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Decreased electrogustometric taste sensitivity in patients 
with acquired olfactory dysfunction*

Abstract 
Background: Cross-modal chemosensory dysfunction between olfaction and gustation is not well known. 

Methodology: 180 participants were classified into three groups (60 with olfactory dysfunction, 60 with gustatory dysfunction 

and 60 healthy controls without chemosensory dysfunction). Olfactory functions were obtained with “Sniffin’ Sticks”; gustatory 

function was measured by suprathreshold gustatory stimuli (“taste sprays”) and a quasi-threshold measure of taste function (“tas-

te strips”) for five taste qualities (sweet, salty, sour, bitter and umami). “Electric taste” threshold was measured using electrogusto-

metry (EGM). In addition, group differences in dietary behaviors were investigated with a specifically designed questionnaire.

Results: Patients with olfactory dysfunction had increased electric taste thresholds and decreased scores for the umami taste strip 

test as compared to healthy controls. Overall there was no major difference between patients with chemosensory dysfunction 

and healthy controls regarding dietary behaviors, although some patients certainly exhibited dietary problems. Importantly, 

patients with taste loss, but not patients with smell loss, exhibited a higher degree of depression than controls. 

Conclusion: Patients with olfactory dysfunction showed decreased taste sensitivity which suggested an interaction between the 

chemical senses taste, trigeminal function, and olfaction. This provides the basis for including both smell and taste psychophysical 

assessment in clinical practices. In addition, patients with taste loss appeared to suffer most from chemosensory dysfunction.
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Introduction
Smell or taste disorders have a significant impact on the quality 

of daily life, including the change of dietary behaviors (1-3). 

Olfaction and gustation are tightly connected (4, 5) and there is 

evidence that they share central processing areas, such as the in-

sula (6) and the orbitofrontal cortex (4). It has been shown that ol-

factory impairments are accompanied by some decrease of taste 

function (7-9). However, many individuals suffering from olfactory 

deficits who report gustatory deficits do not exhibit measurable 

impairments of taste function (10). Due to the large contribution 

of the olfactory sense to the perception of flavor, this may be 

due to the confusion between gustatory impairment and a re-

duced flavor experience caused by impaired retronasal olfactory 

function (11). Thus, the use of objective, established tests for the 

assessment of gustatory function is required to investigate this 

topic.

Electrogustometry (EGM) is a commonly-used test based on 

the application of electric stimuli to the tongue. These stimuli 

elicit a sensation often described as metallic or sour.  Studies 

examining electrogustometric taste thresholds showed good 

test-retest reliability (12, 13) although correlations with results 

based on chemical testing are not very strong. Previous studies 

have demonstrated increased EGM threshold with aging (14, 15), 

neurodegenerative diseases (16), smoking (17), tonsillectomy and 
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laryngomicrosurgery (18), drug side effects (19), extraction of molar 

teeth (20), or middle ear surgery (21). 

The main goal of this study was to investigate and compare the 

chemosensory functions and the possible change of dietary be-

havior in patients reporting olfactory deficits but not gustatory 

loss, as well as in patients reporting gustatory deficits but not ol-

factory loss. Multiple measurements were applied, including the 

extended ‘Sniffin’ Sticks’ test (22), taste spray (23) and taste strips 

tests (24), and electrogustometric taste threshold test (25). In addi-

tion, we applied a five-taste-quality test (sweet, sour, bitter, salty, 

and umami) to study the use of umami taste in a clinical context. 

Finally, we compared dietary behaviors between patients with 

chemosensory dysfunctions and healthy participants.

