement

Palta et al. [50]

4 US communities (Maryland, North Carolina, Minnesota, Mississippi)

Yu et al. [51]

Recruited from the local community

Departments of Geriatrics and Neurology, Beijing
Tiantan Hospital

Tahmasebi et al. [52]

Public advertisement

Referred by medical professional or self-referred

Velayudhan et al. [53]

Recruited from a group of healthy
YODAS, MHSOP
volunteers (9 domestic partners, 4
ﬁrst-degree relatives, and 8 unrelated
volunteers)

Memory clinic

Memory clinic

–

Yahiaoui-Doktor et al. [54] Randomly selected adults from Leipzig, Germany
Demonstrating how each subcategory of participants was recruited for inclusion into each individual study. There is wide
variability in the recruitment process, introducing selection bias into multiple studies
HC healthy control, MCI mild cognitive impairment, AD Alzheimer’s disease, YODAS Young Onset Dementia Assessment
Service, MHSOP mental health services for older people, WHICAP Washington Heights/Inwood Columbia Aging Project
participants from four separate US states [50],
therefore largely negating selection bias.
Sampling Bias
A study of patients aged 16–75 by Chen et al.
concluded that URTI, sinonasal diseases (NSD)
and trauma account for 70% of OI [57]. Despite
this, Table 5 demonstrates that only three of
nine studies considered infection in their
exclusion criteria [48, 51, 53], only two considered sinonasal disease [51, 53] and two considered head trauma [51, 52]. Smoking is also
known to cause a decrease in olfaction; however, a systematic review by Ajmani et al. concluded that ex-smokers were found to have the
same function as those that never smoked,
suggesting a reversibility on cessation [58].
Again, current or previous smokers were only
included in the exclusion criteria in the
minority of articles [49, 51, 53] and considered
as covariates in four others [46, 48, 50, 51]. As
the evidence demonstrates the many factors
that influence olfactory function, it seems that
having a minimum standard of inclusion/

exclusion criteria across all future studies would
facilitate increasingly accurate conclusions of
the associations between OI caused by AD
pathology alone.
Cultural Bias
Of the nine articles included in this review, five
use an olfactory test in a cultural environment
in which it was not validated. Sniffin’ Sticks was
used by Tahmasebi et al. on Austrian participants [52], Quarmley [47] and Palta et al. [50]
on American participants, and Yu et al. [51] on
Chinese participants. However, Sniffin’ Sticks
was developed in Germany with the intention
of providing an accurate assessment for the
European population. The evidence shows that
this has not been achieved, with a recent study
from Denmark concluding that it was not validated on a Danish population [59]. If Sniffin’
Sticks cannot be validated for use in a neighbouring country, then how applicable is its use
on participants on a different continent? It
could be argued that despite European countries
sharing many factors, each has a unique culture
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Table 5 Exclusion criteria of selected articles
Authors

Exclusion criteria

Devanand et al. [46]

Stroke
PD

Quarmley et al. [47]

Unstated

Woodward et al. [48] Nonamnestic MCI (n = 10)
Hachinski score [ 4 and clinical or imaging evidence of a stroke
Active cold or allergies
Control participants underwent neuropsychological testing (NPT) and were excluded if any
measure had a Z score \ - 1.5
Kreisl et al. [49]

Stroke or radiographic evidence of cortical or large subcortical infarct
Impairment due to medical conditions or medications
Speciﬁc neurological diagnoses (e.g., PD, epilepsy)
Alcohol or drug abuse or dependence
Current major depressive disorder or history of psychosis
Smoking history
UPSIT score \ 14 (to avoid confounding effect from congenital anosmia)

Palta et al. [50]

Non-black/non-white participants (n = 18)
Black participants from Minneapolis, Minnesota, and Washington County, Maryland (n = 25)
Participants who were missing the smell test data (n = 440)
Participants with diagnosed dementia (n = 247) were excluded from the analysis

Yu et al. [51]

Acute respiratory infections within 3 weeks
Chronic nasitis and sinusitis, and chronic obstructive pulmonary disease (COPD)
Long-term or signiﬁcant exposure to volatile substances, such as pesticides, herbicides, metallic
dusts, acid fumes, industrial solvents, cleaning products or sawdust
Severe head trauma, nasal surgery
Smoking and drug abuse
Other neuropsychiatric disorders affecting olfactory function, such as PD, multiple sclerosis (MS)
and epilepsy

Tahmasebi et al. [52]

Stroke
History of severe head injury
Current psychiatric diagnosis according to ICD-10
Any medical condition that leads to severe cognitive deterioration including renal, respiratory,
cardiac and hepatic disease
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Table 5 continued
Authors

