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Abstract
Introduction: Patients with chemosensory dysfunction fre-
quently report symptoms of depression. The current study 
aims to clarify whether the type (smell dysfunction, taste 
dysfunction, and mixed smell and taste dysfunction), sever-
ity, duration, or cause of dysfunction have differential im-
pacts on the symptoms of depression. Methods: 899 pa-
tients with chemosensory disorders and 62 controls were 
included. Following a structured interview and an otorhino-
laryngological examination, subjects underwent olfactory 
tests (Sniffin’ Sticks), gustatory tests (taste sprays) and an as-
sessment of depressive symptoms (Beck Depression Inven-
tory). Information on the cause and duration of disorders 
was also collected. Results: Patients with combined olfac-
tory/gustatory dysfunction had higher depression scores 
than patients with smell dysfunction only and controls, and 
no significant difference was found between the smell dys-
function and controls. Anosmia patients, but not hyposmia 
patients, exhibited higher depression scores than controls. 
Among various causes of chemosensory disorders, patients 

from the posttraumatic group had higher depression scores 
than patients with other causes of chemosensory dysfunc-
tion (sinonasal, idiopathic, or postinfectious). Multiple linear 
regression analyses suggested that reduced olfactory func-
tion was associated with enhanced depression scores in the 
olfactory disorders group (B = −0.326, t = −2.294, and p = 
0.02) and in all patients with chemosensory disorders (B = 
−0.374, t = −2.550, p = 0.017). Discussion/Conclusion: Simul-
taneously decreased input of olfaction and gustation seems 
to have an additive effect on the exacerbation of emotional 
dysfunction. Early intervention should be considered for de-
pression symptoms in patients with mixed olfactory/gusta-
tory dysfunction in clinical practice. © 2021 S. Karger AG, Basel

Introduction

Chemosensory disorders include olfactory disorders 
and taste dysfunctions, and such disorders can not only 
impair quality of life (QoL) but also lead to emotional 
dysfunction [1, 2]. Depressive symptoms are not uncom-
mon in patients with chemosensory disorders [3–5]. Croy 
et al. [1] reported that approximately 1/4–1/3 of patients 
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with olfactory disorders exhibit depressive symptoms. 
Several studies indicate positive correlations between ol-
factory deficits and depressive symptoms [6–9], but these 
correlation coefficients tend to be weak. Compared with 
olfactory disorders, few studies have focused on depres-
sive symptoms in patients with gustatory disorder. Lim-
ited evidence suggests that patients with gustatory disor-
der have higher depression scores, and the proportion of 
reporting depressive symptoms ranges from 25 to 36% 
[10–12]. Hence, depression is an important symptom of 
chemosensory disorders, and a lack of input of smell and 
taste may result in emotional dysfunction.

A growing body of research supports the existence of 
a close relationship between olfaction and depression 
[13–16], and many brain areas associated with the pro-
cessing of emotions overlap with the olfactory pathway, 
such as the amygdala, hippocampus, insular and orbito-
frontal cortex [17]. Previous studies have suggested that 
patients with depression exhibit olfactory deficits [17–20] 
and many structural and functional abnormalities in the 
olfactory pathway [21, 22]. Additionally, depressive 
symptoms are associated with reduced odor identifica-
tion [22, 23]. Systematic exposure to odors, so-called ol-
factory training, may improve depressive symptoms [23, 
24], suggesting that enhancement of olfactory input may 
be helpful in emotional regulation. Compared with olfac-
tory disorders, fewer studies have focused on gustatory 
function in patients with depression. Limited evidence 
points toward a relation between taste deficits and de-
pression, but their results are somewhat contradictory 
and inconclusive. One study suggested that sweet taste 
sensitivity was influenced by 5-HTTLPR genotype and 
affected by seasonal affective disorder [25]. Another study 
failed to prove the association between winter depression 
and alterations in gustatory function [26].

