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Abstract

Smell identification ability reflects the functional integrity of the human olfactory system. Its deficit
is a prodromal marker for Parkinson’s disease and is also implicated in Alzheimer’s disease and
other neurological and psychiatric disorders. Considering the impact of cultural factors on odor
identifiability, we have developed a smell identification test specifically for the Chinese population
(CSIT), which includes 40 odor items that are familiar to this population, presented in a multiple-
choice format. The CSIT has a test-retest reliability of 0.92 and is validated against the University
of Pennsylvania Smell Identification Test (UPSIT) and the Sniffin" Sticks Identification Test 16 (SS-
16). In terms of identification accuracy, Chinese participants on average score 15% higher on the
CSIT than on the UPSIT or SS-16.The CSIT is also sensitive to age and gender differences in smell
identification ability. As such, the CSIT provides an effective tool for the assessment of olfactory
function in the Chinese population.
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Introduction However, individuals with olfactory loss are generally unaware of it
The olfactory system enables us to detect food and hazards. Olfactory until formal testing (Nordin et 'al. 1995), highlighting the necessity
loss has substantial adverse effects on the quality of life (Blomqvist of assessment of olfactory function.
et al. 2004; Croy et al. 2014) and predicts mortality risk independent
of dementia conversion (Ekstrom et al. 2017). It is also a prodro-
mal marker for Parkinson’s disease and is implicated in a range of
other neurological and psychiatric disorders including Alzheimer’s
disease (Mesholam et al. 1998; Woodward et al. 2017), schizophre-

nia (Moberg et al. 1999), and major depression (Pause et al. 2001).

Tests of olfactory threshold, discrimination, and identification,
while respectively tapping into low-, intermediate-, and high-order
olfactory processing, pose different cognitive demands (Hedner
et al. 2010). In particular, odor identification draws on an indi-
vidual’s knowledge of specific odors and is significantly influenced
by semantic and cultural factors (Schab 1991; Ayabe-Kanamura
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et al. 1998; Kobayashi et al. 2006). On the other hand, assessment
of olfactory identification is more sensitive than that of olfactory
threshold or discrimination to Parkinson’s and Alzheimer’s dis-
eases (Koss et al. 1988; Potagas et al. 1998; Boesveldt et al. 2008;
Hummel et al. 2017) and is hence more widely used in clinical set-
tings. Based on these considerations, several culturally specific tests
of olfactory identification have been developed since the University
of Pennsylvania Smell Identification Test (UPSIT, USA) (Doty et al.
1984b), including the Sniffin’ Sticks Identification Test 16 (SS-16,
Germany) (Hummel et al. 1997) and its extended version (Haehner
et al. 2009), the Scandinavian Odor Identification Test (Sweden)
(Nordin et al. 1998), and the Odor Stick Identification Test for the
Japanese (Japan) (Kobayashi 2005). They are all presented in a mul-
tiple-choice format, as inaccessibility of odor names has been shown
to severely impede identification (Cain 1979). Participants smell an
odor and make a forced choice of its name from four descriptors.
The UPSIT consists of 40 odor items and has the best test—retest
reliability ( = 0.92) (Doty et al. 1984b). The other tests each com-
prises 32 (extended version of the Sniffin’ Sticks Identification Test
[Haehner et al. 2009]), 16 (the SS-16 and the Scandinavian Odor
Identification Test [Nordin et al. 1998]), or 13 (the Odor Stick
Identification Test for the Japanese [Saito et al. 2006]) odor items.
Attempts have also been made to develop a culturally universal smell
identification test. The 12-item Cross-Cultural Smell Identification
Test (Doty et al. 1996), for example, selects odor items from the
UPSIT that are comparatively familiar to most people from North
American, European, South American, and Asian cultures. However,
its suitability for Taiwanese people has been questioned (Jiang et al.
2002).