Materials and methods
Participants

The study included 120 patients who presented to the Smell 

and Taste Clinic at the Department of Otorhinolaryngology at 

the Technical University of Dresden, complaining about smell 

or taste dysfunctions. There were 60 patients (32 females) with 

taste dysfunction (aged from 33.9 to 81.8 years, mean age 59.5 

years), and 60 patients (43 females) with olfactory dysfunction 

(aged from 19.1 to 81.2 years, mean age 59.8 years). In addition, 

60 healthy participants (38 females) aged from 23.9 to 85.9 

years, mean age 56.0 years were also enrolled in this study as a 

control group. Table 1 provides information about subjects' sex 

and age, as well as the etiology of the disorder, and about the 

history of surgery. The main causes of chemosensory dysfuncti-

ons were idiopathic causes and infections of the upper respira-

tory tract, including more than 70% of the patients. There was 

no difference between groups in terms of age, sex distribution, 

body mass index (BMI) and smoking status. However, a signi-

ficant difference in depression scores (obtained with the Beck 

Depression Inventory (26), BDI) was found between patients with 

gustatory dysfunction and healthy controls (Figure 1). According 

to the cutoff scores for classification of the depression severity, 

there were 32.8% of patients with gustatory dysfunction (n=19), 

24.1% of patients with olfactory dysfunction (n=14), and 15.8% 

of control participants (n=9) had mild or moderate depression 

(BDI score > 9) (27).

Assessment of olfactory function

Psychophysical testing of olfactory functions was performed 

using the ‘Sniffin’ Sticks’ test battery (22). The kit comprises three 

subtests: 1) odor threshold for phenyl ethyl alcohol (PEA; single 

staircase, 3 alternative-forced choices), 2) odor discrimination 

(16 triplets of odors, 3 alternative-forced choice task), and 3) 

odor identification (16 common odorants, multiple forced 

choice from four verbal descriptors per odor). Global perfor-

mance on the ‘Sniffin’ Sticks’ test (sum of the results from thres-

hold testing: score range 1-16; odor discrimination: score range 

0 -16; and odor identification: score range 0 -16), designated as 

threshold- discrimination-identification (TDI) score range from 1 

to 48) was used as the basis for classifying patients into three di-

agnostic groups as 1) normosmia, 2) hyposmia, and 3) anosmia. 

Table 1. Detailed description of three study groups.

Control 
(n=60)

Gustatory 
Patients 
(n=60)

Olfactory 
Patients 
(n=60)

Age (years) 58.4 ± 14.6 59.5 ± 14.2 59.8 ± 12.4

Sex (m/f ) 22/38 28/32 17/43

BMI 25.6 ± 4.2 25.9 ± 4.4 26.5 ± 3.8

Smokers 13 (22.0%) 12 (21.8%) 6 (11.1%)

Toxic exposure 0 0 2

Etiology

    Idiopathic n.a. 32 (53.3%) 21 (35.0%)

    Postviral n.a. 13 (21.7%) 25 (41.7%)

    Posttraumatic n.a. 6 (10.0%) 3 (5.0%)

    Postoperative n.a. 8 (13.3%) 3 (5.0%)

    Sinunasal n.a. 1 (1.7%) 8 (13.3%)

Medication

    Antihypertensive 24 (40%) 21 (35%) 24 (40%)

    Insulin/oral antidiabetic 0 9 (15%) 2 (3.3%)

    Statins 5 (8.3%) 9 (15%) 6 (10%)

    Anti-rheumatics 0 0 2 (3.3%)

    Anti-depressives 0 1 (1.7%) 3 (5.0%)

    Thyroid drugs  6 (10%) 4 (6.7%) 12 (20%)

    Other 8 (13.3%) 16 (26.7%) 19 (31.7%)

    No medication 30 (50%) 27 (45%) 20 (33.3%)

Other Diseases

    High blood pressure 24 (40%) 24 (40%) 24 (40%)

    Diabetes 0 8 (13.3%) 3 (5%)

    Hypothyroidism 6 (10%) 2 (3.3%) 6 (10%)

    Neoplasia 1 (1.7%) 2 (3.3%) 1 (1.7%)

    Rheumatoid arthritis 0 1 (1.7%) 2 (3.3%)

    Other 3 (5%) 4 (6.7%) 8 (13.3%)

