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Abstract
Background: Olfactory disorder (OD) is a prevalent and challenging symptom in chronic rhinosinusitis with nasal polyps 

(CRSwNP). This study aims to investigate the risk factors and develop a predictive model for poor olfactory prognosis in CRSwNP 

patients with OD after endoscopic sinus surgery (ESS). Method: Seventy-eight CRSwNP patients with OD who underwent ESS 

were enrolled. Preoperative and 6-month-postoperative olfactory function were assessed using Sniffin’ Sticks. Receiver operating 

characteristics (ROC) curves were constructed to set the cutoff points. Risk factors were determined by logistic models. A power 

analysis was conducted to evaluate the sample size. Results: Overall, 66.7% of CRSwNP patients had unrecovered olfaction after 

surgery. Patients with unrecovered olfaction displayed higher preoperative threshold-discrimination-identification (TDI) score, 

lower Questionnaire for Olfactory Disorders-Negative Statements (QOD-NS) score, lower total olfactory cleft score (TOCS), and 

fewer tissue eosinophils than those of the improved/recovered group. QOD-NS≤5.0, preoperative TOCS≤4.5 and tissue eosinophil 

count≤8.3 were independent risk factors for unrecovered olfaction. Based on these variables, a predictive model was developed. 

The area under the ROC curve for the model was 0.845, and the optimal cutoff value was 2.0 points, with a sensitivity of 82.7% and 

specificity of 80.8%. Conclusions: Low levels of QOD-NS score (preoperative), TOCS (preoperative) and tissue eosinophil count 

are independent risk factors for short-term unrecovered olfaction in CRS patients with OD postoperatively. The predictive model 

developed here is practical and convenient for the early identification of poor prognosis of OD, enabling early additional interven-

tion.
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Introduction
Chronic rhinosinusitis (CRS) is a prevalent disease worldwide, 

affecting 8–14% of the population in China, the US and Europe 
(1). Olfactory disorder (OD), as one of the main symptoms of CRS, 

affects approximately 60%~80% of patients with CRS, particular-

ly those with chronic rhinosinusitis with nasal polyps (CRSwNP) 
(2). OD is highly correlated with depressed mood, impaired 

taste, malnutrition and poor perception to danger, significantly 

impairing quality of life and productivity (3). Additionally, OD is 

reported as an independent risk factor for increased mortality 

and is one of the most important symptoms that patients with 

CRSwNP desire to improve through medical and surgical treat-

ment (4,5). 

Poor prognosis of OD is associated with better preoperative 

olfaction, long disease course, previous sinus surgery, and supe-

rior turbinate eosinophilia (6-8). Akiyama et al. found that patients 

with CRS who were female, <45 years old, and lacked olfactory 

cleft (OC) lesions achieved better olfaction improvement (9). 

However, Pade et al. showed that neither age nor sex had a 

major effect on surgical outcomes in terms of olfaction and that 

patients with eosinophilia and high nasal polyps load may bene-

fit from surgery in terms of olfactory recovery (10). 

Endoscopic sinus surgery (ESS) is recommended a mainstay 

treatment for OD associated with CRSwNP (11). However, previous 

studies reported that the rate of improved olfaction after ESS in 

CRSwNP varies from 17–50% (12-14), suggesting that the efficacy 

of ESS in improving olfactory function is far from satisfactory. 

Systemic and topical glucocorticoids (GCs) are recommended in 

clinical guidelines as an effective therapy for olfactory dysfunc-

tion secondary to CRSwNP due to their ability to reduce mucosal 

edema and scarring, as well as their anti-inflammatory effects 
(11). However, repeated and long-term use of oral GCs has limited 

efficacy and increases the risk of adverse events (15,16). Therefore, 

early identification of unrecovered olfaction in CRSwNP patients 

post-ESS is crucial for enabling additional interventions and 

precise early-stage treatments. The Sniffin’ Sticks test and the 

University of Pennsylvania Smell Identification Test (UPSIT) are 

validated and reliable methods for detecting olfactory function 

but can be time-consuming and labor-intensive. Moreover, the 

Sniffin’ Sticks test and UPSIT are not available in every hospital, 

specifically in non-tertiary hospitals. Thus, a convenient and 

practical predictive model for early evaluation of postoperative 

unrecovered olfaction is needed. 

This study aimed to investigate the risk factors for unrecovered 

olfactory function in CRSwNP patients with OD post-ESS and to 

develop a predictive model for the poor prognosis of olfaction.

Materials and methods
Subjects

A prospective analysis was conducted from Jan. 2023 to Apr. 

2024 at the Third Affiliated Hospital of Sun Yat-Sen University. 

The study was approved by the Third Affiliated Hospital of Sun 

Yat-Sen University Ethics Committee [RG2023-123-01]. Written 

informed consent was obtained from each subject. Figure S1 

illustrates the experimental design. Inclusion and exclusion crite-

ria for patients are provided in the Supplementary materials.

All patients with bilateral CRSwNP underwent ESS, with some 

also undergoing partial middle turbinate (MT) resection. The en-

rolled patients were followed up at 2 weeks, 1 month, 3 months 

and 6 months postoperatively. Besides, all patients who under-

went ESS performed nasal irrigation daily and were administe-

red intranasal budesonide spray (Rhinocort Aqua, AstraZeneca, 

Sweden), 128 µg twice daily for 3 months. Rescue oral steroids 

(methylprednisolone 12–16 mg daily for 2 weeks) were adminis-

tered to patients with uncontrolled CRS according to EPOS 2020, 

with sufficient informed consent regarding side effects (17,18).