Interestingly, the reciprocal interaction between che-
mosensory change and emotion has been repeatedly re-
ported [27, 28]. (1) Chemosensory disorders can lead to 
depression. First, olfactory impairment may lead to re-
strictions in olfactory-related areas, which can affect QoL 
and in turn may enhance the likelihood of depression. 
Second, olfactory loss may reduce input from the olfac-
tory bulb via the amygdala into the limbic system and in-
sula and then cause dysfunction of convergence and sa-
lience processes, resulting in functional abnormalities of 
the brain. (2) Depression may also affect chemosensory 
function. On the one hand, reduced attention and re-
duced turnover rate of olfactory receptor neurons in the 
olfactory epithelium may cause reduced olfactory func-
tion in depression. These effects are reduced after remis-

sion of depression. On the other hand, decreased volume 
of olfactory bulb in depression patients may lead to re-
duced signaling from OB to central olfactory areas and 
exacerbate depressive symptoms.

Taken together, olfactory and gustatory input plays an 
important role in the activity of limbic circuits, and the 
lack of such input in the case of chemosensory disorders 
may cause depression. Although early studies commonly 
included patients with smell dysfunction and patients 
with taste dysfunctions, few studies have included pa-
tients with mixed olfactory/gustatory dysfunction, which 
is a common patient population in clinical practice. The 
depression status in patients with mixed olfactory/gusta-
tory dysfunction remains unclear. Recent work suggests 
that combined sensory impairments may result in re-
duced QoL, suggesting that the reduced input from vari-
ous sensory channels may have an additive effect [29]. 
However, there was no assessment of depression in this 
study. Therefore, we hypothesized that simultaneous de-
creases in the olfactory and gustatory senses may exacer-
bate emotional dysfunction, and patients with mixed ol-
factory/gustatory dysfunction may have more severe de-
pressive symptoms than patients with only one of these 
disorders. Additionally, because of the decreased olfac-
tory input, patients with anosmia may have more obvious 
depressive symptoms than patients with hyposmia and 
controls. Moreover, since different causes of chemosen-
sory disorders may have various effects on QoL [1], we 
assumed that they may also exert different influences on 
depression. The present study aimed to compare the de-
pressive symptoms in patients with mixed olfactory/gus-
tatory dysfunction and purely olfactory disorder and gus-
tatory disorder and to explore the associations between 
chemosensory function and depressive symptoms in dif-
ferent groups.

Method

Subjects
The current study retrospectively included 961 subjects (588 

males and 373 females) at the Smell and Taste Clinic at the Depart-
ment of Otorhinolaryngology of the TU Dresden, Germany. They 
consisted of 2 groups: patients with chemosensory disorder (n = 
899; 547 male, 352 female; age 55.4 ± 13.3 years) and normosmic/
normogeusic controls (n = 62; 41 male, 21 female; age 46.8 ± 13.6 
years). All subjects received a detailed otorhinolaryngological ex-
amination including nasal endoscopy, a structured history, and a 
standardized test for smell and taste function, and the diagnoses of 
chemosensory disorders were confirmed by an ENT specialist. We 
included subjects presenting themselves to the Smell and Taste 
Clinic between February 1998 and August 2017 who had filled in 
the Beck Depression Inventory (BDI). The exclusion criteria in-
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volved major diseases (e.g., complicated diabetes, kidney disease, 
severe neurological and psychiatric diseases), pregnancy, or lacta-
tion. In essence, we included subjects who were not seriously ill, 
apart from the chemosensory disorder. In all included subjects, 
information was obtained on the cause and duration of the disor-
der [30], and symptoms of depression were assessed using the Ger-
man version of the BDI. The standard cutoff scores for the BDI 
were as follows: 0–9: minimal depression; 10–18: mild depression; 
19–29: moderate depression; 30–63: severe depression [31].

All subjects received a detailed otorhinolaryngological exami-
nation including nasal endoscopy; a structured history was taken; 
and all subjects underwent standardized tests for smell and taste 
function [32]. The cause of chemosensory disorder was confirmed 
by an otolaryngologist after overall consideration of the patients’ 
disease history (which is especially important in dysgeusia pa-
tients), otorhinolaryngological examination, and neuroimaging 
test. Controls did not exhibit major otorhinolaryngology disor-
ders; they did not mention any disturbances of smell or taste. Par-
osmia was defined as the perception of distorted odors in the pres-
ence of an odor, that is, the parosmic impression was not present/
largely reduced when clamping the nose. Phantosmia was defined 
as the perception of an odor in the absence of an odor source [30].

