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Background

Olfaction is an important sensory modality for human be-
ing and plays an important role in daily life. It helps to de-
tect hazards in the surrounding environment and to taste 
food. When the sense of smell is impaired, it may influence 
nutritional intake and affects interpersonal relations [1,2]. 
Compared with visual loss and hearing loss, olfactory loss is 
generally overlooked by people due to lack of awareness. It 
is well documented that more than 200 diseases can con-
tribute to olfactory dysfunction [3]. Olfactory dysfunction 
is present in 7% of the general population of the USA [4] 
and a prevalence up to 24.5% has been reported in elder-
ly adults [5]. Although olfactory disorders are common [6,7], 
there has been no previous epidemiological investigation or 
relevant studies of olfactory dysfunction reported in China. 
Furthermore, some patients with olfactory dysfunction com-
plain of gustatory disorders.

The aim of the present study was to investigate the causes and 
relevant features of olfactory disorders, as well as the need 
for gustatory testing in patients with olfactory dysfunction.

Material and Methods

Patients

The study group was composed of 140 consecutive patients 
(72 men and 68 women, aged 16 to 75 years) with olfacto-
ry disorders who presented to the outpatient clinic of the 
Department of Otolaryngology-Head and Neck Surgery, Beijing 
Chaoyang Hospital, Capital Medical University, Beijing, China. 
All patients were asked about their olfactory disorders in a 
structured interview of medical history and underwent thor-
ough otolaryngologic examinations, including nasal endosco-
py and chemosensory assessment. Imaging of the head by use 
of computed tomography (CT) or magnetic resonance imag-
ing (MRI) was performed according to history-taking and na-
sal endoscopy. In the structured interview, information was 
collected about the kind of olfactory disorders the patients 
experienced and the duration of the problem. In addition, the 
interview included information about rhinological symptoms, 
occupational exposure, systematic diseases, medical condi-
tions, and smoking. Rhinological symptoms included nasal 
obstruction, rhinorrhea, epistaxis, sneezing, itching, and fa-
cial pain. According to history-taking and olfactory testing, 
the olfactory disorders were classified into 4 categories: hy-
posmia, anosmia, parosmia, and phantosmia. Three patients 
with sensitivity complaints had additional complaints of paros-
mia and/or phantosmia. Nasal endoscopy was performed with 
a 0-degree rigid endoscope (Karl Storz, Tuttlingen, Germany) 
to evaluate the condition of the nasal mucosa (inflammation, 

edema, polyps, and secretions) and anatomical findings (sep-
tal deviation and patency of the olfactory cleft). Rigid endo-
scopes 2.7 mm and 4mm in diameter were used. The study 
complied with the principles of the Declaration of Helsinki on 
Biomedical Research Involving Human Subjects and was ap-
proved by the Institutional Review Board of Beijing Chaoyang 
Hospital, Capital Medical University.

Chemosensory assessment

Olfactory testing

Olfactory function was assessed with the extended version 
of the Sniffin’ Sticks test (Burghart GmbH, Wedel, Germany), 
which was performed according to methods published previ-
ously [8,9]. It involved 3 subtests for odor thresholds, odor dis-
crimination, and odor identification. Olfactory evaluation re-
quired approximately 30 minutes.

Odorants were presented in felt-tipped pens. For odor presen-
tation, the pen cap was removed by the examiner for approx-
imately 3 seconds and the pen tip was placed approximately 
2 cm in front of the patients’ nostrils.

Odor thresholds for n-butanol was assessed using a single-
staircase, triple-forced choice procedure. Sixteen dilutions were 
prepared in a geometric series starting from a 4% n-butanol 
(16 stages of 1:2 dilutions). Three pens were presented in a 
randomized order, with 2 containing the solvent and the oth-
er the odorant at a certain dilution. The patient had to deter-
mine the odor-containing pen. Reversal of the staircase was 
triggered when the odor was determined correctly in 2 suc-
cessive trials. Odor thresholds were defined as the mean of 
the last 4 of 7 staircase reversal points.

