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Objective To investigate the association between genetic polymorphisms of brain-derived neurotrophic factor (BDNF) or serotonin trans-
porter gene-linked polymorphic region (5-HTTLPR) and tinnitus, and the mediating effects of psychological distress on this association.

Methods Eighty-six patients experiencing tinnitus and 252 controls were recruited. The Tinnitus Handicap Inventory was used to as-
sess the severity of tinnitus and the Beck Depression Inventory-II (BDI-II), Beck Anxiety Inventory-II (BAI-II), and the Korean version
of the Brief Encounter Psychosocial Instrument (BEPSI-K) were used to assess psychological distress. We compared the association of
BDNF rs6265 (Val66Met) and 5-HTTLPR variants in the two groups. The mediating effects of BDI-II, BAI-II, and BEPSI-K were exam-
ined using multiple regression analysis and validated by the Sobel test and bootstrapping.

Results No significant differences were found between the groups regarding BDNF Val66Met and 5-HTTLPR, but the 5-HTTLPR
variants trended toward association. Depressive symptoms appeared to act as a mediator on the relationship within the 5-HTTLPR s/s
genotype and the severity of tinnitus.

Conclusion Our findings provide a speculative idea on the association between the serotonergic system and tinnitus and suggest that
depressive symptoms act as a mediator in tinnitus. Therefore, screening for depressive symptoms in patients with tinnitus is essential

and intervention for depressive symptoms may help alleviate the severity of tinnitus.
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INTRODUCTION

Tinnitus is defined as an awareness of sound in the ears or
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head in the absence of an external stimulus." It is a common
clinical symptom affecting up to 21% of the adult population.?
In addition, about 1-3% of the population is extremely both-
ered by tinnitus and they report that tinnitus negatively affects
their quality of life by causing symptoms such as difficulty con-
centrating or sleep disturbances.’ Tinnitus is also a significant
cause of stress,* and, furthermore, a number of studies have
demonstrated that tinnitus is associated with several psychi-
atric disorders.*'” Depression and anxiety disorders are known
to be some of the most common comorbid psychiatric disor-
ders in patients with tinnitus." " Tinnitus causes psychologi-
cal distress, while alternatively, the presence of psychological
distress such as depressive symptoms and anxiety may exac-
erbate the severity of tinnitus by reducing an individual’s tol-
erance of tinnitus.* This suggests that there may be a shared
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molecular basis of tinnitus and these psychological distresses.

Interestingly, with respect to the severity of tinnitus, the sounds
heard by patients with severe tinnitus are not different in loud-
ness, pitch, or quality from those heard by people who are not
troubled by their tinnitus.’ The effect of tinnitus on individu-
als varies, and the degree of annoyance is not directly related
to the perception of tinnitus."” In addition, tinnitus is often ac-
companied by hyperacusis which defines as increased sound
sensitivity or decreased sound tolerance, misophonia which
means hatred or dislike of certain sounds, and phonophobia
which stands for the fear of or aversion to certain sounds."”
These clinical characteristics suggest that vulnerability to tin-
nitus related to psychological aspects is important in explain-
ing why some people are more troubled by their response to
sounds that others live with quite comfortably.’

Individual susceptibility to tinnitus is formed by the inter-
action of genetic and environmental factors."” However, the
genetic risks of tinnitus — rather than environmental ones -
remain largely unknown and the effects of psychological dis-
tress on the association between tinnitus and genetic factors
have not been further identified.