This retrospective study was conducted in accordance with the 
guidelines of the Declaration of Helsinki of 1975 (revised in 1983), 
and all procedures were approved by the Ethics Committee at the 
University Hospital of the TU Dresden (protocol number 
EK251112006). As this is a retrospective study and patient data 
were completely anonymized/de-identified, informed consent was 
not obtained.

Assessment of Taste Function – “Taste Sprays”
Gustatory function was screened with suprathreshold tastants 

sprayed onto the tongue. So-called “taste sprays” had to be identi-
fied as sweet, sour, salty, or bitter [32]. Taste spray was assessed by 
the 4 basic tastes at suprathreshold concentrations (sweet: sucrose, 
1.5 g; sour: citric acid, 0.75 g; salty: sodium chloride, 1.125 g; and 
bitter: quinine hydrochloride, 7.5 μg; all tastants were dissolved in 
15 g of water). The tastants were sprayed on the middle of the 
tongue of the participants (approximately 0.1 mL per spray), and 
the participants were then asked to identify the taste according to 
a list with the 4 taste descriptors. After each sample, subjects rinsed 
with water. The number of correctly identified tastes was summed 
up to a taste score. Scores range from 0 to 4.

Assessment of Olfactory Function – “Sniffin Sticks”
Orthonasal olfactory function was measured by means of the 

“Sniffin Sticks” test, which is based on odor-containing felt-tip 
pens [33]. This test consists of 3 subtests: threshold, discrimina-
tion, and identification test. For each subtest, the pen’s cap was 
removed, and its felt tip was presented approximately 2 cm in front 
of both nostrils of the subject for approximately 3 s. The testing 
procedure began with the threshold part in a triple-forced-choice 
paradigm where subjects had to discriminate the odor (phenyl eth-
yl alcohol) from 2 blanks (filled with solvent propylene glycol). 
Starting with the lowest phenyl ethyl alcohol concentration, a stair-
case paradigm was used where 2 correct or 1 incorrect answers led 
to a decrease or increase in concentration, the so-called turning 
point. The resulting threshold score was the mean of the last 4 
turning points in the staircase (range from 1 to 16). The next sub-
test performed was the discrimination test, where 2 pens had the 

same odor while the other 1 had a different scent, which had to be 
identified (range from 0 to 16). The last task was the identification 
test, where the subject was asked to choose the object that describes 
the odor the best using a 4-alternative forced choice from flash 
cards that had both the picture and name of the object (range from 
0 to 16). The scores of the olfactory subtests were then summed to 
build the overall TDI (threshold, discrimination, and identifica-
tion) score (range from 1 to 48). The cutoff score for the TDI is 
30.75 between normal olfaction and hyposmia and 16 between hy-
posmia and anosmia [34, 35].

Statistics
Statistical Package for Social Sciences version 22.0 (IBM SPSS 

22.0, Chicago, IL, USA) was used for the statistical analyses. Dif-
ferences in relation to age and duration of disorder were evaluated 
with one-way ANOVAs. Differences in olfactory scores, depres-
sion scores, and taste scores were evaluated with ANCOVA, and 
control variables included age and sex. Post hoc least significant 
difference tests were used for multiple comparisons. Spearman’s 
correlations were calculated to assess associations between depres-
sion and age or duration of disorder, and partial correlation analy-
ses were used to analyze the associations between depression and 
other indexes. Control variables included age and sex. Stepwise 
multiple linear regression analysis was used to analyze the effect of 
different variables on depressive scores, including age, sex, TDI 
scores, taste scores, duration of disorders, BMI, and disease causes. 
The significance level for inclusion was set at p < 0.05, whereas the 
significance level for exclusion was set at p > 0.10.