In mainland China, olfactory function is scantly tested in clinical
practice, partially due to the lack of a culturally appropriate smell
identification test. Despite a few reports suggesting that the SS-16
could be directly applied to Chinese patients (Yang et al. 2010; Yuan
et al. 2010; Yang et al. 2013; Huang et al. 2016; Chen et al. 2018), it
is apparent that some odors in this test are foreign to most Chinese
(e.g., sauerkraut, raspberry, rum, etc). Other studies have sought to
adapt the UPSIT or SS-16 for the Chinese population by removing/
replacing some of the odor items or response alternatives (Shu and
Yuan 2008; Chen et al. 2012; Jiang et al. 2014; Jiang and Liang
2016), yet the choices of which to remove and what to use as substi-
tutions are often idiosyncratic and inconsistent. Critically, such slight
modifications cannot change a smell identification test developed for
the American (UPSIT) or German population (SS-16) into an opti-
mized test for the Chinese population. To address this issue, we have
developed the Chinese Smell Identification Test (CSIT)—a 40-item
smell identification test specifically for the Chinese population. We
report here the development, reliability, and validity of this test. We
also show that it is sensitive to age and gender differences in smell
identification (Doty et al. 1984a).

Materials and methods

Participants

A total of 736 nonsmokers with birthplaces across mainland
China took part in the main study, including 296 (135 males [m],
135 females [f], 26 unreported; mean age = standard deviation
[SD] =22.3 = 3.6 years) in Experiment 1,46 (25 m,24.1 = 2.1 years)
in Experiment 2, 89 (53 m, 41.2 = 25.2 years) in Experiment 3,
66 (36 m, 34.0 = 16.2 years) in Experiment 4, 119 (55 m, 20.2 =
1.9 years) in Experiment 5, and 120 in Experiment 6 (60 m, 34.4 =
17.4 years). They reported to have no respiratory allergy or upper

respiratory infection at the time of testing. Written informed consent
and consent to publish was obtained from participants in accord-
ance with ethical standards of the Declaration of Helsinki (1964).
The study was approved by the Institutional Review Board at the
Institute of Psychology, Chinese Academy of Sciences.

Olfactory stimuli

Odorants pertaining to the development of the CSIT were obtained
from domestic flavor and fragrance companies (the majority were
obtained from the Apple Flavor and Fragrance Group) and were
used in Experiments 2-6. In Experiment 2, they were presented in
4-mL glass vials, each containing 1 mL liquid. In Experiments 4-6,
they were presented in felt-tip pens (Hummel et al. 1997), each filled
with 1 mL liquid. Experiment 3 involved both methods of presenta-
tion (see Procedure). For odor presentation, the lid of the vial or the
cap of the pen was removed and the vial mouth or the pen tip was
placed approximately 2 cm in front of the two nostrils for 2-3 s. The
odorants were judged as clearly detectable and roughly matched in
intensity in a pilot testing. Aside from these odorants, Experiment
4 also employed the UPSIT (simplified Chinese version, Sensonics
International) and the SS-16 (Burghart Medical Technology).
Experiment 5 also employed the SS-16.

Procedure

The goal of Experiments 1 and 2 was to find odor items that are
familiar and identifiable to most Chinese people. In Experiment 1,
we first generated a list containing the names of 105 odorous objects
that are encountered in daily life and asked participants to rate the
familiarity and identifiability of the smell of each item based on their
experience on a 7-point Likert scale, with 7 signifying very familiar
or very identifiable. The order of the items was pseudorandomized
across participants. Based on the participants’ ratings, we ranked
the 105 items by their combined familiarity and identifiability (i.e.,
mean familiarity rating + mean identifiability rating) and obtained
the highest ranked 45 odorants that were commercially available to
use in Experiment 2.

