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ABSTRACT

Introduction: Odour recognition is influenced by culture.
Odour identification tests need to be adapted to a
population to accurately assess olfactory function. This
study’s objectives were to validate the Singapore version
of the Sniffin’ Sticks (SS-Sg) and a locally-developed
odour recognition test (Scentsor) for Singapore.

Method: This prospective study was performed in 3
otolaryngology outpatient clinics in 3 phases (1 May to
15 November 2024). Phase 1 was a survey evaluation of
93 odour descriptors to identify familiar odour descriptors
to be used in the tests (n=414); Phase 2 evaluated and
finalised SS-Sg and Scentsor to ensure test odours
were recognised by >75% of healthy controls (n=130);
and Phase 3 validated both tests on healthy controls
(n=473) to obtain normative data, to determine test-
retest reliability (n=50), and to assess the ability to
distinguish patients with olfactory loss (n=67).

Results: In Phase 1, the unmodified SS blue and
purple sets had 15/32 (46.9%) unfamiliar test odours
and 25 unfamiliar distractors combined. In Phase 2, after
modification, all odours in SS-Sg and Scentsor were
correctly identified by =75% of controls. In Phase 3,
normative data (age 21-83 years) was obtained.
Both tests had good test-retest reliability (Pearson’s
correlation coefficient of 0.88 with P<0.001 for SS-Sg;
and at 0.90 with P<0.001 for Scentsor). Both tests
differentiated among normosmia, hyposmia and
anosmia (SS-Sg scores: 12.6 [+2.4] versus [vs] 9.8 (£3.2)
vs 6.0 [+2.3] respectively, P<0.001; Scentsor scores: 14.3
[£1.8] vs 11.3 [+2.8] vs 5.8 [+£3.4] respectively, P<0.001).

Conclusion: SS-Sg and Scentsor have been validated
to assess olfaction in Singapore.

Keywords: odour identification, olfaction, olfactory
assessment, otorhinolaryngology, Sniffin’ Sticks

INTRODUCTION

Olfactory dysfunction affects patients under the care
of various medical specialties. Its causes include
post-viral upper respiratory tract infections, such as
that caused by the SARS-CoV-2 virus, post-traumatic

CLINICAL IMPACT

What is New

e This study is the first to develop and validate
2 odour identification tests: Sniffin’ Sticks (SS-Sg)
and Scentsor, for the Singapore population.

¢ Normative data were obtained for both tests.

Clinical Implications

e Odour identification tests are sensitive to cultural
differences. The unmodified SS is not suitable to
be used in Singapore due to the high number of
unfamiliar odour descriptors.

e SS-Sg or Scentsor should be used in clinical and
scientific assessment of quantitative olfactory
function in Singapore.

brain injury and neurodegenerative conditions such
as Parkinson’s disease. The prevalence of olfactory
impairment  among  community-dwelling,  older
Singapore residents is estimated to be 34.0%," which
is higher than the global average of 26.6% reported
in a meta-analysis of olfactory dysfunction in the
general population.? In addition, olfactory impairment
in this group of Singapore residents was shown to be
associated with a 2-fold increased risk of cognitive
impairment.”

Accurate assessment and diagnosis of olfactory
dysfunction requires olfactory testing with validated
olfactory tests, especially as self-rated olfactory
function can correlate poorly with psychophysical
olfactory test results.®* Olfactory testing also allows
for tracking and documentation of changes in olfactory
function over time. Most clinical olfactory tests,
especially screening tests, rely on the ability to
identify odours among a few multiple-choice options.
However, the recognition of an odour relies not only
on the ability to detect the odour, but also on
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familiarity with the test odour and distractor options.
Certain odours may not be familiar to people who are
not native to the culture or country where the test
had been developed. Therefore, adapting odour
identification tests and validating them in the test
population to obtain normative data is required in
order to interpret results accurately.® This can be done
by making modifications to odour descriptors in an
internationally accepted psychophysical olfactory
test, such as the odour identification component of
the Sniffin’ Sticks® (SS) test’"" (Burghart Messtechnik
GmbH, Holm, Germany). Alternatively, novel smell
identification tests have also been developed using
test odours that are familiar to the specific region.’>"

