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Recent studies have shown the efficacy of a home test for the self-evaluation of olfactory and gustatory functions in quarantined coronavirus
disease-2019 (COVID-19) patients. However, testing was often limited to COVID-19 participants, and the accuracy of home test kits was rarely
compared to standardized testing. This study aims at providing proof of concept for the validation of the new Chemosensory Perception Test
(CPT) developed to remotely assess orthonasal olfactory, retronasal olfactory, and gustatory functions in various populations using common
North American household items. In the 2 experiments, a total of 121 participants irrespective of having olfactory and/or gustatory com-
plaints from various causes (COVID-19, sinunasal, post-viral, idiopathic) were tested first, with one or many of the following tests: (i) a brief
chemosensory questionnaire, (i) an olfactory test—Sniffin" Sticks Test (SST) or University of Pennsylvania Smell Identification Test (UPSIT), and/
or (i) a gustatory test—Brief Waterless Empirical Taste Test (B-WETT). We then applied the CPT which yielded 3 different subscores, namely
orthonasal, retronasal, and gustatory CPT scores. The orthonasal CPT score was significantly correlated with SST (p = 0.837 P < 0.001) and
UPSIT (p = 0.364, P < 0.001) scores, and exhibited an excellent accuracy to identify olfactory dysfunction (OD) as compared to SST (area under
the curve [AUC]: 0.923 [95% confidence interval {Cl}, 0.822-1.000], P < 0.001). The retronasal CPT score but not the gustatory CPT score al-
lowed to distinguish between participants with or without subjective gustatory complaint (AUC: 0.818 [95% Cl, 0.726-0.909], P < 0.001). The
CPT has the ability to identify OD and to quantify subjective gustatory complaints.
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Introduction be tested. The Sniffin’Sticks Test (SST; Hummel et al. 1997)

The coronavirus disease-2019 (COVID-19) is characterized and the University of Pennsylvani.a Smell Identification Test
by olfactory and gustatory dysfunctions (GDs) as early, spe- (UPSIT; Doty et al. 1934) are w1dely used psychop.h}./su:al
cific, and lasting symptoms, with variant-specific symptom €5t of olfactory function that require a long administra-
profiles (von Bartheld et al. 2020; Hachner et al. 2020; tion time. Shorter versions of the SST have proven helpful
Parma et al. 2020; Gerkin et al. 2021; Saniasiaya et al. 2021; in screening for post-COVID-19 olfactory dysfunction (OD)
Bussiére et al. 2022; Hannum et al. 2022; Ohla et al. 2022; (Bagpas.co et al. 2021} Vand.erste.en et al. 2021), but they
Whitaker et al. 2022). Systematic and safe chemosensory require In-person testing, a situation that may cause ,Saf_ety
testing is therefore important to identify and prevent the spread ~ “OPCCrDS, and are time consuming. The UPSIT and similar
of COVID-19 (Pierron et al. 2020; Larremore et al. 2021). It shorter tests can be administered remotely (Doty et al. 19_96;
is crucial to monitor patients’ symptoms in both COVID-19 ]ackmaq and Doty 2005; Cao et al. 2022). However, smee
and other health conditions that induce chemosensory dys- the testing booklet§ .should be purchased and sent indi-
functions. This is to offer prompt treatment and support and Vldual.ly to al.l jparticipants, .these tests lack feamb;ll.ty and
to limit the impact of these diseases on the patients’ quality of financial viability wheq testing l'arge cohers. Addltlona‘lly,
life (Rowan et al. 2019; Gunn et al. 2021; Vaira et al. 2022). both these tests and their derivatives are limited to assessing

Olfactory testing wi’th known standa;dized psychophys- orthonasal olfaction. Retronasal olfaction (smell perception
ical tests remains challenging when social distancing is re- when odorants enter the nasal cavity from the mouth via

quired for infection control or when very large cohorts are to the nasopharynx) pl‘ays a c.ruc1al role in flavor perception.
It can be assessed using various methods (Ozay et al. 2019),
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but this is rarely done in clinical or research settings, even
though retronasal olfaction is directly related to flavor per-
ception (Zang et al. 2019) and quality of life (Oleszkiewicz
et al. 2019).