In the past decade, several studies have been performed to
identify the specific genetic factors in tinnitus. Twin-based epi-
demiological studies have estimated a moderate heritability for
tinnitus and found a greater concordance rate in monozygotic
twins compared to dizygotic twins.'*"” Several case-control as-
sociation studies have been performed with hypothesis-driv-
en candidate genes, including a serotonin receptor and trans-
porter (HTRIA, SLC6A4),***' genes involved in potassium
recycling pathway (KCNE1, SLC12A2),* and neurotrophic
tactors (BDNF, GDNF).*** Of these, genes encoding neuro-
trophic factors are likely candidates.”” Neurotrophic factors
play key roles in tonotopic organization of the central audito-
ry pathway."” In particular, brain-derived neurotrophic factor
(BDNF) plays a key role in the early development of the cen-
tral auditory pathway and the inner ear sensory epithelium.”
Also, BDNF protects the inner ear from trauma and BDNF ex-
pression patterns respond dynamically in the central and pe-
ripheral auditory systems following traumatic acoustic stim-
uli.*® Tinnitus may be conceptualized as a condition of loss of
inhibition and hyperexcitability in auditory neural networks
that is often precipitated and maintained by stressful environ-
ments, but it can also induce regeneration processes and re-
solve under favorable circumstances.””** In animal models,
tinnitus is accompanied by peripheral signs that regeneration
is in progress® and these responses to tinnitus correlate with
the expression of BDNE* Furthermore, previous research has
found that serum BDNF levels were lower in patients with tin-
nitus than controls® and a negative correlation was seen be-
tween plasma BDNF levels and symptom severity in patients
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with tinnitus.”> A single nucleotide polymorphism in BDNF
(rs6265), a transition of guanine to adenine occurs in the 196th
nucleotide, results in an amino acid substitution from valine
to methionine at codon 66 (Val66Met) in the prodomain of
the BDNF.”> BDNF Val66Met was reported as a functional
missense substitution and to be associated with tinnitus se-
verity. In addition, previous studies have suggested that the
BDNF Val66Met polymorphism could alter stress vulnerabil-
ity** and may increase susceptibility to depressive symptoms.*

Serotonin is another candidate molecule because serotoner-
gic fibers and terminal endings are present in most auditory
nuclei in the central nervous system, the inferior colliculus,
the nuclei of the lateral lemniscus, the superior olivary complex,
and the cochlear nucleus.’® Synaptic serotonin is regulated by
the serotonin transporter, which plays a pivotal role in brain
serotonin homeostasis.” The 5-HTTLPR is a polymorphic re-
gion on the serotonin transporter gene including a 44-bp in-
sertion-deletion in the promotor region, resulting in either a
long (J) or short (s) allele, which is a functional polymorphism.?’
The s allele has been reported to be associated with lower tran-

37 A case-

scriptional activity compared to the [ allele variant
control study evaluating the role of serotonin transporter gene
in tinnitus has shown that there was a significant association
between the 5-HTTLPR polymorphism and severity of tinni-
tus.”® In addition, previous studies found that the s allele of
5-HTTLPR was associated with depressive symptoms™ and
ale‘lety. 39

Based on these studies, we hypothesized that there is an as-
sociation between the BDNF or 5-HTTLPR polymorphisms
and tinnitus in the Korean population and that individual psy-
chological distress can affect this association. Therefore, the
aims of the present study were to investigate the association of
BDNF Val66Met or 5-HTTLPR polymorphisms with tinnitus
and the mediating effects of psychological distress, such as
depressive symptoms, anxiety, and stress, on this association.

METHODS

Study participants

This study included 120 patients who visited the otorhino-
laryngology outpatient clinic at Seoul St. Mary’s Hospital with
a chief complaint of tinnitus on their first visit. After taking the
patient’s history, a thorough oto-endoscopic examination and
audiological evaluation including pure-tone audiometry and
matching of tinnitus were performed to determine whether
the patient was appropriate for the study. For the homogene-
ity of the study subject, patients with one or more of the fol-
lowing were excluded: objective tinnitus such as vascular or
muscular origin tinnitus or patulous Eustachian tube, air-bone
gap more than 10 dB on pure-tone audiometry, sensorineural



hearing loss worse than 30 dB in the frequency range of 250
to 6,000 Hz on pure-tone audiometry, middle or external ear
problems, Meniere’s disease, otosclerosis, vestibular schwan-
noma, history of previous neurotologic surgery, history of tak-
ing ototoxic drugs, history of temporal bone trauma, other un-
controlled medical and neurological diseases, and a current
history of a psychiatric disorder such as depression. Of the 120
patients initially screened, 27 with hearing loss, four with cur-
rent depression, and one with both hearing loss and current
depression were excluded. Two of the patients who were left
out were also excluded because blood samples for genetic anal-
yses of BDNF Val66Met and 5-HTTLPR were not collected
based on concerns regarding blood draw and genetic analy-
sis, so 86 patients were finally included in the analysis.

For the control group, 252 individuals who visited the same
hospital for medical checkups and had no tinnitus, no other
uncontrolled medical or neurological diseases, and had not
been diagnosed with a psychiatric disease were included.