The primary objective of this study was to develop
and validate smell identification testing for the
Singapore population. Two types of smell identifi-
cation tests were assessed. The first was the 16-item
odour identification component of the SS that was
adapted to Singapore residents (SS-Sg). The second
was an original odour recognition test comprising
16 Singapore-sourced scents named Scentsor, an
amalgam of “scents” and “odour recognition”.

METHOD

This prospective study was conducted from 1 May
to 15 November 2024. It was carried out in 3 phases
(Supplemental Fig. S1), in keeping with that of several
studies that developed or modified SS for specific
populations.”""¢ All participants were recruited from
tertiary outpatient otolaryngology clinics from National
University Hospital, Ng Teng Fong General Hospital
and Alexandra Hospital. This study was approved
by the National Healthcare Group Domain Specific
Review Board and participants gave informed consent.
All experimental procedures were consistent with
the Declaration of Helsinki.

SS consists of odour threshold, discrimination and
identification testing. For the purposes of this study,
only the identification component of SS is used. The
SS identification test consists of 16 felt-tip pens, each
impregnated with an odour. To present the odour,
the cap of the pen is removed and the pen tip is held
about 2 cm in front of the participant’s nostrils,
alternately for about 3 seconds. The participant
identifies the correct odour from 4 multiple-choice
options in a forced choice manner. The total number
of correct answers corresponds to the test score
(minimum 0O, maximum 16). There are 2 versions of
the SS identification, generally referred to as the blue
or purple version, based on the colour coding of the
Stick. The blue and purple versions have different test
odours. These 2 versions were developed so as to
have an alternative set of odours for identification
testing, especially when patients may be likely to recall
the answers.
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Phase 1: Determining odour recognisability

Phase 1 was performed to determine which odours
were highly familiar to the Singapore population. A
survey was conducted to evaluate a total of 93 odour
descriptors. This comprised 69 descriptors used in
the SS blue and purple kits as well as 24 new odour
descriptors likely to be familiar to Singapore residents.
Participants evaluated their familiarity with each odour
descriptor using a Likert-type scale ranging from 1 to
5 (i.e. 1=completely unknown odour, 2=unfamiliar,
3=neutral, 4=familiar, 5=highly familiar odour). Scores
of 4 and 5 were considered to be familiar to the
participant. Odour descriptors identified by =75% of
participants as familiar were defined as recognisable
odours. Only recognisable odours were considered
candidates for test odours and distractor odour
descriptors in the modified olfactory identification
tests. The inclusion criteria for survey participants were
>21 years old. The exclusion criterion was cognitive
impairment. Surveys with incomplete responses were
excluded from analysis.

To form SS-Sg, test odours from the blue and purple
sets that were considered to be familiar were selected.
Unfamiliar distractor odour descriptors were replaced
with familiar descriptors within the same odour family
as much as possible (e.g. replacing a non-familiar fruit
odour descriptor with a familiar fruit). To form the test
odours for Scentsor, 16 odours that were recognisable
and locally available were selected as test odours.
Only recognisable odour descriptors were used as
distractor options. Similar to SS, each test odour
from Scentsor had 3 other distractor options. At least
1 of the distractor options belonged to the same
odour family as the test odour. To create Scentsor,
commercially available unfilled felt-tip pens were
filled with liquid odourants dissolved in propylene
glycol to a total volume of 4 mL, similar to that of
SS.’ Additionally, the odourised tip was covered
such that it would be protected from accidental
contact with the subject’s nose without affecting
odour presentation (Fig. 1). The method of adminis-
tering and scoring the test was similar to that of SS.
Participants were not allowed to go back and change
their answers once a new odour had been presented.

