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Abstract

Objectives: Olfactory dysfunction, a reduced or complete loss of the ability to smell, is gaining attention because of its substantial
impact on an individual’s quality of life and the possibility that it is an important sign of underlying disease. However, olfactory
dysfunction is underdiagnosed in the general population due to diagnostic difficulty and unpredictable prognosis. This study aimed
to evaluate the prevalence of clinically diagnosed olfactory dysfunction in South Korea by using well-organized, nationwide,
population-based cohort data, and the associations between olfactory dysfunction and risk of neurodegenerative disorders.
Methods: We investigated the Korean National Health Insurance Service—National Sample Cohort for patients diagnosed with
olfactory dysfunction according to the International Classification of Diseases. Annual and overall incidence and prevalence of
olfactory dysfunction during 2003 to 2013 and patient characteristics were analyzed. Based on those identified patients who were
later diagnosed with neurodegenerative disorder, hazard ratios (HRs) of sociodemographic factors and comorbidities associated
with neurodegenerative disorder were evaluated using a Cox proportional hazard regression model. Results: In total, 6296
patients were clinically diagnosed with olfactory dysfunction during the study period (524.67 patients/year). The prevalence
increased annually and was higher in female patients. The incidence of neurodegenerative disorders among patients with olfactory
dysfunction was 4.2% within the study period. Multivariate cox regression analysis of the patients (n = 249) revealed that diabetes
mellitus (HR = 1.976) and depression (HR = 2.758) were significant risk factors. Conclusions: Olfactory dysfunction is
underdiagnosed in South Korea, but it is clinically important considering the possibility of presymptom of neurodegenerative
disorders. In clinical practice, we should consider its association with neurodegenerative disorders and possibly other systemic
conditions.
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Introduction

Olfactory dysfunction, a reduced or complete loss of ability to
smell, is gaining increased attention because of its substantial
impact on an individual’s quality of life and the possibility that
it may be an important sign of underlying diseases.' Persons
with olfactory dysfunction have an increased risk of harm from
smoke, leaking gas, spoiled food, and hazardous chemicals.
Furthermore, nutritional problems can develop due to changes
in appetite caused by olfactory dysfunction.” However, as
olfactory dysfunction is not life-threatening per se, olfactory
dysfunction remains underdiagnosed in the general population,
partly due to the related diagnostic difficulty and unpredictable
prognosis.”

According to the US National Health and Nutrition Examina-
tion Survey (NHANES), 12.4% of individuals in a geriatric pop-
ulation were found to have an impaired sense of smell and were
exposed to danger from leaking gas (31.3%) and smoke (20.3).* A
Swedish population—based study of olfactory dysfunction in indi-
viduals aged 60 to 90 years showed a prevalence of olfactory
dysfunction of 24.8%.> In South Korea, a cross-sectional study
of subjective olfactory impairment was conducted using the 2009
Korean National Health and Nutrition Examination Survey
(KNHANES) data and showed a prevalence of 4.5%, which
increased with increasing age.> However, there has been no large
cohort study of olfactory impairment, clinically diagnosed by
physicians, in an Asian population.

In practice, most olfactory research has been related to neu-
rodegenerative disorders. Many reports have shown that olfac-
tory dysfunction is the initial sign of Alzheimer disease and
Parkinson disease. Olfactory dysfunction was reported in 100%
of patients with Alzheimer disease, 90% of those with Parkin-
son’s disease, 96% of those with frontotemporal dementia, and
15% of those with vascular dementia.® There have been no
reported investigations of possible risk factors of being diag-
nosed with neurodegenerative disorders in patients first diag-
nosed with olfactory dysfunction in South Korea.