    No other diseases 33 (55%) 30 (50%) 26 (43.3%)

Surgery histories

    Tonsillectomy 9 (15%) 13 (21.7%) 8 (13.3%)

    Middle ear 0 2 (3.3%) 0

    Nose (Polyps, Septum) 3 (5.0%) 5 (8.3%) 8 (13.3%)

    Nasal sinuses 1 (1.7%) 4 (6.7%) 1 (1.7%)

    Teeth 3 (5.0%) 2 (3.3%) 1 (1.7%)

    Other 0 4 (6.7%) 3 (5.0%)

    No surgery 45 (75%) 32 (53.3%) 39 (65%)

Data shown as means ± standard deviations and counts with proportion 

(in percent); * mean values not sharing a superscript are significantly dif-

ferent (p < 0.05); n.a. not applicable.
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strips: sweet: 0.4, 0.2, 0.1, 0.05 g/ml sucrose; sour: 0.3, 0.165, 0.09, 

0.05 g/ml citric acid; salty: 0.25, 0.1, 0.04, 0.016 g/ml sodium 

chloride; bitter: 0.006, 0.0024, 0.0009, 0.0004 g/ml quinine 

hydrochloride; umami: 0.25, 0.1, 0.04, 0.016 g/ml monosodium 

glutamate. The total score for taste strip testing ranged from 0 to 

20. Taste Strips have been shown to be useful in clinical practice 
(30): They exhibit several advantages, such as short time needed 

for testing, good reproducibility of the results, the possibility to 

test each side of the tongue separately, and a very long shelf life. 

In addition, the etiology of gustatory dysfunction (postinfecti-

ous, posttraumatic, idiopathic, congenital, toxic, or other) and 

the presence of parageusia and/or phantogeusia were assessed.

Assessment of electrogustometric taste sensitivity

The electric taste threshold was measured using electrogusto-

metric stimulation. The electric stimulus was applied with a 

bi-polar electrode (round surface of 0.79 cm2) using an elec-

trogustometer (TR06, Rion, Tokyo, Japan). The electrode was 

placed on two anterior regions of the tongue (tongue tip, 

and edge), separately for the left and right sides. Stimuli were 

applied in increasing strengths (2 dB steps). Stimuli of 0.5 s 

duration were applied unilaterally, starting at 6 dB (1.5mA) up 

to 40 dB, until the subject indicated that the applied stimulus 

had been perceived. If the subject did not perceive the 40 dB 

stimulus, a 1 mA (50 dB) stimulus was applied. If no sensation 

was perceived, the highest possible value (50 dB) was entered 

into the analysis. The stimulation frequency was 2 Hz. 

Dietary evaluation

For the investigation of changes for dietary behavior following 

the change of chemosensory function, a specially designed 

questionnaire was used. The questions were related to changes 

in weight (weight gain or weight loss), meals per day and time 

spent on each meal, eating related to mental or physical stress, 

eating habits such as emptying of food plates although full, 

facilitated eating with visual food cues, frequent food craving, 

and alcohol consumption. Answers varied according to the type 

of questions asked. For example, patients were asked to refer 

to standardized answers for questions related to stress related 

eating (“more,” “no change,” “less”) and for alcohol consumption 

(“none,” “occasionally,” “regularly”); binary answers (either ‘yes’ 

or ‘no’) were applied to questions about weight loss/ weight 

gain, empty food plate, visual facilitated eating habits and food 

craving; open and non-structured answers were applied to other 

questions such as the meals per day and meal time. Since this 

questionnaire was applied in a study for the first time, psycho-

metric characteristics of this instrument need to be addressed in 

future investigations.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS vs. 21.0; 

The cut-off scores were TDI > 31 for normosmia, TDI between 

15.5 to 30.5 for hyposmia, and TDI < 16.5 for anosmia (28). During 

a clinical interview we also assessed the etiology of olfactory 

dysfunction (postinfectious, posttraumatic, sinonasal, idiopathic, 

congenital, toxic, or other) and the presence of parosmia and /

or phantosmia.