Participants in Experiment 2 were presented with these 45 odor-
ants, one at a time, and were asked to make a forced choice of each
odorant’s name from a list of four descriptors. They also provided
ratings for the familiarity, intensity, pleasantness, and irritability of
each odorant on a 7-point Likert scale, with 7 representing very
familiar, very strong, very pleasant, and very irritating, respectively.
For each odorant, the four response alternatives (one being the cor-
rect odor name) were chosen, mainly from the aforementioned list of
105 odorous items, to be roughly matched in familiarity and identifi-
ability (Supplementary Table S1). We refrained from using only the
45 odor names as response alternatives so as to eliminate repetitions
of response alternatives. Following (Doty et al. 1984b), we selected
response alternatives to be as distinct from one another as possible
in order to better differentiate between hyposmic and anosmic indi-
viduals (Gudziol and Hummel 2009). Five odor items that were misi-
dentified by >30% participants were subsequently excluded, leaving
40 odor items in the CSIT.

Experiment 3 assessed the reliability of the 40-item CSIT. To
quantify its test-retest reliability, participants were tested twice, with
an interval of 3 or 6 months in between. Specifically, 28 participants
performed the retest 3 months after the initial test, with the odorants
presented in vials at the initial test and in felt-tip pens at the retest
(this allowed us to assess whether the CSIT scores were also robust
against a change in test format). Another 61 participants performed
the retest 6 months after the initial test, with the odorants presented
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in felt-tip pens at both the initial test and the retest. These partici-
pants spanned the entire continuum of CSIT scores.

Experiment 4 compared participants’ accuracies on the CSIT
with those on two widely used smell identification tests—the UPSIT
(simplified Chinese version) and the SS-16 (response alternatives
translated to simplified Chinese by the authors). Each participant
was tested on two consecutive days, with the CSIT on one day and
with the UPSIT and SS-16 on the other day, in counterbalanced order.

Unlike the UPSIT (Doty et al. 1984b) or the CSIT, the distractors
listed for each odor item in the SS-16 are typically similar (Gudziol and
Hummel 2009). Experiment 5 quantified the similarities between dis-
tractors and targets in the CSIT and the SS-16, and analyzed whether
the degree of similarity could have caused the difference between the
identification accuracies for the two tests in Experiment 4. For each
of the CSIT or the SS-16 odor items, participants were presented with
the odorant, together with the corresponding label (target), and were
asked to rate on a 7-point Likert scale the similarity of each of the
three distractors (presented in random order) to that odor, with 7 rep-
resenting very similar. All 119 participants provided ratings for the
CSIT, whereas 50 (18 m, 21.2 = 2.1 years) of them also provided rat-
ings for the SS-16. For those that rated both the CSIT and the SS-16,
the order of the two tests was balanced across participants.

Experiment 6 tested whether the CSIT was sensitive to the known
age and gender differences in smell identification (Doty et al. 1984a).
Four groups of healthy nonsmokers (30 per group), namely young
females (17.2 = 1.6 years), young males (16.9 = 1.4 years), middle-aged
females (51.7 = 1.4 years), and middle-aged males (51.7 = 1.3 years),
who were matched in education (years of education = 12.9 = 2.5,
12.0 £2.4,12.0 £ 2.4,and 12.9 = 2.5, respectively), were administered
with the CSIT. Their scores were subsequently analyzed with univari-
ate ANOVA, using age group and gender as fixed factors.

In Experiments 2-6, participants were free to resample the odor-
ants. There was an interval of at least 30 s in between odor presenta-
tions to reduce olfactory fatigue. For young children and senior adults
who had difficulty reading the response alternatives, the experimenter
read those aloud immediately after the presentation of each odorant.

Results

Selection of odor items

As an initial step to develop a culturally appropriate smell identifica-
tion test for the Chinese population, in Experiment 1, we conducted
a survey to find odor items that are familiar and identifiable to most
Chinese. The survey comprised a list of the names of 105 odorous
objects encountered in daily life. Participants were asked to rate the
familiarity and identifiability of the smell of each item based on their
own experience on a 7-point Likert scale, with 7 denoting very familiar
or very identifiable. A total of 296 nonsmokers from various parts of
China (north: 95, northeast: 17, east: 70, southeast: 27, south-central:
46, northwest: 21, unreported: 20) completed the survey. The top 3
items rated as most familiar as well as identifiable were garlic (familiar-
ity: 6.0, identifiability: 6.0), vinegar (6.0 and 6.0), and Florida water
(pinyin: hua lu shui, used widely in China as a mosquito repellent and
to ease skin irritation; 5.9 and 5.8). Overall, an item’s identifiability
10s = 0.95, P < 0.0001). We sub-
sequently ranked the items by their combined familiarity and identifia-
bility averaged across participants and selected the first 45 whose odors
were commercially available to be included in Experiment 2. Some

strongly correlated with its familiarity (r

high-ranked items, like mosquito coil, for which we were unable to
obtain appropriate odor substances, were not included. All the selected
45 items scored above 4 on the familiarity and the identifiability scales.

