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Purpose: Chronic rhinosinusitis (CRS) and allergic rhinitis (AR) are common asthma-
associated upper airway diseases. Olfactory dysfunction, a common symptom among these
patients, is an increasingly recognized condition that is associated with a reduced quality of
life and major health outcomes. However, there are few studies on the association between
olfactory function and asthma. We investigated the relationship between asthma and olfac-
tory function.

Patients and Methods: A total of 146 patients with asthma aged >18 years were retro-
spectively analyzed from August 2019 to February 2020. Olfactory function was assessed
using the Sniffin’ stick test or the YSK olfactory function test. We compared the clinical
parameters of patients with olfactory dysfunction and patients with normosmia.

Results: Of the total participants, 68 (46.6%) showed olfactory dysfunction (hyposmia,
n=31; anosmia, n=37). The patients with olfactory dysfunction were older, had longer
durations of asthma, and a higher proportion of those with poor general health, CRS, and
nasal polyps compared to patients with normosmia. However, there were no significant
differences in the socioeconomic status, lung function, asthma severity, and use of inhaled
corticosteroids or intranasal steroids between the two groups. Age (odds ratio: 1.044, 95%
confidence interval: 1.009-1.081, P=0.012), poor general health (3.304, 1.231-8.863,
P=0.018), CRS (2.589, 1.155-5.804, P=0.021), and nasal polyps (3.306, 1.1-9.94,
P=0.033) were significantly associated with olfactory dysfunction.

Conclusion: Olfactory dysfunction was quite frequently observed in adults with asthma.
Age, poor general health, CRS, and nasal polyps were significantly associated with olfactory
dysfunction.
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Introduction

Chronic rhinosinusitis (CRS) and allergic rhinitis (AR) are common asthma-
associated upper airway diseases that contribute substantially to poor asthma con-
trol and disease burden.'? Olfactory dysfunction, a common symptom among these
patients,' is not only considerably prevalent®* but also the most common chronic
medical condition in the United States.” The sense of smell is an important
chemical warning system that detects various odors including unpleasant ones
and those of hazardous substances. Moreover, it regulates food intake and triggers
emotions and memories.® Although olfactory dysfunction is not a life-threatening or
highly comorbid condition,” it is closely associated with a poor quality of life
(QOL) and psychological state.®'* Moreover, this condition is also highly asso-
ciated with asthma control status. However, there are few studies on the association
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between olfactory function and asthma, and olfactory dys-
function is underestimated and overlooked by patients and
doctors.>'

The aim of the present study was to investigate olfac-
tory function in patients with asthma and evaluate the

relationship between asthma and olfactory function.

Patients and Methods

Participants and Study Design

This study was conducted at Dong-A University Hospital
from August 2019 to February 2020. A total of 146 adult
patients with asthma aged >18 years were included, and
the diagnosis of asthma was based on clinical symptoms,
spirometry with bronchodilator test, and airway hyperre-
sponsiveness to methacholine or mannitol. We compared
the clinical parameters of the patients with and without
olfactory dysfunction. This study complied with the
Declaration of Helsinki and was approved by the institu-
tional review board of Dong-A University Hospital,
Busan, South Korea (DAUHIRB-19-175). Informed con-
sent was obtained from all the participants.

Assessment

Olfactory function was assessed using the Korean version of
the Sniffin’ stick test (KVSS II; Burghart Company, Wedel,
Germany) or YSK olfactory function test (YOF test; Kimex
Co., Suwon, Korea). Accordingly, the threshold, discrimina-
tion, and identification scores were measured, and the sum of
these three scores was defined as the olfactory score (range:
0-48 for KVSS II, 1-36 for YOF). The severity of olfactory
dysfunction was classified as follows based on previous
studies:">'® anosmia, <20 on KVSS II or <14.5 on YOF;
hyposmia, >20 on KVSS II or >14.5 on YOF; normosmia,
>27 on KVSS II or >21 on YOF.

The KVSS test, developed in 1999, is a modified type of
Sniffin’ stick test widely used in Korea; whereas, the YOF
test is a recently developed olfactory function test that uses
odorants that are culturally familiar to Koreans, and showed

an equivalent validity with KVSS I1.'®

Olfactory dysfunction
was determined as anosmia or hyposmia using these two
olfactory function tests in the present study. The olfactory
function tests were performed in patients who experienced
acute asthma exacerbations requiring systemic steroid treat-
ment for more than 3 days or in those who received systemic
steroids for other medical conditions related to sinonasal

diseases and were assessed after 12 weeks.

