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Introduction: Loss in sense of smell and taste is a condition that can 
occur without an organic pathology and it is noteworthy in patients 
diagnosed with Major Depressive Disorder (MDD). Few studies have 
shown that Repetitive Transcranial Magnetic Stimulation (tTMS) can 
correct losses in sense of smell and taste. In this study, we aimed to 
examine the effects of tTMS treatment applied to patients diagnosed 
with MDD on the sense of smell and taste in this patient group.

Methods: The sense of smell of 56 patients who were diagnosed with 
MDD and had tTMS indication was examined with the “Sniffin’ Sticks” 
smell test and the sense of taste with the “Taste Strips” taste test. MDD 
patients who lost at least one sense of smell and taste were included 
in the study, but a total of 30 patients were able to complete the 
study. Hamilton Depression Scale (HAM-D) was applied to the patients 
before tTMS treatment, and this scale was repeated after 15 sessions 
of tTMS treatment. Taste and smell senses were re-evaluated after the 
last tTMS session.

Results: According to the Sniffin Stick Smell test, 15 of 29 patients 

with hyposmia had normosmia after tTMS, and 16 of 18 patients who 
were found to have hypogeusia according to Taste Strips Taste test 
had Normogeusia after tTMS. There was a positive improvement in 
both the smell and taste scores of all patients who were treated, 
compared to before tTMS. The positive improvement in the smell tests 
of the patients who responded to the treatment according to the 
HAM-D scores was found to be significantly different than the patients 
who did not respond.

Conclusion: The positive effect of tTMS treatment on the sense of 
smell and taste has been demonstrated even in patients whose HAM-D 
scores could not be sufficiently decreased. In patients diagnosed with 
depression, using tTMS alone or adding it to the current treatment 
suggests that it may have a positive effect on the sense of smell and taste 
as well as depression treatment.
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Major Depressive Disorder (MDD) is one of the common main 
psychiatric disorders that impair the mental health of society and affects 
the functionality. It is reported to be in fourth rank among the diseases 
that cause labour loss in the world. In addition to this, in developed 
countries, it is predicted to be second rank with in five -year process as 
well as predicted to be first rank within 2030 (1).

Repetitive Transcranial Magnetic Stimulation (tTMS) treatment is 
one of the most important nonpharmacological therapeutic technics 
in the treatment of MDD. The use of tTMS in secondary treatment 
guidelines in patients with diagnosed MDD was approved by U.S. Food 
and Drug Administration (FDA) in 2008 (2), and its effectiveness was 
shown in several studies (3). Neuromodulation, neuroplasticity, cortical 
excitability, changes in membrane potential, changes in the oscillation 
of neuromodulators (dopamine, etc.) and neurotropic factors (Brain 
Derived Neurotrophic Factor, etc.) are the most accepted views about the 
mechanism of action of tTMS treatment (4). 

Tate and smell occur the result of chemical stimulation that stimulate 
the related receptors and therefore the term chemosensory system is 
used for these two senses. Taste and smell are related closely, and they 
generated the sense of taste together (5). 

The sense of taste and smell impairments in patients with diagnosed 
MDD are drawn an attention noteworthy when compared to healthy 
volunteers. It is thought that the increase of stress hormones causes a 
decrease neurogenesis and neurotransmitter changes, so deficits arise 
from the brain areas associated with taste and smell (6). 

A large number of studies has demonstrated the decreased hippocampus 
volume in depression (7). It was also showed decrease olfactory bulbus 
volume in patients with depression, as well (8). The severity of depressive 
symptoms does not affect the sense of smell function, but it was stated that 
the progress and duration of depression was affected the sense of smell 
(9). In some studies, it was suggested that decrease in olfactory function 
may be a marker for depression (10). In a limited number of studies, the 
improvement in taste and smell levels was observed in patients with 
treated tTMS (11). In this study, it was aimed to examine the effects of 15 
-session tTMS treatment in patients with diagnosed MDD who had at least 
one impairment in their sense of smell and taste.

