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Background: We aimed to compare the prevalence and risk factors of chronic rhinosinusitis (CRS) using two different diagnostic

criteria with the same statistical data from the Korean National Health and Nutrition Examination Survey in 2009.

Methods: 'Symptom-based CRS' was defined as CRS diagnosed by questionnaires related to nasal symptoms. 'Endoscopy-based

CRS' was defined based on endoscopic findings and nasal symptoms of symptom-based CRS.

Results: The overall prevalence of CRS based on the different diagnostic criteria was as follows: symptom-based CRS was 10.78%
(797 of 7,394) and endoscopy-based CRS was 1.20% (88 of 7,343). Comparing symptom-based CRS to endoscopy-based CRS
showed slight agreement (kappa = 0.183 (0.150-0.216, 95% confidence interval)). Allergic rhinitis was identified as a common risk

factor for CRS based on the two diagnostic criteria.

Conclusions: The prevalence and risk factors of CRS were quite different from each other according to the different criteria, even

in the same population. Therefore, it would be important to consider what specific diagnostic criteria have been adopted in the

studies comparing the prevalence of CRS.
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Introduction

Chronic rhinosinusitis (CRS) is one of the most prevalent chronic
diseases worldwide, characterized by inflammation of the pa-
ranasal sinus mucosa for 12 consecutive weeks or more, which
causes significant direct medical costs 3, CRS has substantial
negative effects on quality of life including bodily pain, gene-
ral health, vitality, and social functioning. Comparisons with
other chronic diseases such as congestive heart failure, angina,
chronic obstructive pulmonary disease, and back pain have
revealed significantly lower scores for bodily pain and social
functioning among CRS patients 24, In addition, CRS is conside-
red to be an important hidden factor that exacerbates asthma
and other chronic lung diseases . Considering that CRS is one
of the most common chronic inflammatory diseases with a sig-
nificant socioeconomic burden, more accurate data about the
prevalence and risk factors of CRS should be obtained through
a population-based study. Most studies on CRS have focused on
diagnosis and treatment, while relatively few studies have evalu-

ated the epidemiology of the disease. In previous epidemiologic
studies, the prevalence of CRS was shown to vary widely from
country to country and according to survey time . The reason
for this variation could be differences in the diagnostic criteria
of each study in addition to sociodemographic factors. Recently,
diagnostic criteria for an epidemiologic study were proposed by
the European Position Paper on Rhinosinusitis and Nasal Polyps
(EP30S) 2012 ©9)., In some epidemiologic studies, CRS has been
diagnosed based on answers to symptom-based questionnaires
on specific nasal symptoms or a medical history indicating a
subject has CRS %', In addition, CRS has been diagnosed by
endoscopic examination of the nasal cavity with specific nasal
symptoms 213, Therefore, we sought to compare the prevalence
and risk factors of CRS as diagnosed by two different diagnostic
criteria, symptom-based and endoscopy-based, using the same
statistical data from the 2009 Korean National Health and Nutri-
tion Examination Survey (KNHANES).
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Materials and methods

Subjects and survey methods

KNHANES is a complex survey because the data was not ob-
tained using a simple random sample, but rather a complex,
multistaged, probability sampling design was used to select
the participants as a whole. A total of 12,722 individuals from
4,000 households participated in the KNHANES performed

from January to December 2009, and these randomly selected
participants represented the general population of South Korea.
Within the visiting survey team, a resident of the Korean Society
of Otorhinolaryngology-Head & Neck Surgery was included. At
least second year residents of the Korean Society of Otorhino-
laryngology-Head & Neck Surgery performed the endoscopic
examinations. Before the examination, the Korean Society

of Otorhinolaryngology-Head & Neck Surgery educated the
participating residents about the protocol and the examination
methods for standardization of the endoscopic examination.
Baseline information for each population was obtained using a
structured questionnaire administered by trained interviewers.
After the baseline survey, the residents asked more specific
questions on the questionnaire concerning the following nasal
symptoms: mucopurulent discharge, nasal obstruction/con-
gestion, facial pain/pressure, and dysosmia lasting longer than
3 months. At the same time, the residents performed a physical
examination on individuals 12 years or older using a 4-mm, 0°
rigid nasal endoscope in a well-equipped mobile medical exami-
nation bus. Nasal endoscopic examination was performed 5
minutes after applying a topical vasoconstrictor (0.5% neosy-
nephrine : distilled water=1:1).

