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Abstract
Background: Olfactory disorders increase with age and often affect elderly people who have pre-dementia or
dementia. Despite the frequent occurrence of olfactory changes at the early stages of neurodegenerative
disorders such as Alzheimer’s disease, olfactory disorders are rarely assessed in daily clinical practice, mainly
due to a lack of standardised assessment tools. The aims of this review were to (1) summarise the existing
literature on olfactory disorders in ageing populations and patients with neurodegenerative disorders; (2) present
the strengths and weaknesses of current olfactory disorder assessment tools; and (3) discuss the benefits of
developing specific olfactory tests for neurodegenerative diseases.

Methods: A systematic review was performed of literature published between 2000 and 2015 addressing olfactory
disorders in elderly people with or without Alzheimer’s disease or other related disorders to identify the main tools
currently used for olfactory disorder assessment.

Results: Olfactory disorder assessment is a promising method for improving both the early and differential
diagnosis of Alzheimer’s disease. However, the current lack of consensus on which tests should be used does
not permit the consistent integration of olfactory disorder assessment into clinical settings.

Conclusion: Otolaryngologists are encouraged to use olfactory tests in older adults to help predict the
development of neurodegenerative diseases. Olfactory tests should be specifically adapted to assess olfactory
disorders in Alzheimer’s disease patients.
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Introduction
The risk of olfactory disorders increases with age and is
higher in elderly people with pre-dementia and demen-
tia.1,2 The most common causes of olfactory disorders
are chronic sinonasal diseases, acute rhinitis and post-
traumatic conditions, as well as toxic chemicals,
cancer and degenerative diseases. Although degenera-
tive diseases are not the main cause of olfactory disor-
ders, such disorders are often found in patients in the
early stages of both Alzheimer’s disease (before the
appearance of other cognitive and behavioural symp-
toms) and Parkinson’s disease (prior to motor symp-
toms). However, Alzheimer’s disease and Parkinson’s
disease patients rarely undergo specific assessment
for olfactory disorders in daily clinical practice.

At the histopathological level, olfactory disorders in
Alzheimer’s disease are caused by the presence of
amyloid plaques in the olfactory epithelium, the olfac-
tory bulb, the anterior olfactory nucleus and limbic
regions associated with olfactory functions such as
the uncus and amygdala. At the biochemical level, cho-
linergic deficits could contribute to the olfactory disor-
ders found in Alzheimer’s disease patients because
acetylcholine plays a major role in the olfactory learn-
ing process.
Currently, Alzheimer’s disease is diagnosed based

on cognitive and imaging tests, even though olfactory
disorder may be an early clinical marker of dementia
due to Alzheimer’s disease and could thus improve
early clinical diagnosis.
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A problem faced by clinicians evaluating olfactory
disorders in elderly people with cognitive impairment
is that self-reported olfactory complaints may be
inaccurate and can reflect a number of different smell
and taste disturbances. To assess olfactory disorders
objectively, clinicians should have access to sensitive,
easy-to-use olfactory tests in their daily practice.
Several tests have been developed for investigating dif-
ferent aspects of olfaction, ranging from odour sensitiv-
ity to odour identification. However, no ‘gold standard’
has been established and published studies have used
assessment tools targeting different aspects of olfactory
disorders and employing different odours (because
odours are often culture and country specific), resulting
in incomparable findings across studies and cultures.
This review describes olfactory changes that occur
during ageing and in patients with cognitive impair-
ment, reports the tools currently available for assessing
olfactory disorders, and offers new perspectives on
how to improve current assessment methods for diag-
nosing olfactory disorders in elderly populations.

Method
To identify relevant articles published between January
2000 and October 2015, the following electronic data-
bases were searched: PubMed (Medline), Cochrane
Library, PsycINFO and Web of Science. The following
keywords were used: ‘olfaction’ or ‘olfactory disor-
ders’ or ‘smell’ combined with ‘aging’ or ‘elderly’ or
‘dementia’ or ‘Alzheimer’s disease’.
The titles and abstracts of retrieved articles were

independently screened by two authors (AG and RD),
and rated to assess their relevance to the research ques-
tion. For the studies presented below, the age of parti-
cipants is reported as the mean± standard deviation.