All participants were informed about the study and all pro-
vided informed consent. This study was approved by the In-
stitutional Review Board (IRB) of Seoul St. Mary’s Hospital
(IRB approval number: KC16TISI0502).

Measures and procedure

To evaluate the characteristics of tinnitus, psychoacoustic
parameters of tinnitus including duration, subjective site and
loudness, audiological pitch, and the Tinnitus Handicap In-
ventory (THI) were assessed. For the site of tinnitus, patients
were asked if tinnitus was subjectively felt on the left, right, bi-
lateral, or head side. Patients were also asked about their sub-
jective level of tinnitus loudness using a visual analog scale
(VAS) ranging from 0 to 10. The audiometric measurement
of tinnitus pitch was determined by asking patients to select
the tone with a frequency more similar to that of the tinnitus
based on the examined frequencies with different tones pro-
posed over headphones (0.125, 0.25, 0.5, 1, 2, 4, or 8 kHz) over
four categories (Low, Middle, High, Mixed). The THI was used
to evaluate the perceived severity of tinnitus and its impact on
life through a self-reported questionnaire with 25 items.* Each
item had to be answered with either “yes” (4 points), “some-
times” (2 points), or “no” (0 points). This led to a total score
ranging from 0-100, where a score of 0-16 indicates no handi-
cap, 18-36 indicates mild handicap, 3856 indicates moderate
handicap, and a score of 78-100 indicates severe handicap.”
The original version of the THI has a good internal consistency
(Cronbach’s alpha=0.93)," as does the Korean version (Cron-
bach’s alpha=0.95).*

Patients with tinnitus were also assessed according to sever-
ity of depressive symptoms, anxiety, and stress using the Beck
Depression Inventory-1I (BDI-II), the Beck Anxiety Inventory-

JE Jeong et al.

IT (BAI-II), and the Korean version of Brief Encounter Psycho-
social Instrument (BEPSI-K), respectively. The BEPSI-K is a
5-item self-administered instrument for measuring stress with
each item rated on a scale of 1 to 5.* Participants were asked to
indicate the severity of the stress they had experienced in the
past month. The total scores on the BEPSI-K range from 5 to
15 with high scores indicating higher stress. We used the to-
tal score in the analysis. The instrument was adapted into Ko-
rean and validated, with a good internal consistency (Cron-
bach’s alpha=0.80)."

Peripheral blood samples were collected in tubes contain-
ing ethylenediamine tetra-acetic acid and were stored at -20°C
until DNA isolation. Genomic DNA was extracted from blood
samples using a Wizard™ Genomic DNA purification kit (Pro-
mega Madison, USA). Polymorphisms for BDNF Val66Met
and 5-HTTLPR were ascertained by genotyping using poly-
merase chain reaction (PCR). PCR was performed twice for
all samples. In the control group, five and four subjects were
excluded from the genetic analysis for BDNF Val66Met and
5-HTTLPR polymorphisms, respectively, due to a lack of blood
samples.

Genetic analysis

A 300-bp segment including the BDNF Val66Met polymor-
phism was amplified using the forward primer 5'-ATC CGA
GGA CAA GGT GGC-3'and the reverse primer 5-CCT CAT
GGA CAT GTT TGC AG-3'. PCR was performed in a total
volume of 14 uL containing 60 ng of genomic DNA, 1U i-
Max™ II polymerase (iNtRON Biotechnology, Gyeonggi-do,
Republic of Korea), 1x PCR buffer (iNtRON Biotechnology),
250 uM each of deoxyribonucleotide triphosphate (ANTPs)
(iNtRON Biotechnology), and 0.2 (M each of primer pair. The
PCR amplification cycle consisted of 94°C for 10 min, followed
by 42 cycles of 94°C for 40 s, 60°C for 40 s, and 72°C for 1 min
before a final extension step at 72°C for 5 min. 7 pL of the PCR
product was incubated and digested with 10U of Pml I restric-
tion enzyme (New England Biolabs, MA, UK) and 1X NEB
buffer (New England Biolabs) at 37°C overnight. Digested frag-
ments were analyzed by 2.5% (w/v) agarose gel electrophore-
sis in 0.5X TAE buffer. The genotype was determined by the
size and distribution of three bands: 300-bp for the A variants
(Val/Val homozygote), 180-bp and 120-bp bands for the G
variants (Met/Met homozygote), and three bands for both A
and G variants (Val/Met heterozygote) (Figure 1A).

