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Abstract
Deterioration of olfaction is a common phenomenon ob-
served in the senior population. A number of factors may 
cause this deficit including infections, aging and neurode-
generative diseases. The aim of this study was to evaluate 
the reliability of the self-report as a measure of olfactory 
function in seniors. A total of 93 community-dwelling par-
ticipants (43 men and 50 women) from the Quebec NuAge 
cohort on Nutrition and Successful Aging participated in the 
Olfactory Response and Cognition in Aging (ORCA) study. 
The age range was 80-95 years and all subjects had a tele-
phone mini mental state examination (t-MMSE) score > 18. 
Individuals were interviewed using a self-report (“do you 
suffer from smell problems?’’) and quantitative (University 
of Pennsylvania Smelling Identification Test (UPSIT)) olfac-
tory tests. Based on the self-report, 81% of the participants 
claimed to have a normal sense of olfaction. However, 
based on the UPSIT, 95% of them showed different forms 
of microsmia. These results reveal that most senior citizens 
are unaware of their olfactory dysfunction and indicate that 
an self-report questionnaire is not a valid instrument to as-
sess olfactory function in the aging population.
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Introduction
From a phylogenetic perspective, olfaction is deemed 

one of the oldest sensory systems in mammals [1]. Of-
ten taken for granted, the sense of smell is of crucial 
importance. Although olfaction may appear to have less 
importance in identifying objects or people compared 
to vision, this sense plays a crucial social and emotional 
role which affects an individual’s tastes and food pref-
erences daily [2]. Furthermore, olfaction represents a 
strong asset when it comes to detecting danger through 
odours such as gas leaks and/or other toxic fumes, 
smoke and rotting food. Strong evidence indicates that 
olfactory dysfunction occurs with aging [3]. From this 
perspective, olfactory dysfunction is a major public 
health concern and measures need to be put in place to 
alleviate these dangers.

Several factors have been identified that may cause 
olfactory dysfunction including stroke, viral infections 
and aging [4-6]. Age-related olfactory dysfunction is 
characterized by a significant decrease in adrenergic in-
nervation density in the lamina propria of the olfactory 
mucosa [7]. Other factors implicated in the loss of olfac-
tory function include air-flow and mucous composition, 
structure of the olfactory neuroepithelium and bulb, 
and olfactory processing in the brain [8]. The deterior-
ation of smell due to age is often gradual and therefore 
not noticeable by the affected individual. Many older 
subjects with microsmia are completely unaware of 
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Figure 1: Experimental design of the ORCA study. The self-report was completed at all the time-points (NuAge study: T1- T4, 
ORCA: 2015 and 2016). A) The last self-report (2016), was done at the same time as the UPSIT test in front of the evaluator. 
The t-MMSE was done in 2015. Olfactory dysfunction is common among seniors citizen. B) 94% (87/93) of participants have 
one of the forms of microsmia (males and females combined). C) No difference in the distribution of olfactory status is obser-
ved between sex (Chi-squared, p = 0.074). 

with the quantitative olfactory test scores only after 
assessing the olfactory function [13]. In addition, many 
people suffering from olfactory dysfunction tend to mis-
take their impairment for a taste loss rather than a smell 
loss [14].