In the odor discrimination task, 16 triplets of pens were pre-
sented. The 3 pens were presented in a randomized order, 
with 2 containing the same odorant and the other a different 
odorant. Using a triple-forced choice procedure, patients had 
to identify which of 3 odor-containing pens smelled different 
from the other 2. When measuring odor thresholds and dis-
crimination, patients were blindfolded to prevent visual iden-
tification of the target pens.

Odor identification was assessed for 16 common odors. Using 
a multiple-forced choice procedure, patients were asked to in-
dicate odors by selecting the best label from a list of 4 descrip-
tors. Results of the 3 subtests were presented as a composite 
“TDI score” [10], which was derived from the sum of the re-
sults obtained for odor thresholds, discrimination, and iden-
tification measures. Hyposmia was indicated by a TDI score 
less than 31, with a TDI score below 16 considered as func-
tional anosmia [11].
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Gustatory testing

Gustatory function was assessed with “three-drop test”, which 
was performed according to methods published previously [12]. 
Sucrose, sodium chloride, citric acid, and quinine hydrochlo-
ride (J & K Chemical Reagent Company, Beijing, China) were 
prepared n solutions of different concentrations. For liquid 
presentation, liquid was placed onto the middle of the anteri-
or third of patients’ extended tongues by the examiner. Three 
drops of liquid were placed in a randomized order, with 2 con-
taining distilled water and the other a tastant at a certain con-
centration. After closing the mouth, the patients had to iden-
tify the taste as “sweet”, “sour”, “salty”, or “bitter”, and then 
rinsed their mouths with tap water before the next trial. If the 
subject chose a wrong answer, then a greater concentration 
of solution was applied. The sequence of presentation of the 
4 tastants was randomized across patients tested. The score 
for each tastant ranged between 0 and 4 and the total score 
for the entire test ranged between 0 and 16. Hypogeusia was 
indicated by a score below 9.

Statistical analysis

Results were analyzed using SPSS version 17.0 for Windows 
(SPSS Inc., Chicago, IL). Descriptive statistics are presented as 
means ±SD. T tests for independent samples were used for 
comparisons between groups. c2 tests were used to calcu-
late analyses of frequencies. The alpha level was set at 0.05.

Results and Analyses

Characteristics of patients with olfactory disorders

A total of 140 consecutive patients were included (72 men 
and 68 women). All of them had olfactory disorders as estab-
lished by means of the Sniffin’ Sticks test. Forty-three were 
hyposmic and 97 were functionally anosmic. According to the 
chief complaints, 3 of 97 functionally anosmic patients were 
also diagnosed as parosmia and/or phantosmia. The propor-
tion of different causes of the olfactory disorders is shown in 
Figure 1. Major causes of olfactory disorders were: upper respi-
ratory tract infection (URTI) (n=41; 29.3%), sinonasal disease 
(SND) (n=37; 26.4%), head trauma (n=20; 14.3%), endoscop-
ic sinus surgery (ESS) (n=9; 6.4%), congenital anosmia (n=8; 
5.7%), and other causes including intoxication and brain sur-
gery (n=6; 4.3%). In 19 patients (13.6%), it was impossible to 
clinically identify the relevant causes of olfactory disorders; in 
14 of these patients aged 60 years or older, aging may be re-
sponsible for olfactory loss [13]; in SND patients, 30 had chron-
ic rhinosinusitis (CRS) with/without nasal polyps, 4 had aller-
gic rhinitis, and 3 had olfactory cleft disease.

Relations between olfactory disorders and causes

The prevalence of patients with hyposmia and anosmia as the 
major causes is shown in Figure 2. More patients were found 
to be anosmic than hyposmic across these causes. Statistical 
differences were found for SND (17 hyposmic vs. 20 anosmic; 
c2=4.184, p=0.041) and head trauma (2 hyposmic vs. 18 an-
osmic; c2=5.470, p=0.019). These differences were not statis-
tically significant for URTI (11 hyposmic vs. 30 anosmic) and 
idiopathic causes (8 hyposmic vs. 11 anosmic).