Gustatory testing usually includes the determination of
taste thresholds for the 5 taste qualities (salty, sour, sweet,
bitter, and umami) either via stimulus drop technique
(3-drop test; Gudziol and Hummel 2007) or impregnated
filter papers (taste strips; Mueller et al. 2003). The 3-drop
test requires in-person testing and poses logistical chal-
lenges (e.g. stimulus preparation, storage) that are less com-
patible with safety and large-scale testing. Tastes strips such
as the Waterless Empirical Taste Test (WETT; Doty et al.
2021) and its shorter self-administered version (B-WETT)
are very practical, as they can be used remotely and have
a good shelf life. However, they present themselves with
similar feasibility and financial issues as the previously de-
scribed smell tests.

In the healthcare setting, there is a need for chemosensory
testing that is (i) quick and safe, (ii) cost-effective, and (iii) can
be applied remotely and repeatedly on a large scale. Remote
self-administered olfactory and/or gustatory tests have already
been used in the context of the COVID-19 pandemic. Since
the mailable commercially available test kits are relatively
expensive, researchers and clinicians introduced homemade
tests with common household items as an interesting alterna-
tive (Vaira et al. 2020; Konstantinidis et al. 2020; Gupta et al.
2022; Snitz et al. 2022). However, they all often lack a com-
parison with the validated olfactory and gustatory tests or
are limited to orthonasal olfactory testing. There is, therefore,
a need to develop a test that (i) can be self-administered; (ii)
uses common household items; (iii) is easy to use; (iv) assesses
all aspects of chemosensory processing, including ortho- and
retronasal olfaction as well as gustation; and (v) is validated
by comparison to existing tests.

In response to this need, our team developed the
Chemosensory Perception Test (CPT), a quick and easy-to-use
at-home chemosensory test enabling accessible yet accurate
self-evaluation of chemosensory functions, namely orthonasal
olfaction, retronasal olfaction, and gustation. Participants are
asked to smell and taste odorants and tastants available in an
average North American household (Gupta et al. 2022), then
rate the perceived intensity on a scale from 1 to 10. The CPT
is cost-free (for the experimenter), does not need material to
be sent to participants, and does not require complex solu-
tions preparation. Also, the remote and self-administrative
testing avoids safety issues encountered with in-person
testing. The CPT has already demonstrated its practical use in
a large population (Bussiére et al. 2021, 2022), but its validity
remains to be demonstrated.

We conducted 2 experiments as a proof of concept for the
validation of the CPT. Those experiments aimed to compare
the 3 subscores of the CPT, namely orthonasal olfactory,
retronasal olfactory, and gustatory scores, with (i) the par-
ticipants’ subjective olfactory or gustatory complaint and
(ii) standardized testing. Our main hypotheses to be tested
were the following: (i) CPT scores are lower in participants
complaining of smell or taste loss; (ii) CPT scores are sig-
nificantly correlated with established olfactory and gusta-
tory testing, and this with a strong correlation (i.e. p > 0.7);
and (iii) the CPT allows for the distinction of patients with
OD or GD from individuals with a normal sense of smell
or taste.
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Materials and methods

This study was approved by the
board of Universit¢ du Québec a
(CER-21-273-08-01.05).

First, we conducted a pilot experiment to establish test
items of the CPT, their concentration, and the procedure (see
Supplementary Material). Then, we carried out 2 experiments
to compare orthonasal olfactory, retronasal olfactory, and
gustatory CPT scores with (i) the SST (Experiment 1: pilot
study), and (ii) subjective olfactory and gustatory complaints,
the UPSIT and the B-WETT (Experiment 2).

research ethics
Trois-Rivieres

Experiment 1: Pilot study
Data collection took place between June and August 2020.

Participants.

All participants were controls or participants with known
OD recruited from previous studies (Tremblay et al. 2017
Tremblay, Mei, et al. 2020; Tremblay, Iravani, et al. 2020) and
had already been tested with the SST (Hummel et al. 1997).
Inclusion criteria were the following: (i) age 18 or above, (ii)
French or English speaker, and (iii) previous olfactory testing
with SST. Participants were excluded if they self-reported
changes in taste or smell since previous testing. All partici-
pants provided verbal or written informed consent prior to
participation.