Biology of olfactory disorders in ageing

Olfactory disorders in ageing

Olfactory disorders are frequently observed in ageing
populations,1 with prevalence rates of around 5 per
cent for people aged 45–65 years and of more than
10 per cent for people aged over 65 years.2 Olfactory
disorders are usually first observed at the age of 60
years, with an earlier decline in men than in
women,3,4 and are estimated to affect more than 50
per cent of the population aged over 80 years old.5

The definition of olfactory disorder includes both
hyposmia (partial loss of olfactory function) and
anosmia (complete loss of olfactory function).
Several age-related factors contribute to olfactory

disturbance, for example structural changes in the
olfactory epithelium and olfactory sensory neurons
(including the olfactory bulb that mediates the neural
response to olfactory stimuli6), pathways and process-
ing regions.7

Olfactory disorders can affect odour signal analysis
at different levels of the nervous system. Indeed, olfac-
tory disorders at the peripheral level can result from

alterations to the detection threshold (i.e. the molecular
concentration of odorant that an individual can detect)
due to impairments at the peripheral nervous system
level.8

At the central level, olfactory disorders can result
from alterations in discrimination ability (i.e. the
ability to distinguish a specific odour from other
odours) and identification ability (i.e. the ability to
associate an odorant molecule with related words or
images), both of which result from impairment at the
central nervous system level.

Olfactory disorders in Alzheimer’s disease

Olfactory disorders in Alzheimer’s disease have been a
focus of research since 2000. The first investigations
studied alterations in the detection threshold, while
more recent studies have focused on alterations in iden-
tification abilities. In addition, several biological and
genetic markers related to Alzheimer’s disease risk
and pathogenesis have been associated with olfactory
changes in ageing. For instance, in cognitively
healthy elderly people, olfactory disorders have been
associated with increased levels of cerebral amyloid
lesions and apolipoprotein E ε4 status,9–11 two well-
known biomarkers of Alzheimer’s disease.
Different types of olfactory disorders can be found in

Alzheimer’s disease, including quantitative disorders,
which affect odour detection thresholds; and qualitative
disorders, which affect odour identification.

Quantitative disorders. The olfactory epithelium of
Alzheimer’s disease patients undergoes several
changes.12 Psychophysical studies indicated that
Alzheimer’s disease patients have higher detection
thresholds, and thus lower olfactory sensitivity, com-
pared with cognitively healthy participants,13,14 and
that the degree of impairment correlates with disease
severity.13,15 A recent study (n= 94; age= 72.45±
9.4 years) showed asymmetry in olfactory thresholds
depending on whether the odour was presented to the
right or left nostril.16 In this study, Alzheimer’s
disease patients detected odours from a closer distance
when presented to the right nostril compared with the
left nostril, suggesting that an important alteration
had occurred in the left nostril. However, another
recent study (n= 35, age= 71.05± 6.7 years) of
Alzheimer’s disease patients failed to replicate these
results, finding no evidence of detection threshold
asymmetry between the right and left nostrils.1

Qualitative disorders. Qualitative alterations or distor-
tions in smell perception (known as dysosmias) are
less well studied in dementia-related diseases.
Dysosmia includes parosmia, which refers to a dis-
torted perception of an odorant (odorants are described
as smelling differently, often foul-smelling, from how
the patient remembers), and phantosmia (smell percep-
tion in the complete absence of a physical odour).
Some studies suggest that in Parkinson’s disease,

OLFACTORY DISTURBANCES IN AGEING 573

https://doi.org/10.1017/S0022215117000858 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215117000858


qualitative abnormalities of olfaction should be more
carefully examined in the prodromal phase (i.e. the
early stages) of Parkinson’s disease, and have proposed
phantosmia as a new premotor manifestation of
Parkinson’s disease.17,18 However, a more recent
study with a larger cohort concluded that idiopathic
phantosmia is more likely to be a symptom than a reli-
able predictor of early Parkinson’s disease or other neu-
rodegenerative diseases.19

Qualitative disorders are mainly discovered when an
accurate history is taken of a patient’s ability to dis-
criminate and identify odours.

Olfactory discrimination

Olfactory discrimination is the ability to recognise a
smell that has been presented, and requires the original
smell to be stored in the patient’s memory. Studies into
the odour discrimination abilities of Alzheimer’s
disease patients are scarce and have received more criti-
cism than studies on odour sensitivity and identifica-
tion. The main reason is that more cognitive
components are required for olfactory discrimination
than for odour identification. Indeed, the mnemonic
component of these tests is intertwined with the seman-
tic component.20–22 However, despite these methodo-
logical constraints, altered discrimination ability is
reported to be more predictive of cognitive decline
compared with altered odour sensitivity or identifica-
tion abilities.23,24 A recent study investigated whether
an olfactory discrimination test could discriminate
between Alzheimer’s disease and depression (partici-
pants with Alzheimer’s disease, n= 20, age= 75.9±
9 years; participants with depression, n= 20, age=
73.4± 5.6 years).25 The results showed that indivi-
duals with depression had impaired olfactory discrim-
ination ability for both familiar and unknown odours,
while individuals with Alzheimer’s disease made mis-
takes in recognising only unknown odours, suggesting
that emotional olfactory memory is somewhat pre-
served in individuals diagnosed with Alzheimer’s
disease.