their olfactory state [9-11]. Unawareness of olfactory 
impairment may be caused by the lack of attention to-
wards a stimulus. It has been shown that attention is 
necessary for olfactory consciousness [12] and that the 
auto-evaluation of the olfactory functions correlates 
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95), 43 males (age range 80-93)) from Quebec, agreed to 
participate in the clinical sub-study Olfactory Response 
and Cognition in Aging (ORCA) (Figure 1, given sepa-
rately). The participants were recruited from the large 
database of the Quebec Longitudinal Study on Nutrition 
and Successful Aging (NuAge) in which only healthy and 
cognitively fit adults (> 67 years of age) were included 
[30]. The NuAge study recruited 1,793 individuals who 
were assessed annually between 2004-2008. For the 
ORCA study, initial calls were made to the previous Nu-
Age participants asking if they would consider to be in-
volved in other studies and/or the ORCA sub-study. For 
those who agreed to be involved, the telephone Mini 
Mental State Examination (t-MMSE) was done and only 
cognitively fit adults (≥ 18) were admitted into the ORCA 
sub-study. Letters were then sent out which included a 
self-report olfaction questionnaire (identical to original 
NuAge self-report) (2015) and a consent form. All the 
subjects signed the consent form in their native lan-
guage which was approved by the Research Centre of 
Aging ethical committee (Quebec REB 2015-477). At the 
time of the NuAge study, no participants reported diag-
nosed neurological diseases, such as Parkinson disease, 
Huntington disease and/or Stroke. The characteristics 
of the participants are presented in Table 1 (Given sep-
arately).

Self-Report
NuAge applicants filled in self-report forms about 

their olfactory state each year from 2004-2008 (T1-T4) 
which included the questions: “Do you have problems 
with the sense of smell? Such as decreased smell 
perception or smelling non-appropriate odor. Response 
options: “No”, “Yes”, “I don’t know” and “If yes, which 
one? Complete loss of the sense of smell, partial loss 
of the sense of smell, non-appropriate odors, or I 
don’t know”. In 2015/2016, 93 of these participants, 
who now make-up the ORCA sample also completed a 
self-report questionnaire (identical to original NuAge 
self-report) at the time of the signature of the consent 
form. Another self-report was completed in front of an 
evaluator in 2016, at the same time of the assessment 
of the University of Pennsylvania smell Identification 
Test (UPSIT) test.

Olfactory Evaluation
The UPSIT, the gold-standard for quantitative as-

A study performed in Sweden and Norway, which 
included healthy participants between the age of 45-
79, has demonstrated that unawareness of anosmia 
(complete loss of olfaction) is frequent in older adults 
(79%) who have healthy cognitive abilities based on a 
comprehensive neurological assessment [15]. In a simi-
lar study, conducted in the United States on adults aged 
53 to 79 years, only 20% of subjects who suffered from 
anosmia were aware of having problems with olfaction 
[16]. The general consensus in the literature, based on 
the limited studies conducted thus far, supports the hy-
pothesis that seniors are unaware of their olfactory im-
pairment [10,13,17]. However, there are some studies 
which demonstrate that elderly subjects were able to 
estimate their olfactory function [18,19].

Substantial evidence in the literature has shown that 
olfactory dysfunction is observed in several neurode-
generative diseases, such as Alzheimer disease (AD), 
Huntington disease (HD) and Stroke and Parkinson dis-
ease (PD) among others [20]. Importantly, several stud-
ies suggest that olfactory dysfunction may represent an 
early predictor of future cognitive impairment [21-23]. 
Indeed, olfactory impairment is currently seen as one 
of the top predictors of impending PD and is observed 
in Mild Cognitive Impairment (MCI), a potential precur-
sor of AD [24,25]. This highlights the importance of es-
tablishing robust tests that reveal a smell disorder in an 
older individual.

Importantly, unawareness of olfactory problems may 
lead to malnutrition and depression [26,27]. In addi-
tion, affected individuals will not be able to access their 
olfactory memories which may contribute to the de-
pression [28]. This becomes a prominent concern con-
sidering that depression in individuals with MCI more 
than doubles the risk for progression to AD [29]. In this 
report, we wished to determine if the olfactory self-re-
port is a reliable method to determine olfactory func-
tion as there is limited information in the literature. We 
assessed an aging population in the province of Quebec 
and compared the performance of the self-evaluation 
method to the quantitative evaluation of olfaction in 
this same population.

Materials and Methods

Participants
A total of 93 individuals (50 females (age range 80-

Table 1: Descriptive characteristic of study participants.

