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Abstract

Objectives The questionnaire of olfactory disorder-negative statements (QOD-NS) is a valid and reliable instrument for
assessing the olfactory-specific quality of life. This study aimed to explore the association between the QOD-NS and objec-
tive olfactory metrics (including objective olfactory cleft assessment) and then evaluate the predictive significance of the
QOD-NS for olfactory loss in Chinese patients with chronic rhinosinusitis (CRS).

Methods A total of 70 patients with CRS were enrolled in the study. Olfaction was assessed with Sniffin’ Sticks. The olfactory
cleft was assessed by the sinus CT scan and nasal endoscopy (the Lund—Mackay olfactory cleft scale, LM-OC and olfactory
cleft endoscopy scale, OCES). The QOD-NS and its short version were utilized to assess the patient-reported olfaction. The
predictors associated with olfactory loss were analyzed by the logistic regression analysis. The optimal cutoff points of the
predictors were determined by the receiver-operating characteristic curves and the Youden index.

Results The TDI score in patients with CRS significantly correlated with the QOD-NS (r=— 0.755, P<0.001), OCES
(r=-0.520, P<0.001), LM-OC (r=-0.615, P <0.001). After adjusting for patient demographics and comorbidities, QOD-
NS was significantly associated with olfactory dysfunction [odds ratio (OR)=1.243; P=0.001] and anosmia in patients with
CRS (OR =1.838; P=0.006). Furthermore, the QOD-NS significantly correlated with the LM-OC (r=0.610, P <0.001),
and the OCES (r=0.464, P <0.001) in patients with CRS. The QOD-NS had the highest predictive value for olfactory dys-
function (optimal cutoff=10.5; Youden index =0.635; area under the curve =0.861) and anosmia (optimal cutoff =20.5;
Youden index =0.790; area under the curve =0.928) in patients with CRS.

Conclusion The QOD-NS showed high validity and correlated well with objective olfactory metrics and olfactory cleft
assessment in patients with CRS. The QOD-NS was a reliable predictor for olfactory dysfunction and anosmia in patients
with CRS, which may aid in the fast screening of olfactory loss in the clinic.
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Introduction

Chronic rhinosinusitis (CRS) is a chronic inflammatory of
the upper airway and is one of the most frequent causes
of olfactory dysfunction, accounting for 20-30% of all
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etiologies [1, 2]. Olfactory dysfunction is a key symptom
of CRS and affects approximately 67-78% of patients with
CRS [3]. Previous studies showed impaired olfaction was
highly associated with increased medication use and poor
quality of life (QOL) [4, 5]. A large proportion of patients
experiencing olfactory dysfunction may have less interest
in food and appear to increase the risk for clinical depres-
sion [6, 7]. Given the severity of olfactory dysfunction,
olfaction should be routinely evaluated in patients with
CRS.

Psychophysical olfactory tests and subjective testing
have been developed to evaluate olfaction [1]. Screening
tools based on psychophysical olfactory tests are used
extensively in clinical practice and research, such as the
“Sniffin’ Sticks” 12-item screening test and the Cross-
Cultural Smell Identification Test (CCSIT) [8-10]. The
advantage of these tests is their short duration. However,
test results are influenced by the familiarity with odors and
depend on the cognition and language abilities of subjects.
In addition, considering the learning effects of repeated
testing and environmental demands, their clinical applica-
bility is somewhat limited. The questionnaire of olfactory
disorders-negative statements (QOD-NS) composed of 17
self-reporting items is an important instrument for assess-
ing patient-reported olfactory-specific QOL [11, 12]. The
QOD-NS, which was modified from the questionnaire of
olfactory disorders (QOD), has been confirmed for more
efficiency, less burden, higher completion and an increase
in response rates [11]. Specifically, it evaluates olfactory
function focused on social, anxiety, annoyance, and eat-
ing-related subdomain. The QOD-NS has been previously
validated and shown a good correlation with olfactory loss
in CRS [5, 13]. Previous studies have demonstrated that
it is possible to measure treatment effects in patients with
CRS-associated olfactory dysfunction by the QOD-NS
[14, 15]. However, there have been few studies focused
on the predictive role of the QOD-NS for olfactory dys-
function in patients with CRS. Furthermore, patients with
CRS have shown unique changes within the olfactory cleft
which could be objectively measured by sinus CT scan
and nasal endoscopy, which have been identified to be
associated with the degree of olfactory dysfunction [16,
17]. The association between the QOD-NS and objective
olfactory cleft assessment in patients with CRS has not
been explored.