We recruited a total of 36 participants (16 women, mean
age 68.6; Supplementary Table 1). At the time of SST as-
sessment (1-4 years prior to this study), 19 (53%) had been
diagnosed with normosmia according to SST (9 women, age
60-78), while the 17 other participants (47%) had exhibited
OD (7 women, age 57-77) from various causes (postviral,
sinunasal, idiopathic). It is important to note that although
this portion of the experiment took place during the ini-
tial months of the pandemic, none of the participants had
suffered from COVID-19 until inclusion into the study (ac-
cording to self-report).

Procedure.

Participants were contacted to be scheduled for a phone
interview. Verbal consent was obtained and recorded, then
the CPT was self-administered under the supervision of a re-
search team member.

Materials.

The SST (Burghardt, Wedel, Germany) is a validated psycho-
physical test of orthonasal olfactory function that uses pen-
like odor-dispensing devices. It measures threshold detection,
odor discrimination, and odor identification that sums up to
global score. We analyzed the participants’ global scores al-
ready available from previous studies. Normosmia was de-
fined as a score above 30.5 (Rumeau et al. 2016).

The CPT is a newly developed self-administered test using
common household items (Gupta et al. 2022). It assesses
olfaction (orthonasal and retronasal) and gustation using
stimulus intensity, as used in previous studies (Iravani et al.
2020; Vaira et al. 2020), and on the basis that this is the best
single predictor to classify individuals with a normal sense of
smell (Parma et al. 2021).

Prior to testing, participants were instructed to prepare
a list of ingredients, namely (i) peanut butter, (ii) fruit jam
or jelly, (iii) coffee of any kind, (iv) table salt, (v) household
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Fig. 1. Participants flow diagram in Experiment 2. Flowchart of Experiment 2 design. Participants were grouped based on self-reported olfactory or
gustatory function, objective olfactory function (University of Pennsylvania Smell Identification Test), and objective gustatory function (Brief Waterless

Empirical Taste Test).

sugar, (vi) 2 glasses of lukewarm water, (vii) a measuring cup,
and (viii) spoons.

During the phone interview, we assessed orthonasal func-
tion using peanut butter, fruit jam, and coffee. Participants
who were intolerant/allergic to a given item or who did not
have it in their possession were instructed to go directly to
the next item. Participants were first asked, “Please sniff the
item” and had to indicate “How strong does the item smell?”
on a scale from 0 to 10 (0: not at all, 10: very strong). Then,
we proceeded to the next item on the list. Once all orthonasal
items were tested, we computed the orthonasal CPT score by
calculating the arithmetic mean.

Next, we assessed retronasal function, by retesting the
items peanut butter and jam/jelly. Participants who were in-
tolerant/allergic to a given item or who did not have it in
their possession were instructed to go directly to the next
item. Participants were first instructed to “Please put a small
amount of the item in your mouth” and then to quantify
“How strong does the item taste?” using the same analog
scale as other items (0 = “not at all,” 10 = “very strong”).
Then, we proceeded to the next item. It is important to point
out that although we asked participants to rate “taste” in-
tensity, this test assesses retronasal olfactory function. Once
all retronasal items were tested, we computed the retronasal
CPT score by calculating the arithmetic mean.

Finally, we proceeded to the taste test. We first asked parti-
cipants to prepare 2 solutions, namely (i) a salty solution by
mixing 1 teaspoon of table salt in 1 cup of lukewarm water,
and (ii) a sweet solution by mixing 3 teaspoons of household
sugar in 1 cup of lukewarm water. We then used the same
procedure for gustatory testing as for retronasal testing. We
averaged the 2 scores to obtain the gustatory CPT score.

Statistical analysis.

Data were analyzed with SPSS 28.0 (IBM Corp). We assessed
the correlation between orthonasal olfactory, retronasal ol-
factory, and gustatory CPT scores and SST scores using
Pearson’s or Spearman’s rank correlation coefficients as in-
dicated. We next compared orthonasal and retronasal CPT
scores in participants with normosmia (as assessed by their
SST scores) and participants with hyposmia/anosmia using

t-tests. The accuracy of the orthonasal CPT score in the iden-
tification of objective OD according to SST was investigated
with receiver operator characteristic curves (ROC). We de-
rived the area under the curve (AUC) as well as sensitivity and
specificity for each component, when indicated. Values of P <
0.05 were considered significant for all analyses. Results are
presented as mean (SD) unless otherwise specified.