Assessment of gustatory function

Gustatory functions were assessed by means of “taste sprays” 

and the “taste strips” test, well-investigated clinical tests (29, 30). 

One hour before testing, subjects were asked not to eat or drink 

anything except water. The “taste sprays” contain the following 

substances at the given concentrations (diluted in 100ml distil-

led water): sweet: 10g D-saccharose, sour: 5g citric acid, salty: 

7.5 g NaCl, bitter: 0.025 g quinine hydrochloride and umami: 4g 

monosodium glutamate (23, 31). Subjects were asked to open their 

mouth so that the spray could be applied (volume per spray 

approximately 150µl). Afterwards they closed their mouth and 

moved the liquid within the mouth. The taste had to be identi-

fied as either sweet, salty, sour, bitter or umami. A score from 0 

to 5 was derived from the taste spray test. Pathological results 

included one or more tastes incorrectly identified.

For the “taste strips” test, 20 taste-impregnated filter-paper strips 

were presented in a randomized order regarding taste qualities 

in increasing concentrations, as a whole-mouth procedure in 

the middle of the anterior portion of the tongue. Subjects were 

asked to identify the taste quality choosing one of five possible 

answers on a form (sweet, sour, salty, bitter, umami). Before as-

sessment of each taste strip, the mouth was rinsed with water. 

The taste score was the number of correctly identified taste 

strips. The following concentrations were used for the taste 

Figure 1. BDI score in controls and in patients with chemosensory dys-

functions. Bar chart shows the group mean with standard deviations 

and aligned dot plot for individual data; N.S. Not Significant; * significant 

p < 0.05.
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SPSS Inc., Chicago, IL, USA) and Graphpad Prism (version 6; 

GraphPad Software, Inc.) was used for data analyses and graphi-

cal plot. Descriptive and parametric interferential statistical tests 

(e.g., χ2 tests, Mann-Whitney tests, Pearson correlations, Kruskal-

Wallis tests) were applied wherever appropriate. The α-level was 

adjusted to 0.05. Data were presented as Mean with standard 

deviation or mean with standard error as indicated.

Results
Chemosensory functions

Compared to controls, significantly reduced TDI olfactory test 

scores were found for patients with olfactory dysfunctions (18.7 

± 7.8 v.s. 29.8 ± 2.9, p < 0.001), but not for patients with gusta-

tory dysfunctions (26.3 ± 10.2 vs. 29.8 ± 2.9, p > 0.05).

Patents with gustatory dysfunctions exhibited significantly 

lower taste strips scores for all five taste qualities five basic tastes 

in comparison to healthy controls and olfactory patients. More-

over,  patients with olfactory dysfunctions showed lower umami 

taste score compared to healthy controls (p < 0.05, Figure 2), but 

no difference was seen for the other four tastes (p > 0.05, Figure 

2). For the taste spray test, patients with gustatory dysfunctions 

had significantly lower scores for all taste qualities (p < 0.05), 

while the scores for patients with olfactory dysfunctions were 

not significantly different from controls (p > 0.05). In addition, 

the symptom “dry mouth” was not more frequent in patients 

with gustatory dysfunctions (24 out of 60, 40%) and patients 

with olfactory dysfunctions (16 out of 60, 26.7%) (χ2 test p = 

0.087).

EGM taste sensitivity

At the four recording positions, the electrogustometric taste 

thresholds were significantly higher in patients with olfactory 

dysfunctions as compared to healthy controls. Patients with 

taste dysfunctions exhibited further increased electrogustome-

tric thresholds compared to patients with olfactory dysfuncti-

ons (Figure 3). In addition, the EMG threshold was lower at the 

frontal part as compared to the posterior part of the tongue 

(Figure 3).