Definition of CRS based on different diagnostic criteria

This study has been reviewed and approved by Gangnam
Severance Hospital, Institutional Review Board (3-2013-0223)
with the Treaty of Helsinki. We assessed the prevalence and risk
factors for CRS based on two diagnostic criteria. 'Symptom-
based CRS' was defined as a diagnosis based on responses to
questionnaires assessing specific nasal symptoms. The ques-
tionnaires consisted of symptoms indicating sinusitis such as
anterior/posterior nasal drip, nasal obstruction, facial pain,
anosmia or hyposmia. Symptom-based CRS was defined on the
EP30S 2012 diagnostic criteria for epidemiologic studies (Table
1) ©.’Endoscopy-based CRS' was defined as a diagnosis based on
endoscopic findings of mucopurulent rhinorrhea in the middle
meatus or nasal polyps along with nasal symptoms meeting the
definition criteria of symptom-based CRS.

Possible risk factors

The statistical association between CRS and risk factors was
analyzed. The possible risk factors comprised clinically relevant
sociodemographic factors and personal medical factors. These
factors were based on previous epidemiologic studies regarding

CRS, and we chose 11 variables © '3, Details included sex, age,
smoking, education, stress, influenza vaccination, hyperten-
sion, diabetes mellitus, bronchial asthma, allergic rhinitis and
nasal septum deviation (Table 2). Age was set as a numerical
variable, and the other factors were set as categorical variables.
All variables except nasal septal deviation were defined based
on the answers to the questionnaire. As for smoking, only
current smokers were categorized as smokers and the others
were categorized as nonsmokers. Concerning education, those
who graduated from university were categorized into the high
education group, while the others were categorized into the low
level group. According to subjective feelings about stress in daily
life, stress was categorized as high or low. A positive value for
influenza vaccination was defined by an affirmative answer to
questions such as "Have you received an influenza vaccination
during the past year?" Positive values for hypertension, diabetes
mellitus, bronchial asthma, and allergic rhinitis were defined by
an affirmative answer to questions such as "Have you ever been
diagnosed with that specific disease by a doctor?" ‘Doctor-based’
diagnosis of allergy and asthma was based on the subjects’ his-
tory of diagnosis with allergy and asthma as recorded in KNHA-
NES. The diagnosis of allergy and asthma was made by general
physicians or specialists. Nasal septum deviation was confirmed
on physical examination by an otolaryngologist during the
survey. Examination of nasal septal deviation was also done by a
nasal endoscope after nasal decongestion. A deviated nasal sep-
tum was defined as the presence of an asymmetric displacement
to one or both sides of the nasal cavity, leading to a narrowing of
the nasal cavity.

Statistical analysis

To estimate the entire non-institutionalized Korean popula-

tion from the survey sample, the KNHANES sampling weight
variables, masked variance primary sampling unit and stratum
variables were used. Survey sample weights were used in all the
analyses. Missing data were considered to be missing complete-
ly at random. The data were analyzed with SAS software (version
9.2, SAS Institute Inc., Cary, NC, USA) in order to incorporate
sample weights and adjust the analysis for the complex sample
design of the survey. The prevalence of CRS based on different
diagnostic criteria was estimated, and the results were compa-
red with each other using Cohen's kappa statistics to evaluate
the strength of agreement. Sensitivity, specificity, positive pre-
dictive values (PPV), and negative predictive values (NPV) were
calculated comparing symptom-based CRS with endoscopy-
based CRS. McNemar's test was used to compare the differences
of each sensitivity, specificity, PPV, and NPV. Multiple logistic
regression analysis was performed with 11 variables to calculate
adjusted odds ratios (OR) and their 95% confidence intervals (Cl).
The analysis was performed on each CRS diagnostic criteria set.
A p-value < 0.05 was considered statistically significant.
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Table 1. Definition of CRS based on different diagnostic criteria.