Results

Demographics
From a sample consisting of 899 patients with chemo-

sensory disorders, 804 were diagnosed with olfactory dis-
orders only, 47 were diagnosed with gustatory disorders 
only, and 48 patients were diagnosed with mixed olfac-
tory/gustatory dysfunction. Among patients with olfac-
tory disorders, 473 patients were diagnosed as hyposmic, 
379 patients as functionally anosmic (further termed an-
osmic), and 245 patients had accompanying parosmia or 
phantosmia (177 hyposmia and 68 anosmia). Among pa-
tients with gustatory disorders, 93 patients were diag-
nosed as hypogeusic, 1 patient as ageusic, and 1 patient 
was diagnosed as purely parageusic, and no patients with 
hypogeusia and ageusia were accompanied by parageusia 
(A partial loss of taste function is defined as hypogeusia 
and a complete loss is ageusia. Parageusia is a distorted 
perception of particular tastes).

Comparison of Different Kinds of Chemosensory 
Disorders and Controls
Demographic data, olfactory scores, and taste scores 

are listed for all the groups in Table 1. Among different 
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types of chemosensory disorders, patients with mixed 
dysfunction had higher depressive scores than controls 
(p = 0.032) and patients with smell dysfunction (p = 
0.033) but not patients with taste dysfunctions (p = 0.567) 
(F = 4.76, p < 0.001, and df = 5) (Fig. 1a; Table 1). Wom-
en had significantly higher depression scores than men 
(t = 3.56, p < 0.001). Divided by severity of depressive 
symptoms, the distribution of depressive level in various 
groups was significantly different (χ2 = 17.8, p = 0.037), 

and patients with mixed dysfunction exhibited higher 
proportions of mild and moderate depression than the 
other groups (Table 1).

Comparison of Controls, Hyposmia, and Anosmia
Patients with anosmia had higher BDI scores than 

controls (p = 0.023) and patients with hyposmia (p = 
0.039) (Fig. 1b). No significant difference was found be-
tween patients with hyposmia and controls (p = 0.684).
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Table 1. Demographics, clinical characteristics of the participants, and comparison among chemosensory disorders

Healthy 
control 
(n = 62)

Smell 
dysfunction 
(n = 804)

Taste 
dysfunction 
(n = 47)

Mixed taste and 
smell dysfunction 
(n = 48)

F/χ2 p value η2 Post hoc

Age 46.8±13.6 54.9±13.3 58.9±11.1 59.1±13.6 10.632 <0.001 0.032 A < B < C, D
Sex (male/memale) 41/21 491/313 29/18 27/21 0.990 0.80 – –
Duration (months) – 160.1±90.7 121.7±67.0 130.1±84.8 6.320 0.002 0.017 B > C, D
BDI* 6.6±6.0 7.6±7.0 8.7±10.0 10.6±8.5 4.756 0.024 0.024 A, C < D
Minimal depression (BDI 0–9) 45 (72.6%) 559 (69.5%) 34 (72.3%) 25 (52.1%) – – –
Mild depression (BDI 10–18) 15 (24.2%) 185 (23.0%) 8 (17.0%) 16 (33.3%) – – –
Moderate depression (BDI 19–29) 1 (1.6%) 46 (5.7%) 2 (4.3%) 5 (10.4%) – – –
Severe depression (BDI >30) 1 (1.6%) 14 (1.7%) 3 (6.4%) 2 (4.2%) – – –
Odor identification* 12.8±2.2 7.0±3.5 12.6±2.4 7.4±3.6 43.438 <0.001 0.192 A, C > B, D
Odor discrimination* 12.7±2.0 8.1±3.1 12.3±2.3 7.4±3.1 32.025 <0.001 0.153 A, C > B, D
Odor threshold* 8.3±2.8 3.1±2.8 7.5±2.8 2.9±3.0 43.493 <0.001 0.195 A, C > B, D
TDI score* 33.9±5.0 18.2+7.8 31.8±4.8 17.5±7.9 54.602 <0.001 0.233 A, C > B, D
Taste score* 3.93±0.26 3.95±0.28 3.86±0.41 3.22±1.0 32.701 <0.001 0.159 A, B, C > D
BMI* 24.7 26.2±4.6 25.7±4.5 27.0±4.6 7.472 <0.001 0.038 –

BDI, Beck Depression Inventory. * ANCOVA were used; covariates were age and sex. For the post hoc tests, A stands for healthy control, B for smell 
dysfunction, C for taste dysfunction, and D for mixed disorder.