Relations between olfactory disorders and gender

The proportion of the major causes in males and females is 
shown in Figure 3. Sex-related differences were statistically 
significant for URTI (16.7% male vs. 42.6% female; c2=11.398, 
p=0.001) and SND (34.7% male vs. 17.6% female; c2=5.244, 
p=0.041). These sex-related differences were not significant for 
head trauma (14.5% male vs. 15% female), idiopathic causes 
(15.3% male vs. 13.2% female). Sex-related difference was not 
statistically significant for patients with hyposmia and anos-
mia (males, 20 with hyposmia vs. 52 with anosmia; females, 
23 with hyposmia vs. 45 with anosmia).

Relations between olfactory disorders and age

Patients were classified into 3 age groups: group A, younger 
than 41 years (n=51); group B, 41–60 years (n=75); and group 
C, older than 60 years (n=14). Different causes were present at 
different percentages in these 3 age groups. Percentages for 
the major causes are shown in Figure 4: URTI (group A, 31.4%; 
group B, 29.3%; group C, 21.4%); SND (group A, 23.5%; group 
B, 25.3%; group C, 42.9%); head trauma (group A, 25.5%; group 
B, 9.3%; group C, 0%); and idiopathic causes (group A, 9.8%; 
group B, 16.0%; group C, 14.3%). Statistical differences were 

Other 4.3%

ESS 6.4%

Congenital 5.7%
URTI 29.3%

NSD 26.4%
Trauma 14.3%

Idiopathic
13.6%

Figure 1. �Proportion of patients with olfactory disorders with 
different causes.
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significant for head trauma in group A (c2=8.225, p=0.004). 
No such differences were found in patients with head trauma 
in groups B and C and other causes in different age groups. 
Percentages for patients with hyposmia and anosmia in dif-
ferent age groups are shown in Figure 5: hyposmia (group A, 
41.2%; group B, 25.3%; group C, 21.4%) and anosmia (group 
A, 58.8%; group B, 74.7%; group C, 78.6%). Age-related differ-
ence was significant for patients with hyposmia (n=21) and 
anosmia (n=30) in group A (c2=4.126, p=0.042). No such dif-
ferences were found in the other 2 groups (group B, 19 hy-
posmic vs. 56 anosmic; group C, 3 hyposmic vs. 11 anosmic).

Gustatory disorders in patients

Gustatory function was evaluated in 54 patients (27 males 
and 27 females) across various etiologies. Nineteen (8 males 
and 11 females, 35.2%) had gustatory disorders established by 
means of the 3-drop test and the other 35 had normal gustato-
ry function. Patients’ gustatory disorders were due to various 
causes: URTI (n=7), NSD (n=4), head trauma (n=3), congenital 

anosmia (n=2), idiopathic (n=1), ESS (n=1), and other causes 
(n=1). Patients with gustatory disorders were from various 
age groups: group A (n=4), group B (n=14), and group C (n=1). 
Sex-related difference was not statistically significant for pa-
tients with gustatory disorders. Mean taste score for patients 
with hyposmia was 9.63±3.20 and 10.57±3.19 for those with 
anosmia. There was no statistically significant difference in 
taste scores between hyposmic and anosmic groups. Mean 
TDI score for patients with normogeusia was 5.59±9.05 and 
6.67±9.20 for those with hypogeusia. The statistical differ-
ence in TDI scores was not significant between normogeusic 
and hypogeusic groups.