Symptom-based CRS

nasal blockage / obstruction / congestion or nasal discharge (ante-
rior/posterior nasal drip)

+ facial pain/pressure
+ reduction or loss of smell
Duration of symptoms > 12 weeks

Endoscopy-based CRS

Endoscopic findings of mucopurulent rhinorrhea or nasal polyps
and

Nasal symptoms meeting the criteria of 'symptom-based CRS'

CRS = chronic rhinosinusitis.

Results

Prevalence of CRS based on different diagnostic criteria
Among 8,926 individuals that were 12 years or older and
underwent clinical examination, participants who had any mis-
sing data values necessary for diagnosis of CRS were excluded,
7,893 individuals were finally selected for inclusion in this study.
Among the 7,893 individuals, however, 499 individuals were
excluded if they failed to complete key demographic data which
allowed the diagnosis of chronic rhinosinusitis to be made.

Also, 51 individuals did not undergo endoscopic examination
due to pain or susceptibility. Thus, data from 7,343 individuals
who underwent endoscopic examination were finally included
for analysis. Among these 7,343 individuals, 3,458 (43.8%) were
men, and 4,435 (56.2%) were women. The mean age of the indi-
viduals was 39.06 (+22.58) years. Although KNHANES included
individuals 6 years or older, the rhinologic examination was only
performed on those 12 years or older due to safety concerns
with using a vasoconstriction during the endoscopic examina-
tion. The number of individuals of ages 6 to 12 years was 921
(9.35%), while the number of individuals over 12 years of age
comprised 8,926 (90.65%) of the 12,722 individuals in the entire
study population.

The overall prevalence of CRS based on different diagnostic
criteria was as follows: symptom-based CRS was 10.78% (797

of 7,394) and endoscopy-based CRS was 1.20% (88 of 7,343).
Comparing symptom-based CRS to endoscopy-based CRS
showed slight agreement (kappa = 0.183 (0.150-0.216, 95% con-
fidence interval)) in assessing the prevalence of CRS. Because
endoscopy-based CRS contained both endoscopic findings and
symptom-based criteria, it was regarded as the standard of CRS
diagnosis. Compared to endoscopy-based CRS, the sensitivity of
symptom-based CRS was 1, and the specificity was 0.903, PPV
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Table 2. Definition of factors applied in the analysis.

Variables Definitions

Smoking (-): former smokers or nonsmokers
(+): current smokers

Education Low: graduated middle & high school
-High: graduated university

Stress Light or heavy: subjective feelings of stress

in daily life

Influenza vaccination (-) or (+): history of influenza vaccination in

the last year

Hypertension (-) or (+): history of hypertension diag-

nosed by a doctor

Diabetes mellitus «(-) or (+): history of diabetes mellitus diag-

nosed by a doctor

Bronchial asthma «(-) or (+): history of bronchial asthma

diagnosed by a doctor

Allergic rhinitis «(-) or (+): history of allergic rhinitis diag-

nosed by a doctor

Nasal septum deviation  «(-) or (+): nasal septum deviation confir-

med by an otolaryngologist during the
survey

was 0.110, and NPV was 1.

Risk factors for CRS based on different diagnostic criteria
Significant risk factors for CRS based on different diagnostic
criteria were as follows: symptom-based CRS - sex, age, stress
level, asthma, nasal septal deviation, allergic rhinitis (Table 3);
endoscopy-based CRS - sex, age, education level, diabetes mel-
litus, allergic rhinitis (Table 4). Allergic rhinitis was identified as a
common risk factor for CRS based on the two diagnostic criteria.