Olfactory identification

Olfactory identification impairments have been
reported in healthy elderly participants,26 as well as
in patients with mild cognitive impairment,27 including
both amnestic mild cognitive impairment (a cognitive
state more commonly associated with conversion to
Alzheimer’s disease) and non-amnestic mild cognitive
impairment.28 Growdon et al. reported that diminished
olfactory identification was associated with markers of
neurodegeneration such as entorhinal cortex thickness
and increased cortical amyloid burden.26 Impaired
odour identification is also a better predictor of cogni-
tive decline than some memory disorders (e.g. deficits
in episodic memory) among cognitively healthy parti-
cipants.29 Therefore, many studies have focused on
the ability of patients to identify odours to aid the
early diagnosis of Alzheimer’s disease, and have

suggested that olfactory identification may be more
relevant than olfactory sensitivity for predicting con-
version from mild cognitive impairment to
Alzheimer’s disease. In 2000, Devanand et al. assessed
the predictive utility of an odour identification test for
determining conversion from mild cognitive impair-
ment to Alzheimer’s disease.30 This longitudinal
study monitored 90 patients with mild cognitive
impairment for over 3 years and found that patients
with lower olfactory identification scores were more
likely to develop Alzheimer’s disease. These promising
results suggest that inclusion of an olfactory identifica-
tion test in the routine assessment might help
predict conversion from mild cognitive impairment to
Alzheimer’s disease.31 The University of Pennsylvania
smell identification test is currently considered one of
the top five predictors for assessing the conversion risk
to Alzheimer’s disease.32 A recent study (n= 148,
age= 67.9± 8.7 years) combined the University of
Pennsylvania smell identification test with four other
predictors: informant report of functioning, the selective
reminding test – immediate recall (verbal memory),
magnetic resonance imaging (MRI) hippocampal
volume and MRI entorhinal cortex volume.32 This com-
bination of tests was strongly predictive of conversion to
Alzheimer’s disease and markedly superior to combin-
ing age and mini-mental state examination. As taste is
heavily dependent on olfactory abilities, the study of
taste disturbances may offer similar opportunities.33

Impairments in olfactory identification could also be
used to measure cognitive decline in patients with
amnestic mild cognitive impairment.34 Olfactory identi-
fication has been extensively documented in patients
with amnestic mild cognitive impairment, but far less
so in individuals with non-amnestic mild cognitive
impairment. A recent study highlighted that olfactory
identification was also impaired in individuals with
non-amnestic mild cognitive impairment, although the
degree of olfactory impairment did not correlate with
cognitive performance.35 An olfactory identification
test was also a useful clinical marker for monitoring
the effectiveness of symptomatic medications such as
cholinesterase inhibitors in Alzheimer’s disease
patients,36 and may contribute to the differential diagno-
sis with depression.37

Despite clinical interest in developing olfactory mea-
sures for identifying patients with Alzheimer’s disease
and related disorders, a recent review highlighted contra-
dictory results in this area. This finding may be explained
by the use of different tests and different methodologies
among studies; thus, the lack of generally applicable
instruments prevents olfactory testing being integrated
into the routine clinical evaluation of Alzheimer’s
disease.38 For acceptance by the scientific and medical
communities, new olfactory tests should be both reliable
for research use and suitable for assessing Alzheimer’s
disease patients in daily clinical practice.
Indeed, since the discovery that olfactory regions are

affected in Alzheimer’s disease, numerous studies have
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aimed to identify an olfactory test that can predict
disease development or help with diagnosis.
Nevertheless, at more than 10 years after the first pub-
lished study, no gold standard method of measurement
has yet been developed for general clinic application.