Based on these findings, we hypothesized that the
QOD-NS may be associated with the olfactory cleft and
that analysis of QOD-NS may aid in screening which
patients are at risk for olfactory dysfunction. The purpose
of this study was to explore the association between the
QOD-NS and objective olfactory metrics (including objec-
tive olfactory cleft assessment) and then to evaluate the
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predictive significance of the QOD-NS for olfactory loss
in Chinese patients with CRS.

Methods
Study design and patients

This study was approved by the Ethics Committee of Bei-
jing Anzhen Hospital. Adult patients with a diagnosis of
CRS as defined by the European Position Paper on Rhi-
nosinusitis and Nasal Polyps 2020 (EPOS20) were enrolled
at the Department of Otolaryngology, Smell and Taste
Center, Beijing Anzhen Hospital, Capital Medical Univer-
sity from December 2020 to October 2021 (Fig. 1) [18]. All
the patients who provided written informed consent before
participation were aware of the aim, method, and clinical
implications of the study. Inclusion criteria included patients
who underwent endoscopy (the olfactory cleft endoscopy
scale, OCES), had a sinus computed tomography scan
(Lund—Mackay olfactory cleft score, LM-OC), and olfactory
psychophysical test (Sniffin” Stick test) and patient-reported
olfactory-specific quality of life (QOL) questionnaires.
Demographic characteristics were further collected. Medical
comorbidities, such as asthma, depression, allergic rhinitis,
and aspirin-exacerbated respiratory disease (AERD), were
specifically collected from the patients. Exclusion criteria
included fungal sinusitis, cystic fibrosis, any malignancy,
antibiotic or oral corticosteroids medications within the last
month, a history of immunodeficiency, prior head trauma,
history of neuropsychiatric disorders (i.e., dementia, Alzhei-
mer’s disease, or Parkinson’s disease). Additional exclusion
criteria included patients who did not complete all the ques-
tionnaires or underwent sinonasal or olfactory examinations.

Psychophysical olfactory tests

Olfactory performance was assessed by Sniffin” Sticks tests
(Burghardt, Wedel, Germany), which were consisted of
three subtests: olfactory threshold (OT), odor discrimina-
tion (OD), odor identification (OI) [19]. Due to its validated
utility and feasibility in a clinic, the “Sniffin’ Sticks” test
has been extensively used to evaluate olfactory function
since the first publication [20-22]. In addition, it has been
evaluated in healthy Chinese adults and patients with var-
ied causes of olfactory dysfunction in our previous studies
[23-27]. Sniffin’ Sticks is suitable for clinical practice in
the Chinese population to differentiate normosmia (normal
olfactory function), hyposmia (impaired olfactory func-
tion), or anosmia (absent olfactory function) [28]. Felt-
tip pens with various odors were used to test patients in a
ventilated room. The OT test was performed in a single-
staircase method, starting at the lowest dilution of n-butanol
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(N=84)
Excluded-I/E criteria
(N=14)
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questionnaires and examinations
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olfactory assessment assessment focusing on
! the olfactory cleft
Sniffin-Sticks tests
|
v v
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CRS with OD CRS without OD CRS with anosmia CRS without
(N=44) (N=26) (N=16) anosmia (N=54)

Fig. 1 Flow diagram of study design. CRS chronic rhinosinusitis; //E inclusion/exclusion, QOL quality of life, OD olfactory dysfunction

and moving to the maximum odor intensity. The OD test
used triplet pens which contained two same odorants and
one difference. 16 smell pens dispensing different odorants
were used in the OI test. Discrimination and identification
were scored from 0—16, and threshold was scored from 1-16.
Results were aggregated to a composite score of threshold,
discrimination, and identification (TDI) which ranged from
1 to 48, with higher scores indicating superior olfactory per-
formance. Values of 15 or less indicated anosmia, values
between 16 and 30.75 indicated hyposmia, and values over
30.75 indicated normosmia [29]. In this study, we defined
olfactory loss as TDI <30.75 which included patients with
olfactory dysfunction and anosmia.