Discussion

Diagnostic criteria for symptom-based CRS are useful for large-
scale studies because of convenience in the survey. Neverthe-
less, there are some difficulties in distinguishing CRS from other
diseases that cause similar nasal symptoms like allergic rhinitis,
chronic rhinitis, septal deviation and the common cold. In this
study, oedema of the middle meatus was not included as a
positive finding, as nasal mucosal shrinkage was performed

for better visualization of the nasal cavity and to reduce pain
during examination. Furthermore, Tomassen et al. mentioned
that endoscopic findings, such as edema or redness, can also be
present in chronic rhinosinusitis and allergic rhinitis, this may
account for a high proportion of positive endoscopic findings in
CRS-negative allergic rhinitis patients "¥. Moreover, the Global
allergy and asthma European network (GA2LEN) study included
positive endoscopic findings as edema and showed a significant
association between symptom-based CRS and positive endo-
scopic findings in non-allergic subjects only ¥, Therefore, our di-
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Table 3. Multiple logistic regression analysis of risk factors of symptom-based CRS.

Variables No. CRS Prevalence (%) Adjusted OR 95% Cl p value

Sex

Female 4200 411 9.79 1

Male 3194 386 12.09 1.351 1.108 - 1,648 0.0030
Age (=19) 7394 797 10.78 1.007 1.001-1.014 0.0339
Smoking

() 5730 600 10.47 1

(+) 1641 195 11.88 1.041 0.855-1.266 0.6917
Education

High level 1907 197 10.33 1

Low level 5428 593 10.92 1.162 0.940 - 1.436 0.1664
Stress

Light 5164 525 10.17 1

Heavy 2180 267 12.25 1.247 1.009 - 1.541 0.0413

Influenza vaccination

©) 4834 493 10.20 1

(+) 2537 302 11.90 1.162 0.949 - 1.421 0.1459
Hypertension

() 5893 633 10.74 1

(+) 1500 163 10.87 0.840 0.658 - 1.072 0.1602
Diabetes mellitus

©) 6823 739 10.83 1

(+) 570 57 10.00 0.721 0.506 - 1.028 0.0707
Bronchial asthma

) 7145 741 10.37 1

(+) 226 54 23.89 2.678 1.661-4.319 <0.0001
Allergic rhinitis

() 6631 595 8.97 1

(+) 740 200 27.03 3.906 3.163-4.823 <0.0001
Nasal septum deviation

) 4206 399 9.49 1

(+) 3127 389 12.44 1.340 1.115-1.611 0.0018*

CRS = chronic rhinosinusitis; OR = odds ratio; Cl = confidence interval.

agnostic criteria of ‘endoscopy-based CRS' would be appropriate in their criteria and population. Even in the same country, the
to control for the effect of other diseases, such as allergic rhinitis,  prevalence differed depending on survey time and criteria. In

although underestimation of the prevalence of ‘endoscopy- Korea, three epidemiological studies were reported using a
based CRS'may potentially be an important limitation of this nationwide survey: one in 1996 by Min et al., one in 2010 by Cho
study. In past epidemiologic studies, the reported prevalence etal.,, and one in 2011 by Kim et al "2'3'9), In these studies, CRS
of CRS varied widely from 1 to 16% depending on the country was diagnosed by questionnaires on nasal symptoms along with
surveyed ©. In addition, these studies have many differences positive endoscopic findings. The definition of CRS in Cho's and
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Table 4. Multiple logistic regression analysis of risk factors of endoscopy-based CRS.

Variables No. CRS Prevalence (%) Adjusted OR 95% Cl p value
Sex
Female 4167 34 0.82 1
Male 3176 54 1.70 2.522 1.390-4.573 0.0023
Age (=19) 7343 88 1.20 1.023 1.003- 1.043 0.0221
Smoking
G 5688 59 1.04 1
(+) 1633 28 1.71 1.174 0.632- 2.179 0.6122
Education
High level 1892 12 0.63 1
Low level 5393 74 1.37 2.525 1.200- 5.310 0.0146
Stress
Light 5135 60 117 1
Heavy 2159 27 1.25 1.097 0.623- 1.934 0.7483

Influenza vaccination

©) 4806 55 1.14 1

(+) 2515 32 1.27 1.059 0.554-2.022 0.8630
Hypertension

() 5847 73 1.25 1

(+) 1496 15 1.00 0.651 0.288- 1.471 0.3020
Diabetes mellitus

() 6774 84 1.24 1

(+) 569 4 0.70 0.287 0.098- 0.842 0.0230
Bronchial asthma

) 7096 82 1.16 1

(+) 225 5 2.22 1.733 0.526- 5.705 0.3658
Allergic rhinitis

() 6587 67 1.02 1

(+) 734 20 2.72 3.862 2.183- 6.832 <0.0001
Nasal septum deviation

) 4206 47 1.12 1

(+) 3125 41 1.31 1.091 0.626- 1.902 0.7578

CRS = chronic rhinosinusitis; OR = odds ratio; Cl = confidence interval.