Exclusion criteria

Velayudhan et al. [53] Dementia other than AD
History of psychiatric disorder, including substance abuse
Neurological illness
Signiﬁcant unstable systematic illness, and organ failure
History at all of cigarette smoking or had stopped smoking for 20 years or more
Acute or chronic medical conditions that could affect cerebral functioning or other conditions
known to affect olfactory functioning, such as the common cold or polyps
Yahiaoui-Doktor et al. Incomplete smell test (n = 14)
[54]
Not completed all three tests: VF, TMT A and TMT B/A (n = 73)
Missing information on education or depression (n = 395)
PD (n = 16)
Highlighting the wide variability of exclusion criteria resulting in multiple causes of OI not being considered. This
introduces sampling bias and decreases the accuracy in correlation between OI caused by MCI/AD
Table 6 Covariates considered in selected articles
Authors

Covariates included

Devanand et al. [46]

Age, sex, education, short selective recall test, functional impairment, smoking

Quarmley et al. [47]

Age, sex, education, race, MoCA

Woodward et al. [48]

Age, sex, education, smoking and APOE e4 genotype

Kreisl et al. [49]

Age, sex, education, MMSE, APOE e4 genotype

Palta et al. [50]

Age, sex, education, smoking status, diabetes mellitus, hypertension and APOE e4 genotype

Yu et al. [51]

Age, sex, education, smoking, MMSE, MoCA

Tahmasebi et al. [52]

Age, sex, education, MMSE

Velayudhan et al. [53]

Age, sex, education, MMSE, total CAMCOG score, executive function scores, and BADL

Yahiaoui-Doktor et al. [54] Age, sex, education, depressive symptoms
Age, sex and education was considered in each study. Whilst being correlated with AD, APOE e4 was not correlated with
olfactory score
BADL Bristol Activities of Daily Living, MMSE Mini Mental State Exam, CAMCOG Cambridge Cognition Examination,
APOE apolipoprotein E
and therefore olfactory tests require subtle
modifications to reflect this. Furthermore, the
UPSIT was used on UK participants in a study by
Velayudhan et al. [53] despite Muirhead et al.
demonstrating its lack of validity [60].

Efforts are being made to rectify the issue.
The UPSIT has now been culturally modified
into 12 different languages such as the Taiwanese UPSIT-CT and a Brazilian–Portuguese
UPSIT-Br2 [61]. The theory being that if specific
odorants were interchanged to match respective

Neurol Ther (2020) 9:243–263

257

Table 7 Medication use in selected articles
Authors

Medication criteria

Devanand et al. [46]

Not considered in design

Quarmley et al. [47]

Not considered in design

Woodward et al. [48]

Not considered in design, but stated as a limitation

Kreisl et al. [49]

Excluded participants based on medication use (medications which cause cognitive impairment,
but not stated which medications cause this)

Palta et al. [50]

Considered diabetic and anti-hypertensives use as covariates in data analysis

Yu et al. [51]

Not considered in design

Tahmasebi et al. [52]

Excluded controls on the basis of psychotropic medication use

Velayudhan et al. [53] Not considered in design
Yahiaoui-Doktor et al. Not considered in design
[54]
Despite its effect on olfactory function, medication use was only excluded in 2 of the 9 articles, considered as a covariate in
1, and stated as a limitation in 1 study. If every study had considered medications in their design, more accurate conclusions
between OI driven by MCI/AD may have been demonstrated
cultures, UPSIT scores would have a foundation
on which to be compared internationally. Similar work is being carried out using the Sniffin’
Sticks test. An adapted version has been created
for a Lithuanian population [62], and after the
Danish study discovered its lack of validity [59],
they modified each odour descriptor until more
than 75% of healthy participants could correctly identify it. This figure is the definition of
validation for use on a specific population
originally described by Hummel et al. [63]. The
only study included in this review that included
any variation over the original version was by
Devanand et al., allowing Spanish-speaking
participants the option of the Spanish version
of the UPSIT [46]. Using the standard test over a
culturally modified one is perhaps the single
biggest error in design seen across the majority
of the included studies.
Covariates
Age and sex are proven to cause a change in
olfactory function [64–67], and all studies controlled for these covariates [46–54]. Despite
APOE e4 being the main genetic risk factor for
AD [68], and previous work by Graves et al.

