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Abstract

Background: Measuring control in Chronic Rhinosinusitis (CRS) is important in clinical evaluation. We developed and validated 2
new tests for the evaluation of control in CRS, the 6-item CRS Control Test (CCT) and the 14-item CRS Patient Control Test (CPCT)
and investigated their correlations with existing tools.

Methods: An international survey was conducted in 1,102 CRS patients in 19 centres in 7 countries using a questionnaire inclu-
ding the newly developed CCT and CPCT, VAS scores for CRS severity and control, the EPOS control test (EPOSCT), the Sino-Nasal
Outcome Test 22 (SNOT-22) and the Patient Global Assessment Tool (PGAT). We evaluated convergent and discriminative validity,
internal consistency and cross-cultural validity. Furthermore, we performed an Item Response Theory (IRT) analysis and deter-
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mined cut-off points for CCT and CPCT. Sub-analyses were performed for CRS patients with and without nasal polyps.

Results: Both CCT (0-24) and CPCT (0-56) demonstrated a high correlation with SNOT-22 and the PGAT. Moderate correlations
were observed for all other comparisons. Both tests showed good internal consistency, discriminative validity and cross-cultural
validity. We propose for CCT <15 to indicate uncontrolled, 16-19 partially controlled, and >20 well controlled disease. For the CPCT

we propose >22 for uncontrolled, 13-21 for partially controlled and <12 for well controlled disease.
Conclusion: The brief CCT and the longer CPCT are new CRS control tests that show moderate to high correlations with existing

tools. Both instruments demonstrated good psychometric properties and therefore can be recommended for use in clinical prac-

tice and research.
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Introduction

Disease control tools have been developed for several chronic
respiratory conditions, such as asthma %), COPD “9, CRS " and
respiratory allergy ®, and implemented in practice ©'%. The aims
of evaluating disease control for inflammatory conditions are
ample: disease burden assessment, outcomes treatment, and to
guide further therapeutic approaches 1%,

Since the introduction of CRS control in the 2012 EPOS docu-
ment 7, its measurement has been fundamental ¢'”. The EPOS
control test (EPOSCT), incorporating the EPOS criteria, includes
patients’ symptoms, nasal endoscopic findings and rescue
medication use, items thought to be most important in recent
literature 7. Parallel to this initiative an 8-item control test was
developed: the Chronic Rhinosinusitis Control Test (CRCT) 8.
CRS control is not measured consistently within rhinology
clinics. A visual analogue scale (VAS) for total or individual
sinonasal symptoms, or the SNOT-22 questionnaire, have been
proposed. Both are validated tools that correlate strongly with
the EPOS criteria %29, VAS scores above 3.5 to 5 on a scale of 10
demonstrate strong correlation with the EPOS symptom des-
criptors discriminating uncontrolled disease 92?2, Studies have
demonstrated strong correlations (r>0.8) between individual
SNOT-22 items and corresponding VAS scores for patients, sug-
gesting that VAS reliably reflects disease control %23, Moreover,
global patient-reported control assessments show significant
associations with quality-of-life (QoL) scores @4,

The EUFOREA expert panel of CRS/EPOS agreed on the defi-
nition of disease states in CRS " including control, remission,
cure, recurrence/exacerbation, treatable traits, remodelling,
progression and disease modification, aimed to harmonise
terminology across clinical care, research and guidelines.
Disease severity refers to the underlying inflammatory burden,
irrespective of symptom control or treatment response, typically
assessed through imaging ®, endoscopic grading, and im-
munologic profiling, including eosinophilic markers 29, Pheno-
typing systems such as the Japanese Epidemiological Survey of
Refractory Eosinophilic Chronic Rhinosinusitis (JESREC) integrate
CT findings, peripheral eosinophilia (>10%) and comorbidities
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to stratify patients into severity classes predictive of recurrence
and treatment escalation needs @, Patient-reported outcomes
(PROM:s), such as total SNOT-22 scores, also contribute to seve-
rity stratification ?®. Integrating PROMs with endoscopy, imaging
and immunologic data supports personalised CRS management
and therapeutic decision-making.

The development of a new PROM that reliably captures patient-
perceived disease control in routine clinical settings underlies
the current initiative. Two new tests have been developed by
EUFOREA and validated with several existing tools for the evalu-
ation of severity and control.

Methodology

Study population

Patients over the age of 18 giving consent, being diagnosed
with CRS with or without nasal polyps according to the EPOS
criteria and native speakers matching the language of the
questionnaire validated at their centre were asked to participate.
Those who had undergone sinus surgery within the last three
months were excluded.

Data collection

Data was collected using CASTOR EDC @, All data and protocols
were stored in a secured digital environment with controlled
access. Each physician who wished to upload data from their
respective centre received a unique username and password,
which necessitated a two-step authentication process to access
CASTOR.

Study design

A Case Report Form (CRF) was developed including the fol-
lowing: severity and control VAS, the EPOS criteria, the CCT, the
CPCT, the SNOT-22, and clinical characteristics. Details in the
supplement.

Questionnaires were translated into 6 target languages (inclu-
ding English, Spanish, Dutch, Italian, Romanian and Greek) by
professional medical translation experts. Each translation was
reviewed by a local panel consisting of three native-speaking



physicians with expertise in the respective field to assess
semantic, conceptual and contextual equivalence. Each group
proposed culturally appropriate adaptations to ensure both
scientific accuracy and clinical relevance.

A pilot test was conducted across all language versions to
evaluate comprehension and the clarity of the content. In each
language group, 5 CRS patients completed the questionnaires
and provided structured feedback on the clarity and readability
of the items, as well as suggestions for improvement. Minor
adjustments were made where deemed necessary.

To assess the test-retest reliability of the questionnaire, separate
reproducibility studies were carried out, with 15 CRS patients
per language. Each participant completed the questionnaires
during three separate visits, with a spacing of 7 to 10 days in
between.

Finally, a large-scale validation study with more than 1100
patients was performed to evaluate construct and intercultural
validity, internal consistency and cut-off points.

The centres that were invited to support the questionnaire
validation and patient recruitment were selected based on

the following criteria: academic excellence and presence of a
specialized clinic receiving patients who meet the inclusion
criteria. Included in the questionnaire were questions that were
answered by the health care professionals (HCP) on the severity
and control of the patients CRS from the physicians’ perspective
(using VAS), the phenotype and the EPOSCT (without nasal
endoscopy) (EPOSCT by HCP). The data were collected over a
period of six months.