This study therefore evaluated the incidence and prevalence of
clinically diagnosed olfactory dysfunction in South Korea by
using a nationwide population—based study. In this 12-year study,
we investigated the incidence and prevalence of clinically diag-
nosed olfactory dysfunction and the associated comorbidities.
Additionally, the risk of neurodegenerative disorder diagnosis
in patients with olfactory dysfunction was assessed, using a rep-
resentative nationwide sample of 1 million people from the
National Health Insurance Service—National Sample Cohort
2002-2013 (NHIS-NSC 2002-2013) of South Korea.*”®

Patients and Methods

Statement of Ethics

This study adhered to the tenets of the Declaration of Helsinki.
All components and procedures of this study were approved by
the institutional review board (IRB) of the National Health
Insurance Medical Center, Gyeonggi-do, Korea (IRB File
No.: NHIMC 2017-08-025).

Table I. ICD-10 Code and Diagnoses Related to Olfactory
Dysfunction.

ICD-10 code Diagnosis
R43.0 Anosmia
R43.1 Parosmia
Hyperosmia
Hyposmia
R43.8 Other and unspecified disturbances of smell and taste

G52.0 Disorders of olfactory nerve

Abbreviation: ICD-10, International Classification of Diseases-10.

Database

A retrospective cohort study was performed using the NHIS-NSC
(NHIS-2017-02-032) of South Korea (2002-2013). The profile of
the NHIS-NSC 2002 to 2013 was published elsewhere in detail.”**
Inbrief, arepresentative sample of approximately 1 million South
Korean individuals was randomly selected, comprising 2.2% of
the total eligible Korean population in 2002 as Korean National
Health Insurance Service (KNHIS) database.® This sample was
followed for 12 years, until 2013. The database provides detailed
information on diagnostic codes, procedures, and personal infor-
mation on this population sample and contains reimbursement
records from all types of medical facilities.””*” This database
included 6296 patients diagnosed with olfactory dysfunction.
Patients with olfactory dysfunction were defined as those diag-
nosed with “anosmia,” “parosmia, hyperosmia, hyposmia,”'®
“other and unspecified disturbances of smell and taste,” and
“disorders of olfactory nerve,” according to the International
Classification of Diseases-10 (ICD-10; R43.0,R43.1,R43.8, and
G52.0, respectively) by a physician (Table 1). Korean National
Health Insurance Service data do not include any information
about the validity of the diagnosis and severity of olfactory dys-
function. Korean National Health Insurance does not cover objec-
tive olfactory tests, and so olfactory dysfunction group was
defined based only on the diagnostic codes of the claim data.
Allergic rhinitis, chronic sinusitis, nasal septal deviation, and
nasal polyps have been found to lead to conductive olfactory
dysfunction by obstructing the olfactory fissure. The prevalence
of these rhinologic disorders was evaluated. Common chronic
diseases, including hypertension, diabetes mellitus, asthma,
thyroid diseases, arrthythmia, chronic heart failure, chronic renal
failure, and depression, were considered as other comorbidities
for analysis. All comorbidities evaluated were diagnosed on the
basis of the /CD-10 in 2002 to 2013.

The second part of the study focused on the relationship
between olfactory dysfunction and neurodegenerative
disorders. Patients diagnosed with olfactory dysfunction
from 2003 to 2013 (n = 5919), excluding year 2002 as a
washout period, were analyzed to establish the relationship
with neurodegenerative disorders. Within the olfactory dys-
function group, we counted patients who were newly diag-
nosed with neurodegenerative disorders during the study
period (n = 249). Neurodegenerative disorders were defined
as a physician-based clinical diagnosis of dementia in
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Table 2. Prevalence of Patients Clinically Diagnosed with Olfactory Dysfunction in the National Sample Cohort.

Patients (National Sample Cohort)

Patients/100 000 population

Year Total Male Female Total Male Female Prevalence (%)
2002 687 242 445 67.00 23.60 43.40 0.067
2003 898 302 596 88.26 29.68 58.58 0.088
2004 982 373 609 96.60 36.69 5991 0.097
2005 (RE] 425 693 109.95 41.80 68.15 0.109
2006 994 351 643 99.20 35.03 64.17 0.099
2007 1404 482 922 137.55 47.22 90.33 0.138
2008 1910 641 1269 190.85 64.05 126.80 0.191
2009 1636 612 1024 163.84 61.29 102.55 0.164
2010 1541 562 979 153.79 56.09 97.70 0.154
2011 1954 707 1247 194.14 70.24 123.90 0.194
2012 2209 781 1428 21845 77.23 141.22 0.218
2013 2058 819 1239 202.75 80.68 122.06 0.203
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Figure . A, Prevalence of clinically diagnosed olfactory dysfunction in National Sample Cohort. B) Incidence of clinically diagnosed olfactory

dysfunction in National Sample Cohort.