Experiment 2

The second experiment was conducted between December
2020 and August 2021.

Participants.

Participants were recruited from previously tested partici-
pants in our lab and in the public via social media, with no
overlapping between Experiments 1 and 2. Inclusion criteria
were the following: (i) age 18 or above, (ii) French or English
speaker, (iii) with or without subjective and/or objective OD
from various etiologies, including post-COVID-19 infection.
All participants provided recorded verbal informed consent
prior to participation.

This experiment included a total of 85 participants (63
women, mean age 45.5; Supplementary Table 2). Participants
were grouped according to (i) self-reported OD, (ii) con-
firmed OD according to University of Pennsylvania Smell
Identification Test, (iii) self-reported GD, and (iv) confirmed
GD according to B-WETT (Fig. 1).

In relation to self-reported OD, 41 participants (48%) had
a subjective olfactory complaint (31 women, age 25-78). In
turn, according to UPSIT, 43 (51%) presented with normosmia
(32 women, age 22-73) and 42 (49%) were diagnosed with
objective OD (31 women, age 22-78). In participants with
OD, 22 (52%) attributed their olfactory loss to COVID-19
infection and 20 (48%) presented OD from another cause
(other viral infection, idiopathic or unknown).

In relation to self-reported GD, 35 participants (41%) com-
plained of subjective GD (29 women, age 25-78). In turn,
among the participants who completed the B-WETT (1 =
84), 13 (15%) presented objective GD (7 women, age 28-78)
while 71 (85%) had a normal sense of taste (55 women, age
22-72). Participants presenting with GD associated it with
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COVID-19 (n = 4) or other causes (post-viral, idiopathic, or
unknown; 7 = 9).

Procedure.

Once consent was obtained, our team mailed the UPSIT and
the B-WETT, as well as a list of the household items required
for the CPT administration. Upon reception, participants were
contacted via videoconferencing or phone by a research team
member. A brief chemosensory questionnaire was completed,
then self-testing was conducted under direct supervision fol-
lowing this order: (i) CPT, (ii) UPSIT, and (iii) B-WETT.

Materials.

1 A brief chemosensory questionnaire allows data collec-
tion about demographic characteristics and self-reported
chemosensory dysfunction, prompted with the following
questions: “Do you have a problem with taste?” and “Do
you have a problem with smell?.”

2 We used the CPT as described above.

3 The UPSIT (Sensonics International, Haddon Heights,
NJ) assesses odor identification with microencapsulated
odorants presented at suprathreshold levels (Doty et al.
1984). The test was administered as described by Doty
(2008). OD was defined as a score equal to or less than
33 in men and 34 in women.

4 The B-WETT (Sensonics International, Haddon Heights,
NJ) is a short and self-administered version of the valid-
ated WETT (Doty et al. 2021). It assesses taste thresh-
olds for the 5 taste qualities (sweet, sour, bitter, salty,
and umami) with a series of 27 disposable taste strips
of various concentrations interspersed with blank strips.
This test was administered as described (Doty 2020).
B-WETT scores equal to or less than 13, identified as
10th percentile in preliminary normative data, were con-
sidered representative of GD.

Statistical analysis.

Data were analyzed with SPSS 28.0 (IBM Corp, Armonk,
NY). We compared (i) orthonasal olfactory, (ii) retronasal ol-
factory, and (iii) gustatory CPT scores in participants with
subjective OD or subjective GD versus those without, by
t-tests. We assessed the correlation between each CPT score
and UPSIT or B-WETT raw scores using Pearson’s (for nor-
mally distributed data) or Spearman’s rank correlation co-
efficients (for non-normally distributed data), as indicated.
Using #-tests, we compared CPT scores in participants with
normosmia versus participants with hyposmia according to
UPSIT, and in participants with and without GD according to
B-WETT. The accuracy of each CPT score in the identification
of subjective or objective dysfunction (olfactory, gustatory)
was investigated and expressed with ROC and obtained the
AUC. Values of P < 0.05 were considered significant for all
analyses. Results are presented as mean (SD) unless otherwise
specified.