Women Men p value
Age 85.8 ± 3.8 85.4 ± 3.9 0.58

UPSIT 27.6 ± 6.8 25.3 ± 5.1 0.07

Education (years) 12.5 ± 4.0 15.7 ± 4.2 0.0004***

Smoking 0.009**

Never 31 15

Past 19 28

Current 0 0
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at p < 0.05. The measure of the sensitivity (correctly 
identify those with the disease) and specificity (correct-
ly identify those without the disease) of the self-report 
was calculated by comparing the self-report results with 
the olfactory status evaluated by the UPSIT score.

Results
The results of the 2015/2016 quantitative olfactory 

tests are shown in Table 2 (Given separately). Accord-
ing to the quantitative results harvested in 2015/2016, 
94% (87/93) of participants suffered from one of the 
forms of hyposmia (mild (24%), moderate (29%) or se-
vere microsmia (29%) and total anosmia (12%)) (Table 
2, Figure 1A, Figure 1B given separately). Even if we took 
into the account only the most severe forms of olfactory 
dysfunction (moderate, severe microsmia and anosmia) 
that are the most likely to affect the safety and quality 
of life, the percentage was still quite high (70%, 65/93). 
We then compared the results across sex. The distribu-
tion of olfactory status was not significantly different 
between the men and women in our population (Fig-
ure 1C, Chi-squared p = 0.074, given separately). How-
ever, the percentage of individuals who suffer from 
mild microsmia was 18% higher in women, while the 
percentage of severe microsmia was 24% higher in men.

We next compared the quantitative UPSIT olfactory 
score with the responses on the self-report question-
naire. In sharp contrast to the quantitative results, the 
qualitative self-report of 2015/2016 demonstrates that 
81% (75/93) of participants claimed not to suffer from 
any problems with olfaction (Figure 2A, given separate-
ly). Within these 75 individuals, 95% (71/75) had some 
form of microsmia. It is worth mentioning that 91% 
(10/11) of subjects who claimed to have olfactory dys-

sessment of olfaction, is commercially available as the 
Smell Identification Test (SIT, Sensonics, Inc.) and is 
the most widely used quantitative olfactory test [20]. 
It contains four booklets with a total of 40 different 
odors. Each smell is micro-encapsulated which are re-
leased by scratching a lead pencil. The participant must 
provide the most appropriate answer between four al-
ternatives forced choices. The test is rated on a maxi-
mum score of 40 and each score range corresponds to 
an olfactory diagnosis (described in the UPSIT manual). 
The staff who conducted the interviews were trained 
and familiar with the olfactory tests. A $10 compensa-
tion was given to each participant to cover incidentals 
such as parking.

Statistical Analysis
The results of the qualitative and quantitative olfac-

tory tests were first compiled by the administrator who 
performed them and rechecked twice by two other ad-
ministrators. The qualitative results taken in 2015/2016 
were compared with those taken between 2004 and 
2008 (T1 - T4), and then compared to the quantitative 
results. We also compared the results obtained in 2015 
and 2016 together. All statistical analysis was performed 
with Graphpad Prism 7 software. Cochran’s Q tests were 
used to compare frequencies of self-report answers 
in time, and chi-square tests to compare frequencies 
of self-report and objective assessment between sex. 
T-test between independent groups (age, education 
and raw UPSIT) and Chi square (smoking status) were 
used to compare the characteristic of men vs. women 
in Table 1 (Given separately). The equality of variances 
was analysed using the F-test and the variance between 
man and women were not significantly different for all 
the variables assessed. The level of significance was set 

Table 2: Participants distribution of qualitative (2015 self-report) and quantitative (UPSIT) level of olfaction.