Alzheimer disease, vascular dementia, Huntington disease,
Parkinson disease, Alzheimer disease, or multiple sclerosis on
the basis of the /CD-10. In those patients with newly diag-
nosed neurodegenerative disorders, we analyzed the hazard
ratio (HR) and 95% CIs for each variable. A P value < .05
was considered significant. All analyses were performed with
SAS Version 9.4.

Results

A total of 6296 patients were clinically diagnosed with olfac-
tory dysfunction during the study period (2002-2013), with an
average of 524.67 patients per year. The prevalence of olfac-
tory dysfunction gradually increased from 2002 to 2007, and
there was a rapid increase from 2007. In 2013, there were about
3 times more patients diagnosed with olfactory dysfunction
than in 2002 (Table 2). The incidence of olfactory dysfunction
also rapidly increased from 2011, while that, in 2013, was
1.78 times higher than in 2002 (Figure 1). The prevalence in
females was consistently higher than that in males, in every

year (1.76 times higher on average), and the incidence in
females was also similarly higher.

Table 3 shows the demographic characteristics of patients
clinically diagnosed with olfactory dysfunction in the NSC.
Pediatric patients less than 10 years of age were not
investigated. The incidence of olfactory dysfunction was
highest in those in their 40s until 2010, and from 2011, the
incidence was highest in those in their 50s, while the
prevalence was highest in the 40- to 50-year age-group (mean
4591 years). However, recently, the tendency for olfactory
disorder diagnosis in patients over 60 years has increased, as
below. Residence, body mass index (BMI) and smoking were
not significantly different between groups.

Relation of Olfactory Dysfunction, Comorbidities, and
Neurodegenerative Disorders

Table 4 shows the HR for olfactory dysfunction during the
follow-up period from 2003 (considering 2002 as a washout
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Table 3. Cox Proportional Hazard Regression Analysis of the Risk of
Developing De-Novo Neurodegenerative Disorders Among Patients
With Olfactory Dysfunction.

Table 4. Cox Proportional Hazard Regression Analysis on the Asso-
ciation Between Comorbidities of Olfactory Dysfunction Patients and
Neurodegenerative Disorders.

