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Clinical implications
There is a poor alignment of reported symptomsajective findings in CRS, which urges

us to reconsider the construct of CRS diagnosis.
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Capsule summary

We found a prevalence of 2.9% or 6.1% ‘Clinicalsbd CRS’, for cut-offs of L4 or

LM>0 respectively, in a ‘normal’ (non-rhinologic aging of the head) population, based on

nasal symptoms and imaging abnormalities.
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List of abbreviations

AR Allergic Rhinitis

ARS Acute Rhinosinusitis

CRS Chronic Rhinosinusitis

CT Computed Tomography

ECR Expected Count Ratio

ECRHS European Community Respiratory Health Survey
EPOS European Position Paper on Rhinosinusitid\Nasal Polyps
GAZ2LEN Global Allergy and Asthma European Network
LM Lund - Mackay

MRI Magnetic Resonance Imaging

NAR Non-Allergic Rhinitis

NSAID Non-steroidal anti-inflammatory drugs

OR Odds ratio

PND Postnasal drip

RSI Rhinosinusitis symptom inventory

SD Standard deviation
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Abstract

Background: The prevalence of Chronic Rhinosinsi$lfiRS) measured in epidemiological
studies is 5-12%. This might be an overestimatiecalise of overlap with other diseases like
allergic rhinitis.

Objective: We aimed to calculate the prevalenc€R$ using a combination of
epidemiologically based CRS according to EPOS (Besa Position Paper on Rhinosinusitis
and Nasal Polyps) together with sino-nasal opatific on imaging.

Methods: Subjects who underwent a CT or MRI scah®thead for any non-rhinologic
indication were asked to fill in the GA2LEN survegntaining the EPOS symptom criteria.
The scans were evaluated according to the Lund-Ma@kV) scoring system.
Epidemiologically based CRS is based on nasal sympticcording to EPOS, clinically
based CRS also encompasses endoscopy and/or CT scan

Results: 834 subjects were included. 107 subja@8%) had epidemiologically based CRS
according to EPOS. Of these subjects 50 % had addve of 0; 26% had a LM score of 1-3
and 23% had a LM score Bfi. Twenty-five subjects (3.0%) had clinically basefdS (based
on LM >4) and 53 subjects (6.4%) had clinically based @Sed on LM >0). AR was
reported by 167 subjects (20%). In subjects thdndt report upper airway symptoms: 57%
had a LM 0: 30% had a LM 1-3 and 12% had a M

Conclusion: We found a prevalence of 3.0 — 6.4%liofcally based CRS (depending on LM
cut-off point, LM>4 or LM>0 respectively) in a relatively randomlyiessted group of

subjects.



84 Introduction
85 Chronic rhinosinusitis (CRS) is a significant hagitoblem and affects 5-12% of the general
86 population.(1)CRS is characterized by at leastIrideakage/obstruction/congestion or nasal
87 discharge with facial pain and/or reduction of dnfeéliable epidemiologic research is
88 extremely important in addressing this major soeedlthcare issue to get a clear
89 understanding of the quantitative impact of thedse.
90 EPOS (European Position Paper on RhinosinusitidNasal Polyps) provides two definitions
91 of CRS: aclinical diagnosis based on symptomsparipd by signs of mucosal inflammation
92 found on imaging or with nasal endoscopy, and apsgm-based definition to be used in
93 epidemiologic research, without radiologic imagorgendoscopic examination. (1)
94 CRS s a clinically challenging disease, like ithasa, symptoms lack good correlation with
95 objective measurements, due to a lack of gold stah(, 3) This might probably be caused
96 by an underlying variation of endotypes leading mmmon phenotype(4) and results in a
97 discrepancy of estimates of prevalence based baresyymptoms or objective
98 measures.(5)Current data on prevalence of CRS lmastgte EPOS symptom-based
99 definition show a prevalence of 5,5% in Brazil@) in China(7), 11% in Europe (8) and
100 Korea (9) and 12% in the USA(10). These numberditbg an overestimation due to the
101 overlap of symptoms between CRS, Acute RhinosiisugdRS) and (Non-)Allergic Rhinitis
102 (NAR/AR); up to 10% of responders had symptomallothree diagnoses. (11, 12)
103 Earlier, we evaluated the value of nasal endosaofye epidemiologically based diagnosis
104 of CRS.(12) In this GA2LEN Follow Up study, a sampf subjects with CRS, asthma,
105 asthma and CRS, and ‘no asthma nor CRS’ was intoteddergo nasal endoscopy, blinded
106 for symptom status and found a sensitivity of nasaloscopy of 62% in a population with
107 symptom-based CRS. This might imply a 1/3 overediion of ‘true’ or ‘clinical’ CRS in
108 patients when employing a symptom-based diagnd<iR&S.
109 To gain more insight in the prevalence of clinigddased prevalence of CRS, based on
110 imaging, we would ideally scan a selection of thermamed GA2LEN study population
111 with known sinonasal symptoms; however, this idhically unacceptable due to radiation
112 exposure and too expensive to undertake hundreldsginetic Resonance Imaging (MRI)-
113 scans.
114 Previous epidemiological studies found 20-40% CoamgbT omography (CT)- scan
115 abnormalities in symptom negative populations.(%3Also common cold has been shown to
116 give sinus abnormalities on imaging in a majorityptherwise healthy subjects, usually

117 dissolving in a few weeks.(16) In allergic rhinjtispacification of the sinuses is infrequent
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and only minimal during natural seasonal exposiirgwith an average LM score comparable
to a normal population. (18)