We evaluated the test-retest properties, construct validity, struc-
tural validity, internal consistency and cross-cultural validity of
the CCT (recall time of 4 weeks) and of the CPCT (recall time of
7 days). Construct validity was assessed by correlating the tests
with the EPOSCT and patient-reported CRS control of symptoms
(VAS) and total symptom severity (VAS). We also evaluated cor-
relations between the reported CRS control vs severity for both
patients and HCP.

The development and evaluation of the instruments adhered to
the COSMIN methodology for assessing content validity, struc-
tural validity, and internal consistency ¢33,

To evaluate the item-level psychometric properties of the ques-
tionnaires an Item Response Theory (IRT) analysis was perfor-
med for CCT and CPCT.

Finally, cut-off points were determined for CCT and CPCT with
the EPOSCT as anchor.

The study was approved by the ethical committee of Uni-
versity Hospital Leuven (Protocol $68027, ClinicalTrials.gov
NCT06970977, Belgian registration number B3222024001459)
and local ethical committees of the other centres involved.

All methods were performed in accordance with the relevant
guidelines and regulations of the Declaration of Helsinki. All
participants provided written informed consent.

Newly developed instruments

CRS Control Test (CCT)

Experts from the EUFOREA/EPOS working group (n = 16) pro-
posed a questionnaire to measure control of CRS. The develop-
ment involved structured consensus rounds among internati-
onal experts from Belgium, Denmark, Germany, Greece, Italy,
the Netherlands, Romania, Spain, the UK, and the United States,
aligned with COSMIN recommendations, incorporating iterative
expert review informed by existing literature and clinical practi-
ce. Consensus was defined as unanimous agreement on content
and structure, achieved after two physical meetings.

The CCT consists of six questions with a range from 0 (meaning
worst situation) to 4 (meaning best situation) assessing the im-
pact of CRS symptoms on Qol, sleep and daily activities, rescue
medication use, and overall perceived disease control, with

a four-week recall period reflecting routine clinical follow-up
intervals (Figure 1). The CCT ranges from 0 to 24.

CRS Patient Control Test (CPCT)

The CPCT followed the US Food and Drug Administration
guidance for PRO measure development and understanding
the patient experience ®4* and was conducted in two stages: 1)
A draft version with 19 items was developed based on a target
literature 72111517 review input from EUFOREA/EPOS experts,
and feedback from 18 patients with a physician’s diagnosis of
CRSWNP (n =9) or CRSsNP (n = 9) during concept elicitation
interviews, 2) The draft tool was further tested and refined
through two iterative rounds (8 individuals with CRS per round)
of cognitive debriefing interviews to support its content validity,
including instructions, items, response options, and recall
period.

The CPCT consists of 16 items (score 0-4) with a 7-day recall
period (following FDA recommendations) assessing severity and
frequency of cardinal CRS symptoms, impact on daily activities
and mood, use of nasal corticosteroids, a global VAS question,
and an open-ended question on the most bothersome symp-
tom. All items except the global VAS and open question were
summed to generate a total CPCT score consisting of 14 items
(Figure 2).

Reference instruments

Patients’ severity and control

Patients rated perceived overall disease severity (VAS-severity
by patient) and control (VAS-control by patient) on a VAS scale
anchors ranged from “Not controlled at all” to “Completely con-
trolled” and from “Not severe at all” to “Extremely severe”.

HCP questionnaire

HCP, usually otolaryngologists, assessed patients” CRS seve-

rity (VAS-severity by HCP) and control (VAS-control by HCP),
phenotype (CRSWNP/CRSsNP), in- and exclusion criteria and the
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CRS Control Test (CCT) m@m
£

Please, answer the following questions

During the last 4 weeks, how much of the time has your Chronic rhinosinusitis
(CRS) kept you from getting as much done at work, school or home?

All of the time Most of the time Some of the time Alittle of the time None of the time

0 1 2 3 4

During the last 4 weeks, to what extent have your CRS symptoms (loss of
smell (anosmia)/nasal congestion/facial pain or pressure/nasal drip or
posterior discharge) been bothersome?

Extremely

0 1 2 3 4

Severely Moderately Slightly Not at all

During the last 4 weeks, how often have your symptoms woken you up at
night or earlier than usual in the morning?

.4ormore 23 nights Once a week Once or twice Not at all
nights a week aweek

During the last 4 weeks, how often have you used oral/injection
CORTICOSTEROIDS treatment on top of the long-term nasal therapy?

Continuous
oral/injection treatment

0

One/two-week
course/treatment

2 4

Not at all

During the last 4 weeks, how often have you used oral/injection ANTIBIOTICS
treatment on top of the long-term nasal therapy?

Continuous
oral/injection treatment

One/two-week
course/treatment

Not at all

How would you rate your disease control during the last 4 weeks?
Not controlled Poorly Somewhat Wwell Completely
atall controlled controlled controlled controlled

www.eufo rea.org

Figure 1. CRS Control Test (CCT).

EPOSCT (EPOSCT by HCP).

SNOT-22

The SNOT-22 is a validated PROM evaluating symptom burden
and QoL in CRS, with scores ranging from 0 to 110, higher scores
indicating greater burden ©637),

EPQS Control Test (EPOSCT)

The EPOSCT consisted of the EPOS criteria on CRS control in
which patients (EPOSCT by patient) and HCP (EPOSCT by HCP)
were asked to answer whether the symptoms of blocked nose,
runny nose/secretion in the back of the throat, pain/pressure
in the face/headache, smell reduction/loss, sleep disturbance/
fatigue were present, whether the patient needed rescue me-
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dication (oral corticosteroids, antibiotics) in the past 6 months
8. Endoscopy was excluded, and both versions were identical
except for lay language in the patient-reported form.

Patient Global Assessment Tool (PGAT)

Patients rated overall sinonasal symptom severity over the
preceding week on a 4-point Likert scale from “No symptoms” to
“Severe”. Figure S1 shows a copy of the questionnaire.

Statistical analyses

Qualitative data were described using frequency and percen-
tage. Quantitative data were summarised using mean and
standard deviation, or median and interquartile range if serious
deviations from the normal distribution were noted.
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CRS Patient Control Test (CPCT) au%u

Please select one answer to each of the following questions thinking about how your
sinusitis (sometimes called “chronic rhinosinusitis”) has been during the past 7 days.

1. During the past 7 days, how would you rate the severity of your nasal

congestion (stuffy nose)?