Currently available psychophysical tests
Olfactory tests differ depending on whether the aim is
to explore the odour detection threshold or to identify
or characterise the odour.
Most sniffing tests use odorant stimulations compris-

ing a mixture of familiar compounds such as essential
oils, raw materials or flavours. Their familiarity is
designed to enable rapid completion of the description
task. Most are related to odours generated by various
foods, such as orange, clove, fish and vanilla.4

Alternatively, non-food smells generally include
woody or flower smells; odours are chosen to be
culture specific, although efforts have been made to
set up internationally applicable tests.39

These tests are insufficient for a standalone diagnosis
and were not initially designed for use by ENT specia-
lists or neurologists. However, the identification of
olfactory disorders can help to establish a diagnosis
for, and can even represent an early marker of, neuro-
degenerative diseases. It is necessary to use olfactory
tests to assess olfactory disorders because patients
rarely report these. Table I shows the tests currently
used and their levels (peripheral and/or central
nervous system) of assessment, the pathological condi-
tions for which they were developed and for which they
are currently used, their sensitivity and specificity in
diagnosing Parkinson’s and Alzheimer’s disease
patients, and their strengths and weaknesses.

Towards a new diagnostic tool?
This review highlighted the important points that olfac-
tory disorders (1) are qualitatively different in cogni-
tively healthy and Alzheimer’s disease individuals
and (2) may predict conversion from mild cognitive
impairment to Alzheimer’s disease. However, no gold
standard olfactory assessment instrument is currently
available for diagnosing or monitoring Alzheimer’s
disease in daily clinical practice. This is primarily
due to a lack of consensus on the validity of existing
olfactory tests for clinical practice and research pur-
poses. At least one study tried to compare different
olfactory tests to identify the most reliable one, but it
failed to identify a reference tool independent of the
population and pathology of interest.75

Pathology-specific tests

No test has been developed and used specifically for
neurodegenerative diseases: tests developed for ENT
diseases are usually extended to neurodegenerative dis-
eases, and vice versa. Although the European test of
olfactory capabilities, the ‘Sniffin’ Sticks’ test and the
quick smell identification test were designed specific-
ally for Alzheimer’s disease, they are preferentially

used for other types of ENT diseases.53–55,70,74 This
may be because lack of a single, reliable test makes it
difficult to compare results among different studies.
Therefore, clinicians working on Alzheimer’s disease
have no reliable evidence to support the use of olfac-
tory testing of Alzheimer’s disease patients.
Consistent with this hypothesis, a recent review high-
lighted the importance of developing a single, reliable
test for routine clinical use in Alzheimer’s disease
patients.38 It is unlikely that a single all-purpose test
will ever be developed because of the large number
of pathologies in which olfaction is affected, such as
ENT, psychiatric and neurodegenerative diseases,
which all have different aetiologies and effects on
olfaction. Therefore, efforts should instead be made
to develop tests specific to a single pathology and
culture or country.

Culture-specific tests

Olfaction is strongly affected by culture, with familiar
and unfamiliar odours varying among countries and
regions, making a single test unlikely to have general
utility. This explains why researchers in different coun-
tries have modified existing tests or developed their
own tests. However, the human odorant receptor gene
repertoire is also highly variable, suggesting that most
people will not have the same response to odorant
stimulation.76 Genetic effects on the olfactory percep-
tion of single compounds are only beginning to be
understood. For example, the perception of methanthiol
is affected by genetic variation only in Caucasian
people: no correlation has been demonstrated for
African people.77 As these variations are likely to be
highly complex for mixtures of odorants, olfactory
stimulation by single odorant compounds appears
preferable.

Test composition

Testing stimulation using pure compounds might be
simpler for several reasons. Quality control is more
straightforward for a pure compound than for a
mixture that may contain tens of chemicals. In addition,
the chemical composition of the blend used in these
tools may be unknown to the user and also depends
on the commercial constraints of the supplier, which
are likely to change over time (for example, because
of economical or safety concerns). Even if the olfactory
response triggered by a single compound is not simpler
than that of a complex mixture, it seems intuitively
better to make olfactory tests using pure odorants. As
a comparison, visual or auditory tests use simple
stimuli (rather than complex) to identify dysfunc-
tion.78,79 Monitoring olfaction with a complex blend
is similar to monitoring the auditory response using a
symphony rather than using reproducible sounds at
defined frequencies. Even single odorants can trigger
responses corresponding to familiar stimulants with a
single descriptor, at least for people of the same cultural
background.
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TABLE I

CHARACTERISTICS OF EXISTING PSYCHOPHYSICAL OLFACTORY DISORDER TESTS

Characteristic UPSIT ‘Sniffin Sticks’ olfactory test B-SIT Biolfa® ETOC

Assessment Central level; identification task Central and peripheral level; odour
threshold. discrimination and
identification