In a non-sinusitis population a Lund-Mackay scooaf 0-5 has been described. (19)

In this study, we primarily describe the prevalentepidemiologically (symptom-) based
versus the prevalence of clinically (imaging-) @h€4RS in a non-rhinologic population.
Furthermore, we analyse the alignment of imagingpaialities with the symptom scores to
test the feasibility of the imaging-based CRS dagm as a solid construct. The influence of
other factors on imaging abnormalities is also ered (e.g., patient demographics and
comorbidities such as asthma). Moreover, we ingattiwhether it would make any
difference if we used the definition of CRS (contag 3 months of symptoms in the last
year) or current symptoms of CRS (defined as CRBarlast three months) as it might reflect
a difference in LM-scores at the time of imagingrtRermore, we investigate what symptoms
and findings are associated with the outcome ofadily relevant opacification on imaging

and whether we were able to predict no abnormaléateCT scan (LM=0).



133 Methods

134  Study design

135 We conducted a cross-sectional survey of consexstibjects referred to our radiology

136 department for imaging of the head for non-rhinaagdications. All consecutive subjects
137 that underwent Computed Tomography (CT) or MagriRésonance Imaging (MRI) of the
138 head (patients undergoing CT-sinus were excludedg asked to fill in the GA2LEN

139 questionnaire on upper and lower airway symptomgdkementary table 1]. The

140 questionnaire was sent one week before the radi@pgointment and patients were asked to
141 fill in the questionnaire during their imaging apuoent.

142 Indications for imaging included stroke, seizutesad injury or suspected skull-base,

143 intracranial or intra-orbital pathology.

144  Exclusion criteria were inability to fill-in the ggtionnaire i.e. due to confusion, aphasia or
145 severe iliness, incomplete imaging or artefacthefnasal sinus prohibiting complete Lund-
146 Mackay scoring, history of trans-sphenoidal pityitaurgery, history of radiotherapy in

147 sinonasal area or if the interval between imagimd) @mpletion of the questionnaire

148 exceeded 3 months. All dedicated sinus sequencesalso excluded from this study.
149 Data were obtained between January 2012 and Dec&@ba.

150 The study was approved by the medical ethical cdtaenof the Academic Medical Centre
151 Amsterdam.

152

153 Measurements

154 The GAZ2LEN survey is a survey developed by the Glabal Allergy and Asthma Network
155 of Excellence (GA2LEN) funded by the EU and waselblasn validated questions from the
156 European Community Respiratory Health Survey (ECR({328-22) and EPOS. (12, 23) The
157 GAZ2LEN questionnaire was previously used in epiddogic research on the prevalence of
158 allergy, asthma and upper airway symptoms (8, 2dbjects were asked for symptoms of
159 CRS, acute rhinosinusitis (ARS), asthma and altertgnitis (AR); in the last 3 months and in
160 the last year. For the full survey, see supplenmgridole 1.

161 Imaging was scored by a radiologist specializeotataryngology and skull-base imaging
162 (NF) according to Lund-Mackay scoring system (Z¥)acification on imaging was classified
163 into: LM score of 0 (LMO), LM of 1-3 (LM1-3), LM1d up (LM>0) and LM of 4 and up
164 (LM>4). For the full scoring system, see supplemeritrie 2.

165



166 Definitions used:

167 Epidemiologically based CRS Continuous presence of two or more nasal symptoms

168 including ‘blocked nose’, ‘pain or pressure arotinel forehead, nose or eyes’, ‘nasal

169 discharge or postnasal drip’ and ‘reduced smetlnfiore than twelve weeks during the last
170 year (see supplementary table 3).

171 Epidemiologically based current CRS Continuous presence of two or more nasal symptoms
172 including ‘blocked nose’, ‘pain or pressure arotinel forehead, nose or eyes’, ‘nasal

173 discharge or postnasal drip’ and ‘reduced smelthimlast three months.

174 Clinically based CRS Continuous presence of two or more nasal symptoroksiding

175 ‘blocked nose’, ‘pain or pressure around the foaeh@&ose or eyes’, ‘nasal discharge or
176 postnasal drip’ and ‘reduced smell’ for more thamlve weeks during the last year, together
177 with a Lund-Mackay score >0 gr4 (LM>0 or LM>4).

178 Clinically based current CRS Continuous presence of two or more nasal symptoms,

179 including ‘blocked nose’, ‘pain or pressure arotinel forehead, nose or eyes’, ‘nasal

180 discharge or postnasal drip’ and ‘reduced smeilthe last twelve weeks, together with a
181 Lund-Mackay score4.

182 Acute Rhinosinusitis (ARS): Presence of an acute episode of ‘blocked nos@puced nasal
183 discharge’ and ‘facial pressure or pain’ duringeasst at least 10 days.

184  Allergic rhinitis (AR): Positive answer to ‘Do you have nasal allergietuising hay fever?'.
185 Current AR: Allergic Rhinitis (self-reported hay fever) witlhuicent nasal obstruction and/or
186 rhinorrhoea.

187 No nasal symptoms: A negative answer on any nasal symptom and ogubkstions for hay
188 fever symptoms in the last year, and doctor-diagd@3RS.

189 Asthma: Positive answer to ‘Do you have asthma?’.

190 History of smoking: Positive answer to ‘Have you ever smoked durinigast a year?'.

191 Current smoker: Positive answer to ‘Have you ever smoked duringadt a year?’ in

192 combination with a positive answer on ‘Have you ketbthe last month?’.