Experiment 2 assessed whether odorants corresponding to the
selected items could be correctly identified by young adult nonsmok-
ers aged between 20 and 29 years, who as a group has been shown to
exhibit superior olfactory performance (Hubert et al. 1980; Hummel
et al. 2007). Like most existing smell identification tests, the test
adopted a multiple-choice format. For each odorant, participants
were asked to make a forced choice from four pregenerated descrip-
tors (Supplementary Table S1) the one that best matched with the
perceived smell. Analyses of the participants’ responses showed that
the odorants differed significantly in their ability to be identified (F,,
1os0 = 19.61, P < 0.0001). In particular, 5 of them were misidentified
by over 30% of the participants. These 5 odorants, namely black
pepper, alcohol, pine tree, licorice, and pan-roasted chestnut, were
since removed, leaving 40 odor items (Table 1) in the CSIT. Overall,
the 40 odorants were perceived as quite familiar (mean = SD = 5.4 =
0.7 on a 7-point Likert scale with 7 signifying very familiar), moder-
ately strong (5.3 = 0.3 on a 7-point Likert scale with 7 signifying very
strong), slightly pleasant (4.6 = 0.7 on a 7-point Likert scale with 7
signifying very pleasant), and minimally irritating (1.7 = 0.6 on a
7-point Likert scale with 7 signifying very irritating). Supplementary
Table S2 summarizes the ratings and identification accuracies for the
40 individual odorants.

CSIT's reliability and validity
The usefulness of a psychometric test depends on its reliability and
validity. To determine whether the CSIT consistently measures one’s
smell identification ability over time, in Experiment 3, we quantified
its test—retest reliability in a group of individuals with various degrees
of olfactory function. Specifically, 89 participants aged between 7 and
92 (53 m) were administered with the CSIT twice, with an extended
interval of 3 months (28 participants) or 6 months (61 participants)
in between. Their CSIT scores at the initial test ranged from 11 to 40
(accuracy = 27.5-100% vs. chance = 25%). The retest scores (range:
12-40) strongly correlated with those obtained at the initial test,
74 =0.92, P <0.0001, and did not differ from the latter (z,, = -1.60,
P =0.11). In other words, the CSIT scores were highly stable (Figure
1A). Moreover, whether or not to exclude the participants tested
with a 3-month interval had no influence on the correlation strength
between the test and retest scores. The 6-month test-retest-reliability
coefficient was also 0.92 (r,, = 0.92, P < 0.0001). We also calcu-
lated, based on the participants’ initial CSIT scores, the test’s split-
half reliability. Overall, scores on the odd items strongly correlated
with those on the even items (r,, = 0.89, P < 0.0001) and scores on
the first half of the test strongly correlated with those on the second
half (r,, = 0.85, P < 0.0001), indicating superior internal consistency.
In Experiment 4, we validated the CSIT against two widely used
smell identification tests, the UPSIT (simplified Chinese version,
40 items) (Doty et al. 1984b) and the SS-16 (response alternatives
translated to simplified Chinese, 16 items) (Hummel et al. 1997),
in a group of 66 participants (36 m) aged between 20 and 68. We
expected that CSIT scores would significantly correlate with UPSIT
and SS-16 scores, as all three tests assess smell identification abil-
ity in a multiple-choice format. Indeed, the correlation between the
participants’ CSIT scores (range: 19-40, accuracy: 47.5-100%) and
UPSIT scores (13-38, 32.5-95%) was 0.77 (P < 0.0001, Figure 1B);
that between the CSIT scores and SS-16 scores (6-15, 37.5-93.8%)
was 0.65 (P < 0.0001, Figure 1C). Both values were higher than the
correlation between the UPSIT and SS-16 scores, which was 0.55
(P < 0.0001). Notably, the participants’ average accuracy on the
CSIT was 15.1% higher than that on the UPSIT (mean accuracy
difference =15.1%,¢ .= 16.13, P <0.0001) and 16.2% higher than