Significant correlations were found between EGM threshold 

(averaged across 4 positions) and taste test scores in patients 

with gustatory dysfunctions (Spearman correlations r =  0.29, 

p=0.024 sweet ‘taste strips’ score; r = -0.384, r= 0.003 for com-

bined taste spray test score; and r = -0.349, p = 0.007 for umami 

‘taste spray’ score). Significant correlations were also found 

between EGM threshold (averaged across 4 positions) and taste 

test scores in healthy controls (Spearman correlations r = -0.342, 

p= 0.008 for sour ‘taste spray’ score; and r=-0.273, p = 0.037 for 

bitter ‘taste spray’ score). There was no significant correlation 

between EGM threshold and taste test scores among patients 

with olfactory disorders (p > 0.1).

Patients with parageusia / phantogeusia

Among the patients with gustatory dysfunction (n=60), 28 pa-

tients (46.7%) were diagnosed with parageusia, and 21 patients 

(35%) with phantogeusia; 15 patients (25%) were diagnosed 

with having both parageusia and phantogeusia. There were 

34 out of 60 (56.7%) patients with gustatory dysfunctions who 

were diagnosed with either parageusia or phantogeusia or both; 

and this subgroup of patients (n= 34) had significantly higher 

taste strips test score for ‘bitterness’ compared to patients with 

gustatory dysfunction but without parageusia or phantogeusia 

(p < 0.001). There was also a trend for taste strips score for ‘salty’ 

(p = 0.059, Table 2). In addition the combined taste strips test 

score was also higher in the subgroup of patients compared to 

other patients in the group (p < 0.05, Table 2). The TDI score for 

this subgroup (TDI = 30.8 ± 7.2) of patients with either parageu-

Figure 2. “Taste Strips” gustatory functions for five basic taste qualities 

in controls and in patients with olfactory or gustatory dysfunctions. * 

Gustatory patients had significantly reduced score for each specific taste 

as compared to controls and olfactory patients (p < 0.05); # Umami taste 

strips test score significantly reduced in olfactory patients as compared 

to controls (p < 0.05). 

Figure 3. Regional electrogustometric taste threshold (µA/mm2) in 

healthy controls and patients with chemosensory disorders. Anterior 

left, anterior right, posterior left, and posterior right indicate the quad-

rants of the tongue. Bars show the mean values with SEM. Different 

superscript letters (a, b, c, d, e, f ) indicate significant differences (paired 

t-test, p < 0.05).
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thresholds, suggesting impaired gustatory function among 

patients with olfactory loss. EGM threshold has been reported to 

be negatively correlated with the number of fungiform papillae 
(32, 33). Previous studies have demonstrated increased EGM thres-

hold with aging (14, 15) or smoking (17). While some studies favored 

the electric taste as a gustatory phenomenon (34-36), others failed 

to show a significant correlation between electric and common 

chemical tastes (37-39), signifying the unique nature of electric 

taste. In addition, electric stimulation may be contaminated by 

trigeminal activation (40). Brain mapping studies with source lo-

calization analyses showed activations in the primary gustatory 

cortex and the somatosensory cortex with electrical stimuli ap-

plied to the tongue (35, 41, 42). Previous studies have found that pa-

tients with olfactory loss also exhibited a decreased trigeminal 

sensitivity (43, 44). Taking into account the peripheral and central 

interactions between the trigeminal and gustatory systems, the 

increased EMG threshold may also indicate a negative impact 

of olfactory dysfunction on the trigeminal-taste interactions. In 

addition, olfaction and gustation share common central proces-

sing areas which may account for the cross-modal chemosen-

sory changes (6, 45, 46), which provides the neuropathic basis for 

the bidirectional influence between the two (4, 7). For example, 

people with congenital olfactory impairments were worse in 

taste identification and exhibited reduced taste-induced brain 

activations (8). However, in the present study the “taste strips” 

test results indicated no significant taste dysfunction in those 

patients with olfactory loss, except for umami taste. Future 

studies with larger sample size are needed to investigate the 

umami taste impairments in patients with olfactory dysfunction. 