Results

Experiment 1

CPT subscores were computed by averaging intensity ratings
for each item in a subscore, even when one rating was missing
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(i.e. when a participant was allergic or did not have a test
item at home). One participant did not rate peanut butter; 14
did not rate the jam; and 1 participant did not rate the salty
solution.

Mean scores.

Mean SST and CPT scores are presented in Table 1. All CPT
scores were significantly lower in the OD group compared to
the group with normosmia (Fig. 2a; orthonasal: #22.30) =
6.24, P < 0.001; retronasal: #(18.82) = 5.87, P < 0.001; gusta-
tory: t(17.04) = 2.58, P = 0.019).

Correlation between scores.

All CPT scores significantly correlated with SST scores. The
association was strong between SST scores and orthonasal (p
= 0.84, P < 0.001) and retronasal CPT (p = 0.73, P < 0.001)
scores (Fig. 2b). Accordingly, orthonasal CPT scores were also
strongly associated with retronasal CPT scores (p = 0.82, P <
0.001).

Accuracy of the CPT to classify OD.

The ability of the orthonasal CPT score to correctly identify
OD (SST score) was excellent (AUC: 0.92 [95% CI, 0.82—
1.00], P < 0.001; Fig. 2¢). Based on the difference in mean
orthonasal CPT scores between normosmia versus OD groups
and ROC analyses, a cut-off score of 8 was established. With
this cut-off score, the orthonasal CPT score reaches a sen-
sitivity of 0.94 and a specificity of 0.84 according to SST’s
classification of OD. Of course, results such as cut-off scores
obtained in a pilot study with 36 participants are of limited
clinical value. Therefore, this cut-off score should be inter-
preted with caution.

Experiment 2
CPT subscores were computed using the same method as in
Experiment 1. Out of 85 participants, 7 did not rate peanut
butter; 1 did not rate the salty solution; and 3 did not rate the
sweet solution.

Mean scores.

Following a brief chemosensory questionnaire to document
self-reported olfactory and/or GD, we tested all participants
(n = 85) with the CPT, the UPSIT, and the WETT. However,

Table 1. Mean SST and CPT scores according to olfactory function in
Experiment 1.

Normosmia Olfactory dys- P value
(n=19) function (n = 17)
SST 36.53 (3.18) 16.85 (6.81)
Orthonasal 8.98 (1.52) 3.66 (3.21) <0.001
CPT score
Retronasal 9.55 (1.12) 4.26 (3.56) <0.001
CPT score
Gustatory 9.63 (.52) 7.88 (2.75) 0.019
CPT score
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Fig. 2. CPT subscores compared with SST in Experiment 1. (A) Mean
orthonasal, retronasal and gustatory CPT scores in participants with
normosmia (norm.) or OD according to SST scores. Data presented as
jittered dots (visibility: 0.8). Significant difference between groups (P <
0.05) is represented with *. (B) Correlation between SST and orthonasal
CPT scores (p = 0.84, P < 0.001). Darker points indicate participants
with normosmia (SST TDI > 30.5); lighter points indicate participants
with olfactory dysfunction (SSTTSI < 30.5). (C) Orthonasal CPT score
accuracy in detecting olfactory dysfunction according to SST scores
(AUC: 0.923 [95% ClI, 0.822-1.000], P < 0.001).

one participant could not complete the WETT testing due to
nausea. Mean UPSIT and CPT scores are presented in Table 2
(olfactory function) and Table 3 (gustatory function).

Mean scores according to subjective olfactory function.

Mean orthonasal CPT score (£(65.98) = 6.00, P < 0.001) and
mean retronasal CPT score (£(62.07) = 5.21, P < 0.001) were
significantly lower in participants with subjective olfactory
complaint compared to participants with no complaint. Mean
gustatory CPT scores did not differ significantly according to
subjective olfactory complaint (Fig. 3a).

Mean scores according to objective olfactory function.