OLFACTION DIAGNOSIS Self-report Women (n = 50) Men (N = 43) Total (N = 93)

Answer Age (80-95) Age (80-93) age (80-95)

Normosmia (%) No 6 (3/50) 2.3 (1/43) 4.3 (4/93)

Yes 4 (2/50) 0 (0/43) 2.2 (2/93)

I don’t know 0 (0/50) 0 (0/43) 0 (0/93)

Mildmicrosmia (%) No 24 (12/50) 16.2 (7/43) 20.4 (19/93)

Yes 2 (1/50) 0 (0/43) 1.1 (1/93)

I don’t know 2 (2/50) 0 (0/43) 2.2 (2/93)

Moderatemicrosmia (%) No 28 (14/50) 23.3 (10/43) 25.8 (24/93)

Yes 2 (1/50) 0 (0/43) 1.1 (1/93)

I don’t know 0 (0/50) 4.7 (2/43) 2.2 (2/93)

Severemicrosmia (%) No 12 (6/50) 37.2 (16/43) 23.7 (22/93)

Yes 4 (2/50) 2.3 (1/43) 3.2 (3/93)

I don’t know 2 (1/50) 2.3 (1/43) 2.2 (2/93)

Anosmia (%) No 6 (3/50) 7 (3/43) 6.5 (6/93)

Yes 6 (3/50) 2.3 (1/43) 4.3 (4/93)

I don’t know 0 (0/50) 2.3 (1/43) 1.1 (1/93)

Total (%)  100 100 100
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function represents the majority of the subjects (81% in 
2015). We also compared the results of the self-report 
done in 2015 and 2016 to see if the presence of an evalu-
ator affected the answer of the participant. Despite the 
fact that there was no significant variation between the 
answers in 2015 and 2016 (p = 0.74, data not shown), 
we observed some individual variations. Indeed, 5 of 
the 11 individuals who reported a problem with smell in 
2015 changed the answer to “No” in front of the evalu-
ator. Interestingly, one of these participants reported a 
complete loss of smell in 2015. Of note, only 4 of the in-
dividuals who reported no problem with sense of smell 
in 2015 changed their answer to yes at 2016 in front of 
the evaluator.

We then focused on the consistency of the self-re-
port responses by analyzing the proportion of individ-
uals who maintained the same response on their olfac-
tory self-report over time. It may be expected that the 
elderly participants would change their answer from 
‘’no’’ to ‘’yes’’ to the question “do you suffer from any 
problems in smell” as their olfaction deteriorates over 
the years. However, the opposite effect was noticed. 
Indeed, 88% of the participant who responded “no” 
at T1 maintained their answer throughout the 5 time-
points (64/73 participants). In sharp contrast, only 1 out 
of 8 participants who responded “yes” maintained his 
answer throughout the years. Despite the fact that al-
most all the participants who responded “yes” changed 
their answer over the years, the variation over time was 
not significant. This may be explained by the small pro-
portion of individuals who claimed to have an olfactory 
problem in the self-report (Cochran’s Q test, “no” p = 
0.001; “yes” p = 0.1).

Discussion
From the quantitative olfactory test (UPSIT), our re-

function did suffer from it according to UPSIT score. In 
addition, 7 out of 93 participants reported not know-
ing their olfactory state and 6 of those individuals had 
microsmia.

We next looked at the distribution of the different 
olfaction states in those who claimed not to suffer from 
olfactory dysfunction by sex (Figure 2B, Figure 2C, given 
separately). For females, 76% responded that they 
had no olfactory impairment, however, 92% (35/38) 
had deficits as detected by the UPSIT (8% (3/38) nor-
mosmia, 32% (12/38) microsmia, 37% (14/38) moderate 
microsmia, 16% (6/38) severe microsmia and 8% (3/38) 
total anosmia) (Figure 2B, Table 2, Given separately). 
We found a similar situation in the male population, 
with 86% declaring no deficits when in fact 97% (36/37) 
did demonstrate problems with smell according to UP-
SIT (3% (1/37) normosmia, 19% (7/37) mild microsmia, 
27% (10/37) moderate microsmia, 43% (16/37) severe 
microsmia and 8% (3/37) total anosmia) (Figure 2C, 
Table 2, given separately). Of note, in the group who 
claimed not to suffer from any problems with smells, 
the difference in the frequency of microsomia between 
men and women was not significant (p = 0.11). These 
results demonstrate that while the majority of individ-
uals in our sample claim not to have any problems with 
smell, they actually had different forms of microsmia. 
The overall sensitivity of the self-report was 12.3% and 
the specificity was 80%.