0 None 1 Mild 2

Moderate

Very Severe

3 Severe 4

2. During the past 7 days, how often did you have nasal congestion (stuffy nose)?

0 Never 1 Rarely 2

Sometimes | 3 Often 4 Abways

3. During the past 7 days, how would you rate the severity of your runny nose?

0 None 1 Mild 2

Moderate

3 Severe 4

Very Severe

4. During the past 7 days, how often did you have a runny nose?

0 Never 1 Rarely 2

Sometimes 3 Often 4 Always

5. During the past 7 days, how would you rate the severity of your facial pressure?

0 None 1 Mild 2

Moderate

3 Severe 4

Very Severe

6. During the past 7 days, how often did you have facial pressure?

0 Never 1 Rarely 2

Sometimes | 3 Often 4 Always

7. During the past 7 days, how would you rate the severity of your loss of smell?

O None 1 Mild 2

Moderate

3 Severe 4

Very Severe

8. During the past 7 days, how often did you have loss of smell?

0 Never 1 Rarely 2

Sometimes

3 Often 4 Always

9. During the past 7 days, how would you rate the severity of your postnasal drip
(dripping from your nose down the back of your throat)?

0 None 1 Mild 2

www.euforea.org

Figure 2A. CRS Patient Control Test (CPCT).

Test-retest reliability, construct validity, internal consistency, and
cross-cultural validity, were evaluated using SAS 9.4 for Win-
dows. All tests and confidence intervals are two-sided and as-
sessed at a significance level of 5%. Full details of the statistical
methodology are provided in the supplementary material. The
dataset and the Statistical Analysis Plan are available on request.
The area under the ROC curve (AUC) values (95% confidence
intervals) were calculated to assess the overall discriminative
performance of each instrument. Optimal cut-off values were
determined based on the Youden index (sensitivity + specificity
— 1), calculated across all possible thresholds. Sensitivity and
specificity were evaluated for each cut-off point, and the cor-
responding Youden indices were utilised to identify the optimal
thresholds with a minimal specificity of 80% to prevent overdi-

Moderate 3 Severe 4

Very Severe

agnosis. Analyses were conducted for the total CRS population
and stratified by phenotype (CRSWNP and CRSsNP) to evaluate
the consistency of the results across subgroups using IBM SPSS
Statistics. In a post-hoc analysis, an Item Response Theory (IRT)
analysis was performed on both CCT and CPCT to evaluate their
item-level psychometric properties (details in the supplement).

Results

A total of 1102 patients were included (344 CRSsNP, 751
CRSwWNP, 7 unknown) from 19 hospitals in 7 countries (Table 1a).
Of these, 1091 and 1094 patients completed the CCT and CPCT,
respectively. Patient characteristics and questionnaires are sum-
marised in Tables 1a and 1b.

Rhinology Vol 64, No 6, December 2026
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CRS Patient Control Test (CPCT) Eu%u

10. During the past 7 days, how often did you have postnasal drip (dripping from
your nose down the back of your throat)?

0 Never 1 Rarely 2 Sometimes 3 Often 4 Always

11. During the past 7 days, how much did your sinusitis interfere with your daily
activities?

0 Not at all 1 Alittle 2 Moderately 3 Alot 4 Extremely

12. During the past 7 days, how often did your sinusitis interfere with your daily
activities?

o Never 1 Rarely 2 Sometimes 3 Often 4 Always

13. During the past 7 days, how much did your sinusitis affect your mood or
emotions?

0 Notatall | ] Alittle 2 | Woderztey | 3 Alot 4 exemey

14. During the past 7 days, how often did your sinusitis affect your mood or
emotions?

O Never 1 Rarely 2 Sometimes 3 Often 4 Always
15. What bothers you most about your CRS?

16. How bad are your CRS symptoms at the moment?

0

L
|
Not bad at all

www.euforea.org

Figure 2B. CRS Patient Control Test (CPCT).

CRS control test (CCT)

Test-retest results for CCT scores are shown in supplementary
table S1a and indicate very good reliability. In addition, the
Bland-Altman limits of agreement indicate that differences
between test-retest measurements can be expected to lie
between -4 and 4.

In the main study, 1091 patients completed the CCT question-
naire with mean value 22.2 (SD=5.3).

For convergent validity, correlation coefficients were found to
be at least as high as specified a priori for VAS-Control by HCP
(0.518, a priori +M), VAS-Severity by HCP (-0.568, a priori -M),
PGAT (0.769, a priori -H) and SNOT-22 (-0.778, a priori -H) (see
Figure 3a, Table S2a). Both VAS scores by patient, and EPOSCT by
HCP and by patient were expected to be high but were found
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Extremely bad

(S}

to be moderate (Figure 3b). The correlation with PGAT and
SNOT-22 was found to be >0.7 (as expected). When evaluating
CRSWNP and CRSsNP separately, correlations were found to be
similar for the CRSWNP group, but lower in the CRSsNP group
(see data in supplement).

The CCT showed good discrimination between groups when
compared to a priori defined groups for severity and control

as assessed by both HCP and patient, the EPOS criteria by both
HCP and patient, the PGAT and the SNOT-22 (see figure 4), data
in supplement.

The internal consistency of CCT was good with a Cronbach's a
for total population of 0.81 ranging from 0.73 in the USA to 0.86
in Romania.

Although DIF analyses for the CCT identified statistically signi-
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Figure 3. Correlations between tools. a. Correlation between CCT and SNOT-22 (Upper left), b. Correlations between CCT and VAS-control by patient

(Upper right), c. Correlations between CPCT and the SNOT-22 (Lower left), d. Correlations between CPCT and VAS-control by patient (Lower right).

ficant differences between countries, the magnitude was small,
with absolute differences in predicted item scores below clini-
cally meaningful thresholds. Visual plots inspection confirmed
minimal deviation across countries, supporting the cross-cultu-
ral equivalence of the instruments.

The AUC for CCT using EPOS-defined controlled disease (EPOS-
control test=0) was 0.89 (95% Cl 0.87, 0.91), with AUC 0.89 (95%
Cl10.85,0.93) for CRSsNP and 0.88 (95% Cl 0.86, 0.91) for CRSWNP.
The optimal CCT cut-off was 20 for the total CRS population, 19
for CRSsNP and 20 for CRSwNP.

For uncontrolled disease the AUC for CCT using EPOS-defined
uncontrolled disease was 0.87 (95% Cl 0.85, 0.89), with AUC 0.85
(95% Cl1 0.80, 0.89) for CRSsNP and 0.88 (95% Cl 0.86, 0.90) for
CRSwWNP. The optimal CCT cut-off was 16 for the total CRS popu-
lation, with 15 for CRSsNP and 17 for CRSwWNP.

Post-hoc IRT analyses supported retention of all six items of the
CCT while clarifying that the total score reflects both general
disease control and treatment-related severity. For further de-
tails see the supplementary material.

CRS patient control test (CPCT)

Test-retest results for CPCT scores are shown in supplementary
table S1b and indicate good reliability for all languages (all ICC >
0.77), except for Romanian. In addition, the Bland-Altman limits
of agreement indicate that differences between test-retest mea-
surements can be expected to lie between -15 and 15.