The clinical and demographic characteristics of the study
participants were analyzed by reviewing the electronic med-
ical records used in our previous study.'” A self-administered
questionnaire was administered to determine the general
health and educational status, problems with the sense of
smell, visual analog scale score for olfactory ability (range
0-10: O=anosmia; 10=normal sense of smell), duration of
olfactory impairment, and any history of treatment with
sinusitis or olfactory dysfunction (Table S1). The diagnosis
of CRS was based on patient history and the results of clinical
examination, nasal endoscopy, and sinus computed tomogra-
phy. Atopy was determined via an allergen skin prick test or
by ImmunoCAP (Thermo Fisher Scientific/Phadia, Uppsala,
Sweden). The tests were considered positive when a mean
wheal diameter >3 mm was obtained or serum-specific
immunoglobulin E levels against common inhalant allergens
were detected at levels >0.35 kU/L. Severe asthma was
defined as three or more exacerbations requiring systemic
steroid treatment for more than 3 days despite the adminis-
tration of the Global Initiative for Asthma step 4 or 5 therapy
in the past 12 months or any severe life-threatening asthma
attack as defined in a previous study.'”

Statistical Analysis

Categorical variables were presented as frequencies and
proportions, and continuous variables were presented as
mean + standard deviation and absolute numbers. To
assess for statistical significance, Pearson’s chi-squared
test was used for categorical variables. The Student’s
t-test or Mann—Whitney U-test was used for continuous
variables and analysis of variance with Scheffé’s or
Dunnett’s post hoc test for the continuous variables.
The correlation between the YOF scores and asthma
duration or lung function were calculated using the
Pearson coefficient and adjusted for age. Logistic regres-
sion analysis was performed to estimate the association
between clinical parameters and olfactory dysfunction.
Statistical analyses were performed using SPSS 18.0
(SPSS Inc., Chicago, IL, USA). A P- value of <0.05
was considered statistically significant.

Results
Demographic and Clinical Characteristics

of the Participants

A total of 146 participants performed olfactory function
tests (KVSS II, n=25; YOF, n=121), and 68 (46.6%) had
olfactory dysfunction (anosmia, n=37; hyposmia, n=31).
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The distribution of olfactory function in the patients is
shown in Figure 1. The patients with olfactory dysfunction
were older (62.78+13.65 years vs 56.18+14.33 years,
P<0.005) and had a higher proportion of those with poor
general health (85.3% vs 70.5%, P=0.033) compared to
the patients with normosmia (Table 1). The proportions of
patients with CRS (66.2% vs 42.3%, P=0.004) and nasal
polyps (26.5% vs 12.8%, P=0.037) were significantly
higher in patients with olfactory dysfunction than in
those with normosmia. There were no significant differ-
ences in income and educational status, body mass index,
and smoking status between the two groups. The mean
duration of asthma was longer (116.43+90.54 months, vs
87.7£65.61 months, P=0.033), and life-threatening asthma
0.0%,
P=0.004) in the olfactory dysfunction group than in the

exacerbation was more frequent (10.3% vs

normosmic group; however, there were no significant dif-
ferences in the lung function, asthma severity, use of
inhaled corticosteroids or intranasal steroids, and atopy
between the two groups. Clinical characteristics of the
study participants were compared according to the severity
of olfactory dysfunction (normosmia, n=78; hyposmia,
n=31; anosmia, n=37) (Table 2). There were significant
differences in age (56.18 + 14.33 years in normosmia,
66.52 + 11.02 years in hyposmia, 59.65 + 14.94 years in
anosmia, P=0.003), asthma duration (87.7 + 65.61 months
vs 98.29 + 88.14 months vs 131.62 + 90.9 months,
P=0.020), CRS (42.3% vs 51.6% vs 78.4%, P=0.001),
and nasal polyps (12.8% vs 16.1% vs 35.1%, P=0.016)
according to severity of olfactory dysfunction.

(n)
30 -

25 = Anosmia

Hyposmia

20
Normosmia

15

10 -

L

Numbers of patients

There was agreement between the results of the olfac-
tory function test and those of the questionnaire survey on
problems with the sense of smell in 68.5% of the partici-
pants (normosmia group, 64.1%; olfactory dysfunction
group, 73.5%). Among patients with olfactory dysfunc-
tion, 26.5% reported having no problems with sense of
smell, and 35.9% of the normosmia group reported that
they had an impaired sense of smell (Table 1). There was
no difference in the duration of olfactory impairment
between the two groups (78.6+£67.71 months vs 76.67
+109.39 months, P=0.941). However, the visual analog
scale score for olfactory ability was significantly lower in
the olfactory dysfunction group than in the normosmic
group (5.25+1.37 vs 3.59+2.68, P=0.001).