Patient-reported olfactory assessment

The patient-reported olfactory assessment was performed
using the questionnaire of olfactory disorders-negative state-
ments (QOD-NS) and a short version of QOD-NS (sQOD-
NS) [11, 30]. As one of the most widely used questionnaires,
the QOD-NS had multi-language versions available includ-
ing Mandarin, English, and Korean [31-33]. It was used
to evaluate the impact of olfactory dysfunction on QOL

among patients with varied causes of olfactory dysfunction
[5, 34]. This QOD-NS questionnaire consists of 17 negative
statements about the degree to which patients suffered from
olfactory impairment. Patients can agree, partly agree, partly
disagree, or disagree in each statement which ranges from 0
to 3. A total score of 0-51 is calculated with higher scores
reflecting worse olfactory-specific QOL. Mattos et al. devel-
oped an sQOD-NS questionnaire which had included large
samples for reliability and validation [30]. For the sQOD-NS
questionnaire composed of 7 items, the total scores range
from O to 21.

Objective olfactory cleft assessment measured
by sinus CT and nasal endoscopy

In this study, the mucosal conditions around the olfactory
cleft were evaluated with sinus CT and nasal endoscopy. The
sinus CT scans were scored using the Lund—Mackay olfac-
tory cleft scale (LM-OC) [35, 36]. This scale is currently
considered the radiologic staging system of the olfactory
cleft lesions due to its high intra- and interobserver agree-
ment and responsiveness [37, 38]. The olfactory cleft is a
3-dimensional space and the borders in CT are defined as
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follows: anterior (anterior attachment of the middle turbi-
nate); posterior (anterior to the face of the sphenoid sinus);
medial (nasal septum); and lateral borders (attachment of the
middle and superior turbinate). The superior border is the
cribriform plate and the inferior border is the inferior por-
tion of the middle turbinate. The anterior end of the superior
turbinate divides the olfactory cleft into anterior and poste-
rior. The percentage of each olfactory cleft that is opacified
is graded from O to 2, with O (no abnormality), 1 (partial
opacification), and 2 (total opacification). An overall score
of the olfactory cleft on both sides ranging from O to 8 is
then calculated and higher scores indicated a greater burden
of disease on imaging. Olfactory cleft was also evaluated
for all patients using nasal endoscopy and graded using the
olfactory cleft endoscopy scale (OCES) [39]. The previous
study demonstrated its strong validity and provided a high
correlation between the degree of olfactory cleft lesions and
olfaction [40]. The degree of discharge, nasal polyposis,
edema, crusting, and scarring scores from 0 to 2 points for
each measure. The sum of the olfactory cleft score on both
sides is recorded for final results that ranged from 0 to 20
points. Higher scores indicate increased disease severity of
the olfactory cleft. It was scored by experienced rhinologists
who were blinded to the diagnosis of the patients.

Sample size calculation

We determined the sample size using PASS 15.0.5 soft-
ware. This study was a case—control study. The olfactory
dysfunction group was the experimental group, and the
normal olfactory group was the control group. The score
of the QOD-NS was the main observation indicator in the
present study. According to a recent study [11], it was esti-
mated that the average QOD-NS score of the experimental
group was 19.35+9.16 and the score of the control group
was 8.38 +6.86. Set a=0.05 (two-sided), #=0.20, R=0.25,
20% non-response rate, the project sample size of the experi-
mental group and the control group was at least 42 (N1) and
12 (N2), respectively.