A 297-bp or 254-bp segment including the 5-HTTLPR poly-
morphism was amplified using the forward primer 5-CAA
CTC CCT GTA CCC CTC CT-3' and the reverse primer 5'-
GTG CAA GGA GAA TGC TGG AG-3'. PCR amplification
was performed in a total volume of 10 uL containing 50 ng of
genomic DNA, 1U Accuprime™ Taq polymerase (Thermo
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Fisher Scientific, MA, USA), 1X Accuprime Buffer II (Thermo
Fisher Scientific), 250 uM of each ANTP (iNtRON Biotechnol-
ogy), and 0.2 uM of each primer pair. The PCR amplification
cycle consisted of 94°C for 10 min, followed by 40 cycles of
94°C for 40 s, 62°C for 40 s and 72°C for 1 min before a final
extension step at 72°C for 5 min. PCR products were separated
in a 2.5% (w/v) agarose gel and genotypes were determined
as follows: 297-bp fragment for the I/l homozygote, 254-bp
fragment for the s/s homozygote, and both fragments for the
I/s heterozygote (Figure 1B).

Statistical analyses

The chi-squared test was performed to check Hardy-Wein-
berg genetic equilibrium and analyze the BDNF Val66Met and
5-HTTLPR polymorphisms between patients and controls.
Differences in demographic data and clinical variables accord-
ing to genotypes in patients with tinnitus were tested using
the independent-t, Mann-Whitney U, chi-squared, or Fisher’s
exact test. The mediating effects based on BDI-II, BAI-II, and

BEPSI-K scores were examined using multiple regressions.
Baron and Kenny have proposed the following three steps in
establishing mediation.”® In Step 1, the dependent variable (THI
scores in the present study) was regressed on independent vari-
ables (genotypes of BDNF Val66Met or 5-HTTLPR in the pres-
ent study) to establish path “c” (Figure 2A). In Step 2, media-
tors (BDI-II, BAI-II, and BEPSI-K scores in the present study)
were regressed on the independent variables to establish path
“d” (Figure 2B) in the mediational chain. In Step 3, the depen-
dent variable was regressed on both independent variables and
mediators. This provided a test of whether mediators were re-
lated to the dependent variable (path “b”) and an estimate of
the relation between independent variables and the dependent
variable controlling for mediators (path “c”). To demonstrate
the mediating effect in this model, the strength of the relation
between the independent variables and the dependent vari-
able should either be eliminated (complete mediators) or sig-
nificantly decreased (partial mediators).

After these steps were performed, the Sobel test and boot-

BDNF Val66Met (rs6265)

5-HTTLPR

<€— 300bp 297 bp
180 bp 254 bp
120 bp
A B
Figure 1. Genotype analyses of BDNF Val66Met and 5-HTTLPR. A: BDNF Val66Met (rs6265). B: 5-HTTLPR.
Independent variables: Path ¢ - Dependent variables:
genotypes of THI scores
BDNF Val66Met or 5-HTTLPR
A
Path ¢'
Independent variables: Path a Mediator variables: Pathb . .
genotypes of »  BDI-IL, BAI-IL, and BEPSI-K > Depe;‘;‘im variables:
BDNF Val66Met or 5-HTTLPR scores scores
B

Figure 2. Diagram of paths in the hypothesized mediation model. A: Unmediated model. B: Mediation model.

190 Psychiatry Investig 2021;18(3):187-195



strapping were conducted to validate the significance of the
mediation effects.***” The Sobel test uses standard errors, where
the mediating effect is divided by its standard error to yield a
Z-score of the mediating effect. If the Z-score is greater than
1.96, the effect is significant at the 0.05 level.*® Bootstrapping
is another method to demonstrate the significance of the me-
diation effects by calculating 95% confidence intervals (Cls)
around the estimated effect; the effect is considered significant
if the CIs do not include zero.”

Statistical analyses were conducted using SPSS 24.0 (IBM
Corp., Armonk, NY, USA) and the significance level was set
as p=0.05 (two—tailed) in all data analyzed. Additionally, the
Sobel test calculator and AMOS 21.0 (IBM Corp., Armonk,
NY, USA) were used to calculate Z-scores and for the boot-
strapping analysis, respectively.