Adjusted HR 95% ClI P value Adjusted HR 95% ClI P value
Sex Hypertension 0.987 0.596-1.633 9591
Male 0.561 0.277-1.134 .1073  Diabetes mellitus 1.976 1.092-3.578 .0245
Female (ref) | Thyroid disease 0.960 0.398-2.318 9276
Age (years) Arrhythmia 0.000 9921
I-10 0 0 0 Chronic heart failure 2.920 0.347-24.605 3244
11-20 0 0 9972 Chronic renal failure 1.626 0.192-13.774 .6555
21-30 0 0 9926  Depression 2.758 1.320-5.760 .0069
31-40 0.007 0.001-0.044 <.0001 Asthma 1.290 0.698-2.383 4166
41-50 0.019 0.005-0.078 <.0001  Allergic rhinitis 0.920 0.581-1.456 7211
51-60 0.05 0.014-0.177 <.0001 Chronic sinusitis 0.849 0.514-1.401 5217
61-70 0.102 0.030-0.344 .0002  Nasal polyp 2.199 0.753-6.425 .1497
71-80 0.339 0.101-1.136 .0795 Septal deviation 1.115 0.558-2.227 7571
81-(ref) |
Exposed year Abbreviation: HR, hazard ratio.
2003 (ref) [
2004 1.281 0.467-3.514 6306 . .
2005 1923 0.725-5.099 1886  Who belonged to the low-income subgroup were more likely to
2006 |.442 0.504-4.127 4947  have neurodegenerative disorders than those in the medical aid
2007 1.843 0.599-5.673 2863  program group, the minimum livelihood of low-income house-
2008 3.001 1.093-8.243 .033 holds (HR = 2.791). Body mass index, cigarette smoking, and
2009 3222 1.130-9.189 0286 medical facility did not show any significant relationship with
2010 3.193 1.041-9.795 0423 olfactory disorder diagnosis.
2011 1635 0.442-6.046 4612 h iod from diagnosis of the olfactory dysfunction to
2012 2624 0648-10625 1764 The perio £ e oractoly &y
2013 8.905 148553418 0le7 the diagnosis of neurodegenerative disorder was also evalu-
Residence ated. The closer the year was to the reference year, 2003, the
Seoul (ref) I higher the risk ratio was, with statistical significance, which
Urban 1.657 0.869-3.158 .1248  showed that patients with longer duration having olfactory
Suburban 1.356 0.748-2.459 3156 dysfunction were less likely to be diagnosed with neurodegen-
Rural 1353 0.530-3.451 =271 erative disorders subsequently (2013: HR = 8.905).
Medical facilities Cqee . .
General hospital (ref) | In terms.of comorbidities, in Flescend}ng order by effect size
p
Hospital 0478 0.055-4.117 5015 (as approximated by HR), patients with depression (HR =
Clinic 0.463 0.255-0.839 o111 2.758) and diabetes mellitus (HR = 1.976) were more likely
Public health center 0 9997 to be diagnosed with neurodegenerative disorder after a
Cigarette smoking diagnosis of olfactory dysfunction than were those who did
Non (ref) | not have such medical conditions (Tables 3 and 4, Figure 2).
Ex-smoking 1.706 0.769-3.785 .1889
Current R 0.945 0.334-2.672 9151
Bo;:i)llsrgass index (kg/m?) o o 9923 Discussion
18.5-23 (ref) ' In this study, we assessed the prevalence and incidence of
23-25 0.976 0.565-1.687 9311 olfactory disorders in a national population—based cohort in
25-30 0.867 0.496-1.518 6183 . . S
>30 2072 0.695-6.175 191 South Korea and also investigated the likelihood of such

Abbreviations: HR, hazard ratio; ref, reference.

period) in patients with no history of neurodegenerative disease
(n = 5919), based on multivariate Cox proportional hazard
regression analysis. An increased prevalence of olfactory dys-
function was significantly associated with increasing age in
both men and women; however, no significant difference was
observed between the sexes. Patients under medical care were
more likely to have neurodegenerative disorders than patients
with regular medical insurance (HR = 3.344, P < .05). Patients

patients subsequently receiving a diagnosis of neurodegenera-
tive disorder. The condition is still underdiagnosed in South
Korea, but it may be associated with later neurodegenerative
diseases, especially in patients with comorbid diabetes and
depression.

According to published reports in other countries using
cohort study, the prevalence of olfactory dysfunction has been
reported as follows in general population over 55 years: hypos-
mia in 13% to 18%, anosmia in 4% to 6%, and in 9% of males
and 4% of females, olfactory impairments were proven with
objective olfactory tests.' Previously, Lee et al reported the
prevalence of self-reported olfactory dysfunction in South
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Figure 2. Forest plot of hazard ratio (HR) between comorbidities of patients with clinically diagnosed olfactory dysfunction and neurode-

generative disorders.

Koreans as 4.5%, based on KNHANES data.®> However, self-
reported olfactory dysfunction had a low sensitivity (43.9%),
and high specificity (85.4%), which emphasizes that there are
much fewer patients who actually visit the hospital with an
olfactory problem than there are individuals experiencing
symptoms subjectively.”'"!? It is important to know and ana-
lyze the prevalence of patients diagnosed with olfactory dys-
function and to understand their characteristics, including
comorbidities, but no previous study has investigated patients
with olfactory dysfunction using KNHIS data to analyze at a
nationwide, population-based level. Using KNHIS data, actual
claim data registered by clinicians could be analyzed including
diagnostic code, comorbid disease, and sociodemographic data.