Olfactory testing and olfactory function evaluation

Olfactory function was assessed using “Sniffin’ Sticks” (Burghart 

Instruments, Wedel, Germany) preoperatively and 6 months 

postoperatively. The olfactory functional diagnosis was obtained 

from the sum of scores for Threshold, Discrimination and Identi-

fication (TDI) score, ranging from 1–48 points with higher scores 

indicating superior olfactory performance. Scores ≤16 indicated 

anosmia, 16.25–30.5 indicated hyposmia, and ≥30.75 indicated 

normosmia (19). In this study, OD was defined as TDI<30.75 which 

included patients with hyposmia and anosmia.

The postoperative change in olfactory function at 6 months 

post-surgery compared to the baseline was calculated. Patients 

with olfactory change reaching the minimal clinical important 

difference (MCID), defined as an increased TDI score ≥5.5 points, 

were classified as CRSwNP with improved/recovered olfaction 
(11); others were classified as CRSwNP with unrecovered olfaction. 

The Chinese version of the Questionnaire for Olfactory Dis-

orders-Negative Statements (QOD-NS) was used to quantify 

patient perception of olfactory function (20). 

The total olfactory cleft score (TOCS) was used to grade the OC 

opacification on CT as previously reported (21).

Detailed protocols of the Sniffin’ Sticks test, QOD-NS and TOCS 

are provided in the Supplementary materials.

Histology assessment

Nasal polyp tissues from patients with CRSwNP were obtained 

during surgery. The pathology samples were fixed in 10% forma-

lin, subjected to embedding and sectioned. Hematoxylin-Eosin 

(H&E) stained paraffin sections (4 μm) were observed under a 

microscope (Olympus CX33; Olympus Corporation, Japan). Ten 

random, nonoverlapping fields beneath the epithelial surface 

were selected for cell counting under a 400× high-power field 

for each specimen. Cell counting was performed in a blinded 

fashion regarding all clinical data. The intraclass correlation 

coefficient for tissue eosinophils count was 0.9 (95% confidence 
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interval [CI]:0.8–0.9). For H&E-stained samples, eosinophils, 

neutrophils, plasma cells, lymphocytes, and total inflammatory 

cells were counted. The ratio (%) of each cell type was calculated 

for further analysis.

Statistical analysis 

Statistical analyses were performed using SPSS 25.0 (IBM, 

Armonk, NY, USA). For continuous variables, the unpaired 

t-test was used to compare groups when the differences were 

normally distributed, and the Mann-Whitney U test was used to 

compare groups when the differences were not normally distri-

buted. For categorical variables, the Chi-square test was used. 

Receiver operating characteristic (ROC) curves were generated 

to evaluate the optimal cutoff points for predictors of CRSwNP 

without olfactory recovery. The risk variables for CRSwNP 

without olfactory recovery were identified through stepwise 

univariate and multivariate logistic regressions. The predictive 

model was established according to previous reports (22-24). Table 

S1 shows the power value for each parameter. All statistical tests 

were two-sided, with P<0.05 considered statistically significant. 

Detailed information is provided in the Supplementary materi-

als.

Results
Clinical characteristics of CRSwNP patients with unrecover-

ed olfactory function

Seventy-eight CRSwNP patients (60 male and 18 female) were 

eligible for this study. Overall, 52 patients (66.7%) had unre-

covered olfaction (an increased TDI score<5.5 points), and 26 

patients (33.3%) had improved/recovered olfaction (an incre-

ased TDI score≥5.5 points). The unrecovered rate of olfactory 

function (51.6%) was lower in anosmic patients compared to 

hyposmic patients (76.6%, P<0.05) (Figure S2). To distinguish the 

characteristics of CRSwNP patients with unrecovered olfac-

tion, we first compared the demographic features between 

the olfactory function improved/recovered and unrecovered 

groups. Patients with unrecovered olfactory function displayed 

higher preoperative TDI score (P<0.001) and lower preoperative 

Table 1. The demographic characteristics of CRSwNP patients with improved/recovered or unrecovered olfactory function following ESS.  

Abbreviations: ESS, endoscopic sinus surgery; CRSwNP, chronic rhinosinusitis with nasal polyps; SD, standard deviation; IQR, interquartile range; AR, 

allergic rhinitis; OC, olfactory cleft; MT, middle turbinate; QOD-NS, the questionnaire for olfactory disorders- negative statements; TOCS, total olfactory 

cleft score; TDI, threshold-discrimination-identification.