showing its significance [69], it did not necessarily correlate with decreased olfactory function in the studies which included it in the
design. One possible reason for this discrepancy
is the use of olfactory test chosen for the study.
Graves et al. chose the Cross-Cultural Smell
Identification Test (CC-SIT), which is subset of
the UPSIT comprising 12 odorants. Evidence
shows that internal consistency reliability (lCR)
decreases when using progressively smaller
fractions of the overall 40-item UPSIT [70]. This
results in decreased accuracy in detecting OI
and therefore less reliable conclusions of
association.
Medication Use
Only four studies included in this review
address medication use [48–50, 52]. Table 7
demonstrates that Kreisl et al. excluded participants on the basis of cognitive impairment
induced by medication use; however, they do
not state what medications may cause this [49].
Secondly, Palta et al. considered diabetic and
anti-hypertensives use as covariates in their
analysis of the data [50]. Finally, Tahmasebi
et al. excluded controls on the basis of
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psychotropic medication use [52]. Woodward
et al. did not include medication use in study
design; however, they acknowledged that ‘prescription drug use can affect olfactory function’
as a limitation [48].
This is a weakness across the studies as
medications are proven to affect olfactory
function. Schiffman highlighted that 50% of
the top 100 medications used in the USA have
the potential to elicit chemosensory side effects
[71]. This is echoed by Lötsch et al. who report
71 medications that both positively and negatively modulate olfactory function [72]. An
example being levothyroxine, which is positively correlated with an increase in test score,
while the opioid remifentanil caused OI in
healthy volunteers [73]. Often these results are
predictable. All types of opioid receptors are
found in the olfactory system, with the highest
density of delta receptors in the central nervous
system being found in the olfactory bulb [74];
therefore, a logical connection can be made
between opioid use and olfactory function.
However, as other medications elicit their
effects via different pathways, it becomes
increasingly difficult to predict their augmentation of olfactory function. Currently, the
effects of medications on olfaction are not part
of the requirements of drug development, and
when considering that 22.8% of UK residents
aged over 69 years take more than five medications [75], it seems an opportunity to understand impairment is being ignored. As the
majority of participants in this systematic
review were older than 60 years of age, the evidence suggests that a significant proportion are
taking regular medications. Despite the difficulty in predicting how this would affect olfactory function, there needs to be increased
awareness and consideration into how this is
incorporated into study design to further isolate
AD pathology as the driver of OI.
What is the Benefit to the Individual?
Thus far the discussion has focused on the
evolution of an olfactory test that provides an
accurate diagnostic marker of preclinical AD. It
implicitly assumes that this will be a positive

discovery, a step forward in the treatment of
such a prevalent and ever-increasing pathology.
Preclinical detection empowers the individual
to plan for the future, providing the information required to put affairs in order, create an
Advance Care Plan, reduce the social cost for
assistance and help researchers understand
more about AD. Furthermore, early diagnosis
allows the individual to become involved with
interventional research such as non-invasive
brain stimulation, as well as understanding the
behavioural and psychological symptoms
(BPSD) of AD and how these might be managed
in the future. Early detection also facilitates the
opportunity to develop treatments that may
slow or halt disease progression altogether,
providing significant benefit to the individual
and society at large. Finally, Howe states that
providing the option of testing respects patient
autonomy and enhances patient care [76].
Limitations, Strengths
and Recommendations
There were several limitations to this review.
Firstly, only one database was searched and a
small number of articles were included. By
searching multiple databases, it is possible that
further studies would have been identified for
inclusion. Secondly, there was wide variation in
the sample size from 57 to 6783. Including
studies with a higher number of participants
would facilitate more accurate conclusions.
Thirdly, only one study used pathophysiological biomarkers. Fourthly, there was high variability in which covariates were considered in
each study design. Study designs considering
important covariates would allow OI caused
purely by early neurodegenerative pathology to
be more readily ascertained. Only five of the
nine studies were LS, which limited the evidence of change over time [46, 48–50, 52].
Furthermore, six of the nine studies used
olfactory tests focused entirely on ‘identification’, and excluding the other two domains
may have resulted in loss of important data on
how
other
domains
are
affected
[46, 48–50, 53, 54].
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By including different study designs, sample
sizes, a variety of countries and different olfactory tests, there was an opportunity to analyse
the correlation between olfactory impairment
and cognitive ability across a variety of different
study designs. This allowed the association to
become self-evident under a variety of conditions. Conclusions based on the synthesis of the
data should be tempered by recognition of the
limitations identified.
This review highlights the inconsistency in
screening, as well as factors considered in statistical analysis and recommends that future
research consider these factors to come to
increasingly accurate conclusions which may
facilitate olfactory testing becoming a part of
regular clinical use.
Another key factor to consider in future work
is the metabolic differences between early onset
AD (EOAD) and late-onset AD (LOAD). Chiaravalloti et al. demonstrate that in EOAD, glucose consumption is significantly increased in
the left parietal lobe when compared to LOAD
[77]. Therefore, to establish the usefulness of
olfactory testing as a biomarker of future
pathology, future work needs to deepen all
possible differences that can occur in such a
heterogeneous disease. This may be achieved by
stratifying factors such as disease duration and
age of onset, which will provide an increasingly
accurate assessment of the reliability of olfactory testing.

CONCLUSION
The results of this systematic review highlight a
consistency across different studies in the role
of OI in predicting cognitive decline. Each
article concluded that olfactory testing provided valuable supplementary data on which
diagnosis can be more accurately provided.
However, conclusions are being made without
fully examining factors that impair olfactory
function outside of neurodegenerative disease.
There is a need to establish a minimum set of
inclusion/exclusion criteria to consistently
design studies considering these factors. This
may guide future research to refine the accuracy
of neuronal pathology being the driver of OI.
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