In the main study, 1094 patients completed the CPCT question-

naire with mean value 21.3 (SD=13.2).

For convergent validity, correlation coefficients were found to be
at least as high as specified a priori for VAS-Severity by patient
(0.739, a prior +H), EPOSCT by patient (-0.739, a priori -H), PGAT
(0.836, a priori +H) and SNOT-22 (0.834, a priori +H) (see Figure
3c and Figure 3d). Correlations with VAS-Control by HCP and

by patient, VAS-Severity by HCP and EPOSCT by HCP were all
expected to be high but were found to be moderate instead.
When evaluating CRSWNP and CRSsNP separately, correlations
were found to be similar for the CRSWNP group, but lower in the
CRSsNP group.

The CPCT showed good discrimination between groups when
compared to a priori defined groups for severity and control as
assessed by both HCP and patient, the EPOS criteria as assessed
by both HCP and patient, the PGAT and the SNOT-22 (Figure 5,
Table S2b).

The internal consistency of CPCT was excellent with a Cron-
bach's a for total population of 0.94 ranging from 0.91 in the
Belgium to 0.95 in Italy.

For cross-cultural validity, cultural differences for all items were
statistically significant (p<0.0001) except for severity and fre-
quency of effect on mood (p>0.7). Nevertheless, examinations
of plots reveal actual differences are low between countries/
languages. Also, DIF analyses for the CPCT identified statistically
significant differences between countries, but the magnitude
was small, with absolute differences in predicted item scores
below clinically meaningful thresholds. Visual plots inspection

Rhinology Vol 64, No 6, December 2026
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Figure 5. Discriminative Validity of the CPCT.

confirmed minimal deviation across countries, supporting the C10.84, 0.93) for CRSsNP and 0.92 (95% Cl 0.90, 0.94) for CRSWNP.
cross-cultural equivalence of the instruments. The optimal CPCT cut-off was 12 for the total CRS population, 12
The AUC for CPCT using EPOS-defined controlled disease (EPOS-  for CRSsNP and 14 for CRSWNP.

control test=0) was 0.91 (95% Cl 0.89, 0.93), with AUC 0.88(95% For uncontrolled disease the AUC for CPCT using EPOS-defined
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Table 1a. CRS Patient characteristics.

Characteristics

New control CRS test

Total study population
N=1102

Country (n=1102) (Missing data = 0)
Spain
Italy
Romania
United States
Belgium
Netherlands
Greece
Phenotype (n=1095) (Missing data = 7)
CRSsNP
CRSWNP
Age (years) (n=1080)
Gender (n=1098) (Missing data = 4)
Male

Female

Exposure to irritants, gases, dust or chemicals (n=1073) (Missing data = 29)

Tobacco (n=1096) (Missing data = 6)
Never smoked
Past smoker (Stopped > 6 months ago)
Ex-smoker (Stopped < 6 months ago)
Current smoker
Alcohol (n=1095) (Missing data = 7)
Never
Occasional consumption
Daily consumption
Recreational drugs (n=1094) (Missing data = 8)
Marijuana
Cocaine
Number of years with sinus symptoms (years) (n=1044)
Sinus surgery (n=1081) (Missing data = 21)
No surgery
1 surgery
2 to 3 surgeries
4 to 5 surgeries
More than 5 surgeries
Patients with allergy / any sensitisation (n=1095) (Missing data = 7)
Sensitisation to:
House dust mites (n=1091) (Missing data=11)
Pollen (n=1092) (Missing data = 10)
Animals (n=1088) (Missing data = 14)
Other (n=1088) (Missing data = 8)
Asthma diagnosis (n=1094) (Missing data = 8)

Duration of asthma (years) (n=437)

n (%)
372 (33.8%)
229 (20.8%)
200 (18.1%)

109 (9.9%)
78 (7.1%)
71 (6.4%)
43 (3.9%)

n (%)
344 (31.4%)
751 (68.6%)

Mean (SD) 50.1 (16.1)

n (%)
558 (50.8%)
540 (49.2%)
185 (17.2%)

n (%)
848 (77.4%)

97 (8.9%)
29 (2.6%)
122 (11.1%)

n (%)
583 (53.2%)
459 (41.9%)

53 (4.8%)

n (%)

25 (2.3%)
6 (0.5%)
Mean (SD) 15.91 (14.24)
n (%)
548 (50.7%)
224 (20.7%)
225 (20.8%)
49 (4.5%)
35 (3.2%)
634 (57.9%)
n (%)
438 (40.1%)
437 (40.0%)
261 (24.0%)
150 (13.8%)
463 (42.3%)
Mean (SD) 18.85 (14.88)
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Characteristics

Total study population
N=1102

Asthma exacerbations in previous year * (n=456) (Missing data = 7)
None
1 exacerbation
2 to 3 exacerbations
4 to 5 exacerbations

More than 5 exacerbations

Hospitalisations for asthma in previous year * (n=464) (Missing data = 638)

None
1 hospitalisation
2 to 3 hospitalisations
4 to 5 hospitalisations
More than 5 hospitalisations
COPD (n=1088) (Missing data = 14)
History of Aspirin Intolerance (n=1084) (Missing data = 18)

Use of medication for sinus disease within the last 3 months (n=1100) (Missing data = 2)

Nasal irrigation with salt water (n=1100) (Missing data = 2)

Nasal spray/drops (n=1100) (Missing data = 2)

Oral treatment (n=1100) (Missing data = 2)
Corticosteroids (n=1096) (Missing data = 6)
Antibiotics (n=1096) (Missing data = 6)
Antihistamines (n=1096) (Missing data = 6)

Injection treatment (n=1100) (Missing data = 2)
Corticosteroids (n=1095) (Missing data = 7)
Antibiotics (n=1095) (Missing data = 7)
Biologics (n=1095) (Missing data = 7)

Other treatment (n=1102) (Missing data = 0)

n (%)
315 (69.1%)
50 (11.0%)
52 (11.4%)
14 (3.1%)
25 (5.5%)
n (%)
411 (88.6%)
25 (5.4%)
14 (3.0%)
6 (1.3%)
8(1.7%)
116 (10.7%)
142 (13.1%)
995 (90.5%)
588 (53.5%)
798 (72.5%)
453 (41.2%)
183 (16.7%)
181 (16.5%)
272 (24.8%)
274 (24.9%)
16 (1.5%)
4 (0.4%)
249 (22.7%)
33 (3.0%)

* Numbers extracted from the total number of patients with a positive asthma diagnosis

uncontrolled disease was 0.90 (95% Cl 0.89, 0.92), with AUC 0.90
(95% C1 0.86, 0.93) for CRSsNP and 0.91 (95% Cl 0.89, 0.93) for
CRSWNP. The optimal CPCT cutoff for uncontrolled CRS (total
population), was 22, with 22 for CRSsNP and 20 for CRSwNP.
Post-hoc IRT analyses identified substantial local dependence
between paired severity and frequency items, supporting the
removal of five frequency items to reduce redundancy and im-
prove adherence to model assumptions for further IRT analyses.
Strong evidence for a bifactorial model was found comprising

a factor for general CRS burden factor and a specific factor re-
flecting disease impact and quality of life. For further details see
supplementary material.