METHOD
The study was conducted on 56 patients who admitted to Health Science 
University, Sultan Abdülhamid Han Training and Research Hospital, 
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Psychiatry Service between 01.01.2017 and 01.06.2017. All patients were 
diagnosed with MDD according to DSM-V diagnostic criteria and they 
were not response to at least one antidepressant treatment in sufficient 
time (6-8 weeks). Also, these patients did not have any organic pathology 
that could impair the sense of smell and taste as a result of the Ear-
Nose-Throat examination. 33 patients who had at least one impairment 
in odor and taste tests were taken to the tTMS treatment. 30 patients 
completed the 15- session of tTMS treatment. All interviews were made 
by researcher and informed consent form was signed by all patients.

To be older than 18 years old and younger than 65 years old, diagnosed 
with MDD according to DSM-V criteria, not responding to at least two 
antidepressant treatment at the appropriate dose and sufficient time (at 
least 8 week), “Sniffin’ Sticks” “odor Test <30 and “Taste Strips” taste test<9 
were determined as inclusion criteria.

Patients who had general medical disease that cause the dysfunction 
in the sense of smell and taste, had pacemaker or intracranial implant, 
had foreign body or object that can interact the magnetic or metal, had 
comorbid psychoactive substance use, had bipolar depression, diagnosed 
another mood disorder such as depression psychotic features, had 
epilepsy or attack history, still had active brain disorder (tumor, infection 
etc.) and had un-stabilized heart disease were excluded from the study.

It did not be made any changes in the current treatments of patients 
who were included in the study and also additional treatment did not be 
planned for patients who had no available drug therapy.

Data Collection

Sociodemographic Data Form
This form consists of several sociodemographic knowledges of patients 
such as age, gender, marital status, educational status, occupation, length, 
weight, use of cigarette or alcohol, disease duration, end of the depressive 
episode numbers.

Sniffin’ Sticks Odor Test
This test is basing on the principle that the smell reaches to the smell 
area in the nose orthonasally. It comprises of three sub-tests which are 
Threshold, Discrimination, Identification. Total of these three tests gives 
the result of TDI-Test (Extended Test- Total Score). The test is completed 
30-40 minutes. Results of all sub-tests are added for TDI-score obtain. 
Patient group whose TDI scores are between 48-31 are classified as 
“Normosmia”, 30-16 are classified as “Hyposmia”, 15 and less is classified 
as “Functional Anosmia”. Validity and reliability of Sniffin’ Stics Odor Test 
was made for Turkish population (12). 

Taste Strips Taste Test
“Taste Strips” test is an approved test method to determine the ability of 
taste perception (13). According to this test, consecutive sixteen different 
taste strips are presented to the patients consecutively and randomly in 
accordance with the protocol and one point is given for each correct 
answer. Maximum score of this test is 16 (4 correct for each flavor). 
General taste performance and each flavor for taste function can be 
evaluated by summarizing of test results. In total, a score of 9 and upper 
is reported as “Normogeusia”, a score of under 9 as “Hypogeusia”. Lack 
of taste perception, in another words, a score of 0 is named as “Ageusia”. 

This test was developed with filter paper impregnated with different 
substances. This test, which is selectively applicable to spoon-shaped 
filter paper and specific areas of the tongue, has a much longer shelf-
life than liquid solutions. Validity and reliability study of this test was 
conducted on 537 healthy volunteers successfully in 2009 and it was 
presented to the literature as a first clinical taste (14). 

Hamilton Depression Rating Scale (HAM-D) 
This scale is used to measure the severity of depression. It is a scale based 
on the rating of the tester. It was published by Max Hamilton in 1960 (15). 
It is a structured scale that measures the level and severity of depression. 
It is performed by the clinician and includes 17 questions. All questions 
are scored between 0 and 4. Validity and reliability study of Turkish 
version of this scale was made by Akdemir and colleagues (16).

tTMS Protocol and Method
A total of 15- session tTMS treatment was made to patients with 
Magstim Rapid 2 device and air-cooled 70 mm double coil. Before the 
first tTMS session, motor threshold measurements were performed. In 
these measurements, right “Abductor Pollicis Brevis (APB)” muscle was 
stimulated via left motor cortex and the lowest intensity that constituted 
involuntary movement in three of at least six stimuli was determined 
as a motor threshold. According to this, 120% of the detected motor 
threshold was determined as an application severity of treatment. In 
the literature, studies show the positive correlation between severity of 
stimulus, high frequency of stimulus, the number of beats, the number 
of sessions and in terms of effectiveness (17). In all patients, a total of 
1000 beats were made daily; the applications were made at a frequency 
of 20 Hz on the point of being 50 beats in per sequence, consecutive 20 
sequences with 2.5 second duration. The “5 cm rule” was used as a coil 
placement. According to this, 5 cm anterior side above the parasagittal 
plan from the motor cortex point where motor threshold detected, was 
accepted as the application area. 