In addition, it seems that patients with olfactory dysfunction 

preserved normal suprathreshold taste function a measured 

sia and/or phantogeusia were significantly higher than the rest 

of patients (TDI = 20.5 ± 10.6) (Table 2).

Patients with parosmia / phantosmia

Among the patients with olfactory dysfunction, 10 patients had 

parosmia, and 7 patients had phantosmia. There were 23.3% of 

olfactory patients (n=14) who had parosmia or phantosmia or 

both. TDI score of this patient subgroup (n=14) was not different 

from the other patients with olfactory dysfunctions (TDI score, 

Mann-Whitney Test Z = -1.66, p = 0.10). However, patients with 

parosmia / phantosmia had significantly higher EGM threshold 

(were less sensitive) compared to the other olfactory patients 

without parosmia or phantosmia (averaged EGM threshold = 

17.6 ± 6.5 for patients with parosmia/ phantosmia; 8.4 ± 7.6 for 

patients without parosmia / phantosmia, Mann-Whitney Test Z = 

-3.57, p < 0.001).

Dietary behaviors

Alcohol consumption was found different between study 

groups, with patients with olfactory or gustatory dysfunctions 

consuming alcohol less frequently than healthy controls. No sig-

nificant difference was observed in terms of eating habits (Table 

3). 26.7% (16 out of 60) patients with olfactory dysfunction, and 

16.7% ( 10 out of 60) patients with gustatory dysfunction repor-

ted chemosensory-disorder-related weight loss, and this was 

not different between the two patient groups (χ 2 = 1.77, df = 1, 

p > 0.1). Olfactory or gustatory dysfunction was not associated 

with changes of the number of meals per day compared to heal-

thy controls; neither did the averaged time spent on each meal.

Discussion
The current study investigated the olfactory and gustatory 

functions as well as the dietary behaviors in patients with smell 

or taste loss. One important finding was that patients with ol-

factory dysfunction exhibited significantly increased EGM taste 

Table 2. Taste and smell test scores between subgroups of patients with 

gustatory dysfunctions.

Table 3. Eating habits of healthy controls and patients with gustatory or 

olfactory dysfunctions.

Data are shown as means ± standard deviations; TS, Taste Strips test; TDI 

score, the combined olfactory test score of ‘Sniffin’ Sticks’ test.

Patients without
parageusia

or phantogeusia 
(n=34)

Patients with 
parageusia

or phantogeusia 
(n=26)

P
value

TS bitter 0.9 ± 0.8 2.3 ± 1.3 < 0.001

TS total 7.6 ± 2.8 9.0 ± 2.9 < 0.05

TS salty 1.8 ± 1.1 2.4 ± 1.3 = 0.059

TDI score 20.5 ± 10.6 30.8 ± 7.2 < 0.001

Control 
(n=56)

Gustatory 
Patients 
(n=54)

Olfactory 
Patients 
(n=42)

Empty food plate alt-
hough full

20 (35.7%) 18 (33.3%) 12 (28.6%)

Facilitated eating by 
visual cue

17 (30.4%) 10 (19.2%) 7 (16.7%)

Frequent food craving 12 (21.4%) 10 (19.2%) 15 (35.7%)

More eating under stress 8 (14.3%) 6 (11.1%) 5 (11.9%)

Less eating under stress 20 (35.7%) 18 (33.3%) 17 (40.5%)

No change of eating 
under stress

26 (46.4%) 29 (53.7%) 20 (47.6%)

Data are shown as the number of subjects and their proportion of the 

group (in percentage); There is no significant difference between study 

groups in all the eating habits (χ2 tests p > 0.1 for all).
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change (either gain or loss of body weight) might be associated 

with the type of chemosensory dysfunctions (54). In addition, 

the current study did not reveal significant differences between 

smell- or taste- loss patients and healthy participants in terms 

of dietary behaviors. Previous studies had reported various 

changes of dietary behaviors in patients with gustatory or 

olfactory loss (3, 54, 55). Those studies yielded different pictures 

of dietary problems associated with chemosensory disorders. 