Phase 2: Evaluating and finalising the SS-Sg and
Scentsor

Phase 2 was performed to test the implemented
changes and evaluate if familiar odours were correctly
identified in =75% of participants. Healthy participants
were recruited and underwent both SS-Sg and
Scentsor at the same sitting. Participants were
randomly allocated to undergo either SS-Sg or
Scentsor first, using a computer-generated random
number table, to reduce bias from smell fatigue.
The inclusion criterion was self-rated normal sense of
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Fig. 1. Scentsor prototype. A cap is removed before presenting the odour to the subject. The housing over the odourised tip enables delivery
of the odour while preventing it from making contact with the subject’s nose. If there is any accidental contact, the housing can be cleaned with

alcohol wipes without affecting the odour.

smell. This was defined as a score of =8 on a Visual
Analogue Scale-10 (VAS-10) (i.e. O=not able to smell
anything, 5=reduced sense of smell, 10=normal sense
of smell). The exclusion criteria were allergic rhinitis,
rhinosinusitis, nasal polyposis, sinonasal tumours,
previous sinonasal surgery, radiotherapy to the head
and neck, smoking, known cognitive impairment,
inability to understand or follow instructions for
olfactory testing and age <21 years old. These were
determined from history taking. Allergic rhinitis
was defined as the presence of =2 of the following
symptoms: rhinorrhoea, nasal obstruction, sneezing
and nasal itch,” or if the participant had a known
positive skin prick test or Immunoglobulin E serum
test to environmental allergens. Rhinosinusitis was
defined as =2 symptoms, 1 of which was either nasal
obstruction or nasal discharge; and reduction/loss of
smell or facial pain/pressure.®

For each test odour, the percentage of correct
answers was obtained. If an odour was correctly
identified by <75% of participants, the relevant odour
descriptors were adjusted. The revised versions of
the smell tests were re-evaluated with another group
of healthy participants and the percentage of correct
answers for each test odour was again obtained.

Phase 3: Validating the SS-Sg and Scentsor

Healthy participants were recruited to generate
normative data for both tests. They underwent both
tests at the same sitting, the order of which was also
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randomly allocated using a computer-generated
random number table. The median, mean and
10th percentile scores were obtained and further
stratified by age groups and sex. The 10th percentile
score was used as the cut-off point between
normosmia and hyposmia (i.e. a score below the 10th
percentile score was indicative of hyposmia).’é'%?"
To examine the test-retest reliability of these tests,
participants were invited to repeat the tests at 2-8
weeks following the first administration. The time taken
to complete each test was measured. The inclusion
and exclusion criteria for healthy controls were similar
to that of Phase 2.

In addition, patients with olfactory loss were
recruited to assess whether both tests could discri-
minate between normosmia, hyposmia and anosmia.
Patients who presented to the otolaryngology
outpatient clinics with subjective quantitative olfactory
loss were recruited. All patients underwent detailed
history taking, nasoendoscopy and both olfactory
tests (the order of which was randomised) at the
same sitting. The inclusion criteria for patients were
subjective olfactory loss secondary to rhinosinusitis,
nasal polyposis, traumatic brain injury, post-viral upper
respiratory tract infection, iatrogenic and idiopathic
causes. The exclusion criteria were <21 years old,
VAS-10 score of =7, qualitative olfactory dysfunction
(parosmia and/or phantosmia) and cognitive impair-
ment. VAS-10 scores of 0-3 were considered to
be subjectively anosmic and scores of 4-6 were
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considered to be subjectively hyposmic. SS-Sg and
Scentsor scores were compared among subjectively,
hyposmic, anosmic and healthy controls.