RESULTS

The tinnitus group included 41 males (47.7%) and 45 fe-
males (52.3%). The age range was between 22 and 83 years
and the mean age was 53.5113.7 years. The control group in-
cluded 132 males (51.2%) and 120 females (48.8%). The age
range was between 17 and 80 years and the mean age was
53.1£10.4 years. There was no significant difference with re-
gard to sex ratio and mean age between patients and control
groups.

For BDNF genotypes, 66.3% (n=57) of the patients were clas-
sified into the A+ group with the A allele (AA or AG geno-
type) and 33.7% (n=29) were classified into the A- group with-
out the A allele (GG genotype). In controls, 74.5% (n=184) were
classified into the A+ group and 25.5% (n=63) were classified
into the A- group. There was no significant difference between
patients and controls (p=0.142) with regard to BDNF Val66Met
polymorphisms. For the 5-HTTLPR, 20.9% (n=18) of patients
were classified into the [+ group with the [ allele (/s or I/l gen-
otype) and 79.1% (n=68) were classified into the I- group with-
out the / allele (s/s genotype). In controls, 31.9% (n=79) were
classified into the [+ group and 68.1% (n=169) were classified
into the I- group. There was a trend toward significance (p=
0.054) with regard to 5-HTTLPR polymorphism (Table 1). The
population was in Hardy-Weinberg equilibrium.

JE Jeong et al.

Group differences and mediating effects of psychological dis-
tress in patients were analyzed focusing on the genotypes of
5-HTTLPR that showed a trend toward significance. There was
no statistically significant difference in mean age, sex ratio, psy-
choacoustic parameters of tinnitus (duration, site, pitch, and
loudness VAS scores), and BAI-II and BEPSI-K scores between
the I+ and /- patient groups. However, the mean THI and BDI-
IT scores were significantly higher in patients with the s/s gen-
otype than in those with I/s or I/] genotype (Table 2).

The results of the three steps conducted to examine the me-
diating effects of psychological distress on the 5-HTTLPR s/s
genotype and the severity of tinnitus are as follows. In Step 1,
in terms of depressive symptoms, THI was regressed on the
5-HTTLPR s/s genotype (path “c”: s/s genotype > THI) and
this relationship was significant (=0.183, p<0.05). In Step 2,
depressive symptoms were regressed on the 5-HTTLPR s/s
genotype (path “a”: s/s genotype > BDI-II) and this result in-
dicated that there was a significant relationship between the
5-HTTLPR s/s genotype and BDI-II (8=0.207, p<0.05). In Step
3, we examined the effect on THI by adding the 5-HTTLPR
s/s genotype and BDI-II simultaneously and found that BDI-
IT had a significant effect (path “b”: BDI-II - THI) ($=0.366,
P<0.001) and the previous relationship between the 5-HTTLPR
s/s genotype and THI lost significance (§=0.107, p>0.05). Ad-
ditionally, the effect of the 5-HTTLPR s/s genotype on THI
can be implicated as a reduction of regression coefficients in
Step 3 (B=0.107) from Step 1 ($=0.183), which means BDI-II
mediates 5-HTTLPR s/s genotype and THI (Table 3). The So-
bel test and bootstrapping were performed to demonstrate
the statistical significance of the mediating effects of BDI-IL
The Z score was calculated to be 2.032 in the Sobel test and
the 95% CIs were 0.023—0.144 in the present study. Therefore,
BDI-II was a statistically significant mediator.

However, in terms of anxiety and stress, the relationships
between BAI-II or BEPSI-K and the 5-HTTLPR s/s genotype
were not significant in Step 2 (path “a”: s/s genotype > BAI-II
or BEPSI-K), so the mediating effects of BAI-II and BEPSI-K
were not identified.