Statistical analysis

Statistical analysis was completed using SPSS software
(version 25.0, IBM Corporation, New York, NY, USA).
According to the data distribution, quantitative variables
were expressed as mean + standard deviation (SD) or median
(with range or interquartile range, IQR) and qualitative vari-
ables were expressed as percentages. All parameters were
tested for normal distributions using the one-sample Kol-
mogorov—Smirnov test. The independent-sample ¢ test was
used for continuous variables that followed a normal dis-
tribution and Mann—Whitney U test was used for the non-
parametric data distribution. The Chi-square (y%) test was
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used to compare categorical data. The correlation among the
Sniffin’ Stick, QOD-NS, sQOD-NS, OCES and LM-OC was
evaluated by Spearman’s rank correlation coefficients (R).
To identify independent variables associated with olfactory
loss, a binary logistic regression analysis was performed.
Receiver-operating characteristic (ROC) curves were used
to assess the predictive value of clinical parameters related
to olfactory function by the areas under the curve (AUC)
determinations and the exact cutoff points which were cal-
culated by Youden’s index. A P value of less than 0.05 was
considered statistically significant.

Results
Demographics of the enrolled patients

A total of 70 patients diagnosed with CRS were enrolled in
the study. All the demographic characteristics of patients
are presented in Table 1. 65.7% of the study cohort was
male and the group had an average age of approximately
43.6 years (SD=12.9). 36 patients (51.4%) presented with
chronic rhinosinusitis with nasal polyps (CRSwNP) and 8
patients (11.4%) had a history of sinus surgery.

Olfactory-specific parameters in CRS patients
with olfactory dysfunction or anosmia

There were 44 patients with CRS with olfactory dysfunc-

tion (62.86%) and 26 patients with CRS without olfactory
dysfunction (37.14%) (Table 2). Patients with CRS with

Table 1 Demographics, comorbidities and CRS characteristics

Variable Chronic
rhinosinusitis
(n=170)
Age (years), mean (SD) 43.6+12.9
Male, n (%) 46 (65.7%)
Smoker, n (%) 19 (27.1%)
Alcohol drinker, n (%) 15 (21.4%)
Asthma, n (%) 10 (14.3%)
AERD, n (%) 3 (4.3%)
Allergic rhinitis, n (%) 7 (10%)
Hypertension, n (%) 20 (28.6%)
Diabetes (type 2), n (%) 4 (5.7%)
Duration (years), mean (SD) 2.7+0.6
Prior sinus surgery, n (%) 8 (11.4%)
CRSwNP, n (%) 36 (51.4%)

AERD aspirin-exacerbated respiratory disease, CRS chronic rhinosi-
nusitis, CRSWNP chronic rhinosinusitis with nasal polyps, SD stand-
ard deviation. Smoker included current smokers; prior sinus surgery
included endoscopic sinus surgery for chronic rhinosinusitis
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Table2 Comparison of clinical Characteristic CRS with olfactory dysfunction CRS without olfactory P value

parrameters .between CRS (N=44) dysfunction

with and' without olfactory (N=26)

dysfunction
TDI score, median (IQR) 23.25 (12.00-27.30) 33.50 (31.00-36.75) <0.001
OT, median IQR) 3.13 (1.00-5.45) 7.63 (6.50-9.63) <0.001
OD, median (IQR) 8.00 (4.00-11.00) 13.00 (12.00-14.25) <0.001
OI, median (IQR) 9.00 (5.00-11.75) 13.00 (12.00-14.00) <0.001
QOD-NS score, median (IQR) 17.00 (13.00-24.75) 0 (0-2.00) <0.001
sQOD-NS score, median (IQR) 5.5 (3.00-9.00) 0 (0-2.00) <0.001
OCES score, median (IQR) 4.00 (2.00-6.00) 2.00 (0-4.00) 0.145
LM-OC score, median (IQR) 3.00 (2.00-5.00) 0 (0-2.00) 0.042

CRS chronic rhinosinusitis, /QR interquartile range, TDI threshold-discrimination-identification score, OT
odor threshold, OD odor discrimination, OI odor identification, QOD-NS the questionnaire of olfactory dis-
orders-negative statements, sQOD-NS the short version of the questionnaire of olfactory disorders-negative
statements, OCES the olfactory cleft endoscopy scale, LM-OC Lund-Mackay olfactory cleft score, Olfac-
tory dysfunction includes anosmia and hyposmia

olfactory dysfunction had significantly lower TDI, OT,
OD, and OI scores than patients with CRS without olfac-
tory dysfunction (all P <0.001). Patients with CRS with
olfactory dysfunction had significantly higher olfactory-
specific scores (including the QOD-NS and sQOD-NS)
than patients with CRS without olfactory dysfunction (all
P <0.001). Compared with CRS without olfactory dys-
function, LM-OC scores (P =0.042) were significantly
higher in patients with CRS with olfactory dysfunction.
There was no significant difference between the two
groups regarding the OCES score (P =0.145).