Statistical analysis

Statistical analysis was performed using Stata version
17 (StataCorp LLC, College Station, TX, US). Statistical
significance was set at 0.05. Descriptive statistics
for continuous variables were presented as mean
(standard deviation [SD]) when normality and
homogeneity assumptions were satisfied; otherwise
median (interquartile range [IQR]) and n (%) were
presented for categorical variables. The scores were
compared by independent sample t tests when
normality and homogeneity assumptions were
satisfied; otherwise Mann Whitney U or Kruskal Wallis
test was used. When the Kruskal Wallis test was used,
post-hoc testing was done using Dunn’s test with
Bonferroni correction. The test-retest reliability of
the tests was measured using Pearson’s correlation
coefficient.

RESULTS

Phase 1: Odour familiarity in the Singapore adult
population

There were 414 participants (mean age 40.0 [SD 14.9]
years, 159 males [38.4%]) who rated their familiarity
with 93 odour descriptors (Table 1). There were
288 (69.6%) Chinese, 58 (14.0%) Malays, 40 (9.7%)
Indians and 28 (6.8%) belonging to other races.
Within the blue SS set, 27 of 52 (51.9%) unique
odour descriptors were recognised by <75% of
surveyed participants and considered unfamiliar. This
included 6 (36.5%) of 16 test odours in the blue set
(cinnamon, liquorice, turpentine, clove, rose, anise).
Within the purple SS set, 28 of 49 (57.1%) unique
odour descriptors were unfamiliar, including 9
(56.3%) test odours (pear, lilac, grapefruit, raspberry,
eucalyptus, peach, mushroom, smoked meat, caramel).

All 10 recognisable odours from the SS blue set
(orange, leather, peppermint, banana, lemon, garlic,
coffee, apple, pineapple, fish) and 6 of 7 odours from
the SS purple set with the highest recognition rates
(Coke, grass, ginger, coconut, melon, onion) were
selected to form SS-Sg. The original distractor odour
descriptors were also modified to include only
recognisable descriptors. For example, “blackberry”
was replaced with “melon”, “mustard” with “ketchup”,
and “fir” with “lemongrass”. Scentsor comprised
9 test odours similar to that of SS-Sg (orange, coffee,
lemon, garlic, ginger, banana, pineapple, apple, mint)
and 7 original test odours (pepper, curry, smoke,
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vinegar, pandan, chocolate, durian) with high
recognisability rates.

Phase 2: Evaluation of SS-Sg and Scentsor

Seventy participants (mean age 35.5 [10.8] years, 18
males [25.7%]) evaluated SS-Sg and Scentsor. Thirty-
five participants (50%) underwent SS-Sg first. In spite
of the modifications, 7 test odours (43.8%) in SS-Sg
and 3 test odours (18.8%) in Scentsor had identifi-
cation rates of <75% (Table 2). The lowest performing
odour in SS-Sg (banana; 44.9% recognition rate) was
replaced with the lavender test odour, the remaining
recognisable odour from the SS purple set. The
lowest performing odour in Scentsor (pepper; 58.0%
recognition rate) was replaced with a coconut test
odour. For the remaining underperforming odours,
descriptors were further modified using only familiar
descriptors identified in Phase 1.

Sixty participants (mean age 39.1 [6.6] years, 28 males
[46.7%)) evaluated the second round of modification.
All test odours were correctly identified by >75% of
participants. This formed the final version of SS-Sg
and Scentsor.

Phase 3: Validation of SS-Sg and Scentsor

Normative data

There were 473 healthy controls (mean age 40.8 [14.5]
years, age range 21-83 years, 174 (36.8%) males) who
validated and provided normative data for both tests
(Table 3). Half of them (n=236, 49.9%) performed
SS-Sg first. There were 391 (82.7%) Chinese, 31 (6.7%)
Malays, 33 (7.0%) Indians and 18 (3.9%) belonging
to other races. The overall median score was 13.0
(12.0-14.0) for SS-Sg and 15.0 (14.0-15.0) for
Scentsor. The 10th percentile scores of controls in the
21-30 years age group were 11 for SS-Sg and 13 for
Scentsor. The mean time taken to complete SS-Sg
was 5.3 (3.2) minutes, compared to 4.3 (2.6) minutes
for Scentsor (P<0.001).