In correlation analysis, the YOF scores were negatively
correlated with asthma duration (r=—0.174, P=0.056), and
negatively correlated with lung function (pre-FEV1 (L),
r=0.145, P=0.111; pre-FEV1 (%), r=0.162, P=0.076; post-
FEV1 (L), r=0.116, P=0.205; post-FEV1 (%), r=0.152,
P=0.097) (Table 3). But, there was no statistically signifi-
cance was observed after the age adjustment.

Risk Factors for Olfactory Dysfunction by

Logistic Regression Analysis

Age (odds ratio: 1.044, 95% confidence interval: 1.-
009-1.081, P=0.012), poor general health (3.304, I.-
231-8.863, P=0.018), CRS (2.589, 1.155-5.804,
P=0.021), and nasal polyps (3.306, 1.1-9.94, P=0.033)
were significantly associated with olfactory dysfunction
in both univariate and multivariate regression analyses;

19-29 30-39 40-49 50-59 60-69 702  (years)
Age
Figure | Age-related distribution of olfactory function in the study participants.
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Table | Clinical Characteristics of the Total Study Participants

Total Normosmia Olfactory P-value
Dysfunction
n=146 (%) n=78 (%) n=68 (%)
Age*, years 59.25+14.35 56.18+14.33 62.78+13.65 0.005
Female 80 (54.8) 46(59) 34(50) 0.277
Body mass index*, kg/m? 23.9+3.87 24.26+4.39 23.5£3.19 0.235
Smoking status
Never-smoker 92 (63) 50 (64.1) 42 (61.8) 0915
E-smoker 24 (16.4) 13 (16.7) 11 (16.2)
Current smoker 30 (20.5) 15 (19.2) 15 (22.1)
Household income
Low 19 (13) 9 (I1.5) 10 (14.7) 0.57
Middle-high 127 (87) 69 (88.5) 58 (85.3)
Education
<High school 85 (58.2) 50 (64.1) 35 (51.5) 0.123
2High school graduate 61 (41.8) 28 (35.9) 33 (48.5)
General health
Fair, poor, good 113 (77.4) 55 (70.5) 58 (85.3) 0.033
Excellent, very good 33 (22.6) 23 (29.5) 10 (14.7)
Allergic rhinitis 73 (50) 37 (47.4) 36 (52.9) 0.507
Chronic rhinosinusitis 78 (53.4) 33 (42.3) 45 (66.2) 0.004
Nasal polyps 28 (19.2) 10 (12.8) 18 (26.5) 0.037
Asthma duration®, months 101.17£79.33 87.7+65.61 116.43+90.54 0.033
Severe asthma 32 (21.9) 19 (24.4) 13 (19.1) 0.445
Life-threatening asthma exacerbation 7 (4.8) 0 (0) 7 (10.3) 0.004
FEV/*, % 78.0£19.76 75.91£20.23 73.97x19.3 0.556
Inhaled corticosteroid use 122 (84.1) 62 (80.5) 60 (88.2) 0.204
Intranasal steroid use 45 (30.8) 26 (33.3) 19 (27.9) 0.482
Atopy 76 (52.1) 40 (51.3) 36 (52.9) 0.841
Agreement between a questionnaire on olfaction and olfactory function
tests
Yes 100 (68.5) 50 (64.1) 50 (73.5) 0.221
No 46 (31.5) 28 (35.9) 18 (26.5)
Note: *Data presented as mean # standard deviation.
Abbreviation: FEV |, forced expiratory volume in | second.
however, asthma duration was associated with olfactory Discussion

dysfunction only in the univariate analysis (Table 4).
Income and educational status, the use of inhaled corti-
costeroids or intranasal steroids, lung function, and
severe asthma were not associated with olfactory
dysfunction.