193 Former smoker: Positive answer to ‘Have you ever smoked duringast a year?’ in

194 combination with a negative answer on ‘Have youlssdahe last month?’.

195

196 Statistical analysis

197 Data were collected in a predesigned Microsoft Asc010 database. Analysis of data was
198 performed using IBM SPSS Statistics 24 (Armonk, Néwk, US).

199
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The primary question, what is the prevalence oficdilly based CRS, was answered by
describing the prevalence of epidemiologically blaG&S and clinically based CRS, both
using a cut-off point of LM>0 and LM4 and calculating prevalence of current CRS.
Similarly, the prevalence of current CRS (both epigblogically and clinically based) was

determined and its overlap with (epidemiologicahd clinically based) CRS and AR.

We constructed a contingency table of the five ntaitegories of indication for imaging
(neurovascular, cerebral tumors, orbital, mastand] other) and the epidemiological CRS
diagnosis, and tested whether both variables welependent (Pearson’s chi-square-test of

independence).

Variables associated with opacification on imaging

The secondary research question, what symptom8ratidgs are associated with
opacification on imaging, was analysed in threesvay analysing predictors of having a
Lund-Mackay score of 4 or higher (M), which is the characteristic that bridges the
epidemiological and the clinical diagnosis of CR} by analysing predictors of the total LM

score (2), and by analysing having a Lund-Mackayesof 0 (LM=0) (3).
With around 850 included subjects, and a prevalend®-14% (based on epidemiological
data available), the smallest group would be ardlf@3120 respondents. This gives room for

multivariate analyses with around 10-12 factors1(®

Variables associated with a positive LM score (EN)

Univariate logistic regression models were usedrfodels (1), to study the association of a
selection of relevant symptoms and descriptiveofacf{see Table 4a), and the outcome
variable. Odds ratios, 95% confidence intervals@mdlues of all univariate test were
reported. Additionally, multivariable regressiorafysis was conducted.

The goal of the first model was to determine wipokdictors were of additional predictive
value of LM>4,compared with the 4 EPOS symptoms alone. Baseleototal number of
subjects with a LM4 (n =119) we could include approximately 12 vaeshn a
multivariable logistic regression analysis. The tinakiable model for LM>4 was built in

two steps: in the first step, all 4 EPOS symptomas@l obstruction’, ‘rhinorrhoea / PND
(postnasal drip)’, ‘loss of smell’ and ‘facial pan pressure’) were included. In the second

step, other potentially relevant factors (operatlaed as factors witp-levels below .10)
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from the univariate analysis were included. We egobh backward selection (significance
level to stay in the model: 05, based on a likelihood ratio test(5)) on the predictors
that were added in the second step. After botlrsstatils ratios, 95% confidence intervals,

values, the Nagelkerke’Rnd the area under the curve were reported.

Variables associated with total LM score

To identify variables that are significantly assaed with the total LM-score (model 2), we
conducted negative binominal regression analystsanliog link. The distribution of the
Lund-Mackay score in this specific sample was vaogch like a count score (heavily left-
skewed, bound at zero), which allowed us to mduekictual LM-score also in a negative
binomial regression model, rather than dichotongzire LM-score, like we did models 1 and
3. The same procedures were conducted as for¢hetdmous variable LE#: run univariate
models, run a multivariable model with EPOS symamly, and run a series of
multivariable model that included EPOS symptomwel as other factors. Effects (the
natural logs of regression coefficients B) are difiad as ‘expected count ratios’ (ECR),
which displays the multiplicative effect of a vdiie, or the presence of a symptom, on the
LM-score. Predictive count ratios with 95% confidernntervals an@-values of all univariate

tests and the final multivariable model were repart

Variables associated with having no opacificatiod & 0).

The goal of model 3, predicting a Lund-Mackay saur@, was to determine which factors
could help to rule out any opacification. We udeel $ame variables as for model 1 for
univariate logistic regressions. The multivariatnledel for LM=0 was built by applying
backward selectiorp€.05) on the variables that hpd.1 in the univariate regressions. The
final model after the backward selection proceduas rerun to include subjects with missing
data on any of the deselected variables. Oddssr&i& confidence intervalg;values, the
Nagelkerke Rand the area under the curve were reported.

Analysis of season influence

We performed Mann-Witney U tests to analyse thii@nfce of seasons on the LM-scores.
We used two distinctions: May to July comparedhriest of the year (“pollen1”), and June
to September (“pollen2”) compared to the rest efybar.
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Additionally, we checked how many participants whaported to have ‘loss of smell’ also

had an epidemiological CRS diagnosis.

Results

Participants

In total 2051 subjects were invited to participatevhich 1003 responded. Of these, 169
subjects refused participation or had incompletagimg. 1048 subjects did not respond at all.
Age and gender of the responders and non-responeeescomparable, but the subjects who
did not respond or actively refused more often vain damage and/or very serious disease,
rendering them unable to answer or probably tom idare.

Finally, 834 subjects were included, with a meas aigh3 years (SD: 16, range 8-89). 63%

were female and 37% were male. The subject chaistate are specified in Table 1.

Subjects had imaging for a number of neurologieal.(neurovascular or aneurysm
evaluation, evaluation of intracranial tumoursJugiing pituitary), ophthalmological (e.qg.
intra-orbital tumours, graves and trauma) and gfickd (e.g. evaluation of cholesteatoma and
internal auditory canal) reasons. For details sd#er2.

No association was found between the type of indicand having an epidemiological CRS
diagnosis X?(4) = 4.27, p = 0.37).