Table 1. Comparison of BDNF and 5-HTTLPR polymorphisms of patients and controls

BDNF 5-HTTLPR
A- group A+ group I- group I+ group
(GG genotype)  (AA+AG genotype) e (s/s genotype)  (I/s+l/] genotype) v P
N (%) N (%) N (%) N (%)
Patients 29(33.7) 57 (66.3) 68 (79.1) 18 (20.9)
2.153 3.698 0.054
Controls 63 (25.5) 184 (74.5) 169 (68.1) 79 (31.9)

BDNTE: brain-derived neurotrophic factor, 5-HTTLPR: serotonin transporter-linked polymorphic region, N: numbers
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DISCUSSION

In the present study, we have investigated the association
between individual BDNF Val66Met or 5-HTTLPR variants
and tinnitus severity, and the mediating effects of depressive
symptoms, anxiety, or stress on the association. While no sig-

Table 2. Comparison of demographic data and clinical variables
according to the genotypes of 5-HTTLPR in tinnitus patients

I-group I+ group
(s/s (Us+l/1
genotype) genotype
N=68 N=18
53.4(13.8) 53.2(13.7) 0.698
36(52.9)  9(50.0) 1.000
30(44.1) 11(61.1) 0.289

) p-value

Age, mean years (SD)
Female, N (%)
Presence of medical diseases',
N (%)
Tinnitus characteristics
Duration, mean months (SD) 31.0 (45.3) 32.1(37.3) 0.590

Site, N (%) 0.858
Left 25(36.8)  6(33.3)
Right 11(162)  4(222)
Bilateral 32(47.0)  8(44.5)
Head 0(0.0) 0(0.0)

Loudness, mean VAS scores 4.1 (2.) 45(2.0) 0.508
(SD)

Pitch, N (%) 0913
Low 0(147)  9(50.0)
Middle 17(250)  3(16.7)
High 3(485)  5(27.8)
Mixed 8(11.8)  1(5.5)

THI, mean (SD) 479(18.9) 38.2(25.5) 0.024*
BDI-II, mean (SD) 109(72)  69(9.1)  0.002*
BAI-II, mean (SD) 98(6.7) 10.1(8.0) 0929
BEPSI-K, mean (SD) 8.0(48) 73(44) 0334

*p<0.05 in independent t, Mann-Whitney U, chi-square, or Fish-
er’s exact test, thypertension was common comorbid medical dis-
ease followed by hyperlipidemia and diabetes in both groups. These
three diseases accounted for 81.5% of the I- group and 81.0% of
the I+ group. 5-HTTLPR: serotonin transporter-linked polymor-
phic region, SD: standard deviation, N: numbers, VAS: visual ana-
log scale, THI: tinnitus handicap inventory, BDI-II: Beck depres-
sion inventory-II, BAI-II: Beck anxiety inventory-II, BEPSI-K:
Korean version of brief encounter psychosocial stress instrument

nificant difference was found between genotypes of patients
and controls regarding BDNF Val66Met and 5-HTTLPR, the
5-HTTLPR variant trended toward association. Interestingly,
depressive symptoms showed a mediating effect in the rela-
tionship between the 5-HTTLPR s/s genotype and severity of
tinnitus.

In the past decade, several studies to identify specific genet-
ic factors for tinnitus have been performed, but the field is still
in its infancy. Nevertheless, prior genetic studies support that
genes encoding neurotrophic factors may give promising re-
sults that warrant further study."” Sand et al.* have shown that
five glial cell-derived neurotrophic factor (GDNF) and BDNF
variants account for 16% of variance in tinnitus severity. GDNF
is essential for the maintenance of neurons and has been shown
to enhance re-growth of adult neurons following neural insult,
especially in dopaminergic and motor neurons.*”' Previous
studies suggested that adaptation to tinnitus is dependent on
the process of neuroplasticity and on the restoration of dys-
functional auditory pathway.>* Hence, it is assumed that the
role of glial cells in the restoration of auditory function™ and
the preventive effects of BDNF on damage to the auditory path-
way by tinnitus®®*” are related to the association between genes
encoding neurotrophic factors and tinnitus. However, the pres-
ent study was unable to demonstrate an association between
BDNF Val66Met and tinnitus. This inconsistent result is likely
to be related to differences in the inclusion criteria across stud-
ies. In a previous study,” patients with tinnitus accompanied
by hearing loss were also included, and more men were recruit-
ed than women (men:women, approximately 2:1) compared
to the present study. Even though little is known about the ge-
netic contribution of sex and comorbidities like hearing loss
to tinnitus, there is a tendency for men to be more affected by