Participants with objective OD according to UPSIT scores
had significantly lower orthonasal CPT scores than partici-
pants with normosmia (£68.86) = 2.996, P = 0.004). The
group difference was not significant for the retronasal and
gustatory CPT scores (Fig. 3b).

Mean scores according to subjective gustatory function.

Mean gustatory CPT scores were not different between par-
ticipants with or without subjective GD (#(52.46) = 1.78, P =
0.081). However, participants complaining of GD presented
lower orthonasal (£(56.37) = 4.88, P < 0.001) and retronasal
(#(51.97) = 5.95, P < 0.001) CPT scores as compared to par-
ticipants with no gustatory complaint.

Mean scores according to objective gustatory function.

Mean gustatory CPT scores did not differ between groups
of participants with or without objective GD according to
WETT’s 10th percentile (#(13.58) = 0.34, P = 0.740). However,
participants with GD had significantly lower orthonasal CPT
score (£(14.52) = 2.27, P = 0.04). There was no difference in
mean retronasal CPT scores between groups.

Correlation between scores.

Orthonasal (p = 0.36, P < 0.001) but not retronasal CPT
scores (p = 0.17, P = 0.125) were significantly correlated with
UPSIT scores. When considering only participants with OD
(n = 42), orthonasal CPT scores (p = 0.692, P < 0.001), and
retronasal CPT scores (p = 0.577, P < 0.001) were signifi-
cantly associated with UPSIT scores.

We did not observe any correlation between B-WETT
scores and gustatory (p = -0.56, P < 0.617) or retronasal CPT
scores (p = 0.205, P < 0.062). Rather, there was a weak cor-
relation between B-WETT scores and orthonasal CPT scores
(p=0.28,P =0.011).

Orthonasal CPT scores were strongly associated with
retronasal CPT scores (p = 0.769, P < 0.001) and less with
gustatory CPT scores (p = 0.398, P < 0.001), while retronasal
CPT scores were moderately correlated with gustatory CPT
scores (p = 0.428, P < 0.001).

Accuracy to classify subjective OD.

The ability of the orthonasal CPT scores to correctly identify
participants’ olfactory status according to their initial olfac-
tory complaint (subjective OD) was good (AUC: 0.83 [95%
CI, 0.75-0.91], P < 0.001), while the UPSIT raw scores re-
sulted in a fair accuracy (AUC: 0.77 [95% CI, 0.67-0.87], P <
0.001). The retronasal CPT scores could identify participants’
olfactory status according to subjective OD with fair accuracy
(AUC: 0.77 [95% CI, 0.67-0.87], P < 0.001). ROC analyses
of the gustatory CPT score did not reach significance.

Accuracy to classify objective OD.

CPT’s ability to classify OD according to objective OD
(UPSIT) in all participants was poor (AUC:.65 [95% CI,



0.53-0.77], P = 0.018). However, when grouping participants
with normosmia with participants with mild hyposmia (7 =
74), the accuracy improved (AUC: 0.80 [95% CI, 0.64-0.97],
P = 0.001). Based on the difference in mean orthonasal CPT
scores between participants with normosmia/mild hyposmia
versus participants with moderate/severe hyposmia or an-
osmia, a cut-off score of 8 reaches a sensitivity of 0.91 and a
specificity of 0.38. ROC analyses of retronasal and gustatory
CPT scores did not reach significance.

Accuracy to classify subjective GD.

The gustatory CPT scores and the B-WETT raw scores’
ROC analyses did not allow the identification of parti-
cipants with gustatory complaint (subjective GD). The
retronasal CPT scores demonstrated the best ability to clas-
sify subjective GD, with good accuracy (AUC: 0.82 [95%
CI, 0.73-0.91], P < 0.001), while the orthonasal CPT scores
had a fair accuracy (AUC: 0.78 [95% CI, 0.69-0.88], P <
.001; Fig. 3c).

Accuracy to classify objective GD.

The orthonasal CPT scores were the only CPT scores that
allowed the classification of GD according to B-WETT’s nor-
mative values (10th percentile); however, it did so with a poor
accuracy (AUC: 0.65 [95% CI, 0.52-0.78], P = 0.030). ROC
analyses of retronasal and gustatory CPT scores did not reach
significance.