There were 16 patients with CRS with anosmia
(22.86%) and 54 patients with CRS without anosmia
(77.14%) (Table 3). Patients with CRS with anosmia
had significantly lower TDI, OT, OD, and OI scores
than patients with CRS without anosmia (all P <0.001).
Patients with CRS with anosmia had significantly higher
olfactory-specific scores (including the QOD-NS, and

sQOD-NS), OCES, and LM-OC scores than patients with
CRS without anosmia (all P <0.001).

Correlation between clinical parameters
and olfactory function

Across the overall CRS cohort, spearman’s rank correla-
tions between the olfactory-specific QOL, OCES, LM-OC,
and Sniffin’” Stick are described in Table 4. The majority of
parameters had a negative relationship with olfaction, which
indicated that the higher the specific metrics score the worse
the olfactory function. Strong correlations were found in
the olfactory-specific QOL as measured by the QOD-
NS (r=—-0.755, P<0.001) and sQOD-NS (r= —0.635,
P <0.001), and it also correlated more significantly than
OCES (r= -0.520, P<0.001), LM-OC (r= —0.615,
P <0.001). In CRS patients, the olfactory-specific QOL was
significantly correlated with Sniffin’ Stick threshold (OT),
discrimination (OD), and identification domain scores (OI).

Table 3 Comparisons of clinical
parameters between CRS with
and without anosmia

Characteristic CRS with anosmia (N=16) CRS without anosmia P value
(N=54)

TDI score, median (IQR) 9.50 (6.63-12.00) 29.63 (26.09-33.50) <0.001
OT score, median (IQR) 1.00 (1.00-1.00) 6.50 (4.25-8.06) <0.001
OD score, median (IQR) 4.00 (2.25-5.75) 12.00 (10.00-13.00) <0.001
OI score, median (IQR) 3.00 (3.00-5.75) 12.00 (10.00-13.00) <0.001
QOD-NS score, median (IQR) 27.50 (18.00-42.50) 6.00 (0-15.00) <0.001
sQOD-NS score, median (IQR) 9.50 (6.00-16.75) 2.00 (0-4.00) <0.001
OCES score, median (IQR) 6.00 (3.5-9.75) 3.00 (2.00-4.00) <0.001
LM-OC score, median (IQR) 6.00 (3.25-8.00) 2.00 (0-3.00) <0.001

CRS chronic rhinosinusitis, /QR interquartile range, TDI threshold-discrimination-identification score, OT
odor threshold, OD odor discrimination, OI odor identification, QOD-NS the questionnaire of olfactory dis-
orders-negative statements, sQOD-NS the short version of the questionnaire of olfactory disorders-negative
statements, OCES the olfactory cleft endoscopy scale, LM-OC Lund-Mackay olfactory cleft score
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Table 4 Correlation analysis
of TDI and olfactory-specific
parameters in patients with CRS

Spearman’s r and P values (N =70)

Parameters ~ TDI oT OD (0]

r P r P R P r P
QOD-NS —-0.755 <0.001 —0.665 <0.001 -0.633 <0.001 —-0.612 <0.001
sQOD-NS —-0.635 <0.001 —0.546 <0.001 -0.569 <0.001 —0.520 <0.001
OCES —-0.520 <0.001 —0.360 0.002 —-0.525 <0.001 —0.467 <0.001
LM-OC —-0.615 <0.001 —0.464 <0.001 —-0.622 <0.001 —0.528 <0.001

CRS chronic rhinosinusitis, 7DI threshold-discrimination-identification score, OT odor threshold, OD odor
discrimination, OI odor identification, QOD-NS the questionnaire of olfactory disorders-negative state-
ments, sSQOD-NS the short version of the questionnaire of olfactory disorders-negative statements, OCES

the olfactory cleft endoscopy scale, LM-OC Lund—Mackay olfactory cleft score

All subdomains had negative correlations with the olfac-
tory cleft score including OCES and LM-OC. In addition,
the QOD-NS showed positive correlations with the LM-OC
(r=0.610, P<0.001) and the OCES (r=0.464, P <0.001)
in patients with CRS (Fig. 2).