This area corresponds to the dorsolateral prefrontal cortex. The “5 cm 
rule” is the most common used and accepted method (18). After the 
prefrontal cortex determined as the application place, coil sagittal was 
placed on scalp with 45degree angle. Each session was lasting from 15 
to 20 minutes. Smell and taste tests were performed and scored to the 
patients before the first session and after the fifteen session. Because of 
this, Sniffin’ Sticks Odor Test and Taste Strips Taste Test were performed 
to the volunteers.

Statistical Analysis
The data of the study were analyzed with SPSS 20 package program. 
Descriptive statistics were calculated for all data in the study. Kolmogrov-
Smirnov Test was used to determine normal distribution. To compare the 
variables for normal distribution t-test was performed. The Mann-Whitney 
U test was used to compare differences between two independent groups 
when the dependent variable is either ordinal or continuous, but not 
normally distributed. Qualitative variables were indicated with frequency 
and percentage; numerical variables were summarized by mean ± 
standard deviation. Pearson Chi-Square Test and Fisher Exact Test were 
used for investigating categoric data. One-way ANOVA was performed to 
compare means more than two groups. To examine a linear relationship 
between two parameters Parson Correlation Test was used. The results 
were evaluated within a 95% confidence interval and p<0.05 is accepted 
as statistically significant.

RESULTS

Sociodemographic Data and Clinical Features
The sample group of study consisted 13 male (43%) and 17 female (56%) 
who completed the study. The mean age of the patients was 37,26 ± 8.37 
(min=24, max=52, median=36). 

In terms of Sociodemographic Data, Detected Differences with Before 
and After tTMS, HAM-D Score, Smell Test and Taste Test 

According to the HAM-D scores, a significant decrease was found in 
HAM-D scores after tTMS application in patients who had no smoke, 
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Table 1. The comparison of the smell average scores before and after tTMS

SMELL (BEFORE) SMELL (AFTER)