Prevalence of CRS

One hundred and seven subjects (12.8%) had epitally based CRS. Of these subjects
50% had a LM score > 0: 23% had a LM scored{Table 3). The prevalence of ‘clinically
based CRS’ in this study was 3.0% or 6.4%, depegnoimwhich cut off point is used (L

or LM>0). In subjects who had abnormalities on imggLM>4), only 21% had
epidemiologically based CRS. In subjects who deneshl symptoms, 57% had a LM=0 and
12% had a LMA4.

Of 107 participants who reported loss of smelhia last 12 months, 56 satisfy the

epidemiological criteria for CRS.

Prevalence of current CRS

We asked ourselves whether it would make any diffee if we used the definition of CRS
(containing 3 months of symptoms in the last yeaQurrent symptoms of CRS (defined as
CRS in the last three months). It did not make diffgrence 67 (7.7%) subjects reported

10
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current CRS. Of these subjects 45% had a LM sc0rd #% had a LM score4 (see Table
3).

LM scorein other groups

Furthermore, we investigated whether having AR wanfluence the LM scores in subjects
with CRS. AR was reported by 167 (20%) subjectsyloth 54% had LM scores > 0 and
20% had LM scores4. Fifty-seven subjects (6.9%) had epidemiologycbised CRS and
AR of which 58% had LM score > 0 and 25% had a lddre>4.

We also analysed to what extent season influenpadification, using two definitions. When
comparing the LM-scores of scans made in May tg bk grass-pollen season in the
Netherlands) with those that were made in theaktite year, no difference was found
(Npolien1 = 22, Noner1= 812, U = 9,139.5) =.84). When shifting this period to June to
September to account for time of AR to induce CR8®oms (arbitrarily taken as one
month), and for symptoms to cure/heal, a very sdiitrence in the opposite direction of
what was expected was seen: the scans made petisl had slightly lower LM scores
compared to scans that were made in the rest gfetie The medians were zero in both
groups; the mean LM scores were 1.1 and 1.4 r@8pBc{Nyoien2 = 99, Notherz= 735, U =
32,241.5p = .04).

Variables associated with positive LM score (LM >4)

To investigate which symptoms were associated avitM>4, we conducted univariate
logistic regression. Table 4a shows that ‘male gen@R = .55, =.002), ‘history of
smoking’ (OR = 1.79p =.004), ‘allergic rhinitis’ (OR = 1.65 =.026), ‘woke-up short of
breath in the last 12 months’ (OR = 1.p2;.048), ‘nasal obstruction’ (OR = 2.19=.002),
‘rhinorrhoea/PND’ (OR = 1.84 =.031) and ‘loss of smell’ (OR = 1.7p~=.034) were
associated with increased odds of having a&iMrable 4b shows association of the EPOS
symptoms with LM+4, this model has a Nagelkerké & .023. The area under the curve was
.579, which indicated that EPOS symptoms are indepat predicting LM4. Several
prognostic factors were significantly associatethwiM>4 (Table 4c) in a multivariable
regression model that also included all 4 EPOS $ymg: ‘male gender’ and ‘history of
smoking’ were associated with increased odds fuinigea LM>4. The model had a%f

.061. The area under the curve was 0.625.
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Variables associated with total LM score

To avoid dichitomisation of the LM score, we alsgastigated the association of the
symptoms and descriptive factors with the total &&dre, by conducting negative binomial
logistic regression (Table 5a). From the EPOS spmpt ‘nasal obstruction’ (ECR = 2.04;
<.001), ‘rhinorrhoea’ (ECR = 1.8p;=.002) and ‘loss of smell’ (ECR = 1.7p=.002) were
associated with higher LM scores. Additionally, Iengender’, ‘history of smoking’,
‘asthma’, ‘allergic rhinitis’, ‘acute rhinosinussti ‘itchy rashes’, and ‘occupation in cleaning’
were associated with higher LM scores. Table Shvsitbe model with EPOS symptoms
only. In a model that includes all 4 EPOS symptomsJe gender’, ‘history of smoking’,
‘itchy rashes’ and ‘occupation in cleaning’ arersfigantly associated with higher LM scores
(Table 5c¢).

Variables associated with LM score = 0

To investigate also whether it was possible to iptedLM score of zero, we conducted
logistic regression. It was again not possiblertmipce a model that reliably predicted LMO
(Table 6a and 6b).

12
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Discussion

We set out to find the prevalence of clinically @d<RS based in CT scan in a (rather)
normal population, which was 3.0% or 6.4%, depegaim which cut off point is used (LM
or LM>0). This value is in the same range as stud&ng nasal endoscopy (1.2 - 5.7) (12)
and percentages found in the Korean National HeadthNutrition Examination Survey
(KNHANES) (CRSWNP 2.6%; CRSsSNP 5.8%),(26) but higihan the earlier version of the
(KNHANES) (1.2%) found by Kim et al. in South Koté®) The prevalence of
epidemiological based CRS found in this study (12&hpares well to these studies (both
+119%), to our previous studies using the GA2LENgjuanaire (14-16%),(8, 24), and to
other existing literature where it is found to be 52 % with significant variation between
countries. (6, 7, 10, 27).

Although the role of allergy in CRSwWNP and CRSsMRtmues to be controversial, allergic
rhinitis might be a potential relevant factor irghcing the LM scores in the current
population. (28) Seasonal variation has been destrvith a paradoxical improvement of
LM scores in-season. (18) In the current data, atsomprovement (although very slight, and
based on small numbers) of LM scores was seemrtytvhen the period July-September

was analyzed. From the current data, we cannotafigdod explanation for this phenomenon.