Effect of age

There was a significant negative relationship
between age and SS-Sg scores (Spearman’s rank
correlation=-0.156, P=0.001) as well as with Scentsor
scores (Spearman’s rank correlation=-0.213, P<0.001)
(Fig. 2). Post-hoc testing indicated that in SS-Sg,
healthy controls aged >60 years scored significantly
lower scores compared to all other age groups
(21-50 years [P<0.001], 51-60 years [P=0.032])
(Table 3). In addition, controls aged 51-60 years
scored significantly lower scores compared to those
aged 21-30 years (P=0.021) and 31-40 years (P=0.025).

332
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Table 2. Identification rates of test odours in SS-Sg and Scentsor in Phase 2.

SS-Sg Scentsor
Number Odour Identification rate Odour Identification rate
1 Orange 97.1% Pepper® 58.0%
2 Leather® 75.9% Orange 97.1%
3 Peppermint 98.6% Coffee 97.1%
4 Banana® 44.9% Lemon 96.6%
5 Lemon 94.2% Curry 72.4%
6 Garlic 69.6% Smoke 76.8%
7 Coffee 94.2% Garlic 92.8%
8 Apple 49.3% Vinegar 88.4%
9 Pineapple 84.1% Ginger 75.1%
10 Fish 82.3% Pandan 95.7%
11 Coke 89.9% Banana 88.4%
12 Grass 58.0% Chocolate 72.4%
13 Ginger 71.0% Pineapple 88.4%
14 Coconut 82.6% Apple 88.6%
15 Melon 78.3% Mint 88.4%
16 Onion 65.2% Durian 92.3%

2 Replaced with the descriptor “shoe leather”
® Replaced with “lavender” test odour in Phase 3

Replaced with “coconut” test odour in Phase 3

duration of 2.6 (2.0) weeks. Pearson's correlation
coefficient was 0.88 (P<0.001) for SS-Sg and 0.90
(P<0.001) for Scentsor.

With Scentsor, healthy controls aged >60 years
scored significantly lower scores compared to those
aged 21-50 years (P<0.001). Healthy controls aged
51-60 years also scored significantly lower scores
compared to those aged 21-40 years (P<0.001). Patients with subjective olfactory loss
Sixty-seven patients (mean age 50.5 [15.9] years,
34 [50.8%] males) with subjective olfactory loss were
recruited. The causes for olfactory loss were chronic
rhinosinusitis (n=40, 59.7%), post-viral (n=19, 28.4%),
idiopathic  (n=6, 9.0%) and post-traumatic brain

Effect of sex

With SS-Sg, there was no significant difference in
overall median score between males and females
(13 [12-14] for both sexes, P=0.596) (Table 3).

There was also no significant difference in scores
between sexes in all age groups.

With Scentsor, females scored higher than males
overall (15 [14-16] versus [vs] 14 [13-15], P<0.001).
Females scored higher than males in age groups
21-30 years (15 [15=16] vs 14 [14-15], P<0.001),
31-40 years (15 [14-16] vs 14 [13-15], P<0.001)
and 41-50 years (15 [14-16] vs 14 [13-15], P<0.001).

Test-retest reliability

Fifty healthy controls (mean age 39.2 [5.2] years,
20 [40.0%] males) repeated both tests after a mean
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injury (n=2, 3.0%). Forty-two patients had self-rated
hyposmia and 25 had self-rated anosmia.