Discussion

Here, we present a proof of concept for the validation of the
CPT, a newly developed, self-administered chemosensory test
using common household items. Our main results are the
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following: (i) participants with objective OD have signifi-
cantly lower CPT scores; (ii) the orthonasal CPT scores have
the potential to classify individuals with regards to their sub-
jective olfactory complaint; with regards to objective OD, its
ability seems to be limited to classify individuals with mod-
erate to severe OD versus those with normosmia or mild
hyposmia; and (iii) the retronasal CPT scores have the po-
tential ability to classify individuals with subjective gustatory
complaint.

We show that the orthonasal CPT scores, obtained by
averaging intensity ratings after smelling peanut butter, fruit
jam, and coffee, allowed to distinguish between individuals
with or without OD with good accuracy. Specifically, par-
ticipants with OD exhibited lower orthonasal CPT scores.
Further, the orthonasal CPT scores were significantly correl-
ated with both the SST scores and the UPSIT scores. Finally,
the orthonasal CPT scores had good accuracy in classifying
OD. When comparing both experiments’ results, it is evi-
dent that the orthonasal CPT scores’ accuracy in identifying
OD was more robust in Experiment 1. In fact, using a
cut-off score of 8 for the orthonasal CPT scores allowed
for excellent accuracy in classifying OD in Experiment 1
and good accuracy in classifying into normosmia/mild
hyposmia versus moderate/severe hyposmia in Experiment
2. Differences in the design between the SST and the UPSIT
may explain those results. The UPSIT is an identification
test in which stimuli are presented at a suprathreshold level
(Doty et al. 1984). In contrast, the SST score is a composite
score of 3 olfactory components: threshold, discrimination,
and identification (Hummel et al. 1997). This suggests
that the CPT is more sensitive to global olfactory status,
including subtle intensity alterations that do not impair
smell identification abilities. Our results also demonstrate

Table 2. Mean UPSIT and CPT scores according to olfactory function in Experiment 2.

Subjective olfactory function

Objective olfactory function

Subjective Subjective olfactory P value Normosmia Olfactory dys- P
normosmia (n = 44) dysfunction (n = 41) (n=43) function (n = 42) value
UPSIT 35.93 (1.32) 28.9 (6.57)
Orthonasal 8.33 (1.55) 5.61(2.49) <0.001 7.78 (1.78) 6.24 (2.82) 0.004
CPT score
Retronasal 8.23 (1.70) 5.43 (3.02) <0.001 7.13 (2.50) 6.63 (3.07) 0.411
CPT score
Gustatory 7.94 (1.59) 7.26 (2.59) 0.154 7.67 (1.89) 7.55 (2.41) 0.811
CPT score

Table 3. Mean B-WETT and CPT scores according to gustatory function in Experiment 2.

Subjective gustatory function (n = 85)

Objective gustatory function (n = 84)

Subjective Subjective gustatory P value Normogueusia Gustatory dys- P
normogueusia (n = 50) dysfunction (n = 35) (n=71) function (n = 13) value
B-WETT 19.21 (3.36) 10.85 (2.73)
Gustatory 7.98 (1.64) 7.09 (2.65) 0.081 7.64 (1.92) 7.33 (3.26) 0.740
CPT score
Retronasal 8.22 (1.78) 4.96 (2.88) <0.001 717 (2.44) 5.06 (3.86) 0.078
CPT score
Orthonasal 8.03 (1.79) 5.57 (2.58) <0.001 7.29 (2.23) 5.31(3.00) 0.039

CPT score
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Fig. 3. CPT subscores compared with subjective complaint, UPSIT and
B-WETT in Experiment 2. Mean orthonasal, retronasal, and gustatory
CPT scores in participants with (A) subjective normosmia (subj.norm.)
or olfactory dysfunction (subj.OD) and (B) normosmia (norm.) or OD
according to UPSIT scores. Data presented as jittered dots (visibility:
0.8). Significant difference between groups (P < 0.05) is represented
with *. (C) CPT and B-WETT scores’ accuracy in identifying subjective

that the orthonasal CPT score is better in identifying parti-
cipants with severe or moderate hyposmia from participants
with mild hyposmia or with normosmia when compared
with the UPSIT. Moreover, Experiment 2 had younger par-
ticipants with milder forms of OD. Therefore, the poor ac-
curacy of the CPT in this experiment could be due to less
extreme score differences between both groups. The next
step would be to study test-retest reliability to see if the
CPT can monitor OD evolution over time, particularly in
these milder forms.