For CRS per se, no seasonal influence is to becéagheMoreover, the time between
complaints and imaging does not explain their @ignment, as the subjects with current
CRS (complaints in the past three months) shovexiaet same distribution as the ones with
epidemiological CRS (complaints for 3 months som&whn the past year; Table 3). The
CRS symptom most strongly associated with CT ababties in the paranasal sinuses is
nasal obstruction. Other symptoms that constitpigegniological CRS have a smaller
influence in the models; facial pain or pressuckrht reach significance in any of them. This
might be due to the study population in which headdgusually without sinonasal disease) is

slightly overrepresented (5.5%).

In the end, the key question remains how CRS catidzgosed correctly and reliably.
Although this study was not primarily set up towasthis question, some interesting points
can be made from the current data. Having nasapsyms is a common finding; 58% of the
subjects reported any form of nasal complaint &#b 1ulfils the EPOS criteria for CRS.

Conversely, having abnormalities on imaging is @smmmon finding: 44% of the subjects

13
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had a LM score >0, of whom roughly one third hastare>4. Combining both modalities
will lead to reduction of the prevalence (elimin&dise-positives), while at the same time
inducing false-negatives. For example: the preadeaf clinically based CRS is found to be
2.9% when taking a LM score ®# (a cut-off that is well in line with other studje (19, 29-
32) This eliminates three-quarters of the epideogichl based CRS, half of whom had no CT
abnormalities, and a quarter of whom did have Lidrss between 1 and 3. Other studies
have shown that the same trade-off is true wherbaanyg the epidemiological diagnosis
with findings on nasal endoscopy.(9, 12). To malettens worse, there is only moderate
agreement between nasal endoscopy and radiolatftal (33-36) We wondered whether it
was possible to exclude the diagnosis clinicallydshCRS with these questions.
Unfortunately, just like it was not possible to ¢t CRS it was also not possible to exclude

(data not shown).

In the end, the multivariate models we demonstiate, based largely on the epidemiological
CRS symptoms, have poor model fits. Using othérrtepies for variable selection (such as
the LASSO technique) did not improve this (not shpvAs such, predicting clinically based
CRS from questionnaires remains hard. In other sjdfte construct for the diagnosis of CRS
needs careful further consideration as there imrfuy improvement to align the data from
history with objective outcomes (imaging / nasal@topy). An interesting recent
development in this field is the identificationsyfmptom clustering within factors (such as
nasal obstruction and discharge) depending on isgaed frequency of these symptoms.(37)
This study knows several limitations. As the stpdpulation underwent imaging of the head
mainly for neurological evaluation (Table 2), thean age (53 years) was above that in the
general population in the Netherlands (39 yea88), 89) As the prevalence of CRS is lower
in the elderly, we performed a sub-analysis exclgdill subjects over 70 years old. This did
not lead to any remarkable change in the overallespiological based CRS prevalence, nor
in the distribution of the LM-scores (data not sinpwi herefore, there are no clear indications
that the current study population should diffengfigantly from the general population. Our
choice to exclude all dedicated sinus sequencess(@ik) from the study might also have
induced bias. Since we have a large national tgrtienter treating many patients with CRS,
including the dedicated sinus sequences would piglbeave increased the prevalence of
CRS disproportionally. On the other hand, excludgitigof them might lower the prevalence.
Finally, the number of questions in the QA2LEN dim®aire about CRS and AR are

limited, nor did we do skin prick testing. Ideallye could have used more extensive
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guestionnaires like the SNOT-22. (40, 41). Howeatsg these more extensive QOL
guestionnaires have not shown to be correlateditscan abnormalities in
otorhinolaryngologic patients. (40)

Conclusions
The clinically based prevalence of CRS in the Dytopulation based on radiological
examination is 2.9%. There is a poor alignmenepbrted symptoms and objective findings,

which urges us to reconsider the construct of CR§nbsis.
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Table 1 — Subject Characteristics

n/total n® % or mean (SD)
Age (years) 834/834 53 (16)°
Gender (female) 525/834 62.9%
CRS (EPOS, 12mo) 107/828 12.9%
Current CRS 67/747 9.0%
Asthma 83/829 10.0%
AR 167/830 20.1%
CRS and AR 57/824 6.9%
No CRS, No AR 612/824 74.3%
Current AR 50/761 6.6%
No symptoms 508/826 61.5%
Smoke
Never | 410/833 49%
Ever | 423/833 51%
Current | 167/418° 40%
Former | 251/418° 60%
Pack-years smoking
Ever | 204 /423 17.4
Current | 16/167 11.2
Former | 185/251 17.7
Ethnicity
Caucasian | 748/834 89.7%
African | 28/834 3.4%
Asian | 20/834 2.4%
Mediterranean | 17/834 2.0%
Other | 21/834 2.5%