Parameters Improved/recovered (26, 33.3%) Unrecovered (52, 66.7%) P value

Age (y), mean ± SD 38.7 ±11.1 42.1 ±13.1 0.259

Gender, male, n (%) 18 (69.2%) 42 (80.8%) 0.254

BMI(Kg/m2), median (IQR) 21.7 (19.2, 26.3) 23.5 (22.4, 25.9) 0.072

Atopy, n (%) 12 (46.2%) 25 (48.1%) 0.873

AR, n (%) 7 (26.9%) 16 (30.8%) 0.725

Asthma, n (%) 6 (23.1%) 5 (9.6%) 0.206

Smoker, n (%) 3 (11.5%) 9 (17.3%) 0.739

Serum total IgE (U/L), median (IQR) 72.5 (37.5, 179.8) 74.5 (42.3, 190.8) 0.758

Previous sinus surgery, n (%) 7 (26.9%) 11 (21.2%) 0.569

Deviated nasal septum, n (%) 7 (26.9%) 22 (42.3%) 0.185

Presence of OC lesions, n (%) 16 (61.5%) 35 (67.3%) 0.614

Partial MT resection, n (%) 16 (61.5%) 27 (51.9%) 0.421

Disease duration (y), median (IQR) 5.5 (2.0, 10.0) 3.0 (1.1, 9.0) 0.167

Preoperative status

QOD-NS, median (IQR) 12.0 (6.0, 21.8) 3.5 (0.0, 12.0) <0.001

Lund-Mackay score, median (IQR) 15.0 (12.8, 20.0) 15.0 (12.0, 19.0) 0.686

TOCS, median (IQR) 6.0 (5.0, 7.0) 4.0 (2.3, 5.0) <0.001

TDI score, median (IQR) 11.0 (8.3, 17.8) 23.0 (17.8, 28.3) <0.001

Postoperative status 

QOD-NS, median (IQR) 4.5 (0.0, 12.0) 4.0 (0.0, 8.8) 0.879

TDI score, median (IQR) 25.0 (20.0, 28.8) 22.5 (16.1, 25.5) 0.015

Postoperative oral corticosteroids use, n (%) 12 (46.2%) 14 (26.9%) 0.089
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QOD-NS (P<0.001), TOCS (P<0.001), and postoperative TDI score 

(P=0.015) than the improved/recovered group (Table 1). Howe-

ver, the two groups did not significantly differ in other variables 

(Table 1) (P>0.050). Although the postoperative TDI score was 

lower in patients with unrecovered olfactory function compared 

to the improved/recovered group (P=0.015), the postopera-

tive QOD-NS score was comparable between the two groups 

(P=0.879) (Table 1). 

Inflammatory cells from tissue and peripheral blood in 

CRSwNP patients with unrecovered olfactory function

Since tissue and peripheral blood eosinophil levels are associ-

ated with olfactory dysfunction in CRS before surgery (25,26), we 

investigated whether eosinophils in nasal mucosa and periphe-

ral blood would affect olfactory recovery. Contrary to our expec-

tations, we found decreased counts (P=0.007) and percentages 

(P=0.019) of tissue eosinophils in the unrecovered olfaction 

group compared to the improved/recovered olfaction group. Li-

kewise, a decreased number (P=0.041) of tissue neutrophils was 

observed in the unrecovered olfaction group relative to that in 

the improved/recovered olfaction group. However, the percen-

tage (P=0.019) but not the count (P=0.823) of lymphocytes was 

higher in CRS patients with unrecovered olfaction compared 

to those with improved/recovered olfaction. Both groups were 

comparable in terms of total inflammatory cell count and the 

counts and ratios of plasma cells in the tissues. Interestingly, the 

counts and percentages of eosinophils, neutrophils, basophils, 

lymphocytes, and monocytes in peripheral blood were similar 

in both groups (Table 2). Additionally, 69.2% of patients in the 

improved/recovered olfaction group had type 2 inflammation 

(EOS>10/HPF) while 30.8% had non-type 2 inflammation. In 

contrast, 38.5% of patients in the unrecovered olfaction group 

had type 2 inflammation and 61.5% had non-type 2 inflamma-

tion (P=0.010) (Table S2). These results suggest that CRSwNP pa-

tients with type 2 inflammation may have a better postoperative 

olfactory prognosis than those with non-type 2 inflammation.  

Cutoff value of variables for CRSwNP patients with unreco-

vered olfactory function

ROC analysis was performed to identify risk factors in CRSwNP 

 Table 2. Inflammatory cells from tissue and blood in CRSwNP patients with improved/recovered or unrecovered olfactory function following ESS. 

Abbreviations: ESS, endoscopic sinus surgery; CRSwNP, chronic rhinosinusitis with nasal polyps; IQR, interquartile range; EOS, eosinophil; NEU, neutro-

phil; LYM, lymphocyte; PC, plasma cell; IgE, immunoglobulin E; BASO, basophil; MONO, monocyte.

Parameters Improved/recovered (26, 33.3%) Unrecovered (52, 66.7%) P value

Tissue assessment

Total inflammatory cells count, median (IQR) 114.4 (82.5,220.3) 98.4 (59.5,154.7) 0.104

EOS count, median (IQR) 28.0 (7.7, 115.9) 5.9 (1.7, 39.9) 0.007

EOS%, median (IQR) 31.9 (6.5, 60.7) 6.6 (2.0, 39.5) 0.019

NEU count, median (IQR) 1.1 (0.2, 12.1) 0.2 (0.0, 2.0) 0.041

NEU%, median (IQR) 1.1 (0.2, 3.3) 0.3 (0.0, 2.5) 0.130

LYM count, median (IQR) 51.8 (32.4, 91.5) 55.5 (32.9, 87.9) 0.823

LYM%, median (IQR) 47.8 (26.7, 68.2) 72.5 (37.4, 85.8) 0.019

PC count, median (IQR) 8.8 (3.9, 27.8) 7.9 (3.4, 16.5) 0.307

PC%, median (IQR) 9.1 (2.9, 20.3) 8.6 (3.5, 14.5) 0.829

Preoperative peripheral blood assessment 

White blood cell count, median (IQR) 7.2 (5.2, 8.4) 6.6 (5.7, 7.8) 0.722

EOS count, median (IQR) 0.3 (0.1, 0.5) 0.3 (0.1, 0.4) 0.794

EOS%, median (IQR) 5.0 (1.2, 7.8) 3.4 (1.8, 5.8) 0.459

NEU count, median (IQR) 3.6 (2.6, 5.4) 3.6 (3.0, 4.5) 0.952

NEU%, median (IQR) 52.7 (50.3, 65.8) 54.6 (48.2, 60.8) 0.839

BASO count, median (IQR) 0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 0.497