pa

Change p
(differences between 

parameters)Mean±Sd Mean±Sd Mean±Sd

Gender

Female (n=17) 24.38 ± 3.52 31.54 ± 3.32 <0.001 7.16±3.29
p=0.738b 

z=-0.335
Male (n=13) 20.88 ± 4.22 28.36 ± 3.05 <0.001 7.48±3.23

Cigarette

Using (n=15) 22.75 ± 4.22 31.26 ± 3.45 <0.001 8.51±3.37
p=0.040b 

z=-2.055
Non-using (n=15) 22.98 ± 4.30 29.06 ± 3.37 <0.001 6.08±3.14

Alcohol

Using (n=11) 22.84 ± 4.11 30.54 ± 3.94 <0.001 7.70±3.44
p=0.561b 

z=-0.582
Non-using (n=19) 22.88 ± 4.34 29.94 ± 3.37 <0.001 7.06±3.97

Marital Status

Married (n=17) 23.00 ± 3.46 29.64 ± 3.01 <0.001 6.64±2.40
p=0.295b 

z=-1.047
Single (n=13) 22.69 ± 5.14 30.84 ± 4.14 <0.001 8.15±3.29

Head Trauma

Present (n=6) 21.95 ± 4.89 28.16 ± 3.59 0.003 6.20±2.81
p=0.378b 

z=-0.882
Non-present (n=24) 23.09 ± 4.08 30.66 ± 3.41 <0.001 7.57±3.30

Nutritional Features

Mediterranean (n=8) 24.06 ± 3.37 32.09 ± 4.18 <0.001 8.03±2.08

p=0.425c 

H=1.712
Zoophagous (n=12) 22.29 ± 5.30 29.70 ± 3.61 <0.001 7.41±3.31

Leg. /Carbohydrate (n=10) 22.60 ± 3.40 29.17 ± 2.45 <0.001 6.57±3.91

Depression in the Family

Present (n=17) 22.52 ± 4.64 30.26 ± 3.85 <0.001 7.73±3.43
p=0.414b 

z=-0.817
Non-present (n=13) 23.30 ± 3.65 30.03 ± 3.22 <0.001 6.73±2.93

Suicide attempt

Present (n=9) 22.08 ± 4.73 28.72 ± 3.39 <0.001 6.63±2.69
p=0.651b 

z=-0.453
Non-present (n=21) 23.20 ± 4.01 30.78 ± 3.49 <0.001 7.58±3.43

Suicide attempt in the family

Present (n=6) 19.16 ± 4.36 27.50 ± 2.97 0.001 8.33±2.65
p=0.287b 

z=-1.064
Non-present (n=24) 23.79 ± 3.68 30.83 ± 3.39 <0.001 7.04±3.33

Hospitalization

Present (n=10) 22.27 ± 4.79 28.25 ± 3.53 <0.001 5.97±2.17
p=0.140b 

z=-1.475
Non-present (n=20) 23.16 ± 3.95 31.12 ± 3.20 <0.001 7.96±3.48

Somatic complaints

Present (n=12) 24.10 ± 3.39 31.02 ± 4.29 <0.001 6.91±2.71
p=0.672b 

z=-0.464
Non-present (n=18) 22.04 ± 4.55 29.59 ± 2.92 <0.001 7.53±3.55



Kullakçı and Sonkaya. The Effects of rTMS Treatment on Smell and Taste in DepressionArch Neuropsychiatry 2021;58:26−33

29

Table 2. The comparison of the taste average scores before and after tTMS

SMELL (BEFORE) SMELL (AFTER)