CRS: Chronic Rhinosinusitis, Current CRS: Chronic rhinosinusitis in the past three months,
Asthma: Self-reported Asthma, AR: Allergic Rhinitis (self-reported hay fever), Current AR:
Allergic Rhinitis (self-reported hay fever) with current nasal obstruction and/or rhinorrhoea,
Pack-years: number of packs of cigarettes smoked per day * the number of years the subject
has smoked. ® Total number of subjects is maximal 834 but sometimes less because some
data were missing. b Median age: 54 years; inter quartile range: 42-64 years, range: 8-89
years. ‘Five participants who stated they had smoked for at least a year, did not answer
whether they had smoked the last month. 720 participants filled in both questions.
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Table 2 — Indications for imaging (n=834)

n= % Prevalence of
epidemiological
CRS (%)
Neurovascular Stroke/CVA/Aneurysm 322 38.6 36/321 (11.2%)
Cerebral Tumor Endocranial / metastasis 109 13.1 30/219 (13.7%)
Pituitary 46 5.5
Meningeoma 65 7.8
Orbital Graves 37 4.4 19/104 (18.3%)
Tumor 53 6.4
Trauma / visual loss 14 1.7
Mastoid Cholesteatoma 18 2.2 9/89 (10.1%)
Pre-Cl / Vertigo 8 1.0
Vestibular schwannoma 66 7.9
Other Headache 46 5.5 13/95 (13.7%)
Parkinson 21 2.5
Psychiatry 15 1.8
Pre-deep brain stimulation 5 0.6
Salivary glands / facial tumors 9 1.1
Total 834 100 107/828
(12.9%)

CVA: cerebrovascular accident, Pre-Cl: pre-Cochlear implant.
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555 Table 3 — Findings on imaging in CRS and AR

LM=0 LM 1-3 LM >4
Total (n=834) 464 (56%) 251 (30%) 119 (14%)
CRS (n=107) 54 (50%) 28 (26%) 25 (23%)
Current CRS (n=67) | 37 (55%) 19 (28%) 11 (16%)
AR (n=167) 76 (46%) 58 (35%) 33 (20%)
Current AR (n=50) 25 (50%) 16 (32%) 9 (18%)
CRS and AR(n=57) | 24 (42%) 19 (33%) 14 (25%)
No symptoms(n=508) | 292 (57%) 154 (30%) 62 (12%)
556
557

558 CRS: Chronic Rhinosinusitis, Current CRS: Chronic dsimusitis in the past three months,
559 Current CRS: Chronic rhinosinusitis in the past three mon#&R; Allergic Rhinitis (self-

560 reported hay fever),

561 Current AR : Allergic Rhinitis (self-reported hay fever) witurrent nasal obstruction and/or
562 rhinorrhoeaNo symptoms no nasal symptomgM=0: No opacifications on imaging,

563 LM >4: Lund-Mackay score4.

564

565

566
567
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Table 4a - Univariate Logistic regression — Odds ratio on LM>4

Variable Odds ratio | p-value | 95% Confidence Interval
Obstruction 2.10 .002 1.31-3.36
Facial pain/ pressure 1.24 .37 0.78-1.94
Rhinorrhoea / PND 1.84 .031 1.06 - 3.19
Loss of smell 1.75 .034 1.04-2.94
Gender (female) 0.55 .002 0.37-0.81
Smoke 1.79 .004 1.20-2.68
AR 1.65 .026 1.06 - 2.57
Woke up short of breath 12mo 1.72 .048 1.01-2.94
Wheezing 12mo 1.20 .53 0.68-2.14
Woke up with chest tightness 1.37 .25 0.80-2.35
Woke up coughing 0.92 .73 0.59 -1.45
Coughing up sputum on most days >3months/yr 0.84 .60 0.44-1.59
Did you ever have asthma 1.49 .18 0.83-2.67
Admitted to hospital due to asthma 0.99 .99 0.22-4.50
Exacerbation of asthma last 3 months 1.61 40 0.53-4.94
Current asthma medication 1.39 A2 0.63-3.08
Episode of ARS in last year 1.33 .23 0.83-2.13
Itchy rashes 1.07 .80 0.64-1.78
Eczema 0.83 .38 0.54-1.27
NSAID-intolerance 2.02 .23 0.64-6.36
Current smoker 1.16 .52 0.73-1.85
Occupation in healthcare 0.93 .88 0.35-2.43
Occupation in cleaning 0.59 48 0.14-2.55

PND: Postnasal drip, Smoke: History of smoking, AR: Positive answer on ‘hay fever’, 12mo: in the last 12

months.

Table 4b — Multivariable Logistic regression — Prediction model for LM24 EPOS symptoms

Nagelkerke R*:.023

579
EPOS symptoms Odds ratio | p-value 95% Confidence In®8Q!
Obstruction 1.91 .026 1.08 5839
Facial pain/ pressure 0.84 .52 0.49 5/
Rhinorrhoea / PND 1.26 .49 0.65 - 2.45
Loss of smell 1.35 31 0.76 5B4b

PND: Postnasal drip. (>12 weeks in the last 12 months)
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Table 4c — Multivariable Logistic regression — Prediction model for LM24
Nagelkerke R%: .061

Variable Odds ratio p-value 95% Confidence Interval
Obstruction 2.08 .014 1.16-3.70
Facial pain/ pressure 0.84 .53 0.48-1.46
Rhinorrhoea / PND 1.35 .38 0.69-2.65
Loss of smell 1.31 .38 0.72-2.37
Gender (female) 0.57 .005 0.38-0.85
Smoke (ever) 1.69 .029 1.13-2.55

PND: Postnasal drip, Smoke: History of smoking.

Table 5a — Univariate Generalized Linear Model Analysis — Effect of variable on increase of LM-score.