Olfactory dysfunction is increasingly recognized, and its
prevalence and incidence vary significantly according to
the study population, definitions of impairment, and
assessment techniques.'® In a random sample of 1312
adults, 18% were revealed to have olfactory dysfunction
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Table 2 Clinical Characteristics of the Study Participants According to Severity of Olfactory Dysfunction
Characteristics Normosmia n=78 (%) Hyposmia n=31 (%) Anosmia n=37 (%) P-value
Age*, years 56.18 + 14.33 66.52 + 11.027 59.65 + 14.94 0.003
Asthma duration®, months 87.7 + 65.61 9829 + 88.14 131.62 + 90.9% 0.020
Chronic rhinosinusitis 33 (42.3) 16 (51.6) 29 (78.4) 0.001
Nasal polyps 10 (12.8) 5 (16.1) 13 (35.1) 0.016

Notes: *Data presented as mean * standard deviation. Post hoc analysis: P=0.003, hyposmia vs normosmia. ¥Post hoc analysis: P=0.021, anosmia vs normosmia.

Table 3 Correlation Between the YOF Scores and Asthma
Duration or Lung Function in Study Participants

Characteristics r P-value r¥ P-value
Asthma duration, month -0.174 0.056 -0.152 0.097
Prebronchodilator FEV,, L 0.145 0.111 0.079 0.391
Prebronchodilator FEV,, % 0.162 0.076 0.125 0.174
Postbronchodilator FEV,, L 0.116 0.205 0.041 0.658
Postbronchodilator FEV,, % 0.152 0.097 0.112 0.222

Note: r* adjusted for age.
Abbreviations: FEV|, forced expiratory volume in | second; YOF, YSK olfactory
function.

using the Sniffin’ sticks test.'” The prevalence of dysfunc-
tion based on the Scandinavian Odor Identification Test
was 19.1% in 1387 adult participants.* In the current
study, 46.6% of the adult patients with asthma had olfac-
tory dysfunctions. It was considerably higher than that in
previous studies, even though the samples were based on
the general population. There has been no study on the
prevalence of olfactory dysfunction in patients with
asthma. However, the presence of asthma was associated
with a higher frequency of anosmia in the 68 patients with
olfactory dysfunction (60.0% vs 18.3%; P < 0.001),® and

the prevalence of olfactory dysfunction was significantly
higher than that in the patients without asthma (26% vs
6%, P=0.001) among the 145 adult patients with CRS.*°
In the current study, the prevalence of olfactory dys-
function in patients with asthma and CRS was 56.5%, and
it was higher value than that of olfactory dysfunction in
total study participants. However, the prevalence of olfac-
tory dysfunction in patients with asthma without upper
airway diseases (CRS or AR) was 15.8%, which was
similar to the prevalence of olfactory dysfunction in gen-
eral population as in previous studies.*'? Several under-
lying etiological conditions cause olfactory dysfunctions,
in which CRS (or AR) is the main cause of olfactory loss
due to sinonasal diseases.”'™ To date, there is no evi-
dence of an association between asthma and olfactory
dysfunction. Upper airway diseases such as CRS and
rhinitis are commonly accompanied by asthma; therefore,
we deduced that there would be a high prevalence of
olfactory dysfunction in patients with asthma and
a substantial association between these conditions.
A high prevalence of olfactory dysfunction was observed

in patients with asthma and CRS in the current study, and

Table 4 Risk Factors for Olfactory Dysfunction by Logistic Regression Analysis

Univariate P-value Multivariate P-value
Odds Ratio (95% Confidence Interval) Odds Ratio (95% Confidence Interval)
Age, years 1.035 (1.01-1.062) 0.007 1.044 (1.009-1.081) 0.012
Low income 1.322 (0.503-3.473) 0.571 0.779 (0.247-2.457) 0.67
Low education 1.684 (0.867-3.269) 0.124 1.18 (0.471-2.954) 0.724
General health 2.425 (1.059-5.557) 0.036 3.304 (1.231-8.863) 0.018
(fair, poor, good)
Chronic rhinosinusitis 2.668 (1.36-5.234) 0.004 2.589 (1.155-5.804) 0.021
Nasal polyps 2.448 (1.041-5.756) 0.04 3.306 (1.1-9.94) 0.033
Asthma duration, years 1.005 (1.0-1.009) 0.033 1.001 (0.996—1.006) 0.651
FEV), % 0.995 (0.979-1.012) 0.995 1.004 (0.984-1.024) 0.708
Severe asthma 0.734 (0.331-1.626) 0.734 0.574 (0.22-1.499) 0.257
Inhaled corticosteroid use | 1.815 (0.717-4.592) 0209 1.752 (0.547-5.609) 0.345
Intranasal steroid use 0.776 (0.382-1.575) 0.482 0.556 (0.231-1.333) 0.188
Abbreviation: FEV,, forced expiratory volume in | second.
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this supports the results of a previous study that showed
that asthma was a risk factor for olfactory dysfunction in
patients with CRS.*** In clinical practice, assessing the
upper airway diseases in asthmatics who altered olfactory
function can be helpful in the management of asthma, as
these comorbidities can have a significant negative impact
on asthma control. Additionally, a significant improvement
in CRS with nasal polyp symptoms as well as control of
asthma and lung function was observed after 1 month of
mepolizumab treatment and was maintained until 6
months in a real-life population of severe asthmatics.?’
Systemic inflammations in the upper and lower respiratory
tracts caused olfactory dysfunction,®® and it might be
associated with asthma-related risk for olfactory dysfunc-
tion in patients with CRS. Further studies are needed to
investigate the pathophysiology of olfactory dysfunction in
patients with upper airway diseases and asthma.