pa

Change
p(differences 

between parameters)Mean±Sd Mean±Sd Mean±Sd

Gender

Female (n=17) 9.23 ± 2.01 12.58 ± 1.32 <0.001 3.35±1.45
p=0.426b 
z=-0.795

Male (n=13) 8.00 ± 2.41 10.92 ± 2.29 <0.001 2.92±1.32

Cigarette

Using (n=15) 8.62 ± 2.44 11.60 ± 2.06 <0.001 3.00±1.25
p=0.594b 
z=-0.533

Non-using (n=15) 9.06 ± 2.37 12.13 ± 1.88 <0.001 3.33±1.54

Alcohol

Using (n=11) 8.09±2.02 11.36±1.68 <0.001 3.27±1.19
p=0.643b 
z=-0.464

Non-using (n=19) 9.05±2.34 12.15±2.08 <0.001 3.10±1.52

Marital Status

Married (n=17) 8.21 ± 2.11 11.14 ± 1.23 <0.001 2.88±1.53
p=0.176b 
z=-1.354

Single (n=13) 8.15 ± 2.23 11.69 ± 2.28 <0.001 3.53±1.12

Head Trauma

Present (n=6) 8.50 ± 2.34 11.00 ± 2.52 0.002 2.50±1.04
p=0.183b 
z=-1.331

Non-present (n=24) 8.75 ± 2.26 12.08 ± 1.79 <0.001 3.33±1.43

Nutritional Features

Mediterranean (n=8) 9.75 ± 1.90 12.87 ± 1.35 <0.001 3.12±1.24

p=0.560c 
H=1.161

Zoophagous (n=12) 7.58 ± 2.02 11.16 ± 2.24 <0.001 3.58±1.56

Leg. /Carbohydrate (n=10) 9.20 ± 2.34 11.90 ± 1.79 <0.001 2.70±1.25

Depression in the Family

Present (n=17) 8.58 ± 2.34 11.76 ± 2.33 <0.001 3.17±1.13
p=0.880b 
z=-0.150

Non-present (n=13) 8.84 ± 2.19 12.00 ± 1.41 <0.001 3.15±1.72

Suicide attempt

Present (n=9) 7.44 ± 1.42 10.55 ± 1.81 <0.001 3.11±0.92
p=0.871b 
z=-0.163

Non-present  (n=21) 9.23 ± 2.34 12.42 ± 1.77 <0.001 3.19±1.56

Suicide attempt in the family

Present (n=6) 7.16 ± 1.32 10.00 ± 2.09 0.001 2.83±0.98
p=0.506b 
z=-0.666

Non-present (n=24) 9.08 ± 2.28 12.33 ± 1.65 <0.001 3.25±1.48

Hospitalization

Present (n=10) 8.40 ± 2.45 11.00 ± 2.00 <0.001 2.60±1.17
p=0.099b 
z=-1.649

Non-present (n=20) 8.85 ± 2.18 12.30 ± 1.83 <0.001 3.45±1.43

Somatic complaints

Present (n=12) 10.08 ± 1.83 13.16 ± 1.11 <0.001 3.08±1.50
p=0.744b 
z=-0.326

Non-present (n=18) 7.77 ± 2.04 11.00 ± 1.94 <0.001 3.22±1.35
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suicide, additional medical complaint and hospitalization history when 
compared to patients with suicide, additional medical complaint, and 
hospitalization history. When the smell test results were examined, it was 
detected to be significant increase in patients after tTMS (Table 1), but 
it was not observed to be statistically significance in taste test results 
(Table 2).

The Comparison of HAM-D Score, Odor Test and Taste Test 
Before and After tTMS in Patients with Diagnosed MDD
In the sample group, when compared to before and after tTMS 
application scores, it was found to be statistically significant differences 
in 95% confidence interval each three tests, and also it was observed to be 
significant positive improvement according to the test results (Table 3).

According to the Change in HAM-D Scores
Situations of response to treatment of patients after tTMS application 
were evaluated according to the changes in HAM-D scores (Remission: 
decrease in the HAM-D score <50 %, no response to the treatment: 
decrease in the HAM-D score) (19). According to this evaluation, remission 
was ensured in 3.33% of patients (n=1) and 53.33% of patients (n=16) 
responded to the treatment, but 43.33% of patients did not respond 
to the treatment. In reference to the HAM-D scores, detected positive 
improvement in odor tests in patients who responded to the treatment 
was found to be significantly different when compared to patients who 
did not respond to the treatment. Although it was observed among to the 
taste tests, it was not found to be significant differences (Table 4).

The results of odor test were evaluated with Sniffin’ Sticks Odor Test, 
and positive improvement (Normosmia >30) was observed in 15 of 
29 patients with hyposmia (<30) after tTMS. A significant increase was 
observed in test scores of all treated patients compared to before tTMS 
application (Figure 1).

The results of taste test were evaluated with Taste Strips Taste Test, and 
after tTMS, Normogeusia ≥9 was observed in 16 of 18 patients with 
detected hypogeusia (<9). A significant increase was found in test scores 
of all treated patients compared to before tTMS application (Figure 2). 

In the study, it was examined whether there was a correlation between 
means of smell and taste tests before and after tTMS application of the 
patients. According to the result of Pearson Correlation analysis, it was 
found to be positive correlation between odor and taste tests. Correlation 
coefficient was calculated as +0,53 (p=0,003) ve +0,40 (p=0,025).

Table 3. The comparison of HAM-D, odor and taste tests average scores before and after tTMS

BEFORE tTMS 
(n=30)

AFTER tTMS 
(n=30) DİFFERENCE p*

HAM-D Score 31.80 ± 3.66 17.80 ± 6.81 14.00 ± 4.88
<0.001

t=15.698

Sniffin Sticks Odor Test 22.86 ± 4.19 30.16 ± 3.53 7.30 ± 3.21
<0.001

t=-12.441

Taste Strips Tat Test 8.70 ± 2.24 11.84 ± 1.96 3.16 ± 1.39
<0.001

t=-12.463

Table 4. The comparison of odor and taste tests scores according to the treatment respond after tTMS

Respond to the treatment
(n=17)

No respond to the treatment 
(n=13)

p*Mean ± Sd Mean ± Sd

Sniffin Sticks Odor Test (Difference) 8.86 ± 3.45 5.90 ± 2.30
p=0.040
z=-2.053

Taste Strips Taste Test (Difference) 3.29 ± 1.42 3.00 ± 1.35
p=0.652
z=-0.451

Figure 2. The comparison of the Taste Strips Taste Test average scores before and after 
tTMS.

Figure 1. The comparison of the Sniffin’ Sticks Odor Test average scores before and 
after tTMS.