However, overall the results suggest that at least some individu-

als may exhibit clinically significant dietary and weight changes. 

Therefore it seems to be highly important to identify individuals 

at nutritional risk.

The use of questionnaires to investigate dietary behaviors in pa-

tients with chemosensory deficits does not allow the study on 

potential changes in food perception (e.g. flavor pleasantness 

and intensity, flavor/taste preferences, flavor induced appetite, 

etc.). It has been shown that most complaints of taste loss re-

flect olfactory rather than gustatory dysfunction (10). This is due 

to the common confusion of taste and smell in people and the 

critical role of olfaction in determining the appreciation of flavor 

in foods and beverages. In addition, the decrement in food 

enjoyment among patients with chemosensory dysfunctions 

seems to be extremely high (from 60% to 90% of the patients) (2, 

3). Therefore, it is necessary for future studies to investigate the 

impact of chemosensory dysfunctions on actual food percep-

tion (e.g. taste, smell, flavor, texture etc.) using real food items (7). 

Conclusion
In conclusion, results from the current study showed decreased 

gustatory sensitivity among patients with olfactory dysfunction 

which underlines the role of chemosensory interactions. In ad-

dition, patients with gustatory disorders were more depressed 

than patients with olfactory loss and controls. Routine chemo-

sensory investigation should include assessment of taste and 

smell.
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with “taste sprays” test. 

Although the patients with gustatory dysfunction did not show 

olfaction impairment as indicated by their ‘Sniffin Sticks’ test 

score (TDI score), a subgroup of 36 patients without parageusia 

or phantogeusia had significantly lower TDI score (average TDI 

= 20.5 ± 10.6). The mechanism behind this phenomenon is not 

clear. One possibility is that the qualitative dysfunctions of olfac-

tion or gustation may have an additional impact on the chemo-

sensory interactions. Future studies with larger sample size need 

to address this hypothesis. In addition, compared to patients 

with parageusia or phantogeusia, the subgroup of patients wit-

hout parageusia or phantogeusia had significantly lower scores 

for overall taste and bitter scores of the ‘taste strips’ test. This 

result is in accordance with a previous study showing that the 

salty and bitter-salty mix sensations were the most frequently 

reported in patients with parageusia or phantogeusia (47). 

It needs to be noted that EGM is limited to investigations on 

particular taste qualities, and EGM taste thresholds fail to predict 

suprathreshold function at levels experienced in everyday life. 

However, its specific clinical role may be in the discrimination 

of ageusia/hypogeusia or the characterization of localized taste 

loss in the 4 different quadrants of the tongue which is difficult 

to reach with pipettes or filter papers (48). In fact, human taste 

function is complex and it appears that no single measure is 

capable of being used as a definitive marker of overall taste 

function (49, 50). Our data also suggest the potential usefulness 

of a combination of taste measurements in clinical tests, for 

patients with chemosensory dysfunctions (51).

The patients with gustatory dysfunctions had significantly 

higher BDI scores compared to controls, while the patients with 

olfactory dysfunctions did not. There were nearly one thrid of 

patients with gustatory dysfunction (32.8%) had a BDI scor over 

10, which fall in the range of mild to moderate depression. In ad-

dition, the average BDI (mean score = 8.4) for those patients was 

close to the cutoff point (26). While previous studies have sug-

gested olfaction as an early marker for depression (52), the results 

from this study may draw attention on the gustatory patients 

in clinical practices. Future investigations are warranted before 

any conclusive claim can be made for the relationship between 

gustatory dysfunction and depression.

There was no significant weight change for the patients’ groups 

involved in the current investigation. Previous studies reported 

inconsistent findings of weight changes due to chemosensory 

dysfunctions (3, 10, 53-55). It has also been reported that weight 
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