Fig. 1. a BDI scores in patients with chemosensory disorders and controls. b BDI scores in healthy controls, hy-
posmia, and anosmia. Error bars represent means ± SD *p < 0.05, **p < 0.01, ***p < 0.001. BDI, Beck Depression 
Inventory.
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Comparison of Different Causes of Chemosensory 
Disorders and Controls
With regard to causes of olfactory dysfunction, there 

were 142 patients caused by sinonasal diseases, 184 by id-
iopathic reasons, 336 by infection, 134 by trauma, and 40 
by other reasons (including congenital, neurodegenera-
tion, and dental treatment). With regard to causes of gus-
tatory dysfunction, there were 6 patients caused by trau-
ma, 5 by toxic, 10 by tonsillectomy, 6 by sinonasal dis-
eases, 20 by infection, 41 by idiopathic, and 7 by burning 
mouth syndrome.

Across different disease causes of olfactory dysfunc-
tion, the sinonasal group and posttraumatic group exhib-
ited higher BDI scores than the controls. Moreover, the 
posttraumatic group had significantly higher BDI scores 
and lower TDI scores than the other groups (Fig. 2).

Association between Olfactory/Gustatory Function 
and Factors
In correlation analyses across all subjects and patients 

with chemosensory disorders, the depression score was 
negatively correlated with odor scores (association be-
tween BDI and TDI scores: r = −0.11, p = 0.001; r = −0.14, 
p = 0.001). In patients with smell dysfunction, depression 
scores were negatively correlated with odor threshold  
(r = −0.10, p = 0.010), odor discrimination (r = −0.10, p = 
0.007), and TDI scores (r = −0.10, p = 0.008); no such cor-
relation was found in patients with taste dysfunction and 
mixed dysfunctions (see online suppl. Table 1; see www.

karger.com/doi/10.1159/000513751for all online suppl. 
material).

Regression analyses suggested that TDI scores were 
the only variable associated with BDI scores in the smell 
dysfunction group (B = −0.326, β = −0.398, t = −2.294,  
p = 0.029, 95% CI [−0.618, −0.035], and R2 = 0.194) and 
all patients with chemosensory disorders (B = −0.374, β = 
−0.441, t = −2.550, p = 0.017, 95% CI [−0.675, −0.073], 
and R2 = 0.194) (Fig. 3), and no significant variable en-
tered the model in the taste dysfunctions group and mixed 
dysfunctions group.
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Fig. 2. BDI scores in different causes of ol-
factory dysfunction and controls. Error 
bars represent means ± SD *p < 0.05, **p < 
0.01, ***p < 0.001. BDI, Beck Depression 
Inventory.

Fig. 3. Correlation between BDI scores and TDI scores in chemo-
sensory disorders. BDI, Beck Depression Inventory.
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Discussion

This is the first study to analyze symptoms of depres-
sion in patients with mixed chemosensory disorders. The 
data revealed 4 major results. (1) Patients with mixed 
taste and smell dysfunction have higher depression scores 
than patients with smell dysfunction and controls. (2) 
Anosmia patients, but not hyposmia patients, had higher 
depression scores than controls. (3) Among the different 
causes of chemosensory disorders, the posttraumatic 
group had higher depression scores than the other groups. 
(4) TDI scores were significantly associated with depres-
sion scores in patients with smell dysfunction and com-
bined chemosensory disorders.