DISCUSSION
This prospective and non-randomized study is investigated the effects of 
15 -session tTMS treatment on the sense of smell and taste in patients 
with diagnosed MDD who did not respond to at least one antidepressant 
treatment in sufficient time (6-8 weeks) and appropriate dose. In the 
study it was tried to be detected direct and indirect effects of tTMS 
treatment on regions such as prefrontal cortex, amygdala, hippocampus 
where it was thought to cause smell and taste disturbances, and also it 
was examined the changes in the smell and taste sensations of patients 
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after treatment. According to study results, it was found to be statistically 
positive improvement in both the smell and taste scores of all treated 
patients compared to before tTMS.  Also, it was observed that tTMS 
treatment provided a decrease in HAM-D scores as well as improved 
odor and test scores. In reference to the HAM-D scores, detected positive 
improvement in odor tests in patients who responded to the treatment 
was found to be significantly different when compared to patients who 
did not respond to the treatment. Although it was observed among to 
the taste tests, it was not found to be significant differences. In our study, 
HAM-D score was 31.80±3.66 before the tTMS treatment as well as it 
was detected to be 17.80±6.81after treatment. Situations of response to 
treatment of patients after tTMS application were evaluated according 
to the changes in HAM-D scores (19). According to this evaluation, 
remission was ensured in 3.33% of patients (n=1) and 53.33% of patients 
(n=16) responded to the treatment, but 43.33% of patients did not 
respond to the treatment. 

In one meta-analysis study, it was stated that tTMS treatment with high 
frequency and with a total of 1200-1500 pulses in per day provides the 
best antidepressant effect (20). In terms of respond to the treatment, in 
the literature, it has been shown that tTMS treatment ensures 20-40% 
improvement in patients diagnosed with refractory depression by do not 
respond to at least two antidepressant medications in sufficient dose and 
time (at least 8 weeks) (21). Although tTMS protocol of this study was 
planned a total of 1000 beats with high frequency in per day, it was taken 
more respond from the patients when compared to the literature.

 In recent years, olfactory modulation functions have been investigated 
in several neuropsychiatric disorders. It is expected that dysfunctions 
in emotional processing domains will eventually affect the perception 
of smell. Changes in olfactory modulation can provide an indirect 
measurement for evaluation of some neuropsychiatric symptoms (22).

It was determined that major depression affects almost the entire 
spectrum of olfactory test results (23). In one study, it was found to be 
negative correlation between depression scores and smell sensitivity in 
acute MDD, also authors suggested that smell sensitivity decreases as 
the depression is intensified (24). The observed loss of smell was found 
to be related with increase in depressive symptoms (25). According 
to the one study conducted on animals, it was detected that olfactory 
modulation functions is impaired in animals exposed to be chronic 
stress and determined clinical depression. Based on this finding, authors 
suggested that the neurobiological basis of depression may include 
dysfunction in the olfactory system (26). In neuroimaging studies, it was 
suggested that dysfunction at the olfactory bulbus level in MDD may 
cause a decrease via amygdala inhabitation in olfactory sensitivity and 
sensory changes such as depressive mood and fear (24). In another study, 
olfactory bulbus volume was found to be lower in patients with acute 
MDD compared to the healthy individuals. Also, a negative correlation 
was demonstrated between Beck Depression Inventory scores and 
olfactory bulbus volume and olfactory sensitivity in the same study (6). 
It is thought that the cause of olfactory sensation impairment in several 
neurological and psychiatric disorders hinge upon the degenerations 
in systems of dopaminergic, serotonergic and cholinergic and/or their 
modulations impairment (27).

There are few studies in the literature investigating the relationship 
between taste sensitivity and psychological state of individual. In one 
study used family history data in a small group with a diagnosis of 
depression and conducted by Whittemore and and colleagues it was 
suggested that tasters may be more vulnerable to depression. As a result 
of the study, authors reported that individuals with high taste sensitivity 
showed longer and more severe depressive episodes as well as higher 
rates of familial depressive disorder (28).

Anhedonia is a fundamental sign of MDD, and it was defined as weak 
marker for initial of impairment (29). In one study which was directly 
investigated the relationship between taste sensitivity and hedonic 
capacity, it was found to be slight relation between these two variables (30).