2765
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Table 1. Odor items in the 40-item CSIT and their familiarity and identifiability ratings obtained in Experiment 1.

Odor item Familiarity Identifiability Odor item Familiarity Identifiability
1 Garlic 5.95 6.01 21 Sichuan pepper 5.35 4.95
2 Vinegar 5.95 5.99 22 Lemon 5.38 5.22
3 Florida water® 5.93 5.83 23 Soybean milk 5.52 5.06
4 Banana 5.87 5.61 24 Hawthorn berry 5.38 5.09
5 Ginger 5.75 5.56 25 Dried jujube date 5.42 5.00
6 Apple 5.88 5.52 26 Mango 5.28 5.0
7 Baked sweet potato 5.78 5.56 27 Rose 5.36 5.32
8 Fish 5.74 5.67 28 Pomelo 5.26 4.92
9 Pineapple 5.76 5.53 29 Green tea 5.33 4.85
10 Orange 5.72 5.46 30 Honey 5.27 4.88
11 Cucumber 5.73 5.42 31 Cumin 5.01 5.04
12 Poached corn 5.71 5.43 32 Walnut 5.10 4.64
13 Coffee 5.59 5.52 33 Sesame oil 4.85 4.54
14 Coke 5.66 5.36 34 Aniseed 4.68 4.66
15 Chocolate 5.70 5.32 35 Almond 4.78 4.51
16 Grape 5.63 5.24 36 Peanut 4.73 4.45
17 Soy sauce 5.60 5.25 37 Longan 4.73 4.44
18 Milk 5.61 5.25 38 Coconut 4.66 4.48
19 Strawberry 5.62 5.17 39 Sandalwood 4.54 4.51
20 Pear 5.63 5.14 40 Vanilla 4.20 4.04

The ratings were on a 7-point Likert scale, with 7 denoting very familiar or very identifiable.

*Pinyin: hua lu shui, used widely in China as a mosquito repellent and to ease skin irritation.

that on the SS-16 (mean accuracy difference = 16.2%, ¢, = 13.36,
P < 0.0001), whereas their UPSIT and SS-16 accuracies did not dif-
fer (¢,, = 0.75, P = 0.46) (Figure 1D). The SDs for the CSIT, UPSIT,
and SS-16 accuracies were 10.0%, 11.9%, and 12.8%, respectively.
Hence, on average, a participant’s CSIT accuracy was more than
1 SD higher than his/her UPSIT or SS-16 accuracy. These sizeable
differences spoke to the prominent role of culture in odorants’
identifiability.

The simplified Chinese version of the UPSIT contains 11 of the
12 items in the Cross-Cultural Smell Identification Test (Doty et al.
1996), namely banana, onion, gasoline, chocolate, turpentine, pine-
apple, paint thinner, smoke, lemon, soap, and rose (cinnamon is
not included in the simplified Chinese version of the UPSIT). We
analyzed performances on these 11 cross-cultural items for 45 of
the participants in Experiment 4 (raw records for the other 21 par-
ticipants were missing) and found that the accuracies were in fact
not significantly different from those on the other 29 UPSIT items
(t,, =-0.18, P = 0.86). The participants’ CSIT accuracies were again
16.4% higher than their accuracies on the 11 cross-cultural UPSIT
items (mean accuracy difference = 16.4%, t,, = 7.68, P < 0.0001),
reaffirming the cultural appropriateness of the CSIT.