Central level; identification task Central and peripheral
level; odour threshold
and identification

Central and peripheral
level; supra-threshold
detection task and an
identification task

Specifically
developed for

Clinical otolaryngologists Assess olfactory threshold,
discrimination, and identification

Detect AD Find causal origin of the
disorder of smell40

Measure the decline in
olfactory
performance with
ageing

Used for Type 3 von Willebrand disease41,
schizophrenia42, psychosis43, PD44–46,
migraine47, cognitive decline28, 32 and
AD severity48

Neurodegenerative disorders49, amnestic
MCI patients and AD patients50, 51,
and apathy52; Sniffin Test was used in
four studies related to AD since the
test was created

Chronic rhinosinusitis53–55, Korsakoff
syndrome56, multiple sclerosis57,
obsessive–compulsive disorders58,
spinal anaesthesia59, PD60–63

AD and olfactory
impairment

AD and olfactory
impairment

Culture British, Chinese, French, German, Italian,
Korean and Spanish adaptations64

Developed in Germany, designed for
Europe and adapted by other
countries65, 66

US culture French culture67 European culture
(cross-cultural)

Sensitivity/
specificity in
PD and AD

In PD: sensitivity, 90%; specificity, 86%68

In AD: sensitivity, 89%; specificity,
83%69

In PD: sensitivity, 83.3%; specificity,
82.0%70

In PD: sensitivity, 82%; specificity, 77% – –

Strengths Reliability (r= 0.94)71 and practicality More adapted to dementia populations
than the UPSIT72

Short version; only 5 of the 12 B-SIT
odours (banana, cinnamon, petrol,
pineapple, smoke) are needed to detect
PD

Culture specific Recent development of
an application to
detect AD

Weaknesses Test results vary depending on demographic
features (e.g. age, sex and smoking
history) and have often been criticised for
being culturally biased73; the short
version (Q-SIT) is less sensitive and
reliable compared with the UPSIT and B-
SIT in the context of AD; the UPSIT had
to take several factors into account to
achieve good sensitivity

No study on its sensitivity and the
specificity for AD patients

B-SIT test was developed specifically for
detecting AD, but is currently used
more often for ENT diseases; only one
study on AD patients since 201038

Only one study into the
ability of Biolfa to
differentiate perception
and identification
thresholds in AD

Only one study
emphasised the use
of ETOC in AD
research74

UPSIT=University of Pennsylvania smell identification test; B-SIT= brief smell identification test; ETOC= European test of olfactory capabilities; AD=Alzheimer’s disease; PD= Parkinson’s disease;
MCI=mild cognitive impairment; US=United States (of America); Q-SIT= quick smell identification test

A
G
R
O
S
,
V

M
A
N
E
R
A
,
C
A

D
E
M
A
R
C
H

et
al.

576

https://doi.org/10.1017/S0022215117000858 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0022215117000858


Above all, the use of pure compounds would enable
odour perception to be linked to the pharmacology of
the olfactory system, a task that is difficult to perform
with complex mixtures. Human beings perceive
odours through the stimulation of odorant receptors
expressed by olfactory sensory neurons located in the
nasal epithelium.80 Humans possess close to 400 dif-
ferent functional odorant receptor genes,81 and the dif-
ferential activation of these receptors encodes the
olfactory signal within our brain. The current consen-
sus is that a given odour is associated with a ‘combina-
torial code’ of odorant receptor activation. Thus, the
pharmacology of odorant receptors and their role in
the perception of pure compounds are beginning to
be uncovered.82

Conclusion
Olfactory disorders may predict the conversion from
mild cognitive impairment to Alzheimer’s disease.
Currently, no gold standard olfactory test is available
for diagnosing or monitoring Alzheimer’s disease in
clinical practice. The development of a single, reliable
assessment tool for Alzheimer’s disease populations is
thus critical. This tool should be specific to the path-
ology and culture of interest, and should use pure odor-
ants (to simplify the analysis and to determine genetic
factors and psycho-physiological effects). Future
efforts should aim to understand why olfactory tests
developed specifically for memory centres are not
used. For example, clinicians may not be accustomed
to the olfactory system, be unable to store odorant cor-
rectly, have insufficient time and may not be convinced
by the available evidence. The objective is to develop a
test that will account for all clinical, cultural and
molecular factors mentioned in this review.
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