In this study, we also used CPT subscores to objectify ol-
factory and gustatory subjective complaints. Indeed, both
orthonasal and retronasal CPT scores allowed to distinguish
between participants with or without olfactory complaint.
While there is no surprise regarding the orthonasal CPT
scores’ ability to objectify olfactory complaints, results re-
garding the retronasal CPT scores are of interest. To obtain
the retronasal olfactory CPT scores, we asked participants
to taste and then rate the perceived taste intensity of peanut
butter and fruit jam. Therefore, they were not aware that we
were assessing retronasal olfaction (rather than gustation).
In fact, the retronasal CPT score classifies participants with
or without gustatory complaint with good accuracy—better
than the B-WETT. This suggests that subjective GD is very
often related to flavor perception and therefore driven by
retronasal olfaction (Zang et al. 2019). In other words, we
show that many individuals who think they have a gustatory
problem suffer in fact from OD, which is in line with earlier
reports (Hunt et al. 2019; Hintschich et al. 2020; Hintschich
et al. 2022).

In opposition to our initial hypothesis, we did not find
any significant association between gustatory CPT scores
and B-WETT scores in Experiment 2. The gustatory CPT
scores are, therefore, unreliable as a taste test when com-
pared to B-WETT. Different parameters in the test solu-
tions could explain inconsistent results from one participant
to another. Participants may have (i) used sugar or salt of
different strengths and (ii) used water with different tem-
peratures that could impact the dissolution of tastants or
sensitivity. It is also possible that the suggested concentra-
tion in our protocol was not optimal for testing purposes.
We further noted that a very low proportion of partici-
pants in Experiment 2 presented with an objective GD (n
= 13; 15%). Future studies should improve taste solutions’
parameters and include more participants with actual GD
according to B-WETT.

Limitations of our study include, for Experiment 1, asyn-
chronous testing of participants already informed of a
measured OD and, in Experiment 2, a limited number of par-
ticipants with severe forms of OD. Age differences between
both experiments also render comparisons and conclusions
more difficult. Limits regarding the newly developed CPT in-
clude (i) an expected variability in the household items avail-
able (e.g. different kinds of jam), (ii) testing of only 2 out of
5 taste qualities (salty and sweet), and (iii) testing not blinded
as we ask for intensity rating of known odorants and tastants.

gustatory complaint. Retronasal and orthonasal CPT scores analysis
reached significance and presented, respectively, with good (AUC: 0.82
[95% Cl, 0.73-0.91], P < 0.001) and fair (AUC: 0.78 [95% Cl, 0.69-0.88],
P < 0.001) accuracy.



The CPT was designed during the pandemic, to ad-
dress issues regarding the accessibility, cost, and safe use
of olfactory and gustatory established tests. It is easily self-
administered under remote supervision, and it helps to quan-
tify chemosensory complaints using intensity ratings from
common household items. Moreover, the CPT is not limited
to orthonasal olfactory function. Assessing both orthonasal
and retronasal olfaction, as well as gustatory function can
help appreciate their respective contribution to subjective ol-
factory and taste dysfunctions. We do not expect the CPT
to replace established and more detailed olfactory and gus-
tatory tests. However, the CPT can be helpful to screen re-
motely large cohorts of participants (e.g. to estimate OD
prevalence in distant locations such as Northern Canada or
Australia outback) and/or when in-person testing is unsafe.

Conclusion

The CPT is a new self-administered test that can be used
remotely using common household items. Results from 2
experiments support the use of orthonasal and retronasal ol-
factory CPT scores to objectify OD and to quantify olfac-
tory and gustatory complaints. It is a simple and inexpensive
method to obtain a quantitative appreciation of subjective
chemosensory complaint from various etiologies and may
allow to easily monitor patients’ perspectives and experience
of disease.

Supplementary material

Supplementary material can be found at http://www.chemse.
oxfordjournals.org/.
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