Discussion

The principal purpose of this study was to investigate causes and 
relevant features of olfactory disorders, and the need for gustatory 
testing in patients with olfactory dysfunction. Olfactory disorders 
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Figure 2. Prevalence of hyposmia and anosmia of major causes.
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are common complaints in otolaryngology. Clinically, olfaction can 
fail in 3 ways: decreased olfactory sensitivity (hyposmia and an-
osmia), distorted quality of an odorant stimulation (parosmia), 
and perceived odor when no odorant is present (phantosmia) 
[14]. The first is called quantitative olfactory dysfunction, and 
the latter 2 are qualitative olfactory dysfunctions. Our aim was 
to make quantitative and/or qualitative diagnosis of olfactory 
disorders and, if possible, identify their exact causes based on a 
structured interview of medical history, a thorough otolaryngo-
logic examination, assessment of olfactory function, and CT or 
MRI performed according to history taking and nasal endoscopy. 
Because the existing olfactory test batteries – the Sniffin’ Sticks 
[15] used in the current study, the University of Pennsylvania 
Smell Identification Test [16], and the T & T Olfactometer [17] 
– all aim at quantifying olfactory dysfunction, testing aiming at 
qualitative olfactory dysfunction has been lacking. The diagno-
sis of parosmia and/or phantosimia was obtained from patients’ 
chief complaints in the structured interviews.

According to our results, complaints of quantitative olfactory 
dysfunction are more common than qualitative olfactory dys-
function, which is in accordance with findings of previous re-
ports [1,18,19]. Despite our problem with identifying the exact 
etiology of olfactory dysfunction in 13.6% of patients seeking 
medical consultation, URTI was the most common cause for 
olfactory dysfunction among various causes, followed by NDS 
and head trauma. Thus, the present findings agree well with 
those of previous reports [20,21]. 

Severity-related data on olfactory dysfunction shows that the 
proportion of anosmic patients is higher than hyposmic pa-
tients. This finding is consistent with that of a previous re-
port [20]. The relatively high proportion of anomic patients 
seeking medical consultation may partly be due to their lack 
of awareness of their gradual olfactory loss. This speculation 
is supported by cases of patients with congenital anosmia in 
the current study. They were not aware of their olfactory dys-
function until they were older than 10 years, and all of them 
have been sensing no smell for more than 30 years. Even so, 
some of them were still not willing to seek medical consulta-
tion until their family members urged them.

Among patients with URTI olfactory dysfunction, possible mech-
anisms of olfactory disorders encompass damage to peripher-
al olfactory neuroepithelium and degeneration of central olfac-
tory pathways after viral invasion [22]. Female patients were 
more common than male [23,24]. This is likely due to the high-
er occurrence of the common cold in women [22], which pro-
vides more opportunities to develop olfactory dysfunction fol-
lowing viral infections.

In SND patients, CRS was the leading causative factor in olfac-
tory dysfunction. As a common complaint, olfactory dysfunction 

affects approximately 65–80% of patients with CRS [25–27]. 
The underlying pathogeneses of CRS-induced olfactory dys-
function may be mechanical obstruction of the olfactory cleft 
and damage to olfactory neuroepithelium from chronic inflam-
mation [28]. When compared with patients with other causes, 
hyposmia is more commonly seen among patients with SND. 
These data show that SND-induced olfactory loss diminishes 
gradually. In general, CRS with nasal polyps is often respon-
sible for olfactory dysfunction and is particularly associated 
with anosmia [29], thus there is the possibility that the de-
gree of olfactory dysfunction is associated with the severity 
of CRS [25]. When compared with female patients, more male 
patients had olfactory dysfunction. This could be the result of 
more male patients with CRS seeking medical help.

In posttraumatic patients, a number of possible mechanisms 
may contribute to olfactory dysfunction, including damage to 
the olfactory neuroepithelium or nasal cavities, injury to ol-
factory filaments, and contusions and hemorrhage lesions in 
the olfactory region of the brain [30]. The degree of olfacto-
ry dysfunction is associated with the severity of head trauma 
[31–33]. A higher proportion of posttraumatic patients were 
anosmic, which may be explained by the speculation that se-
vere head trauma is responsible for serious damage to the 
central olfactory pathway. On the other hand, posttraumat-
ic olfactory dysfunction mainly presented in patients under 
41 years of age, which may be due to the higher incidence of 
head trauma in younger people.