Discussion

This multicentre study evaluated two novel CRS control instru-
ments by EUFOREA: CCT and CPCT. The CCT, designed by clinical
experts, includes 6 questions with a recall window of 4 weeks,
mirroring the asthma control test (ACT). The CPCT, develo-
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ped following US FDA PRO guidance and based on in-depth
patients” interviews about the most bothersome symptoms,
includes 14 questions with a recall window of 1 week. Both tools
were compared with standard questionnaires and assessments,
such as the VAS for control and severity, the EPOSCT, the PGAT
and SNOT-22, presenting cut-off points of CCT <15 for uncon-
trolled, 16-19 for partially controlled, >20 for well controlled, and
CPCT =22 for uncontrolled, 13-21 for partially controlled, <12 for
well controlled.

Both instruments showed good correlations with the EPOSCT
and the SNOT-22 and moderate to good correlations with other
tools. The discriminative validity was good for both.

Parallel to these two tests another test assessing CRS control
was recently developed '®. This 8-item CRCT was only validated
in English in 545 patients (CRSsNP 70%) visiting the rhinology
clinics at the University of Cincinnati, with a recall period of 1
month for symptoms and 3 months for (only) oral corticoste-
roid use. The 6-item CCT and 14-item CPCT were validated in



Table 1b. Descriptive statistics.

New control CRS test

PROM/Tool Total group CRSsNP (me- CRSwNP (me- Total group CRSsNP CRSWNP
(median dian dian (mean (s.d.)) (mean (s.d.)) (mean (s.d.))
(Q1;Q3)) (Q1;Q3)) (Q1;Q3))

cCcT 17.0(12.0;21.0) 15.0(12.0;20.0) 18.0(13.0;21.0) 16.2(5.3) 15.5(5.0) 16.5(5.4)
CPCT 20.0(11.0;31.0) 21.0(12.0;30.0) 19.0(10.0;31.0) 21.3(13.2) 21.3(12.1) 21.3(13.7)
VAS-Severity by HCP 4.8(2.1;6.8) 49(2.7;6.4) 4.8(1.9;7.2) 4.6 (2.8) 46 (2.3) 4.6(2.9)
VAS-Control by HCP 5.8(3.1;8.1) 5.2(3.3;7.6) 6.4(3.0;8.2) 5.5(2.8) 5.3(2.5) 5.7 (3.0
VAS-Severity by Patient 5.5 (2.4;7.3) 5.8(3.7;7.2) 52(1.9;7.4) 5.0 (2.9) 5.4 (2.4) 4.8 (3.0)
VAS-Control by Patient 5.9 (3.3; 8.0) 5.3(3.4;,7.3) 6.4 (3.2;8.3) 5.6 (2.8) 5.3 (2.5) 5.8 (2.9)
SNOT-22 33.0(18.0;56.0) 38.0(20.0;56.0) 32.0(17.0;57.0) 38.0(25.0) 39.5(23.0) 37.3(25.9)
PROM/Tool Uncontrolled (n/N (%)) Partly controlled (n/N (%)) Controlled (n/N (%))
Phenotype CRSsNP CRSWNP CRSsNP CRSWNP CRSsNP CRSWNP
EPOSCT by HCP 160/341 321/736 137/341 228/736 44/341 187/736

(46.92%) (43.61%) (40.18%) (30.98%) (12.90%) (25.41%)
EPOSCT by patient 191/332 361/736 92/332 228/736 49/332 147/736

(57.53%) (49.05%) (27.71%) (30.98%) (14.76%) (19.97%)
PROM/Tool No symptoms (n/N (%)) Mild (n/N (%)) Moderate (n/N (%)) Severe (n/N (%))
Phenotype CRSWNP CRSsNP CRSWNP CRSsNP CRSwWNP CRSsNP  CRSwNP
PGAT 35/343 102/752 126/343 295/752 119/343 195/752 63/343 160/752

(10.20%) (13.56%) (36.73%) (39.23%) (34.69%) (25.93%) (18.37%)  (21.28%)

1,102 patients across 19 centres in 7 countries and 6 languages.
The CCT contains questions about oral/injected corticosteroid
and antibiotics use (in the last month). Limitations of our tools
include recruitment from specialised centres, adult-only popula-
tion, predominance of CRSWNP, and lack of MCID values. Future
work should assess real-world differences between the tests,
validation of cut-off points in different populations, the ideal
recall period which probably depends exact goal of the control
test and implementation in daily practice 9.

Of note, some users apparently did not understand the VAS
question about control, with low scores despite the absence of
severe symptoms. This might be a reason to use other measures
to evaluate control, or to educate users better on the use of VAS.
Furthermore, for the CPCT, the post hoc IRT analysis showed
substantial local dependence between paired severity and
frequency items, thus supporting the removal of e.g. the five
frequency items from the questionnaire in the future to reduce
redundancy. This would result in a more efficient and user-
friendly 9-item version of the instrument. A subsequent analysis
would determine the cut-off values indicating the level of
control applicable.

Conclusions

The brief CCT and the longer CPCT are new CRS control tests
that show good correlation with SNOT-22 scores, good construct
validity, structural validity, internal consistency, discriminative
validity and cross-cultural validity, with CCT being a short, at-
tractive test for clinical use.
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SUPPLEMENTARY MATERIAL

Please choose the response below that best describes the seve-
rity of your sinonasal symptoms over the past week:

No symptoms
Mild
Moderate
Severe

oo0o0o

Figure S1. PGAT.

Table S1a. Test-retest results for CCT scores.