With SS-Sg, there was a significant difference in
scores across controls, self-rated hyposmias and self-
rated anosmia (x? [2]=85.8, P<0.001) (Fig. 3). The
mean scores were 12.6 (2.4) for controls, 9.8 (3.2) for
self-rated hyposmias and 6.0 (2.3) for self-rated
anosmias. Post-hoc comparisons indicated that the
mean score of controls was significantly higher than
that of self-rated hyposmias (P<0.001), which was in
turn significantly higher than the scores of self-rated
anosmias (P<0.001).




Table 3. Healthy controls, SS-Sg and Scentsor scores by age and sex.
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Age 21-30 years 31-40 years 41-50 years 51-60 years >60 years
n 133 137 82 66 55
SS-Sg
Median (IQR) 13 (12-14) 13(11-14) 13 (12-14) 13 (12-14) 12 (9-13)
Mean (SD) 13.1(1.8) 12.8 (2.4) 12.9 (2.1) 12.4(2.7) 10.7 (3.0)
10th 11 10 11 9 7
percentile
Sex Male Female Male Female Male Female Male Female Male Female
(n=48) (n=85) (n=47) (n=90) (n=31) (n=51) (n=23) (n=43) (n=25) (n=30)
Mean (SD) 13.3 13.0 12.3(2.8) 13.0 13.2 12.7 12.2 12.5 9.8 1.4
(1.6) (1.9 (2.1) (1.9) (2.2) (2.9 (2.7) (3.3 (2.6)
Median (IQR) 13 13 13 13 14 13 12 13 10 12
(12-15) (12-14) (11-14) (12-14) (13-14) (12-14) (11-14) (12-14) (7-12) (10-13)
10th 11 10 9 10.5 11 10 9 " 5 7
percentile
Scentsor
Median (IQR) 15 (14-16) 15 (14-16) 15 (14-15) 14 (14-15) 14 (12-15)
Mean (SD) 14.8 (1.3) 14.3(1.7) 14.4(1.5) 14.0 (1.8) 13.0(2.5)
10th 13 12 13 12 10
percentile
Sex Male Female Male Female Male Female Male Female Male Female
Mean (SD) 14.1 15.1 13.3(1.8) 14.8 13.8 14.8 13.6 14.3 12.3 13.5
(1.0 (1.2) (1.4) (1.2) (1.6) (1.9 (1.7) (2.7) (2.3)
Median (IQR) 14 15 14 15 14 15 14 15 12 14
(14-15) (15-16) (13-15) (14-16) (13-15) (14-16) (14-15) (14-15) (12-14) (12-15)
10th 13 14 11 13 12 13 12 13 9 10
percentile
IQR: interquartile range; SD: standard deviation
Fig. 2. Scatterplot of SS-Sg and Scentsor scores in male and female subjects over age.
Scentsor
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Fig. 3. Boxplot of SS-Sg and Scentsor scores in healthy controls, subjectively hyposmic and subjectively anosmic patients. Asterisk indicates a

statistically significant difference.
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Similarly, with Scentsor, there was a significant
difference in scores across controls, self-rated
hyposmias and self-rated anosmias (x* [2]=99.9,
P<0.001). The median scores were 14.3 (1.8) for
controls, 11.3 (2.8) for self-rated hyposmias and
5.8 (3.4) for self-rated anosmias. Post-hoc comparisons
indicated that the mean score of controls was signifi-
cantly higher than that of self-rated hyposmias
(P<0.001), which was in turn, significantly higher than
that of self-rated anosmias (P<0.001).

DISCUSSION

Odour identification tests are sensitive to cultural
differences. Our study has shown that the unmodified
SS was not applicable to the Singapore population,
with over half of the odour descriptors in the blue
and purple sets unfamiliar to most Singaporeans. This
highlights the need for odour identification tests to
be adapted and validated in the population of interest
before it can be applied.