BASO%, median (IQR) 0.6 (0.3, 0.8) 0.5 (0.2, 0.7) 0.187

LYM count, median (IQR) 2.1 (1.5, 2.4) 2.1 (1.6, 2.7) 0.400

LYM%, median (IQR) 32.8 (22.6, 36.6) 32.7 (27.0, 37.9) 0.352

MONO count, median (IQR) 0.4 (0.3, 0.6) 0.5 (0.4, 0.6) 0.532

MONO%, median (IQR) 6.5 (5.2, 7.7) 7.0 (6.2, 8.4) 0.173
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patients with unrecovered olfaction post-ESS, and the cutoff 

points for each variable that significantly differed between the 

groups were determined (Table 3). According to the ROC curve, 

preoperative QOD-NS≤5.0 (area under the ROC curve [AUC] 

0.730), preoperative TOCS≤4.5 (AUC 0.749), preoperative TDI 

score≥13.5 (AUC 0.836), tissue eosinophil count≤8.3 (AUC 0.686), 

tissue eosinophil%≤5.4 (AUC 0.664), tissue neutrophil count≤0.3 

(AUC 0.637) and tissue lymphocyte%≥67.8 (AUC 0.662) were 

optimal cutoff values for predicting unrecovered olfactory 

function in patients with CRS (P<0.050). These results implied 

that patients with higher TDI score and tissue lymphocyte ratio 

tended to have improved/recovered olfaction post-ESS, and 

lower values of preoperative QOD-NS, TOCS, tissue eosinophil 

count and tissue neutrophil count predicted poor outcomes of 

olfactory recovery. 

Risk factors for CRSwNP patients with unrecovered olfactory 

function

Although the TDI score is considered the gold standard for 

evaluating olfactory function, it is time-consuming (6,13,27). Thus, 

convenient parameters such as QOD-NS (preoperative), TOCS 

(preoperative), tissue eosinophil count, tissue eosinophil ratio, 

tissue neutrophil count and tissue lymphocyte ratio were ana-

lyzed to identify risk factors for unrecovered olfaction. The odds 

ratio (OR) value for these factors with the selected cutoff point 

is listed in Table 4. Setting the cutoff point at 5.0, preoperative 

QOD-NS had an OR of 8.1 (95%CI:2.4–27.0), while preoperative 

TOCS with the cutoff point at 4.5 had an OR of 8.9 (95%CI:2.7–

29.1). Using 8.3 as the cutoff point, the OR value of tissue 

eosinophil count was 5.3 (95%CI:1.8–15.5), and the OR value of 

tissue eosinophil ratio was 4.7 (95%CI:1.4–15.6) with 5.4 as the 

cutoff point. When the cutoff point was at 0.3, the OR value of 

tissue neutrophil count was 3.2 (95%CI:1.1–8.8). The OR value of 

tissue lymphocyte ratio was 4.2 (95%CI:1.5–12.2), with 67.8 used 

as a cutoff value. Furthermore, all factors mentioned above were 

identified as important predictors in the univariate analysis.

These risk factors identified by the univariate regression models 

were further introduced into a stepwise multivariate regression 

model to determine the independent risk factors for unrecover-

ed olfaction of CRSwNP patients. Considering the high correla-

* The factor was included in the multiple logistic regression model. Each logistic regression was adjusted by prior surgery history, partial MT resection 

and postoperative oral steroids. Abbreviations: OR, odds ratio; CI, confidence interval; QOD-NS, negative statements portion of the questionnaire for 

olfactory disorders; TOCS, total olfactory cleft score; TDI, threshold-discrimination-identification; EOS, eosinophil; NEU, neutrophil; LYM, lymphocyte; 

MT, middle turbinate.

 Table 3. Determination of cutoff value for continuous variables.

Variables Cutoff Value Sensitivity Specificity AUC P value

Preoperative QOD-NS 5.0 59.6% 84.6% 0.730 0.001

Preoperative TOCS 4.5 65.4% 80.8% 0.749 <0.001

Preoperative TDI score 13.5 84.6% 73.1% 0.836 <0.001

Tissue EOS 8.3 61.5% 76.9% 0.686 0.008

Tissue EOS% 5.4 46.2% 84.6% 0.664 0.019

Tissue NEU 0.3 53.8% 69.2% 0.637 0.049

Tissue LYM% 67.8 55.8% 76.9% 0.662 0.020

Abbreviations: AUC, area under the curve; QOD-NS, negative statements portion of the questionnaire for olfactory disorders; TOCS, total olfactory cleft 

score; TDI, threshold-discrimination-identification; EOS, eosinophil; NEU, neutrophil; LYM, lymphocyte.

Table 4. Odds ratio of factors for CRSwNP with unrecovered olfactory function.