Binary logistic regression analysis for patients
in CRS with olfactory dysfunction or anosmia

After adjusting for age, sex, nasal polyps, asthma, smok-
ing status, prior sinus surgery, the QOD-NS was signifi-
cantly associated with olfactory dysfunction (odds ratio
(OR)=1.243; 95% confidence interval (CI)=1.092-1.416;
P=0.001] and anosmia (OR =1.838; 95% CI=1.186-2.849;
P=0.006) in patients with CRS.

Utility of clinical parameters for patients
with olfactory dysfunction and anosmia

The ROC curve analyses were used to summarize the dis-
criminatory capability of clinical parameters for olfactory

dysfunction and anosmia (Table 5; Fig. 3a). The area under
the ROC curve (AUC) is shown in Table 5. The QOD-NS
had a higher accuracy as a discriminatory instrument for
patients in CRS with olfactory dysfunction (AUC=0.861)
than the sQOD-NS (AUC =0.762). Both LM-OC and OCES
had low discriminatory capability for CRS with olfactory
dysfunction (LM-OC: AUC=0.637, P=0.056; OCES:
AUC=0.604, P=0.150). The maximum Youden’s index
was used to determine the optimal cutoff point and dem-
onstrated diagnostic predictive ability for each parameter.
Table 5 shows that the QOD-NS with a cutoff point greater
than 10.5 indicated a higher predictive accuracy (specificity
of 88.5%, sensitivity of 75.0%, and Youden index of 0.635)
and the sSQOD-NS with a cutoff point greater than 3.5 indi-
cated a higher predictive accuracy (specificity of 90.1%,
sensitivity of 57.6%, and Youden index of 0.477).
Compared to other olfactory metrics, the QOD-NS exhib-
ited the highest discriminatory capability for CRS with anos-
mia (AUC =0.928). Surprisingly, all clinical parameters
showed good AUC values and these data also had statisti-
cal significance (Table 6; Fig. 3b). The diagnostic values
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Fig.2 Correlations between the questionnaire of olfactory dysfunction-negative statements (QOD-NS) and the olfactory cleft score. a QOD-NS
score and Lund-Mackay olfactory cleft scale (LM-OC) in CRS. b QOD-NS score and the olfactory cleft endoscopy scale (OCES) in CRS

@ Springer



European Archives of Oto-Rhino-Laryngology (2022) 279:5253-5262 5259
Ta.ble 5 Pre(.iictor for patients Predictor  Cutoff Sensitivity Specificity Youden index AUC Asymptotic 95% Confi- P
with CRS with olfactory dence interval
dysfunction
Lower bound Upper bound
QOD-NS 105 0.75 0.885 0.635 0.861 0.776 0.947 <0.001
sQOD-NS 3.5 0.576 0.901 0.477 0.762 0.653 0.871 <0.001
LM-OC 25 0.364 0.923 0.287 0.637 0.509 0.765 0.056
OCES 4.5 0.386 0.808 0.194 0.604 0.470 0.737 0.150
CRS chronic rhinosinusitis, AUC the areas under the curve, QOD-NS the questionnaire of olfactory disor-
ders-negative statements, sQOD-NS the short version of the questionnaire of olfactory disorders-negative
statements, OCES the olfactory cleft endoscopy scale, LM-OC Lund-Mackay olfactory cleft score
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Fig.3 Receiver-operating characteristic (ROC) curves of clinical parameters for predicting olfactory dysfunction in CRS patients. a ROC curve
in CRS with olfactory dysfunction. b ROC curve in CRS with anosmia