Whereas both the CSIT and the UPSIT (Doty et al. 1984b)
employ response alternatives as distinct from one another as pos-
sible, the distractors in the SS-16 are typically similar to the cor-
responding target odors (Gudziol and Hummel 2009). One could
argue that the difference between the identification accuracies for
the CSIT and the SS-16, as observed in Experiment 4, was due to
the degree of similarity among response alternatives rather than cul-
tural factors per se. To directly examine this possibility, Experiment
5 assessed in another panel of 119 participants (birthplaces in main-
land China: north: 16, northeast: 6, east: 31, southeast: 27, south-
central: 29, northwest: 10) the similarities between distractors and
the corresponding odor items in the CSIT. Fifty of them also pro-
vided ratings for the SS-16. Overall, distractors and targets in the
CSIT were rated as significantly less similar than those in the SS-16
(t,, = -10.50, P < 0.0001). But there was a significant main effect of

odor item in the ratings for the CSIT (F,, ; 5, 5 = $2.12, P < 0.0001)
as well as for the §S-16 (F, ;.5 = 18.71, P < 0.0001). As shown
in Supplementary Table S3, the mean distractor-to-target similar-
ity ranged from 1.5 to 4.0 across the CSIT odor items. The top 10
CSIT items with the highest distractor-to-target similarities were in
fact comparable to the SS-16 items in terms of distractor-to-target
similarity (3.0 vs. 2.9, t,, = 1.20, P = 0.24). Nonetheless, a reexami-
nation of the available raw records in Experiment 4 revealed that
the participants’ accuracies on these 10 CSIT items were still 13.1%
higher than their SS-16 accuracies (z,, = 6.89, P < 0.0001). This led
us to conclude that distractor-to-target similarity could not account
for the sizeable difference between the participants’ CSIT and SS-16

accuracies in Experiment 4.

Age, gender, and CSIT scores

It is well established that smell identification ability changes with age
and differs between the two genders (Doty et al. 1984a; Hummel
et al. 2007). In Experiment 6, we examined whether the CSIT is sen-
sitive to such age and gender differences. To this end, we recruited
four groups of healthy nonsmokers: young females (mean age = SD:
17.2 = 1.6 years), young males (16.9 = 1.4 years), middle-aged females
(51.7 = 1.4 years), and middle-aged males (51.7 = 1.3 years), who
were matched in years of education (mean = SD = 12.9 + 2.5,12.0 =
2.4,12.0 = 2.4, and 12.9 = 2.5 years, respectively). The participants
were each administered with the CSIT independently. Analyses of
their CSIT scores showed a significant main effect of age group (F
he = 23.92, P < 0.0001) as well as a significant main effect of gen-
der (F, |, = 12.03, P = 0.001) (Figure 2). Overall, the young partici-
pants scored 4 points (out of 40 total) higher than the middle-aged
ones (¢, = 4.69, P < 0.0001). Within each age group, the females
outperformed the males by approximately 3 points (young: z,, = 2.26,
P =0.028; middle-aged: ., = 2.66, P = 0.010). Hence, the CSIT nicely
captured the age and gender differences in smell identification among
these four groups of participants. Notably, the same pattern of results
was obtained when we limited our analyses to only the odd items
(age: F, |, =25.79, P < 0.0001; gender: F, .. = 9.56, P = 0.002), the

1,116 1,116

6102 YoJe || UO 1senB AQ 0850£G/681/E/11/10B1ISqB-0[ILE/ESWAYD/WO0d"dNO"0IWSPEd.//:SAY WO} PAPEOjUMOQ


http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjz006#supplementary-data

Chemical Senses, 2019, Vol. 44, No. 3 193
A B
40 40
. L =077 ‘s o
3.8
w 30 - 30
3
+ | = i
= P
|_
) 20 -] 20
@)
o o A 3 months
10 + ¢ 6 months 10
| L | L | L | | L | L | L |
10 20 30 40 10 20 30 40
CSIT test CSIT
C D * %%
* %%
16 100 _
0O 0O |
L r=0.65"" 00 - _
80
12 :\o‘ r
© ~ 60 [
- I ) \\ /
n © i
w 8 3 40 |
o
: < \/
20 +
4 L
| L | L | L | 0