Variables Univariate logistic regression Multivariate logistic regression

OR (95%CI) P value OR (95%CI) P value

Preoperative QOD-NS ≤5.0 * 8.1 (2.4-27.0) 0.001 7.5 (2.0-28.8) 0.003

Preoperative TOCS ≤4.5 * 8.9 (2.7-29.1) <0.001 3.7 (1.0-13.6) 0.046

Tissue EOS ≤8.3 * 5.3 (1.8-15.5) 0.002 4.4 (1.2-16.0) 0.024

Tissue EOS% ≤5.4 4.7 (1.4-15.6) 0.011 - -

Tissue NEU ≤ 0.3 * 3.2 (1.1-8.8) 0.027 0.6 (0.1-2.8) 0.558

Tissue LYM% ≥ 67.8 4.2 (1.5-12.2) 0.008 - -
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Figure 1. The percentages of CRSwNP patients with unrecovered olfactory function depend on different risk factors. The improved/recovered status 

in different levels of preoperative QOD-NS (A), preoperative TOCS (C) and tissue eosinophil count tissue (E); the preoperative QOD-NS (B), preopera-

tive TOCS (D) and tissue eosinophil count (F) in different improved/recovered status groups. The numbers in the columns represent the percentage of 

patients in each group. **P < 0.01, ***P < 0.001. Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; Pre-op, preoperative; QOD-NS, nega-

tive statements portion of the questionnaire for olfactory disorders; TOCS, total olfactory cleft score; EOS, eosinophil.
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tion between tissue eosinophil count and both tissue eosinophil 

ratio (r=0.9, P<0.001) and tissue lymphocyte ratio (r=–0.8, 

P<0.001), tissue eosinophil ratio and lymphocyte ratio were 

excluded from the multivariate analysis. After adjusted by prior 

surgery history, partial MT reduction and postoperative oral 

steroids, the multivariate analysis revealed that preoperative 

QOD-NS≤5.0 (β 2.0, adjusted OR 7.5, 95%CI:2.0–28.8, P=0.003), 

preoperative TOCS≤4.5 (β 1.3, adjusted OR 3.7, 95%CI:1.0–13.6, 

P=0.046) and tissue eosinophil count≤8.3 (β 1.8, adjusted OR 

4.4, 95%CI:1.2–16.0, P=0.024) were independent risk factors for 

unrecovered olfactory function of CRSwNP patients (Table 4, 

Figure S3). 

Relationship between unrecovered olfactory function and 

independent risk factors

The unrecovered rate of olfactory function (88.6%) was higher 

in patients with preoperative QOD-NS≤5.0 compared to those 

with preoperative QOD-NS>5.0 (48.8%, P<0.001) (Figure 1A). Ad-

ditionally, 59.6% of patients in the unrecovered olfaction group 

had a preoperative QOD-NS≤5.0, whereas only 15.4% of those 

in the olfaction improved/recovered group had a preoperative 

QOD-NS>5.0 (P<0.001) (Figure 1B). 

Patients with preoperative TOCS≤4.5 had a remarkedly higher 

unrecovered rate (87.2%) compared with those with a preope-

rative TOCS>4.5 (46.2%, P<0.001) (Figure 1C). While 65.4% of 

patients had a preoperative TOCS≤4.5 in the unrecovered group, 

19.2% of patients in the improved/recovered group had a pre-

operative TOCS>4.5 (P<0.001) (Figure 1D).

The unrecovered rate of patients with tissue eosinophil 

count≤8.3 was higher (84.2%) than those with a tissue eosinop-

hil count>8.3 (50.0%, P<0.010) (Figure 1E). Besides, 61.5% of 

patients had a tissue eosinophil count≤8.3 in the unrecovered 

group, while 23.1% of patients in the improved/recovered group 

had a tissue eosinophil count>8.3 (P<0.010) (Figure 1F).

These data suggest that improved/recovered olfaction is asso-

ciated with increased preoperative QOD-NS, preoperative TOCS 

and tissue eosinophil count.

Establishment of a predictive model for unrecovered olfac-

tory function of CRSwNP patients

Based on the method of a previous report (23,24), each risk factor 

(QOD-NS, TOCS and eosinophil count) was given a scoring point 

according to the β value (Table S3). A scoring system of the 

predictive model (QTE), with scores ranging from 0–4 (with 0=no 

risk and 4=high risk), was established to predict the unrecovered 

olfactory function in CRSwNP patients with OD post-ESS.

The AUC for the QTE system was 0.845, which was not signi-

ficantly different from the AUC of the preoperative TDI score 

(Z=0.2, P=0.874) (Figure 2A), suggesting that the QTE system has 

a similar predictive capability to preoperative TDI score. Based 

on the Youden index, the optimal cutoff point of the QTE system 

was determined to be≥2.0, with a sensitivity and specificity 

of 82.7% and 80.8%, respectively. Employing the QTE system, 

89.6% of the patients with score≥2.0 were identified as having 

unrecovered olfactory function post-ESS (P<0.001) (Figure 2B). 

These data demonstrate that the QTE system possesses a capa-

Figure 2. The predictive models for CRSwNP patients with unrecovered olfactory function after ESS. (A) ROC curves for QTE system and preoperative TDI 

score; (B) The rates of unrecovered olfaction and improved/recovered olfaction in different groups for the QTE system. The numbers in the columns rep-

resent the percentage of patients in each group. ***P < 0.001. Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; ROC, receiver operating 

characteristic; QTE, negative statements portion of the questionnaire for olfactory disorders, total olfactory cleft score and eosinophil; TDI, threshold-

discrimination-identification; ESS, endoscopic sinus surgery.
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bility comparable to the TDI score for predicting unrecovered 

olfaction in CRSwNP patients with OD who underwent ESS. 

Discussion
The present study revealed that low levels of QOD-NS, TOCS and 

tissue eosinophil count are independent risk factors for unre-

covered olfactory function in CRSwNP patients with OD after a 

6-month-follow-up. We developed a predictive model for early 

identification of unrecovered postoperative olfaction in CRSwNP 

patients with OD. 