Language [ (117X d)] SEM Bland-Altman Limits oB2 ow2
of Agreement

Dutch 0.914 (0.802, 0.964) 1.6 (-2.51,2.51) 27.1 2.55
Italian 0.892 (0.756, 0.954) 1.8 (-2.86, 2.86) 27 3.27
Spanish 0.784 (0.550, 0.903) 2.05 (-3.30, 3.30) 15.27 4.22
Romanian 0.805 (0.589, 0.914) 1.82 (-4.16,4.16) 13.64 33

English 0.794 (0.569, 0.909) 1.93 (-3.10,3.10) 14.38 3.73
Greek 0.910 (0.794, 0.962) 1.01 (-1.64,1.64) 10.29 1.02

ICC = intraclass correlation coefficient, 95% Cl = 95% confidence intervals, SEM = standard error of measurement, 0,2 = between-subject variance,

0,,2 = within-subject variance. ICC values were interpreted as follows: <0.5 poor, 0.5 - 0.75 moderate, 0.75 - 0.9 good, and >0.9 excellent reliability.

Table S1b. Test-retest results for CPCT scores.

Language 1CC (95% ClI) SEM Bland-Altman Limits oB2 ow2
of Agreement
Dutch 0.886 (0.742,0.951) 4.38 (-6.93,6.93) 148.12 19.16
Italian 0.772 (0.531,0.898) 6.08 (-9.91,9.91) 125.45 36.97
Spanish 0.970 (0.928, 0.988) 2.17 (-3.54,3.54) 153.19 4.72
Romanian 0.573(0.235, 0.788) 7.53 (-15.88, 15.88) 76.26 56.76
English 0.788 (0.558, 0.906) 4.31 (-6.74, 6.74) 69.07 18.57
Greek 0.970 (0.928, 0.988) 1.54 (-2.42,2.42) 48.19 2.39

ICC = intraclass correlation coefficient, 95% Cl = 95% confidence intervals, SEM = standard error of measurement, 0,2 = between-subject variance,

0,,2 = within-subject variance. ICC values were interpreted as follows: <0.5 poor, 0.5 - 0.75 moderate, 0.75 - 0.9 good, and >0.9 excellent reliability.
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Table S2a. Assessment of predefined correlations for the CCT.

CCT - Estimated correlations Correlation coefficient Estimate (95% Cl) A priori hypothesis
with:
VAS-Control by HCP Pearson 0.518 (0.473, 0.560) +M
VAS-Control by Patient Pearson 0.586 (0.546, 0.624) +H
VAS-Severity by HCP Pearson -0.568 (-0.607, -0.526) -M
VAS-Severity by Patient Pearson -0.694 (-0.724, -0.662) -H
EPOSCT by HCP Spearman 0.644 (0.608, 0.678) +H
EPOSCT by Patient Spearman 0.687 (0.654,0.718) +H
PGAT Spearman -0.769 (-0.792, -0.743) -H
SNOT-22 Total Score Pearson -0.778 (-0.800, -0.753) -H

References: + = positive expected correlation, - = negative expected correlation. H = high correlation > 0.7, M = moderate correlation > 0.5, L = low

correlation > 0.

Table S2b. Assessment of predefined correlations for the CPCT.

CPCT - Estimated correlations Correlation coefficient Estimate (95% CI) A priori hypothesis
with:
VAS-Control by HCP Pearson -0.563 (-0.602,-0.521) -H
VAS-Control by Patient Pearson -0.583 (-0.621, -0.543) -H
VAS-Severity by HCP Pearson 0.630 (0.592, 0.665) +H
VAS-Severity by Patient Pearson 0.739 (0.711, 0.765) +H
EPOSCT by HCP Spearman -0.673 (-0.705, -0.639) -H
EPOSCT by Patient Spearman -0.739 (-0.765, -0.710) -H
PGAT Spearman 0.836 (0.817,0.853) +H
SNOT-22 Pearson 0.834(0.815, 0.852) +H

References: + = positive expected correlation, - = negative expected correlation. H = high correlation > 0.7, M = moderate correlation > 0.5, L = low

correlation > 0.
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Details of the statistical analysis

Qualitative data were described using frequency and percen-
tage. Quantitative data were summarised using mean and
standard deviation, or median and interquartile range if serious
deviations from the normal distribution were noted.

Test-retest reliability was evaluated using an intraclass correla-
tion coefficient (ICC) estimated from a linear mixed model inclu-
ding patient as a random and time as a fixed effect. In addition,
agreement was assessed by providing the Bland-Altman limits
of agreement (39).

To determine construct validity for CCT and CPCT first conver-
gent validity was evaluated by assessing correlation statistics
between the CCT/CPCT and the other tools against a list of ‘a
priori’ defined expected correlations. The full list of expected
correlations can be found in supplementary tables S2a and S2b.
Correlations with the VAS and with the SNOT-22 scores were
estimated using Pearson/Spearman (for categorical data) cor-
relation statistics. The associated 95% confidence intervals were
calculated using Fisher’s transformation. Second, discrimina-
tive validity was evaluated by comparing CCT and CPCT scores
between a priori defined groups using analysis of variance
(ANOVA). For ease of interpretation, correlations were classified
as high (H) if their size was >0.7, moderate (M) when >0.5 and
low (L) otherwise. Analysis was performed for the full CRS group
and CRSWNP and CRSsNP separately.

Internal consistency of CCT/CPCT was assessed using Cronbach'’s
alpha whereby a coefficient > 0.7 will be deemed acceptable for
both tests.

For the evaluation of cross-cultural validity, differential item
functioning (DIF) was assessed for each item in the CCT/CPCT
questionnaires using a multinomial logistic regression analysis
on the item scores with the total score and country as inde-
pendent variables in the model. The model also included the
interaction between the total score and country to allow any
differential effect between countries to vary according to total
score. Plots of predicted average item scores by country and
total score were examined to assess the size and shape of the
differences between countries. All above analyses were done
using SAS 9.4 for Windows. All tests and confidence intervals are
two-sided and assessed at a significance level of 5%.

Item response theory post-hoc analysis supplement
for CCT

Statistical methodology

Unidimensional model

To evaluate the item-level psychometric properties of the 6-item
Patient-Reported Outcome Measure (PROM), an Item Response
Theory (IRT) analysis was performed. Given the ordinal nature of
the response scales, a unidimensional Graded Response Model
(GRM) was initially fitted to the data. Model fit was evaluated

New control CRS test

using the Root Mean Square Error of Approximation (RMSEA;
threshold < 0.06), Standardized Root Mean Square Residual
(SRMSR; threshold < 0.08), Comparative Fit Index (CFI; threshold
> 0.95), and Tucker-Lewis Index (TLI; threshold > 0.95). Local
independence was formally evaluated using Yen's Q3 residual
correlation matrix, where residual correlations exceeding a
magnitude of 0.20 indicate potential local dependence violati-
ons. Item performance was visualized using Item Characteristic
Curves (ICCs) and Item Information Curves (lICs).