Table 6 Predictor for patients
with CRS with anosmia

Predictor ~Cutoff Sensitivity Specificity Youden index AUC Asymptotic 95% confidence P
interval
Lower bound Upper bound
QOD-NS 205 0.938 0.852 0.790 0.928 0.868 0.988 <0.001
sQOD-NS 7.5 0.875 0.778 0.653 0.881 0.786 0.977 <0.001
LM-OC 35 0.813 0.833 0.646 0.860 0.737 0.983 <0.001
OCES 6.5 0.688 0.796 0.484 0.774 0.632 0.917 0.001

CRS chronic rhinosinusitis, AUC the areas under the curve, QOD-NS the questionnaire of olfactory disor-
ders-negative statements, sQOD-NS the short version of the questionnaire of olfactory disorders-negative
statements, OCES the olfactory cleft endoscopy scale, LM-OC Lund-Mackay olfactory cleft score

of each parameter at the cutoff value are shown in Table 6.
The optimal cutoff value of the QOD-NS of 20.5 or more
yielded a higher predictive accuracy (specificity of 85.2%,
sensitivity of 93.8%, and Youden index of 0.790) and the

optimal cutoff value of the SQOD-NS of 7.5 or more yielded
a higher predictive accuracy (specificity of 77.8%, sensi-
tivity of 87.5%, and Youden index of 0.653). In addition,
LM-OC and OCES also exhibited comparable accuracy as
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the predictor of anosmia (LM-OC: AUC=0.860, P <0.001;
OCES: AUC=0.774, P=0.001). When the LM-OC score
was 3.5 or higher (Youden index of 0.646), the sensitivity
was 81.3%, and the specificity was 83.3%, respectively. For
the OCES, the cutoff point was 6.5 (specificity of 79.6%,
sensitivity of 68.8%, and Youden index of 0.484).

Discussion

Understanding the olfactory outcome in patients with CRS
requires a comprehensive and accurate olfactory evaluation.
The QOD-NS is an efficient instrument designed to provide
subjective information concerning the olfactory-specific
QOL [11, 12]. Previous studies have demonstrated that the
QOD-NS is a reliable method to evaluate olfactory dysfunc-
tion and can be helpful for post-treatment follow-up [5, 41].
However, the diagnostic value of the QOD-NS in patients
with CRS with olfactory loss is not clear and there is no
study focused on the association between the QOD-NS and
objective olfactory cleft assessment.

Our study showed that the QOD-NS was significantly
higher in patients with CRS with olfactory dysfunction or
anosmia. The olfactory-related quality of life in patients
with CRS with olfactory dysfunction or anosmia was severe
impaired. Furthermore, we found that the QOD-NS had a
better correlation with TDI than other parameters including
the sQOD-NS, OCES, and LM-OC. Among the TDI subdo-
main, the QOD-NS had relatively strong correlations with
odor threshold and discrimination. A cohort study of 1226
patients with olfactory dysfunction of various causes showed
that odor threshold appears to be preferentially decreased
than odor discrimination and identification in CRS [42].
A position paper on olfactory dysfunction pointed out that
patients with olfactory dysfunction due to sinonasal disease
were particularly impaired in the threshold [1].On the other
hand, odor discrimination best reflects the olfactory change
in patients with CRS after treatment [43]. Taken together,
it suggests that the QOD-NS could be a potential instru-
ment to identify olfactory dysfunction or anosmia in patients
with CRS. In addition, the binary logistic regression analysis
demonstrated that the QOD-NS was an independent pre-
dictor for patients with CRS with olfactory dysfunction or
anosmia.

Both LM-OC and OCES had a significant negative cor-
relation with olfaction measured by Sniffin’ Sticks tests. Pre-
vious studies showed that the olfactory cleft evaluation pro-
vided important information regarding the olfactory function
and the olfactory cleft area was closely related to the onset
of CRS with olfactory loss [40, 44]. Physical obstruction in
the olfactory cleft can cause conductive olfactory loss which
is the primary mechanism of CRS with olfactory dysfunc-
tion [45]. We further showed that objective olfactory metrics
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about the olfactory cleft including LM-OC and OCES had
a positive correlation with the QOD-NS score in patients
with CRS with olfactory dysfunction or anosmia. The high
correlation with objective olfactory parameters focusing on
the olfactory cleft suggests strong validity of the QOD-NS
and further promotes the clinical utility of the QOD-NS in
patients with CRS.