In this study, 66.7% of CRSwNP patients who underwent 

ESS were found to have poor prognosis for OD following the 

6-month follow-up. CRSwNP patients with higher preoperative 

TDI score had a greater risk of unrecovered olfactory function, 

consistent with the findings of previous research (6,13,27). Besides, 

we observed that a preoperative TDI score≥13.5 exhibited the 

highly predictive capability for unrecovered olfaction (AUC 

0.836; sensitivity 84.6%; specificity 73.1%). Although the Sniffin’ 

Sticks test is the gold standard for olfaction evaluation, its prac-

ticality is limited in daily clinical practice due to time constraints, 

medical insurance policies and the economic status of patients, 

specifically in China. If preoperative TDI score was unavailable, 

our study demonstrated that decreased QOD-NS (≤5.0), TOCS 

(≤4.5), and tissue eosinophil count (≤8.3) are independent risk 

factors for postoperative unrecovered olfactory function of 

CRSwNP patients. Based on these risk factors, we established a 

predictive model named the QTE system. Previous studies have 

generated biometric predictive models to evaluate olfactory 

recovery post-ESS in CRSwNP patients. These models explained 

70% of the observed variation in postoperative TDI scores 

and correctly classified 76% of patients who attained normal 

olfaction at 6 months (35). No significant difference was observed 

between the ROC curves for the QTE system and the preopera-

tive TDI score (Z=0.2, P=0.874), suggesting that they have similar 

predictive efficacies. Thus, the QTE system could promptly 

identify patients at risk of unrecovered olfactory function and 

facilitate the implementation of active and effective early-stage 

treatment measures, including olfactory training, and biologics. 

Patients with eosinophilic chronic rhinosinusitis (ECRS) usually 

exhibit preoperative OD (29,30), likely due to more severe lesions 

and airflow obstruction in OC (31). In this study, we demonstrated 

that patients with low tissue eosinophil count (≤8.3) may have 

a poor prognosis for postoperative olfaction since the olfactory 

loss of these patients was mainly caused by chronic inflamma-

tory processes rather than conductive factors. For ECRS patients, 

ESS can be performed to remove the edematous mucosa and 

then significantly reduce the inflammatory burden including the 

local eosinophils levels, contributing to improved olfaction (32-34). 

Previous reports indicated that the olfactory function of ECRS 

markedly improved at 3–6 months post-surgery, consistent 

with our findings (9,35). However, only 33.3% of CRSwNP patients 

in our study had improved/recovered olfaction 6 months 

post-operation. Some research showed that tissue eosinop-

hilia indicates unrecovered olfactory function post-ESS (7,34,36), 

possibly due to the different follow-up periods (3–24 months). 

Oka et al. found that olfactory dysfunction in ECRS showed 

transient improvement but deteriorated over time post-surgery 

(≥12 months post-surgery) (37), possibly due to the higher recur-

rence rate of ECRS (29,38). In addition to the different follow-up 

times and recurrence status, differences in methods of olfactory 

function evaluation, definition of olfactory outcome and sites 

of obtained specimens also account for the inconsistent results. 

In addition to eosinophils, the level of degranulated eosinophil 

proteins such as galectin-10 and eosinophil-derived neurotoxin 

were highly associated with OD in CRS patients. Detecting these 

proteins may be more effective for reflecting the degree of eosi-

nophilic inflammation and severity of OD. Thus, further research 

is warranted to explore the relationship between degranulated 

eosinophil proteins and olfactory dysfunction. 

QOD-NS has been confirmed as a valid and reliable parameter 

for assessing olfaction-specific quality of life. A higher score re-

flects worse olfactory-specific quality of life and poorer olfactory 

function (20). Our study showed that patients with low QOD-NS 

scores (≤5.0) have a higher risk of unrecovered olfaction, con-

sistent with a previous finding that CRS patients with relatively 

better baseline olfaction may have worse olfactory outcomes 

post-surgery (39). These patients often only have mild olfactory 

impairment, resulting in minimal alterations between pre-

operative and postoperative TDI score. Zhang et al. found that 

the disease course of self-reported smell loss in the recovered 

group was significantly shorter than in those with unrecovered 

olfactory function, indicating that long-term inflammation in 

the OC may lead to neurological necrosis (8). Consequently, early 

detection and intervention are crucial, as these patients could 

benefit significantly from surgery. 

TOCS reflects the extent of OC opacification and is correlated 

with objective measures of olfaction in patients with CRS (40). 

Recently, TOCS was found to be more sensitive in reflecting 

olfactory function than the Lund-Mackay score (41). In this study, 

we found that patients with lower TOCS (≤4.5) may have limited 

olfaction improvement post-ESS. Patients with lower TOCS often 

have sensorineural but less conductive olfactory loss, making 

them less likely to benefit from the surgery. Kim et al. held a 

contradictory view that the recovery rate was much higher in 

patients with mild TOCS (21). Another study demonstrated that 

patients with highly opacified anterior ethmoid benefited from 

ESS, which was consistent with our results (14). This discrepancy 

may be due to the different definitions of recovered olfactory 

function. 