The analysis was performed using R Statistical Software (version
4.6.0; R Core Team, 2026) via the mirt (Multidimensional Item
Response Theory) package (version 1.46.1). Parameter esti-
mation was executed using the Full-Information Maximum
Likelihood (FIML) algorithm via the Expectation-Maximization
(EM) architecture.

Bifactorial model extension

To resolve localized misfit and structural dependencies identi-

fied during the unidimensional phase, a multidimensional bifac-

tor Graded Response Model (bifactor-GRM) was subsequently
specified. The bifactor model defined:

1. One General Factor F1 capturing the overarching latent
construct of "General CRS Disease Control" across all 6
items.

2. One Specific Group Factor F2 dedicated exclusively to
the medical treatment items (Q4a and Q4b) to model the
variance that is associated with treatment rather than
symptom control.

Results

Unidimensional model

The unidimensional GRM yielded acceptable global fit-indices:
CFl =0.984, TLI = 0.973, SRMR = 0.043. However, the RMSEA was
0.072 (95% Cl: 0.056 - 0.090), which exceeded the preferred 0.06
threshold for excellent fit, indicating localized strains.

This strain was further examined using Yen’s Q3 residual cor-
relation matrix. Substantial negative residual correlations were
observed among several symptom/control items (e.g., Q3 =
—0.347 between Q1 and Q5). These are consistent with model
misfit or multidimensionality, where the unidimensional model
over-accounts for shared variance among items. In addition, the
Q3 values indicated distinct residual behaviour of the medical
treatment items (Q4a and Q4b). These items showed relatively
weak residual associations with the symptom/control items,
indicating that they are not well represented by the same latent
trait. This pattern supports the presence of a separate underly-
ing construct related to treatment use, which is not captured
within a strictly unidimensional framework.

The item discrimination a, and location/difficulty b parameters
from the unidimensional model are presented in Table S3a.
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Table S3a. Item parameter estimates from the unidimensional graded response model.

Item Description / Construct a

Q1 CRS kept from getting much done 2.521
Q2 Bothersome CRS symptoms 2.735
Q3 CRS symptoms affect sleep 2.251
Q4a Treatment with Corticosteroids 1.014
Q4b Treatment with Antibiotics 0.983
Q5 Rating of Disease Control 3.016

b1 b2 b3 b4
-2.045 -1.171 -0.334 0.489
-1.237 -0.479 0.362 1.200
-1.409 -0.575 -0.173 0.504
-2.677 -1.225 NA NA
-3.856 -1.459 NA NA
=573 -0.762 0.110 1.253

Note: a represents item discrimination. b1 to b4 represent category threshold locations on the latent trait scale (6). ltems Q4a and Q4b contain three

response options, yielding exactly two thresholds (hence thresholds 3 and 4 are Not Applicable).

The four symptom and control items (Q1, Q2, Q3, Q5) displayed
very high discrimination values, ranging froma=2.251toa=
3.016. This indicates an exceptional capacity to differentiate
varying levels of patient disease control. Their threshold parame-
ters (b1 to b4) were well-distributed across the latent spectrum
(spanning from approximately -2.0 to +1.25), ensuring high
measurement precision across a broad range of patient severity.

Item Characterstic Curves

eQl. eQ3.

response
P
P2
P3

— P4

eQda

P(8)

1.00

— P5

0.75

Figure S2. Item Visualization (ICCs and IICs).

The Item Characteristic Curves (ICCs) and Item Information
Curves (IICs) corroborated these findings. The IICs for Q1, Q2, Q3,
and Q5 formed high, broad peaks centered around the middle
of the latent trait scale(0 between -1.5 and +1.0), demonstrating
that these items provide substantial statistical information for
the vast majority of the patient population.

In contrast, the IICs for Q4a and Q4b produced flat curves posi-
tioned entirely on the far-left of the graph (8 < -1.5), indicating
minimal measurement precision for patients with moderate-
to-good disease control and limited contribution outside of the

Rhinology Vol 64, No 6, December 2026

In contrast, the medical treatment items (Q4a and Q4b) exhibi-
ted substantially lower discrimination (a = 1.014 and a = 0.983,
respectively) and thresholds concentrated in the extreme lower
range of the scale. This indicates limited ability to discriminate
among patients with mild-to-moderate disease and suggests
that these items primarily capture information at the most
severe end of the spectrum.

Item Information Curves

item.1 item.2 item.3

e

item.4

I(6)

item.5 item.6

4

~

most severe cases.

Bifactorial model fit

The bifactor-GRM yielded good Q3 values and demonstrated
good global fit-statistics, significantly outperforming the unidi-
mensional solution, with CFl = 0.990, TLI = 0.979, SRMSR = 0.030,
and RMSEA = 0.064 (95% Cl: 0.045 - 0.084), indicating good
model fit.

Item parameter estimates from the finalized bifactor model are
reported in Table S1.



The Item Characteristic Curves (ICCs) and Item Information
Curves (lICs) corroborated these findings. The IICs for Q1, Q2, Q3,
and Q5 formed high, broad peaks centered around the middle
of the latent trait scale(6 between -1.5 and +1.0), demonstrating
that these items provide substantial statistical information for
the vast majority of the patient population.

In contrast, the IICs for Q4a and Q4b produced flat curves posi-
tioned entirely on the far-left of the graph (8 < -1.5), indicating
minimal measurement precision for patients with moderate-
to-good disease control and limited contribution outside of the
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most severe cases.

Bifactorial model fit

The bifactor-GRM yielded good Q3 values and demonstrated
good global fit-statistics, significantly outperforming the unidi-
mensional solution, with CFl = 0.990, TLI = 0.979, SRMSR = 0.030,
and RMSEA = 0.064 (95% Cl: 0.045 - 0.084), indicating good
model fit.

Item parameter estimates from the finalized bifactor model are

reported in Table S1.

Table S3b. Item parameter estimates from the bifactor graded response model.

Description / Construct

Q1 CRS kept from getting much done 2.509 0.000
Q2 Bothersome CRS symptoms 2.746 0.000
Q3 CRS symptoms affect sleep 2.249 0.000
Q4a  Treatment with Corticosteroids 1.051 0.649
Q4b  Treatment with Antibiotics 1.338 1.774
Q5 Rating of Disease Control 3.046 0.000

-2.049 -1.171 -0.332 0.491
-1.236 -0.477 0.363 1.199
-1.410 -0.574 -0.172 0.505
2.890% 1.335% NA NA
5.254* 2.091* NA NA
-1.569 -0.759 0.111 1.250

Note: a, = item discrimination on the General Factor (Disease Control); a, = item discrimination on the Specific Group Factor (Medical Treatment). For

items Q1, Q2, Q3, and Q5, b, to b, represent category threshold locations. For items Q4a and Q4b, asterisked values (*) represent logistic intercept

parameters (d;, d,) due to their 3-category ordinal constraint.