In this study, SS and Scentsor were adapted and
developed respectively for Singapore. Both tests can
be used to reliably measure olfactory function
in Singapore. They have been validated for the
Singapore population and normative data from a large
group of healthy controls were obtained. The median
scores of 13.0 and 15.0 with SS-Sg and Scentsor,
respectively, for nornosmic individuals is in keeping
with the average scores of 13.7-14.8 in Malaysia,"
China® and Taiwan,® where 16-item odour identifi-
cation scores have been validated. Both tests have
good test-retest reliability. They can distinguish
between normosmic, hyposmic and anosmic patients.
Both kits are portable, re-usable and arguably cost-
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effective. Both tests can be administered in about 5
minutes or less on average, which makes it suitable
to be integrated into a busy clinical practice. This will
allow accurate assessment and follow-up of olfaction,
rather than relying only on self-reported olfactory
function. They can also be combined with odour
threshold and discrimination tests to form the
comprehensive threshold, discrimination and identifi-
cation olfactory test, which is useful in tracking olfac-
tory dysfunction.

The scores for functional anosmia, defined as
quantitatively reduced olfaction to the extent that
the sense of smell is not useful in daily life,® is deter-
mined by the empiric distribution of scores obtained
by anosmic subjects.’” Obtaining a score of more
than 7 by chance is extremely unlikely; a score of 7 and
less is therefore considered to be consistent with
functional anosmia. The explanation for this is that
identification tests are carried out using the forced
multiple-choice procedure. Even with anosmia, some
chance correct answers are expected. The probability
of obtaining a certain number of correct answers
by chance can be calculated using the binomial
distribution equation. From this, the probability of
obtaining more than 7 correct answers is less than
5%.2° A score of 7 or less cannot be distinguished
from a purely random result and is therefore interpreted
as being consistent with anosmia.?’ This was congruous
with the findings in our study, in which anosmic
patients had mean scores of 6.0 and 5.8 on SS-Sg and
Scentsor, respectively.

On the other hand, hyposmia is differentiated

from normosmia using the 10th percentile of the
distribution of scores in normosmic subjects.’®'??" The
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reference group is that of young, healthy adults as
they represent the best olfactory performing cohort.'?4
In our study, the 10th percentile score of subjects
aged 21-30 years was 11 for SS-Sg and 13 for
Scentsor. This means that subjects who achieve a
score of 8-10 in SS-Sg and a score of 8-12 in Scentsor
would be considered hyposmic. Our patients with
hyposmia had mean scores of 9.8 and 11.3 on SS-
Sg and Scentsor, respectively, which was in keeping
with these hyposmia score ranges defined by the
normative data. A subject’s test score should be
defined primarily by this range, even though it can
also be interpreted with respect to age group and
sex. For example, a 75-year-old male who scores 11
on Scentsor can be considered “normosmic” relative
to his age group and sex. However, in terms of his
overall ability to smell, he is still considered to be
hyposmic. This is similar in principle to the assessment
of other human senses. Using hearing assessment as
an analogy, if a 75-year-old has an audiogram pure
tone average of 35 decibels, his diagnosis is mild
hearing loss, even if this level of hearing is reasonably
acceptable for his age.

An age-related decline in scores was observed in
age groups above 50 years with both SS-Sg and
Scentsor, which is consistent with the findings of
other studies carried out in other populations.®2+2
This was largely to be expected, as olfactory function
generally declines with age.?”?® With regard to
sex, females scored significantly better than males
in Scentsor; however, no significant sex-related
differences in scores were observed with the SS-Sg.
In general, females typically tend to perform better
than males in odour detection and recognition tasks,?
although the difference in absolute test scores is
probably small.