The evaluation of the individual’s assessment of their 
olfactory function (self-report) was then evaluated over 
the years 2004 to 2008 (T1-T4), and in 2015/2016 (Fig-
ure 3, given separately). Fluctuations in the percentages 
of individuals who reported “no” to the question “do 
you suffer from any problems in smell” did not change 
significantly over the years (Cochran’s Q test, p = 0.11). 
The number of individuals reporting no olfactory dys-
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It should be noted that from 2004 to 2016, only 10% 
of the participants switched their answer in the self-re-
port from no to yes. In the opposite case, 45% of partici-
pants changed their statement from yes to no, a rather 
significant change. We also compared the proportion of 
the subjects who maintained the same answer through 
the years. 86% of the subjects who declared ‘no’ main-
tained their answer (10% changed their answer for ‘yes’ 
and 5% for ‘I don’t know’). However, only 27% of the in-
dividuals maintained ‘yes’ as an answer throughout the 
years (45% changed their answer to ‘No’ and 27% for ‘I 
don’t know’). This may be explained by the fact that un-
awareness of olfactory dysfunction is common in older 
people and is not improving with increasing age. The 
fact that 72% of the participants have disowned their 
olfactory problems may be due to a deterioration of 
their olfactory memory since the majority of this specif-
ic subgroup of participants (7/11) seemed to suffer from 
anosmia or a severe form of microsmia. In other words, 
even though these participants had previously acknow-
ledged their olfactory impairment, they then seemed to 
forget that they had microsmia. These results suggest 
that self-reports are a very subjective measure of olfac-
tion and are not sensitive nor specific enough to reflect 
the true olfactory state of the individual. 

Olfactory dysfunction has a high prevalence in 
neurodegenerative diseases such as AD, PD and HD 
[8,34] and strong evidence demonstrates that this is 
an early event in a number of neurological diseases 
and may be a harbinger of future cognitive impairment 
[35,36]. Based on our results and the results of others, 
it becomes critical to establish quantitative olfactory 
testing in the clinic for seniors in order to provide 
education around non-olfactory avoidance of hazardous 
events (smoke and gas detectors, dating food, fire-
escape plans) and to highlight treatment alternatives 
for olfactory dysfunction [37-40] and mental issues 
related to olfactory loss (depression, loss of appetite). 
Importantly, quantitative olfactory testing would enable 
reliable and robust levels of olfactory functions to be 
determined in the elderly in order to triage which senior 
individuals should then go on to have other markers 
assessed for neurodegenerative diseases. To this day 
there is no widely adopted policy or clinical algorithm 
in place for the detection of individuals that have early 
dementia or indeed may be on the road to cognitive 
impairment and a neurodegenerative disease. This is 
despite the fact that there are preventive strategies 
for dementia-related diseases that have been reliably 
shown to delay disease progression (healthy eating, 
exercise and social interactions amongst others) [41-
45]. Significant savings of lives, and in health-related 
expenses, could be realized should these measures be 
put into wide spread clinical use.

Screening pocket olfactory tests need to become 
routine in the health-care practices. A number of such 
tests are available including Smell diskettes which can 