Some authors consider that nucleus dentatus of hippocampus is related 
closely with olfactory system (31). While hippocampal atrophy was 
reported in people studies (32), decreased neurogenesis at the level of 
hippocampus was demonstrated in the animal model of depression 
(33). Neurogenesis in the formation of the hippocampus is suppressed 
in individuals who tend to MDD such as prolonged stress, and this 
process is reversed wit antidepressant treatment (34). As a result, the 
idea that deterioration of neurogenesis may be associate with MDD 
physiopathology is drawn a great attention and also this idea was caused 
to discussions (35). Suppressed neurogenesis at the level of olfactory 
bulbus may also create an effect in MDD and it may cause the decreasing 
odor sensitivity. In animal studies which was supported this idea, the 
level of progenitor cells reduces in the olfactory bulbus in mice exposed 
to chronic stress (36). Likewise, in another study it was detected to be 
correlation between olfactory bulbus volume and Beck Depression 
Inventory scores (6). The present study results showed that the depression 
scores of the patients with decreased sense of smell overlaps the literature. 
Also, the relationship between smell and depression have been showed 
in many studies. It was detected that depression is more common among 
the people with reduced sense of smell than healthy individuals (37). In 
addition, in 60% of people who have lost their sense of smell, depressive 
symptoms begin after months the onset olfactory deficient (38). Olfactory 
deficient was detected in depressive patients (39). In one review study, 
olfactory modulation performance was reported to be lower in patients 
diagnosed with depression than healthy controls (40). 

Similar to decreased hippocampus volumes after MDD, an increase in 
olfactory bulbus volume can be predicted after successful antidepressant 
treatment. But in one study which was made with this prediction, it was not 
observed the effect of antidepression medications on the sense of smell (6).

Taste and smell comprise of the result of chemical stimuli that stimulate 
the relevant receptors, and therefore the term chemosensory system is 
used for these two senses. Taste and smell are related each other closely 
and they create the sense of taste together. The senses of smell and 
taste are generally correlated each other and these senses impower the 
meaning of one another (5). As a result of this study, it is thought that 
the increase in smell and taste scores are occurred by the positive effects 
as a mechanism of tTMS treatment on neurogenesis and neuroplasticity 
(especially hippocampus, amygdala and prefrontal cortex), and also, it 
is considered that these regions which are responsible from depression 
pathophysiology may affect the deterioration of smell and taste senses 
as well. From this point of consideration, it is inferred that these senses 
which did not get better with antidepressant treatment in previous studies 
(6), were affected these regions that responsible for pathophysiology via 
tTMS treatment.

This study has several limitations. The limitations of this study can be 
listed as studied in relatively small sample group, lack of sham controlled 
and double-blind study, total treatment duration of study is shorter than 
the other similar studies and parallel to this, partly performed the limited 
number of total beats for per patient. However, in one meta-analysis 
study, it is stated that real treatment of tTMS has a certain effectiveness 
compared to sham application and a good treatment protocol which 
was free from the individual mistakes has high efficacy (41). Besides the 
limitations, this study has several strengths. Firstly, it is a prospective 
and original study. Secondly this study is filled a field that has not been 
studied before in the literature and last this study paints a promising 
picture for the possible treatment of disorders in the sense of smell 
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and taste accompanying depression. In addition, some medications 
with cardiological, antineoplastic, antimicrobial, anti-inflammatory, 
psychotropic effects may cause the sense of smell and taste loses, either 
directly or as a side effect, this situation should be questioned well (42).

CONCLUSION
This study is the first research in the literature that investigating the 
effects of tTMS treatment on the sense of smell and taste in cases with 
MDD. The sense of smell and taste are included in the etiopathogenesis 
of depression and these senses gets better earlier than depression. 
Therefore, it can be considered that the follow-up of the senses of smell 
and taste may be used as a tool for evaluating response to depression 
treatment. In patients who do not respond to the treatment, to enhance 
the treatment duration and/or to enhance the number of beats may 
provide the increase of therapeutic effect.

The possible loses of smell and taste senses should be evaluated carefully 
in patients diagnosed with MDD. Further studies in this field will be 
contributed to the understanding of the impairment in quality of life in 
many mental disorders notably MDD, and the necessity of not ignoring 
the negative consequences in treatment.
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