This study found that both the QOD-NS (AUC=0.861)
and sQOD-NS (AUC=0.762) had a higher accuracy than
other clinical parameters to screen olfactory dysfunc-
tion in patients with CRS. These data of the QOD-NS
(AUC=0.923) and sQOD-NS (AUC=0.881) were more
significant in anosmia. When the Youden index was at the
highest point of 0.790, the optimal cutoff point of >10.5
QOD-NS indicated a specificity of 85.2% and a sensitiv-
ity of 93.8% for olfactory dysfunction. We found that the
QOD-NS was more sensitive and specific than the SQOD-NS
to identify olfactory dysfunction. It would be an auxiliary
tool to classify olfactory dysfunction. The optimal cutoff
point of > 20.5 for the QOD-NS was established in our study
which would be helpful to discriminate anosmia in CRS.
In addition, we addressed the optimal cutoff point of > 3.5
and 7.5 in the sSQOD-NS that were used for discriminating
olfactory dysfunction and anosmia, respectively. This estab-
lishment of the cutoff point is helpful for the classification of
olfaction and can be used for screening in clinical practice.
We also found the olfactory cleft score including the LM-OC
score (AUC =0.860) and OCES score (AUC=0.774) had
a high accuracy of screening. The optimal cutoff point of
LM-OC and OCES could be 3.5 and 6.5, which was deter-
mined by the highest Youden index of 0.646 and 0.484,
respectively. The higher LM-OC and OCES score in those
who got CRS might be expected to reflect severe olfactory
function.

Validate tools have been developed for olfactory screening,
such as the CCSIT or the “Sniffin” Sticks” 12-item screening
test [8—10]. These screening tests based on orthonasal olfac-
tory function are meant to differentiate between olfactory loss
and normosmia [46]. Their advantage is also the short dura-
tion. Some disadvantages are that test results are influenced
by the familiarity with odors and depend on the cognition and
language abilities of subjects. If subjects are unable to recog-
nize odors because of local culture, then the reliability of the
test decreases [47]. Clinical application is limited by the learn-
ing effects of repeated testing and environmental demands.
In addition, odor preservation requires a shelf-life, whether
using an olfactory felt-tip or paper with microencapsulated
odors [8—10]. The QOD-NS has the characteristics of rapid
screening and is not limited by the above conditions. Moreo-
ver, the QOD focuses on the effect of olfaction on QOL. Our
study confirms its high validity and ability to distinguish the
degree of olfactory dysfunction. However, a previous study
showed that some patients had poor self-rating abilities [48].
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This may be due to the patients’ neglect of olfaction and self-
psychological effects. To reduce the self-reported errors and
improve the comprehensiveness of evaluation, we suggest an
extensive psychophysical test of olfactory function can be fur-
ther performed after the QOD-NS.

There are several limitations to our study. First, this is a
cross-sectional study and the results should be validated in
further large and longitudinal studies examining olfactory
dysfunction in CRS. Second, the scope of this study is lim-
ited to Chinese patients. Finally, the sample size is relatively
small and subjective olfactory function may be influenced by
psychological and emotional factors. Greater insights from a
large sample size need to be further validated in future stud-
ies. Future studies could also focus on QOD-NS in olfactory
dysfunction resulting from other etiologies, such as upper
respiratory tract infection or traumatic injury. Given its good
validity and discriminant validity, we speculate that the use of
the QOD-NS may facilitate rapid screening of a large number
of COVID-19 patients with olfactory dysfunction.

Conclusion

Our study showed that the QOD-NS in patients with CRS had
high validity and a strong association with objective olfactory
metrics and olfactory cleft assessment. The QOD-NS was an
efficient tool to screen for olfactory dysfunction in patients
with CRS.
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