The symptom and control items (Q1, Q2, Q3, Q5) have exceptio-
nally high discrimination parameters on the General Factor (a; =
2.249 to 3.046), serving as the primary drivers of general disease
control measurement. Crucially, the treatment items (Q4a and
e/Q4b) demonstrated significant dual-loading properties. They

Item Response Theory Post-Hoc Analysis Supple-
ment for CPCT

Statistical methodology

To evaluate the item-level psychometric properties of the
14-item chronic rhinosinusitis (CRS) questionnaire, an Item
Response Theory (IRT) analysis was performed. Prior to model
estimation, local independence was evaluated. Five frequency
items (Q04, Q06, Q08, Q10, and Q14) violated the assumption
of local independence (Yen's Q3>0.2) due to severe redundancy
with their respective severity paired items and were subsequent-
ly removed. A unidimensional Graded Response Model (GRM)
for the remaining 9 items initially yielded poor goodness-of-fit.
Therefore, an exploratory bifactorial Graded Response Model
(bifactor-GRM) was applied to accommodate the remaining
multidimensional structure, resulting in one General Factor (F;)

successfully tied into the General Factor (a; = 1.051 and 1.338),
while simultaneously exhibiting strong standalone discrimi-
nation on the Specific Treatment Factor (a, = 0.649 and 1.774,
respectively).

capturing overall CRS symptom burden and one Specific Group
Factor (F,) capturing Disease Burden & Quality of Life. Model fit
was evaluated using the Root Mean Square Error of Approxima-
tion (RMSEA; threshold < 0.06), Standardized Root Mean Square
Residual (SRMSR; threshold < 0.08), Comparative Fit Index (CFl;
threshold > 0.95), and Tucker-Lewis Index (TLI; threshold > 0.95).
Structural reliability and factor strength were assessed using
Explained Common Variance (ECV), Omega (w), Omega Hierar-
chical Omega (wH), the H-Index, and Factor Determinacy (FD).
The analysis was performed using R Statistical Software (version
4.6.0; R Core Team, 2026) via the mirt (Multidimensional ltem
Response Theory) package (version 1.46.1). Parameter esti-
mation was executed using the Full-Information Maximum
Likelihood (FIML) algorithm via the Expectation-Maximization
(EM) architecture.
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Results

The bifactor-GRM demonstrated good to excellent fit overall, stantial unique variance. Communalities (h?) were high across
with RMSEA indicating acceptable fit (RMSEA = 0.061, SRMSR = most items, particularly for Q11 (0.936), Q12 (0.932), and Q01
0.022, TLI = 0.989, and CFl = 0.994). Item parameter estimates (0.907), though lower for Loss of Smell (Q07: h® = 0.284). Factor
revealed that Nasal Congestion (Q01: a; = 5.004; Q02: a, = 4.368) indices confirmed a robust structure: the General Factor ac-
and Interference with Daily Activities (Q11: a; = 3.206; Q12: a, counted for 53.3% of the explained common variance (ECV_SS
= 3.007) exhibited the highest discrimination on the General =0.533, wH =0.525, H-Index = 0.913, FD = 0.954), while the
Factor (F,), indicating they are the strongest indicators of overall Specific Factor captured a substantial and unique 46.7% (ECV_
CRS burden. Conversely, items assessing Interference with Daily SS=0.467, wH = 0.428, H-Index = 0.883, FD = 0.958). Total scale
Activities also showed very high discrimination on the Specific reliability was exceptionally high (w =0.953).

Factor (F, a; = 5.642 for Q11 and 5.511 for Q12), showing sub-

Table S4a. Item parameters and communalities.

Item Symptom /Dimension al a2 d1 d2 d3 d4 h2

Q01  Nasal Congestion (Severity) 5.004 1.793 5.609 0.827 -3.464 -7.427 0.907
Q02 Nasal Congestion (Frequency) 4.368 1.534 4.908 1.306 -1.734 -6.097 0.881
Q03  Runny Nose (Severity) 1.958 1.093 1.971 -0.494 -2.336 -4.428 0.634
Q05  Facial Pressure (Severity) 1.204 1.477 0.802 -0.748 -2.555 -4.535 0.556
Q07  Loss of Smell (Severity) 0.941 0.511 1.117 -0.067 -0.941 -1.915 0.284
Q09  Postnasal Drip (Severity) 1.356 1.436 2.258 0.065 -2.033 -3.899 0.574
Q11 Interference with Daily Activities (Severity) 3.206 5.642 2.340 -2.303 -6.830 -11.686 0.936
Q12 Interference with Daily Activities (Frequency) 3.007 5.511 2.598 -1.320 -5.781 -10.867 0.932
Q13  Effect on Mood (Severity) 1.638 2.574 1.269 -1.352 -3.438 -5.541 0.763

al =item discrimination slope for the General Factor F1; a2 = item discrimination slope for the Specific Group Factor F2; d1 to d4 = category intercept

thresholds for the 5-point Likert scale; h2 = item communality (total explained variance by the model).

Table S4b. Structural bifactor indices.

Factor Indices ECV_SS Omega OmegaH H-Index FD
General Factor (F1) 0.533 0.953 0.525 0.913 0.954
Specific Factor (F2) 0.467 0.953 0.428 0.883 0.958

ECV_SS = Explained Common Variance at the subscale/dimension level; Omega = total categorical scale reliability; OmegaH = McDonald's Omega
Hierarchical (computed via Green & Yang, 2009); H-Index = construct replicability index; FD = Factor Determinacy score. Total scale Explained
Common Variance (ECV) for the entire model is distributed as 38.3% for F1 and 33.6% F2.

Discussion

This post hoc IRT analysis was conducted in response to assess comparable proportion of variance, indicating that the instru-
item redundancy and scale structure. Substantial local depen- ment is not strictly unidimensional.

dence was identified between paired severity and frequency Item-level analyses identified nasal congestion and interference
items, supporting the removal of five frequency items to reduce with daily activities as the most informative indicators, whereas
redundancy and improve adherence to model assumptions. loss of smell showed weaker alignment with the latent structure.
The resulting 9-item bifactor graded response model demon- Overall reliability remained high following item reduction.
strated good overall fit and supported a structure comprising These findings support a more efficient and user-friendly 9-item
both a general CRS burden factor and a specific factor reflecting version of the instrument, while highlighting the presence of
disease impact and quality of life. The general factor showed multidimensionality that should be considered when interpre-
moderate strength, while the specific factor accounted for a ting total scores.
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