This study found age, poor general health, CRS and nasal
polyps were associated with olfactory dysfunction in patients
with asthma. Moreover, the duration of asthma, age, CRS,
and nasal polyps were related to the severity of olfactory
dysfunction. The prevalence of olfactory dysfunction
increased with age.™'*?” Atrophy of the olfactory bulb and
tract”® and volume loss in the temporal lobe, which is impor-
tant for olfactory processing,” are associated with age.
Olfactory mucosa may be replaced with respiratory epithe-
lium as a result of long-lasting injuries to it.>° These factors
may lead to age-related olfactory dysfunction. Olfactory-
impaired patients had more difficulties in daily-life activities
and a reduced QOL, and an increased severity of olfactory
dysfunction was associated with a poorer QOL and a higher
degree of depression and anxiety.®''>'* CRS was asso-
ciated with conductive and sensorineural olfactory dysfunc-
tions, including mechanical obstruction of odorant
transmission in the olfactory cleft due to mucosal
inflammation.***> Some studies have reported negative

83¢ and smoking®’

effects of a lower socioeconomic status
on olfactory function; however, these were not associated
with olfactory function in the current study.

In the present study, YOF scores were not significantly
correlated with asthma duration and lung function. However,
a history of life-threatening asthma exacerbation was signifi-
cantly more frequent in the olfactory dysfunction group than in
the normosmic group, although asthma severity was not
related to olfactory dysfunction. Olfactory dysfunction could
be assumed to be related to asthma control. As only 7 cases of
life-threatening asthma exacerbation were reported, large-
scale research will be required in the future.

There was a large discrepancy between the results of the
subjective questionnaire survey on olfactory ability and those
of the objective olfactory function test in the current study. In
patients with hyposmia, 26.5% reported no loss of the sense
of smell. On the contrary, 35.9% of the patients with nor-
mosmia reported loss of the sense of smell. However, self-
reported olfactory function has shown low sensitivity in
previous studies.**® Many people with impaired senses of
smell are unaware of their olfactory problems. Alternatively,
many people with a normal sense of smell might misunder-
stand their olfactory function. Depending on the situation, it
might cause either delayed treatment or unnecessary medical
care. Thereafter, physicians should seek to evaluate olfactory
function using objective tests in patients with asthma.

There were several limitations of the present study.
First, this was a cross-sectional study. Therefore, we
could not clarify the causal relationship between olfac-
tory dysfunction and asthma. As CRS is the main cause
of olfactory dysfunction and is often accompanied by
asthma,'> we assumed that a considerable number of
patients with asthma would suffer from a decreased
sense of smell. However, it cannot be concluded whether
asthma is the cause of olfactory dysfunction; therefore,
further research is needed. Second, as the study popula-
tion was heterogeneous, the participants had varying
durations and degrees of severity of asthma and comor-
bid upper-airway diseases. However, the strength of this
study is that it confirmed olfactory function through an
objective test. Third, two test methods (YOF and KVSS
1) were used to evaluate olfactory function. The YOF
test result was only analyzed for evaluation of correla-
tion. In the present study, KVSS II test was substituted
with YOF test owing to the discontinuation of produc-
tion of the KVSS II test kit. However, the majority of
study participants performed the YOF test, with equiva-
lent diagnostic efficacy as KVSS I1.'¢

Conclusion

We found that the rate of occurrence of olfactory dys-
function was significant in patients with asthma, and age,
poor general health, CRS and nasal polyps were asso-
ciated with olfactory dysfunction. However, additional
verification is needed to determine the relationship
between olfactory function and asthma, and it is neces-
sary for physicians to pay attention to olfactory function

in patients with asthma.
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AR, allergic rhinitis; CRS, chronic rhinosinusitis; FEV,
forced expiratory volume in 1 second; KVSS, Korean
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