sults demonstrate that 94% (87/93) of the participants 
have olfactory problems. In contrast, the result of the 
self-report (2015) demonstrates that 81% of partici-
pants claimed not to suffer from any problems with ol-
faction. Furthermore, the majority of the participants 
who appeared to be aware of their olfactory dysfunc-
tion in 2004 then subsequently changed their answer 
about their olfaction as they became unaware of it. 
Additionally, our results show that unawareness of ol-
factory dysfunction is not sex-related. The fact that hu-
mans undergo a gradual decline in olfaction with age 
[20] may make them less aware of their loss over time 
[11,31]. Indeed, the objective of this study was to de-
termine whether unawareness of olfactory impairment 
is a common problem in cognitively well-functioning 
seniors. Furthermore, the goal was to evaluate the re-
liability of the olfactory self-reports as a way to deter-
mine olfactory capabilities among the elderly in the clin-
ic. These objectives were carried out by comparing the 
qualitative test of olfaction with the quantitative test 
(UPSIT) on participants aged 80 to 95 years. Despite the 
relatively high specificity (correct identification of nor-
mosmia) of the self-report (80%), the sensitivity (correct 
identification of olfactory dysfunction) was very poor 
(12%) suggesting that the self-report is not a reliable 
test to diagnose olfactory impairment among the senior 
population.

Similar to other studies, our results demonstrate 
that the majority of elderly individuals have olfactory 
deficits [16]. However, what is more alarming is that 69% 
(95% if we include mild microsomia) of the participants 
who claimed to have no olfactory dysfunction were not 
aware of their actual olfactory dysfunction. The lack of 
association between the self-report and measured ol-
faction may also be a result of the fact that the majority 
of studies on olfaction in the elderly used a self-report 
that include only a single question [10,11,15]. There 
are only four studies on olfactory awareness that use 
the multiple questions self-report [10,15,18,32]. One 
of these studies, done on only women, shows an asso-
ciation between the self-report and olfactory function 
[18], another study demonstrated an association only in 
the population with Alzheimer’s disease and the others 
show no correlation [32].

Interestingly, it has been shown that older individ-
uals are not more likely in general to make errors in the 
estimation of their faculties compared to the younger 
individuals. However, they tend to overestimate their 
olfactive faculties, while the younger population are 
more likely to underestimate them (White & Kurtz, 
2003). This represents a significant practical danger for 
seniors as more than 32% women and 16% men over 65 
years old was living alone in 2011 according to statistics 
Canada [33] and who may be exposed to several risks of 
everyday life such as detecting gas leaks, toxic substan-
ces, smoke or outdated food. 
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Supplemental Table 1: Quantitative smell tests currently in use.

Test name Number of items/
different odors

Internet source

Smell Identification Test (UPSIT) [1,2] 40 different odors https://sensonics.com/smell-identification-test-international-
versions-available.html 

Snap & Sniff Olfactory Test System [3] 20 items test 
(Threshold)

https://sensonics.com/snapandsniffolfactorytests.html

Sniffin’ Sticks Identification Test 16 [4-6] 16 different odors https://smelltest.eu/en/product/burghart-sniffin-sticks-
identification-test-16-blue/

Screening 12 Test [7,8] 12 different odors http://smelltest.eu/en/product/buy-burghart-sniffin-sticks-
smelltest-pens/

Brief Smell Identification Test  [9,10] 12 different odors https://sensonics.com/brief-smell-identification-test.html

Odor Discrimination/Memory Test [11,12] 12 items test using 
4 different odors

https://sensonics.com/smell-products/odor-memory-test.html

The Pediatric Smell Wheel [13] 11 different odors https://sensonics.com/smell-products/the-pediatric-smell-
wheel.html

NIH Toolbox Odor Identification Test [14] 9 different odors http://www.healthmeasures.net/explore-measurement-
systems/nih-toolbox/intro-to-nih-toolbox/sensation

Smell Diskettes [15] 8 different odors http://www.smelldiskettes.com/en/gebrauchsanweisung.php

4-Item NHANES Pocket Smell Test [16] 4 different odors https://sensonics.com/smell-products/pocket-smell-test-50.
html

Quick Smell Identification Test [17] 3 different odors https://sensonics.com/smell-products/quick-smell-
identification-test.html

Pocket Smell Test [18] 3 different odors https://sensonics.com/smell-products/pocket-smell-test.html
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