Kim'’s studies was the same as CRS that was diagnosed when the  and Kim's study included subjects older than 12 years. Thus, the

symptoms of both nasal obstruction and nasal discharge lasted prevalence in Cho's and Kim's studies was similar at 7.12% and
for 3 months or longer. At the same time, intranasal endoscopic 6.95%, respectively *'5. However, in Min’s study, CRS was de-
examination was used to confirm objective findings such as fined as the presence of at least three clinical symptoms lasting
discolored nasal drainage or nasal polyps "', Furthermore, longer than 3 months along with physical findings of a nasal
the survey time was the same; the only difference was the age polyp and/or mucopurulent nasal discharge within the mid-

of subjects, as Cho's study included subjects older than 6 years dle meatus by rigid endoscopy. Nasal obstruction, rhinorrhea,
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anosmia or hyposmia as well as frontal, maxillary and interor-
bital pressure or headache were considered to be symptoms
due to CRS. In Min's study, the prevalence of CRS was 1.01% 2.
The discrepancy between the prevalence of endoscopy-based
CRS of this present study and the previous reports of Kim et

al. and Cho et al. can be explained as follows. According to the
KNHANES conducted in 2008, the endoscopy-based CRS was
defined as presence of discolored nasal discharge in the nasal
passage or nasal polyps, therefore discolored discharge in the
nasal cavity was considered positive. However, this study on
KNHANES conducted in 2009 defines the endoscopy-based CRS
as presence of mucopurulent rhinorrhea in the middle mea-

tus or nasal polyps, and therefore only the presence of these
findings were strictly considered for positive findings, exclu-
ding mucopurulent rhinorrhea in nasal cavity. The fact that the
prevalence of endoscopy-based CRS of this study is similar to
that of the report made by Min et al. strongly suggests that the
discrepancy is due to differences in the definition of endoscopic
findings. In actual fact, this discrepancy between the prevalence
of endoscopy-based CRS of this study and the previous reports
of Kim et al. and Cho et al. suggests the importance of diagnos-
tic criteria utilized for CRS.

In this study, we also evaluated the strength of agreement of
symptom-based diagnosis with reference to endoscopy-based
diagnosis. The strength of agreement was low and this could

be due to the low prevalence of endoscopy-based CRS as a
standard for CRS diagnosis. The PPV and NPV are the proporti-
ons of positive and negative results in statistics and diagnostic
tests that are true positive and true negative results . Compa-
red to endoscopy-based CRS, the sensitivity of symptom-based
CRS was 1 and the specificity was 0.903, PPV was 0.110, and NPV
was 1. All subjects diagnosed with endoscopy-based CRS were
included in the symptom-based CRS group, according to the
definitions of CRS in this study. Therefore, the sensitivity and
NPV of symptom-based CRS were estimated at 1. The PPV of
symptom-based diagnosis was low due to the low prevalence
of endoscopy-based CRS. Lange showed that comparing CRS
diagnosed by a questionnaire to CRS diagnosed by an otolaryn-
gologist exhibits moderate agreement 7. Our results coincide
with Lange’s study.