A number of patients complained of olfactory loss following 
ESS. By means of nasal endoscopy, no mechanical obstruc-
tion of olfactory cleft was found in these patients. It has been 
reported that relevant factors accounting for the postopera-
tive changes of olfactory function may contribute to changes 
in intranasal airflow [34]. Moreover, a number of studies indi-
cate that certain intranasal volumes are significantly associ-
ated with olfactory function [35–37]. Thus, changes in intra-
nasal airflow pattern may be responsible for olfactory loss in 
patients following ESS.

Olfactory dysfunction with idiopathic causes appeared in 19 
patients (13.6%). This could be the result of degeneration of 
peripheral olfactory neuroepithelium and the central olfactory 
pathway; however, the exact causes cannot be identified clin-
ically. Some causative factors, such as viral insults, nasal pa-
thologies, and aging, were neglected by patients due to their 
lack of awareness. A relatively low proportion of elderly pa-
tients sought medical consultation. The low number of elderly 
patients can be explained by the following factors. Firstly, ag-
ing may contribute to olfactory loss [13]. Age-related olfactory 
dysfunction develops over time, so people may be unaware of 
the gradual change of smell. Secondly, elderly people may pay 
less attention to olfactory loss when compared with younger 
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people. The relatively high proportion of hyposmia in younger 
patients in the present data supports this speculation.

In our study, 35.2% of patients whose gustatory function was 
evaluated had various degrees of gustatory disorders. However, 
there was no gustation-related difference between patients 
with hyposmia and those with anosmia [38]. Although olfac-
tory function was investigated, no statistical difference was 
found between patients with dysgeusia and those with nor-
mogeusia. Thus, these data showed that gustation is not cor-
related with olfaction in patients with olfactory dysfunction, 
although gustatory dysfunction is fairly common among pa-
tients with olfactory disorders. The small sample size of pa-
tients whose taste function was tested may not contribute to 
this finding, since Yang et al. did not find the association be-
tween smell and taste function when a larger sample size was 
investigated [38]. When compared with healthy subjects, pa-
tients with olfactory dysfunction presented decreased gusta-
tory function [38,39]. However, the underlying mechanisms on 
these clinical phenomena are still unknown. Given the relative-
ly high proportion of gustatory impairments in patients with 
olfactory dysfunction, gustatory testing is still recommended 
in patients with olfactory disorders.

Although impacts of olfactory dysfunction on quality of life 
were not taken into account in the present study, olfactory dys-
function in the longer term could have negative psychosocial 

consequences for patients [2]. In the present study, 5 patients 
complained that olfactory disorders had seriously affected 
their daily lives. Three of them had qualitative and quantita-
tive olfactory dysfunction concurrently and complained that 
parosmia and/or phantosmia, not simply olfactory loss, were 
responsible for the decline of their quality of life. These ex-
amples suggest that qualitative olfactory dysfunction is more 
distressing to patients’ quality of life than quantitative olfac-
tory dysfunction [14]. Therefore, clinicians, especially otolar-
yngologists, should pay more attention to patients with ol-
factory complaints.

Further investigations are needed for a thorough understanding 
of how olfactory dysfunction affects quality of life in Chinese 
patients. In the near future we will use relevant questionnaires 
with patients seeking medical consultation.

Conclusions

Complaints of quantitative olfactory dysfunction were more 
common than complaints of qualitative olfactory dysfunction. 
URTI, NSD, head trauma, and idiopathic causes were the lead-
ing etiologies of olfactory disorders. Gustatory disorders were 
fairly common in patients with olfactory disorders. High pri-
ority should be given to complaints of olfactory disorders and 
to further investigations in this field.
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