Systemic GCs are one of the main treatments for CRS patients 

with OD (17). Systemic GCs application may reduce mucosa 

edema and scarring as well as suppress inflammation post-ESS. 
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However, the duration of benefit from systemic GCs may be 

limited, and repeated use may lead to adverse events (15,16). A 

randomized, double-blinded, placebo-controlled trial con-

ducted by Wright and Agrawal showed that CRSwNP patients 

receiving perioperative oral GCs had significantly improved 

olfactory function compared with baseline levels at 2- and 

4-weeks post-surgery. However, this therapeutic effect faded 

at 3 and 6 months (42). Another multicentered, randomized, 

placebo-controlled clinical trial implied that administration of 

systemic GCs in CRSwNP patients post-ESS did not confer short-

term or long-term benefits over those of topical steroid nasal 

spray alone with respect to smell scores (43). In this study, the rate 

of patients receiving postoperative oral GCs was not observed 

to be significantly different between the olfaction improved/

recovered and unrecovered group (P=0.089). The prescription 

of oral GCs depended on re-examining the condition at each 

follow-up visit, and the differing courses between the posto-

perative olfactory test and oral GCs treatment probably led to 

this result. Besides, the additional effects of oral GCs may have 

been masked by the strong effect of the surgery. Furthermore, 

long-term inflammation is believed to cause a functional shift 

in olfactory stem cell populations from neuroregeneration to 

immune defense and neuroepithelial remodeling, which is ir-

reversible by oral GCs (44,45). 

This study had some limitations. First, the cohort for this study 

was small. Thus, a multicenter clinical trial with a larger cohort 

is warranted in the future. Second, all the patients in this study 

were from South China; therefore, the generalizability of our 

predictive model needs to be validated in other populations. 

Third, the predictive model established based on QOD-NS, TOCS 

and tissue eosinophil count is designed for olfactory evaluation 

in CRSwNP patients with OD post-ESS and may not apply to OD 

patients before ESS. Fourth, we and others demonstrated that 

patients with lower TDI scores have a higher statistical proba-

bility to improved olfaction (6,46), which may lead to a bias. Since 

some patients have improved TDI but not uncovered olfaction. 

Predictive models for unrecovered olfaction should be studied 

in the future. Fifth, despite the improvement being larger in the 

improved/recovered group, the difference is only 2.5 points. The 

clinically relevant improvement should be further explored in a 

larger cohort.

Conclusion
Olfactory dysfunction is a very common and difficult-to-treat 

symptom of CRSwNP. Our study revealed that lower levels of 

preoperative QOD-NS, TOCS and tissue eosinophil count are 

independent risk factors for short-term unrecovered olfaction 

in CRSwNP patients with OD. The QTE system appears to be a 

useful and convenient predictive model for identifying CRSwNP 

patients at risk of uncovered olfactory function post-surgery. It 

should be helpful for early identification and prompt interven-

tion (olfactory training, GCs and biological therapy) for CRSwNP 

patients with poor prognosis of olfaction.
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the Chinese version of Questionnaire for Olfactory Disorders-Ne-

gative Statements (QOD-NS) preoperatively in order to quantify 

patient perception of olfactory function (5,6). The QOD-NS is 

a validated, olfactory specific QOL survey that consists of 17 

discrete survey items summarized using Likert score responses 

from 0=“disagree” to 3=“agree” (score range:0–51) with higher 

scores indicating worse olfactory impairment (6,7).

Evaluation of olfactory cleft by CT imaging

The preoperative CT images (2.5 mm thickness) were evaluated 

in the axial and coronal planes without contrast enhancement. 

Physicians who analyzed the CT scan results were blind to all the 

grouping information. 

The borders of the olfactory cleft in CT were defined as follows: 

anterior (anterior attachment of the middle turbinate); posterior 

(anterior wall of the sphenoid sinus); medial (nasal septum); and 

lateral borders (middle and superior turbinate). The superior 

border was the skull base, and the inferior border was the 

inferior portion of the middle turbinate. The olfactory cleft was 

divided into anterior and posterior parts by the anterior end 

of the superior turbinate. The anterior and posterior olfactory 

cleft opacifications were graded separately on a scale of 0-4 by 

the ratio of the opacified area to the whole area of the olfactory 

cleft, with 0 (no opacification), 1 (0-25%), 2 (25-50%), 3 (50-75%) 

and 4 (>75%). The total olfactory cleft score (TOCS), which was 

calculated as the sum of the anterior olfactory cleft score and 

the posterior olfactory cleft score, ranged from 0 to 8 (8). 

Statistical analysis 

Statistical analysis was performed by SPSS 25.0 (IBM, Armonk, 

NY, USA). Continuous variables were presented as mean and 

standard deviation when normally distributed or as median and 

interquartile range when not normally distributed. Categorical 

variables were presented as frequencies and percentages. For 

continuous variables, the unpaired t test was used for com-

parison in two groups when the differences were normally 

distributed, and the Mann-Whitney U test for comparison in two 

groups when the differences were not normally distributed. For 

categorical variables, the Chi-square test was used for compa-

rison in groups. Receiver operating characteristic (ROC) curves 

were generated to evaluate the optimal cutoff points for predic-

tors for CRSwNP without olfactory recovery. The area under the 

curve (AUC) for each predictor was calculated. The cutoff points 

for continuous variables were decided according to the maximal 

Youden index. In order to establish the predictive model and 

facilitate the calculation of scores, the quantitative variables 

obtained were converted into dichotomic variables according to 

SUPPLEMENTARY MATERIAL

Subjects

A prospective analysis was performed from Jan. 2023 to Apr. 

2024 in the Third Affiliated Hospital of Sun Yat-Sen University.

Patients diagnosed with CRSwNP based on the current Euro-

pean Position Paper on Rhinosinusitis and Nasal Polyps 2020 

(EPOS 2020) and confirmed as having OD by Sniffin’ Sticks were 

enrolled (1). The atopic status was evaluated with a skin prick test 

using a standard panel of aeroallergens and/or ImmunoCAP 

(Thermo Fisher Scientific, Uppsala, Sweden). Allergic rhinitis (AR) 

was diagnosed based on the concordance between a typical 

history of allergic symptoms and positive atopy test (2). Asthma 

was diagnosed based on Global Initiative for Asthma guide-

line (3). The patients treated with systemic GCs within 1 month 

before surgery and patients receiving biologics, antileukotriene 

Montelukast, antigen immunotherapy, immunosuppressants, or 

antineoplastic drug therapy were also excluded. There was no 

washout period for topical steroids and antibiotics in the study. 