In evaluating symptom-based diagnosis with the addition of na-
sal endoscopy, several reports have raised debates on whether
endoscopy should be regarded as a golden standard or not. Two
independent studies by Fergusson and Stankiewicz showed that
mucopurulence in endoscopic findings was relatively insensitive
for the diagnosis of CRS "9, The sensitivity for the endoscopic
diagnosis of CRS was, respectively, 24% in the Fergusson study
and 46% in the Stankiewicz study. Nevertheless, several studies
do support the reliability of EP30S symptom criteria and nasal
endoscopy in the assessment of CRS. Bhattacharyya mentioned
that in patients who meet symptom criteria for CRS, the addition

of nasal endoscopy improves the diagnostic accuracy for CRS,
and should be emphasized as a diagnostic tool early in clinical
evaluations ©°. Moreover, the GA2LEN study revealed a signi-
ficant association between symptom-based CRS and positive
endoscopic findings . Thus, the specificity of symptom-based
diagnosis can indeed be strengthened by the addition of nasal
endoscopy, as Bhattacharya et al. mentioned ©°. The determina-
tion of inter-rater agreement is an important component of the
validation process for any diagnostic tool. McCoul et al. investi-
gated inter-rater agreement of nasal endoscopic examination
and showed excellent endoscopic agreement for the assess-
ment of polyps, middle turbinate integrity, middle turbinate
position, and maxillary or ethmoid sinus patency. However,
discharge, synechiae, middle meatus patency, and middle
turbinate mucosal changes showed fair or poor agreement with
endoscopic findings @". In the present study, ‘endoscopy-based
CRS’was defined as a diagnosis based on endoscopic findings of
mucopurulent rhinorrhea in the middle meatus or nasal polyps
along with nasal symptoms. Therefore, our definition would be
somewhat reliable in light of McCoul’s study.

The prevalence of symptom-based CRS was higher in men

and increased with age, heavy stress, allergic rhinitis and nasal
septum deviation. The prevalence of endoscopy-based CRS was
higher in men and increased with age; less education and al-
lergic rhinitis also increased the prevalence. Many risk factors af-
fected CRS prevalence in previous studies. Pilan’s study showed
that a low monthly income and history of asthma and rhinitis
increased the prevalence of CRS in Brazil ©. In Chen'’s study in
Canada, CRS was more common among those with a history

of allergies, asthma, or chronic obstructive pulmonary disease
M, In Shi’s study in China, chronic sinusitis was particularly
prevalent among people with specific medical conditions, in-
cluding allergic rhinitis, asthma, chronic obstructive pulmonary
disease, and gout 2. Although many risk factors demonstrated
an impact on the prevalence of CRS in previous studies, it is dif-
ficult to compare risk factors between other countries because
of racial, climatic, and cultural differences. Considering this

fact, we compared two studies performed in the same country
and concluded allergic rhinitis was identified as a common risk
factor for CRS based on the two diagnostic criteria. However, our
diagnostic criteria of ‘'endoscopy-based CRS' would affect the
prevalence of CRS, so the association between allergic rhinitis
and CRS can't be certain. In Min’s study, the prevalence of CRS
was significantly associated with province, employment status,
the number of living rooms per family (crowding) and allergic
rhinitis symptoms 2. Kim et al. showed that allergic rhinitis is
the most significant risk factor for CRS at the population level in
Korea, and our results support Kim et al’s findings 3. Moreover,
several studies have shown that allergic rhinitis and CRS exhibit
strong epidemiological co-association, and early life risk factors
for upper airway disease are now apparent @2, Although exact
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mechanisms remain unknown, the inflammatory effect of aller-
gic rhinitis can exacerbate underlying CRS 24?7, Excess mucosal
inflammation with immune dysfunction is a common feature for
both allergic rhinitis and CRS. The risk factors for CRS in Korea
were quite different except for allergic rhinitis, although all ana-
lyses were based on the nationwide survey. In these two studies,
there was a time difference of 15 years and socioeconomic sta-
tus varied considerably. Furthermore, the prevalence of allergic
rhinitis considerably increased in 2011, and this increased preva-
lence of allergic rhinitis can explain the increased prevalence of
CRS despite the different diagnostic criteria for CRS 1%.

Conclusion

In conclusion, the prevalence and risk factors of CRS were quite
different from each other according to the different criteria,
even in the same population. Therefore, it would be important
to consider what specific diagnostic criteria have been adopted

Prevalence of rhinosinusitis

in the studies comparing the prevalence of CRS.
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