The present study found that the average incidence of clini-
cally diagnosed olfactory dysfunction in South Korea was
51.9 per 100 000 person-years and its overall prevalence was
0.14% during 2002 to 2013. The prevalence tended to increase
throughout the observation period, from 0.07% in 2002 to
0.21% in 2013. The significant characteristics of patients diag-
nosed with olfactory dysfunction, that is, female, middle-aged
(40s-60s), were similar to those previously reported. In terms of
comorbidities, allergic rhinitis, acute sinusitis, chronic sinusi-
tis, and septal deviation were common; these can affect olfac-
tory mucosa inflammation and swelling locally, resulting in
conductive olfactory dysfunction. Hypertension, asthma, dia-
betes, thyroid disease, and depression were the most prevalent
comorbid medical conditions in patients diagnosed with olfac-
tory dysfunction.

The prevalence of olfactory dysfunction in the study is very
low compared to the other studies including the KNHANES
study. We could not certainly explain the difference in the
prevalence using KNHIS data and other studies. One possible
explanation could be a discrepancy made by Korean National

Health Insurance system between symptoms of patients and
claim data which diagnosis (/CD-10) was registered by clini-
cians. In clinical consultation, patients describe about their
olfactory symptoms; however, it usually does not proceed to
registering the diagnosis of olfactory dysfunction and rather
diagnostic code of sinusitis and/or rhinitis with easier clinical
accessibility in primary care. However, our findings at least
show that the prevalence of olfactory dysfunction tends to
increase over 3 times in 11 years, and physicians have per-
ceived a clinical importance of olfactory dysfunction as its own
diagnostic meaning.

Since 2007, the incidence of olfactory dysfunction has
increased, and particularly since 2011, it has increased in the
age subgroup of 60 years and older. This may emphasize the
recent increased public interest in olfaction and the need for
improved quality of life,'>'? while the mass media has reported
the importance of olfaction and its possible association with
neurodegenerative disorders.

Several previous reports have described a significant asso-
ciation between neurodegenerative disorders and olfactory dys-
function; thus, this study sought to identify the demographic
factors and comorbidities of patients with olfactory dysfunction
that can affect the likelihood of developing neurodegenerative
disorders. Age, lower socioeconomic status, diabetes, and
depression were the significant factors associated with an
increased risk of subsequently developing neurodegenerative
disorders.

Depression had the highest HR associated with neurodegen-
erative disorders. Patients with olfactory dysfunction often
complain about a poorer quality of life and decreased appetite
and social activities.'> A decreased interest in eating and
experiencing social security, increased anxiety regarding
safety, and difficulty in managing personal hygiene could lead
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to less social participation and is likely to foster development of
depression.'*!'* Decreased inputs in the olfactory bulb lead to
decreased signals to the amygdala and limbic circuit, and even-
tually affect general cerebral function, which may result in
depression and affect about 25% to 33% patients with olfactory
dysfunction.'?

Taalman et al stated that there are changes in olfactory
functioning in depression after reviewing the relationship
between olfactory dysfunction and depression reported in the
literature.'® They also suggested that treatment of depression
could improve not only the depressive symptoms but also the
associated olfactory dysfunction. However, the causal relation-
ship between olfactory dysfunction and depression is not yet
clear. Further studies are needed to clarify the relationship
between olfactory dysfunction and depression and to investi-
gate the change in this pattern after treatment of depression.