Patients with cystic fibrosis, fungal rhinosinusitis, antrochoanal 

polyps, and upper respiratory airway infections within peri-

operative period and patients with normal olfactory function 

preoperatively were excluded in the current study.

Olfactory testing 

Olfactory function was quantified preoperatively and 6 months 

postoperatively by using an established clinical test (“Sniffin’ 

Sticks”, Burghart Instruments, Wedel, Germany), which evalu-

ated three sensory dimensions of odors comprising olfactory 

threshold, odor discrimination and odor identification. The 

threshold test was performed using dilutions of n-butanol in 

a single-staircase, triple-forced choice procedure. The discri-

mination test used triplets of pens presented in random order 

with two containing the same odorant and the third a different 

odorant. The identification test utilized 16 odorants presented 

at suprathreshold intensity using multiple-choice procedure. 

All subjects were blindfolded to avoid visual identification of 

odorant-containing pens. The olfactory functional diagnosis 

was obtained from the sum of scores in three tests mentioned 

above, named as Threshold, Discrimination and Identification 

(TDI) score, which ranged from 1 to 48 points with higher scores 

indicating superior olfactory performance. Of 16 or less indica-

ted anosmia, values between 16.25 and 30.5 indicated hypos-

mia, and values of 30.75 and more indicated normosmia. In this 

study, we defined OD as TDI<30.75 which included patients with 

hyposmia and anosmia (4).

Patient-reported olfactory function  

The patient-reported olfactory assessment was performed pre-

operatively and postoperatively before Sniffin’ Sticks test using 
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Power is calculated using PASS (version 15) with a two-tailed α value of 0.05. N1 indicates improved/recovered group, N2 indicates unrecovered group, 

P1 and P2 indicates the relative proportion of variables in each group.

Table S1. Power value for each parameter in the study.

the cutoff points for each variable (9). The risk variables iden-

tified by univariate logistic regressions were conducted into 

multiple logistic regression models by the methods of stepwise 

regression. Multivariate logistic regression analysis was used 

to assess the relationship between risk variables and CRSwNP 

without olfactory recovery. The partial regression coefficient (β), 

odds ratio (OR) and 95% CI were calculated for each variable. 

The risk variable of smallest β was counted as a reference, and 

given a value of “1”. The score of other variables was obtained 

by dividing their β value by β of the reference variable to form a 

prediction model (10,11). The sample size for the logistic regression 

models was determined on a minimum of about 10 events per 

explanatory variable (9,12). Power analysis was conducted using 

PASS (version 15) to calculate sample size needed in the current 

study. All statistical tests were two-sided, and a P value < 0.05 

was considered statistically significant.

Variables N1 N2 P1 P2 Power

Preoperative QOD-NS ≤5.0 26 52 15.4% 59.6% 1.0

Preoperative TOCS ≤4.5 26 52 19.2% 65.4% 1.0

Tissue EOS ≤8.3 26 52 23.1% 61.5% 0.9

Tissue NEU ≤ 0.3 26 52 26.9% 53.8% 0.7

Table S2. The endotype characteristics between CRSwNP with improved/recovered and unrecovered olfactory function.

Parameters Improved/recovered (26, 33.3%) Unrecovered (52, 66.7%) P value

Type 2 CRSwNP, n (%) 18 (69.2%) 20 (38.5%) 0.010

Non-Type 2 CRSwNP, n (%) 8 (30.8%) 32 (61.5%)

Type 2 CRSwNP is determined by the number of eosinophils (>10/HPF, 400×) according to EPOS 2020. Abbreviations: CRSwNP, chronic rhinosinusitis 

with nasal polyps; HPF, high power field.

Table S3. Scoring system of predictive model for CRSwNP patients with 

uncovered olfactory function.

Factors Points

Preoperative QOD-NS 

≤5.0 2.0

>5.0 0.0

Preoperative TOCS

≤4.5 1.0

>4.5 0.0

Tissue EOS count

≤8.3 1.0

>8.3 0.0

Abbreviations: CRSwNP, chronic rhinosinusitis with nasal polyps; QOD-

NS, negative statements portion of the questionnaire for olfactory disor-

ders; TOCS, total olfactory cleft score; EOS, eosinophil.
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Figure S1. Flow diagram of the study design. Abbreviations: ESS, endoscopic sinus surgery; CRSsNP, chronic rhinosinusitis without nasal polyps; 

CRSwNP, chronic rhinosinusitis with nasal polyps; CT, computed tomography.

Figure S2. The postoperative unrecovered status of hyposmic and 

anosmic CRSwNP patients. The numbers in the columns represent the 

percentage of patients in each group. *P < 0.05. Abbreviations: CRSwNP, 

chronic rhinosinusitis with nasal polyps; TDI, threshold-discrimination-

identification.
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Figure S3. Risk factors associated with unrecovered olfaction in CRSwNP patients in the predictive model. Abbreviations: CRSwNP, chronic rhinosinusitis 

with nasal polyps; OR, odds ratio; CI, confidence interval; QOD-NS, negative statements portion of the questionnaire for olfactory disorders; TOCS, total 

olfactory cleft score; EOS, eosinophil.
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