Current results demonstrated that patients with 
mixed dysfunctions tended to exhibit more severe 
symptoms of depression compared with controls and 
patients with smell dysfunction. On average, patients 
with mixed dysfunction also had higher BDI scores 
than patients with taste dysfunctions, but this differ-
ence did not reach statistical significance. This may 
partly be due to the smaller sample size of patients with 
taste dysfunction compared with smell dysfunction pa-
tients. However, our sample size comprised a minimum 
of approximately 50 individuals in each group, which 
constitutes a relatively large clinical sample, especially 
with regard to patients with taste dysfunction. On the 
one hand, as mentioned previously, chemosensory in-
put can influence emotional processing. Patients with 
chemosensory disorders seem to be vulnerable to de-
pression [36], and systematic, regular exposure to odors 
(“olfactory training”) may improve depressive symp-
toms [23]. On the other hand, emotional dysfunction 
can lead to chemosensory disorders. Patients with de-
pression often exhibit chemosensory dysfunction and 
relevant brain abnormalities, and the remission of de-
pression results in the recovery of chemosensory dys-
function [22, 25]. Therefore, we assume that simultane-
ously decreased input of olfaction and gustation has ad-
ditive effects on the exacerbation of emotional 
dysfunction, resulting in a higher proportion of mild 
and moderate depression. It can also be assumed that 
there may be more functional abnormalities in the com-
mon brain areas of emotional processing and chemo-
sensory pathways in patients with mixed dysfunctions 
(such as the amygdala, hippocampus, insular and orbi-
tofrontal cortex) [29]. When patients are diagnosed 
with mixed dysfunction, more attention should be paid 
to their emotional status, which is usually ignored in 
clinical practice. Additionally, it can be assumed that 

enhancement of chemosensory input, both taste and 
smell, may serve as a supplementary therapeutic strat-
egy to relieve depressive symptoms.

Our results showed that patients with anosmia had 
higher depression scores than patients with hyposmia 
and controls. Depression scores in patients with hypos-
mia were also higher than those of controls, although 
this difference did not reach statistical significance. Ad-
ditionally, both in the correlation and regression analy-
sis, the TDI score was negatively associated with the 
BDI score in patients with chemosensory disorders. 
Nevertheless, it should be noted that the coefficients of 
correlation between olfactory scores and depression 
scores were relatively weak. Connections between the 
chemosensory system and emotions, which might serve 
as explanations for the currently observed associations, 
can be found through at least 2 mechanisms. First, ol-
factory impairment may lead to restrictions in olfacto-
ry-related areas, which can affect QoL, which in turn 
may enhance depression likelihood. Second, olfactory 
loss may reduce input from the olfactory bulb via the 
amygdala into the limbic system and insula and then 
cause dysfunction of convergence and salience process-
es, resulting in functional abnormalities of the brain [1]. 
Therefore, it is possible that there are many confound-
ing factors between olfaction and depression in patients 
with chemosensory disorders, which may lead to the 
(weak) association between the 2 systems. Conversely, 
a twofold mechanism is assumed about the effect of de-
pression on olfaction. On the one hand, reduced atten-
tion and reduced turnover rate of olfactory receptor 
neurons in the olfactory epithelium may cause reduced 
olfactory function in depression. These effects are re-
duced after remission of depression. On the other hand, 
decreased volume of olfactory bulb in depression pa-
tients may lead to reduced signaling from OB to central 
olfactory areas and exacerbate depressive symptoms 
[14]. Even though the relation between olfaction and 
depression is consistently observed in research and in 
the clinic, research has not been able to disentangle 
consequences from causes within this relation. Clini-
cally, it is important to emphasize the usefulness of as-
sessing chemosensory function in patients who might 
need emotional intervention. Further studies with large 
sample sizes and longer follow-up periods should be 
carried out to explore whether depression status may 
serve as a predictor of successful therapy.

Because most patients with chemosensory disorders 
exhibited mild depressive symptoms in the present study, 
their mean BDI scores were close to 10 and slightly high-
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er than those of the controls. It has been proven that ol-
factory dysfunction is not easy to recognize and can be 
compensated by other senses and cognition [37, 38]. 
Therefore, many hyposmic patients can still live a normal 
life, and only those with severe olfactory dysfunction ex-
hibited obvious depression, which was consistent with 
the present correlation between BDI and TDI scores, as 
well as the results of comparison among controls, hypos-
mia, and anosmia. In summary, olfactory dysfunction ex-
hibited a mild effect on depression, but attention still 
needs to be paid to those with moderate and severe de-
pressive symptoms.