The percentages of individuals with low BMI and those who
were overweight/obese were higher than that of individuals
with normal BMI in this study, which might reflect how appe-
tite is affected by olfactory dysfunction. Loss of appetite could
lead to weight loss, and increased food intake caused by
decreased olfactory and taste cognition could lead to weight
gain. Interestingly, patients with eating disorders tend to have
olfactory dysfunction. In studies of olfactory dysfunction in
individuals with eating disorders, patients with anorexia ner-
vosa had a significantly lower detection threshold for food-
related odors, but only when hungry, and these patients also
showed significant deficits in odor discrimination and identifi-
cation.!” Rapps et al reported significant differences in odor
identification between patients with anorexia nervosa and
healthy controls: Patients had lower scores of odor identifica-
tion.'® Other studies reported that patients with bulimia and
anorexia nervosa showed poorer olfactory and gustatory func-
tions than did healthy controls and showed hyposmia in olfac-
tory function tests.'® Olfactory dysfunction was noted in both
anorexia and bulimia patients, which implies that eating habits
could be altered in relation to olfactory dysfunction.

Thus, considering the long-term effect caused by olfactory
dysfunction to the neurologic system, several other psychiatric
and neurodegenerative disorders might have significant asso-
ciations, and further studies should be conducted.

Few studies have reported the relationship between olfac-
tory dysfunction and diabetes and have suggested a signifi-
cantly higher prevalence of olfactory dysfunction in patients
with diabetes. Zaghloul et al reported that patients who had had
diabetes for a long period had associated neuropathy, including
microvascular and macrovascular neuropathy, and complained
about olfactory dysfunction.”**" Furthermore, a significantly
higher prevalence of olfactory dysfunction was reported in
patients with diabetic retinopathy.?? Several recent study data
indicated that different forms of diabetic neuropathy are
associated with impaired olfaction. As well as the relationship
between diabetes and olfactory dysfunction, both disorders in
relation with cognitive dysfunction need to be studied for their
relations considering durations of diseases and associated
complications.

Little is known about the epidemiology of olfactory dys-
function, despite a clinical awareness that olfactory dysfunc-
tion is one of the most commonly encountered symptoms. This
may be because the diagnosis of olfactory dysfunction is com-
plicated by the lack of imaging confirmation in sensorineural
components and the lack of standardized olfactory tests.”"'”
Several olfactory tests, such as the Sniffin’ Stick test and
UPSIT, have been suggested as objective olfactory tests; how-
ever, as olfaction mostly relies on cultural and social lifetime
exposure, it remains difficult to standardize olfactory tests.>'?

This study has several limitations. First, diagnosis of olfac-
tory dysfunction was based only on the diagnostic code of the
claim data. This study could not distinguish between patients
diagnosed with clinical objective olfactory tests and patients
based on subjective reporting. Thus, the results are based on
statistical analysis of individuals who presented at a clinic with
symptoms of olfactory dysfunction and were assigned a diag-
nostic code related to olfactory dysfunction, either alone or
together with other diagnostic codes, by the examining physi-
cians. Therefore, this study may not be an exact reflection of
the true epidemiology of olfactory dysfunction as its lower
prevalence compared to other previous epidemiologic studies.
This could emphasize the physician might underestimate the
olfactory dysfunction as a symptom, not as diagnosis. Also,
presently, objective olfactory function test is not covered by
the National Health Insurance System in South Korea, and it is
infeasible to distinguish that the diagnosis was based on the
objective test and/or self-reported symptom. Second, this
study could not represent general population with olfactory
dysfunction, as this study analyzed NHIS claim data, repre-
senting patients visited clinics and diagnosed with the certain
diagnostic codes. The general population especially geriatric
population would also contain a large number of patients with
olfactory dysfunction.

Third, there were not enough data available on confounders
involved in both olfactory dysfunction and neurodegenerative
disorders, including environmental and genetic factors. It is not
impossible to clearly establish a causal relationship. Fourth,
this study was not a controlled experimental study, survival
analysis on patients with olfactory dysfunction and control
group in 2003 would be needed to confirm presence of
olfactory disorder really associated with the diagnosis of
neurodegenerative disorders. These limitations need to be
considered in a future study.

Conclusion

Olfactory dysfunction is underdiagnosed in South Korea, but
its clinical importance should be considered as the possibility
of presymptom of neurodegenerative disorders.
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