Variable Expected count | p-value | 95% Confidence Interval
ratio
Obstruction 2.01 .000 1.46-2.78
Facial pain / pressure 1.21 .24 .88-1.67
Rhinorrhoea / PND 1.81 .002 1.24-2.66
Loss of smell 1.75 .002 1.22-2.49
Gender female = 1) .63 .000 .49 - .80
Smoke 1.39 .01 1.08-1.78
Asthma 1.50 .05 .99-2.25
AR 1.46 .007 1.11-1.93
AR in last 12 months 1.34 .06 .99-1.81
Episode of ARS in last year 1.46 .01 1.05-1.97
Itchy rashes .73 .06 .52-1.01
Occupation in cleaning 48 .06 .23-1.03
ARS 1.46 .01 1.05-1.97
Current asthma medication 1.60 .09 .93-2.75
Age 1.00 .36 .99 -1.00
Wheezing in last 12 months 1.08 .68 .75-1.56
Woke up with chest tightness 1.08 .64 .78 —1.50
Woke up short of breath 1.25 .19 .90-1.75
Woke up coughing .89 44 .67-1.19
Coughing up sputum on most days >3 months/yr .80 21 .56-1.14
Admitted to hospital due to asthma .73 .56 .25-2.14
Exacerbation of asthma last 3 months 1.69 .16 .81-3.50
Eczema .89 .38 .67-1.16
NSAID-intolerance 1.49 .27 .74-3.03
Current smoker 1.19 .26 .88 -1.60
Occupation in healthcare 1.17 .68 .57-241

PND: Postnasal drip, AR: Positive answer on ‘hay fever’, Smoke: History of more than one year of smoking,
Itchy rashes: itching skin in the last 12 months, ARS: Acute Rhinosinusitis. The expected count ratio (exp(B))
means that the expected number of opacified sinus (LM-score) is multiplied by a factor of, for example, 2.014

when a certain symptom is present or the independent variable increases by one unit.
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Table 5b — Multivariate Generalized Linear Model Analysis —

Effect of EPOS symptoms on increase of LM-score.

603

Variable Expected count p-value | 95% Confidence Intg(Y4
ratio 605

Obstruction 1.53 .03 1.04 Q00
Rhinorrhoea / PND 1.23 .36 .79 -8A
Loss of smell 1.20 .39 .79 -G08
Facial pain/ pressure .83 .30 .58 -a03
010

PND: Postnasal drip

Table 5¢ — Multivariate Generalized Linear Model Analysis — Effect of variable on increase of LM-score.

620
Variable Expected count p-value | 95% Confidence Iné@él
ratio R29

Obstruction 1.53 .03 1.04 6239
Rhinorrhoea / PND 1.23 .36 79 6p
Loss of smell 1.20 .39 .79 -6P&
Facial pain/ pressure .83 .30 .58 6B
Gender female- 1) .67 .002 56286
Smoke 1.37 .02 1.06 -028
Itchy rashes .67 .01 4928
(63610)

more than one year of smoking.

PND: Postnasal drip,
Smoke: History of
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Table 6a - Univariate logistic regression — Odds ratio on LM=0

Variable Odds ratio | p-value | 95% Confidence Interval
Obstruction 0.86 43 0.59-1.26
Facial pain/ pressure 1.11 .56 0.79-1.56
Rhinorrhoea / PND 0.78 .27 0.50-1.21
Loss of smell 0.71 .10 0.47 -1.07
Gender (female) 1.87 <.001 1.40-2.48
Smoke 0.76 .05 0.58-1.00
AR 12mo 0.60 .006 0.41-0.86
Woke up short of breath 12mo 0.76 21 0.50-1.17
Wheezing 12mo 1.09 .68 0.72-1.67
Woke up with chest tightness 12mo 0.96 .85 0.64 —1.45
Woke up coughing 12mo 1.03 .85 0.75-1.41
Coughing up sputum on most days >3months/yr 1.08 72 0.70-1.66
Did you ever have asthma 0.58 .02 0.37-0.92
Admitted to hospital due to asthma 1.45 .51 0.48 -4.37
Exacerbation of asthma 12mo 0.72 A7 0.29-1.78
Current asthma medication 0.51 .03 0.27-0.95
Episode of ARS in last year 0.91 .58 0.64-1.29
Itchy rashes 1.16 44 0.80-1.70
Eczema 1.06 .68 0.79-1.43
NSAID-intolerance 0.62 .34 0.23-1.67
Current smoker 0.72 .07 0.51-1.02
Occupation in healthcare 1.06 .86 0.55-2.06
Occupation in cleaning 1.75 .23 0.71-4.33

PND: Postnasal drip, Smoke: History of smoking, AR: Positive answer on ‘hay fever’, 12mo: in the last 12

months. Note: Odds ratios below 1 reflect increased odds for having opacifications.

Table 6b — Multivariable logistic regression — Odds ratio on LM=0

Variable Odds ratio | p-value | 95% Confidence Interval
Gender (female) 2.06 <.001 1.49-2.85
AR 12mo 0.58 .004 0.40-0.84

AR 12mo: Positive answer on ‘hay fever’ and on the question ‘Have you been troubled by nasal allergies in the

last 12 months?’. Note: results after backward selection (p,.= .05) of a multivariable model that included 7

predictors: loss of smell, gender, AR in the last 12 months, asthma (ever), current medication for asthma, ever
smoked, and current smoker. We reran this model to also include cases with missing values of the deselected

variables. This model predicted 118 (57%) false positives, so 118 out of 326 patients for whom LM = 0 was

predicted, in fact had a LM > 0. Area under the curve = .607.
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Supplementary table 1 — the GA2LEN survey