Ideally, we would have adapted only 1 SS set,
rather than have a combination of blue and purple
Sticks. The blue set was the preferred candidate for
adaptation as it had fewer unfamiliar test odours than
the purple set. However, it was difficult to replace
all 6 unfamiliar test odours (cinnamon, liquorice,
turpentine, clove, rose, anise) with similar-smelling
alternative descriptors that were also familiar to
Singaporeans. In the Malaysian version of the SS,
“liquorice” was replaced with “fennel seed”' and in
the Taiwanese version of the SS, “clove” was replaced
with “wood”,® both of which are unfamiliar odours
in Singapore. This highlights that even among close
neighbours in Asia, there is considerable cultural
diversity which influences familiarity with odours.
Hence, SS-Sg was formed by combining familiar
odours from the blue and purple SS. This creates a
slight drawback in that Sticks will have to be procured
individually to form the SS-Sg. However, having an
adapted version of the SS gives an option to assess
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olfaction using a set of odours that is standardised
internationally.

Scentsor was created as a pragmatic alternative
odour identification test using locally-sourced odours.
The general feedback from healthy participants was
that Scentsor’s odours were more recognisable
compared to SS-Sg, even when test odours
descriptors were the same (e.g. ginger). This might
account for the shorter mean test duration with
Scentsor, as well as the slightly lower overall SS-Sg
scores in spite of adapting all odour descriptors to
familiar ones. Familiarity with odours may become
more crucial when testing older subjects or screening
for neurodegenerative disorders. This is because
identifying odours relies on the ability to detect the
stimulus as well as to match it to the correct identity,
of which the latter requires intact executive function
and semantic memory.*® We partially adopted the
SS method of odour storage and presentation as it is
practical, inexpensive and the odours are minimally
exposed to the environment, which prolongs odour
longevity and integrity. In addition, for hygiene
purposes, we modified the design to protect the
odourised tip such that it is not able to touch the
participant’s nose. In the event that there is accidental
contact, the device can be easily disinfected with an
alcohol wipe without affecting the odour. As Scentsor
is produced locally, it may be a more cost-effective
option. For these reasons, Scentsor is our preferred
odour identification test.

There are limitations with this study. Healthy controls
did not undergo nasoendoscopy to examine the
nasal cavity and olfactory cleft. However, we applied
stringent inclusion and exclusion criteria to ensure
participants were likely to have normal olfactory
function. There were more female participants who
provided normative data, which could have raised the
overall scores, even if the difference in scores between
sex may be small. There were fewer participants aged
above 50 years old who provided normative data.
Future studies may be needed to obtain normative
olfactory data in older age groups.

Within Asia, countries that have developed or
adapted olfactory identification tests to their own
populations include China,? Malaysia,”" Japan,?'*?
South Korea,**3* Taiwan,'*?® Thailand®* and Vietnam.'®
The authors hope that the validation of SS-Sg and
Scentsor will standardise olfactory testing carried
out in Singapore. The potential applications for a
validated olfactory test are vast. Olfactory impairment
is a key symptom of chronic rhinosinusitis. In severe
type 2 inflammatory chronic rhinosinusitis with nasal
polyps, treatment with biologics requires documen-
tation of anosmia on smell testing,'®* and biologics
themselves have the potential to improve anosmia.?’
During the COVID-19 pandemic, olfactory loss was a
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prominent symptom,* and anosmia was reported to
have high specificity for the SARS-CoV-2 infection.*
Olfactory tests have been used as screening tools
for SARS-CoV-2 in the community,*” emergency
department,*” among healthcare workers*® and
inpatients.** Olfactory loss is an early symptom of
neurodegenerative conditions, in particular Parkinson’s
disease®* and Alzheimer's disease.*® In older adults,
severe olfactory dysfunction is also an early indicator
of frailty, a syndrome of accelerated physiologic
decline and increased vulnerability to external stressors
beyond normal ageing.*’” These are relevant issues in
our ageing society. An odour identification test may
be a practical screening tool for early detection of
neurodegeneration or frailty in vulnerable individuals.

CONCLUSION

SS-Sg and Scentsor are 2 odour recognition tests
that have been validated for the Singapore population.
Either of these tests, referenced against the normative
data obtained in this study, should be used when
assessing olfaction in Singapore.

Supplementary Fig. S1. STROBE flow diagram of
participant recruitment.
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