Previous studies [25, 39] suggested that gustation may 
be associated with depressive states, and Han et al. [40] 
found that patients with taste loss, but not patients with 
smell loss, exhibited a higher degree of depression than 
controls. However, we did not find a significant correla-
tion between depression scores and taste scores, neither 
in the correlation analysis nor in the regression analysis. 
It must be kept in mind that within the current study, 
only suprathreshold gustatory testing was used, which 
limits the resolution of the characterization of taste dys-
functions. In addition, many patients with taste dysfunc-
tions exhibit qualitative taste dysfunctions, which are 
poorly reflected in quantitative gustatory tests. Again, 
further studies with large sample sizes and more detailed 
taste tests, such as the “taste strips” [41] or gustatory 
event-related potentials [42], should be carried out to 
further clarify the relationship between taste and depres-
sion.

In the current study, chemosensory disorders caused 
by trauma were associated with poorer olfactory func-
tion and more severe symptoms of depression compared 
to other causes. Depression is known to be one of the 
most common comorbidities developing post-injury, 
and the frequency of depressive disorders in previous 
studies ranged widely (6–77%) owing to methodological 
heterogeneity [43]. Chemosensory disorders caused by 
trauma are typically accompanied by damage to the cen-
tral nervous system, especially in the olfactory bulb and 
frontal lobe [44, 45]. As mentioned above, the olfactory 
system is strongly interconnected with the emotional 
system, and both the olfactory bulb and frontal lobe play 
important roles in the regulation of emotion [17]. Hence, 
the accompanying damage to odor-related brain areas 
may be the underlying reason for depressive symptoms. 
On the other hand, it may be possible that other causes 
of chemosensory disorders exert their damage in the “pe-
riphery” of the olfactory pathway at the level of the olfac-
tory epithelium and the olfactory bulb, resulting in mild-

er olfactory impairment and fewer depressive symptoms 
than traumatic patients. Neuroimaging studies could 
help clarify the relationship between depressive symp-
toms and brain damage in trauma patients. Notably, 
damage to odor-related brain areas could also occur in 
chemosensory disorders caused by neurodegenerative 
diseases, leading to dysfunction of emotional processing 
and depressive symptoms [17]. Unfortunately, in the 
current study, the sample size of the neurodegeneration 
group was too small (n = 8) to be analyzed in a meaning-
ful way.

The current study has several limitations. First, it 
should be noted that the current study focused on depres-
sive symptoms rather than major depression disorder. 
Depression was assessed by the BDI, a self-rated scale that 
can only assess the severity of depression symptoms. The 
diagnosis of major depression and clinical interviews 
evaluated by a psychiatrist was lacking. Second, there is 
an imbalance of sample size regarding the distinct patient 
groups, which may have affected the statistical analyses. 
For example, the number of patients with taste dysfunc-
tions and mixed dysfunctions was much smaller than that 
of patients with smell dysfunction, preventing the regres-
sion from being performed in these subgroups. Third, the 
lack of a linear correlation between depression and gusta-
tory function may be influenced by the choice of taste test 
because the taste test used in the current study may have 
been too coarse to reflect the patients’ gustatory abilities 
in full detail (gustatory threshold, discrimination, and 
identification). More reliable taste tests, such as the “taste 
strips” [46] or gustatory event-related potentials [47], 
should be used in the future to explore the relationship 
between taste and depression. Fourth, although age was 
included as a covariate in the statistical analysis, the 
smaller sample size and the younger age of controls ver-
sus patients may influence the results. Therefore, the 
present results should be interpreted with caution. Final-
ly, the present results originated from a retrospective 
study design, and future follow-up studies could provide 
a deeper understanding of the relationship between che-
mosensory disorders and depression.

Conclusion

The present study suggests that simultaneous decreas-
es in olfactory and gustatory sensations exacerbate emo-
tional dysfunction. More attention should be paid to 
symptoms of depression in patients with mixed olfactory/
gustatory dysfunction in clinical practice.
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