10 20 30 40
CsIT

CSIT UPSIT SS-16

Figure 1. Reliability and validity of the CSIT. (A) Test-retest correlation between the CSIT scores of the same individuals on two administrations separated by
3 months (triangles) or 6 months (diamonds). (B and C) CSIT scores were significantly correlated with UPSIT scores (B) and SS-16 scores (C). (D) Chinese par-
ticipants showed significantly higher smell identification accuracies on the CSIT as compared to the UPSIT or SS-16. Error bars: SD; dashed line: chance level;

***¥P < 0.0001.

even items (F, |, = 14.04 and 9.33, P < 0.001 and = 0.003, respec-
tively), the first half (F, ,,, = 20.73 and 10.56, P < 0.0001 and = 0.002,
respectively), or the second half (F 16 = 16.82 and 8.36, P < 0.0001
and = 0.003, respectively) of the CSIT, which further underscored the
internal consistency of the CSIT.

Discussion

We have described the development of a 40-item smell identification
test for the Chinese—the CSIT. It adopts odor items that are familiar
and identifiable to most Chinese people (Experiments 1 and 2), has a
test—retest reliability of 0.92 (Experiment 3), a split-half reliability of
no less than 0.85 (Experiment 3), and is validated against two widely
used smell identification tests developed in the USA and Germany,
namely the 40-item UPSIT (simplified Chinese version) (Doty et al.
1984b) and the 16-item SS-16 (Hummel et al. 1997) (Experiment
4). We also demonstrate that the CSIT is sensitive to age and gender

differences in smell identification ability (Experiment 6). Whereas
the CSIT odorants were mainly presented in felt-tip pens in the cur-
rent study, we note that there are other possible means to deliver the
odorants, e.g., in a scratch’n sniff format or via an olfactometer, and
that the key to a useful culturally specific smell identification test is
the cultural suitability of the odor items.

In terms of reliability, the CSIT (test-retest = 0.92) is comparable
to the UPSIT (r = 0.92) (Doty et al. 1984b) and the extended ver-
sion of the Sniffin> Sticks Identification Test (r = 0.88) (Haehner et al.
2009), and outperforms the SS-16 (r = 0.73) (Hummel et al. 1997)
and the Scandinavian Odor Identification Test (r = 0.79) (Nordin
et al. 1998) that have fewer odor items. In terms of internal consist-
ency, the CSIT (split-half reliability » > 0.85) is again comparable to
the UPSIT (r ~ 0.86) (Doty et al. 1989). Importantly, the CSIT more
faithfully measures smell identification ability for Chinese people than
the UPSIT, SS-16, or the cross-cultural items of the UPSIT. As shown
in Experiment 4, their accuracies on the CSIT exceeded those on the
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Figure 2. Sensitivity of the CSIT to age and gender differences in smell iden-
tification ability. Overall, young participants outperformed middle-aged ones
and females outperformed males on the CSIT. Error bars: SD; dashed line:
chance level; *P < 0.05, **P < 0.01; ***P < 0.0001.

UPSIT, SS-16, or the cross-cultural items of the UPSIT by over 15%.
This result, while highlighting the cultural appropriateness of the
CSIT, also cautions that olfactory diagnoses made for Chinese patients
based on the UPSIT, SS-16, or the Cross-Cultural Smell Identification
Test and their established norms (Doty et al. 1996; Hummel et al.
2007; Doty 2008) could be inadequate, as these tests significantly
underrate Chinese individuals’ olfactory functions.

We have started testing the CSIT’s effectiveness in clinical set-
tings. Some earlier data indicate that it nicely differentiates between
patients with Parkinson’s disease and healthy age-matched controls
(Hu et al. 2016). As such, we believe that the CSIT provides a useful
tool for the assessment of olfactory function in the Chinese popula-
tion, which accounts for about one-fifth of the world population and
the world’s disease burden.

Supplementary material

Supplementary data are available at Chemical Senses online.
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