Number | Question Answering options
1 Have you had wheezing or whistling in your chest at any Yes/No
time in the last 12 months? If no, goto 2
1.1 Have you been at all breathless when the wheezing noise Yes/No
was present?
1.2 Have you had this wheezing or whistling when you did not Yes/No
have a cold?
2 Have you woken up with a feeling of tightness in your chest | Yes/No
at any time in the last 12 months?
3 Have you been woken by an attack of shortness of breath at | Yes/No
any time in the last 12 months?
4 Have you been woken by an attack of coughing at any time | Yes/No
in the last 12 months?
5 Do you bring up phlegm from your chest on most days for as | Yes/No
much as three months each year?
6 Have you ever had asthma? Yes/No
If no,goto7
6.1 How old were you when you had your first attack of Number
asthma? (If unsure, give your best guess!)
6.2 Have you ever been hospitalised with asthma? Yes/No
6.3 Have you had an attack of asthma in the last 12 months? Yes/No
6.4 Are you currently taking any medicine (including inhalers, Yes/No
aerosols or tablets) for asthma?
7 Do you have any nasal allergies including hay fever? Yes/No
If no,goto 8
7.1 Have you been troubled by nasal allergies in the last 12 Yes/No
months?
7.2 Have you ever been troubled by nasal allergies for more Yes/No
than 4 days in any one week?
7.3 If yes did this happen for more than 4 weeks continuously? | Yes/No




8 Has your nose been blocked for more than 12 weeks during | Yes/No
the last 12 months?
9 Have you had pain or pressure around the forehead, nose or | Yes/No
eyes for more than 12 weeks during the last 12 months?
10 Have you had discoloured nasal discharge (snot) or Yes/No
discoloured mucus in the throat for more than 12 weeks
during the last 12 months?
11 Has your sense of smell been reduced or absent for more Yes/No
than 12 weeks during the last 12 months?
12 Has a doctor ever told you that you have chronic sinusitis? Yes/No
12A In the past 12 months, have you had at least one episode of | Yes/No
at least ten days where you had a blocked nose, discoloured | If no, go to 13
nasal discharge (snot) and pain or pressure over the
sinuses?
12A.1 How many of these episodes of at least 10 days where you 1,2,3,4,>4
had a blocked nose, discoloured nasal discharge (snot) and
pain or pressure over the sinuses did you have in the past
12 months?
12A.2 Have you visited a doctor for one of these episodes? Yes/No
12A.3 Have you received antibiotics for one of these episodes? Yes/No
12A.4 Have you received a corticosteroid nose spray for one of Yes/No
these episodes?
13 Have you ever had an itchy rash that was coming and going | Yes/No
for at least 6 months? If no, go to 14
13.1 Have you had this itchy rash in the last 12 months? Yes/No
13.2 Does this affect only your hands? Yes/No
14 Have you ever had eczema or any kind of skin allergy? Yes/No
15 Have you ever had any difficulty with your breathing within | Yes/No
3 hours after taking a pain killer? If no, goto 16
15.1 Please write the name of the tablet? Open
16 Have you ever smoked for as long as a year? Yes/No




If no, goto 17

16.1 How old were you when you started smoking? Number
16.2 Have you smoked at all in the last month? Yes/No
If yes, go to 16.3
16.2.1 How old were you when you stopped smoking? Number
16.3 On average how much do you (or did you) smoke? Number
17 Are you currently: Select one option
a. employed
b. self-employed
c. unemployed
d. not working because of poor health
e. full-time house person
f. full-time student
g. retired
h. other
18A Are you currently working as a health care worker (e.g. asa | Yes/No
nurse, medical technician, doctor, paramedic or similar)?
18B Are you currently working in a job that is mainly involved Yes/No
with any sort of cleaning?
19.1 Do you understand the language in which this questionnaire | Yes/No
is composed?
19.2 Which language do you speak most when you’re at home? Open
19.3 Which language do you speak most when you’re away from | Open
home?
20.1 In which country were you born? Open
20.2 In which country was your father born? Open
20.3 In which country was your mother born? Open
20.4 What is your ethnicity? Select one option

a. Caucasian/white
b. Asian

c. African/Creole




d. Latin-American
e. Hindustani
f. Mediterranean

g. Other (please specify):

20.5 How many years have you been living in the Netherlands Number

21 What is your date of birth? Date

22 What is today's date? Date

23 Are you male or female? Male/Female
24 What is your postal code? Postal code

Supplementary table 2 — the Lund-Mackay score

Sinus / location Score left side Score right side
Frontal 0/1/2 0/1/2
Anterior ethmoid 0/1/2 0/1/2
Posterior ethmoid 0/1/2 0/1/2
Sphenoid 0/1/2 0/1/2
Ostiomeatal complex 0/2 0/2

Maxillary 0/1/2 0/1/2

0 = no abnormality / 1 = partially opacification / 2 = complete opacification
The ostiomeatal complex is assigned a score of either 0 (not obstructed) or 2 (obstructed).

The maximum score is 24.

Supplementary table 3 — EPOS symptoms defining chronic rhinosinusitis

Primary symptoms Secondary symptoms | Objective findings | Duration
Nasal obstruction Loss of smell Nasal endoscopy | <12 weeks
Rhinorrhoea (anterior | Pressure over the Radiology >12 weeks

or posterior)

sinuses

Epidemiologically based chronic rhinosinusitis is defined as two or more nasal symptomes, at least one of them
from the ‘primary symptoms’, and a duration of 12 weeks or more. Clinically based chronic rhinosinusitis is

defined in the same way, but also requires abnormalities on endoscopic or radiologic examination.