% and some cases of tinnitus are linked

tinnitus than women
to hearing loss.®
Although no significant difference was identified between
5-HTTLPR genotypes in patients and controls, the 5-HTTLPR
s/s genotype showed a trend of association with tinnitus and
patients with this genotype had a higher severity of tinnitus.
Some preliminary studies suggested that serotonergic activity
and modifications of serotonergic neurotransmission contrib-

ute to the generation or perception of tinnitus.* Serotonergic

Table 3. Results of multiple regressions to identify the mediating effect of BDI-Il on the association between the genotype of 5-HTTLPR and

THI
Step Independent variables Dependent variables B t R? F
1 (path “¢”) s/s genotype of 5-HTTLPR THI 0.183 2.000* 0.033 4.000*
2 (path “@”) s/s genotype of 5-HTTLPR BDI-II 0.207 2.273* 0.043 5.167*
3 (path “b” and “c” s/s genotype of 5-HTTLPR THI 0.107 1.227
0.161 11.055**
BDI-II 0.366 4.188**

*p<0.05, **p<0.001. 5-HTTLPR: serotonin transporter-linked polymorphic region, THI: tinnitus handicap inventory, BDI-II: Beck depres-

sion inventory-II
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neurons are present in the auditory pathway®' and serotonin
modulates the response of inferior colliculus neurons to audi-
tory stimuli by regulating neural firing activity and frequency
tuning.”* These findings suggest that dysfunction in serotoner-
gic activity could inhibit the modulation of neural networks
in the auditory pathway and contribute to tinnitus.” In addi-
tion, Deniz et al.” reported that patients with tinnitus with the
5-HTTLPR I/l genotype had higher VAS scores of tinnitus se-
verity, and discomfort and attention-deficit caused by tinni-
tus. However, in the present study, the severity of tinnitus was
significantly higher in patients with the s/s genotype than in
those with the I/s or I/l genotype. This rather contradictory re-
sult may partly be explained by differences in ethnicities, such
as a difference in 5-HTTLPR allele frequencies between Asians
and other ethnic groups, since the s allele is found in 79% of
Asians and 42% of Caucasians.”*® In the same vein, a previous
study in Koreans showed that the antidepressant response
was differentially associated with the s allele of 5>-HTTLPR com-
pared to the [ allele.*® However, these associations were oppo-
site to those reported in the Caucasian population.”* These
findings suggest that ethnic differences in allelic frequencies of
5-HTTLPR might be responsible for the inconsistent findings
in the studies of the association between tinnitus and 5-HTTL-
PR across different populations similar to the present results.
It is interesting to note that the current study found that pa-
tients with the 5-HTTLPR s/s genotype had a higher severity
of depressive symptoms, and depressive symptoms completely
mediated the relationship between the 5-HTTLPR s/s geno-
type and the severity of tinnitus. These findings provide fur-
ther support for the hypothesis that there is a relationship be-
tween the molecular basis of tinnitus and depressive symptoms,
and serotonin seems be a potential candidate molecule. Fur-
thermore, these results suggest that depressive symptoms are
an important contributor to the severity of tinnitus and could
affect differences in the severity and course of tinnitus symp-
toms. Similar to present results, a previous study has reported
that depressive symptoms strongly predicted increased discom-
fort caused by tinnitus and decreased tolerance to tinnitus.’
These findings have important implications for clinical work
in that depressive symptoms should be screened preemptive-
ly in patients with tinnitus, and early intervention for depres-
sive symptoms is essential in managing tinnitus symptoms. In
addition, we can infer that antidepressants such as selective
serotonin reuptake inhibitors (SSRIs), which modulate sero-
tonergic transmission, can be effective in the treatment of tin-
nitus. Although prior reports showed mixed results regarding
the efficacy of antidepressants, some randomized controlled
trials reported that higher doses of SSRIs and tricylic antide-
pressants were effective for patients with tinnitus and depres-
sion, anxiety, or insomnia.>**’® Among SSRIs, sertraline was

JE Jeong et al.

found to be more effective than placebo in patients with severe
refractory tinnitus.”

The present findings should be interpreted with caution be-
cause of the following limitations. First, our sample size was
modest, and subjects were recruited from the same hospital.
Because of the sample size, genotypic association tests were
performed with two groups (A+ and A- groups for BDNF, [+
and I- groups for 5-HTTLPR) rather than three groups (AA,
AG, and GG groups for BDNF, s/s, I/s, and I/l groups for 5-HT-
TLPR). Second, otolaryngologic examination, audiological
evaluation, and assessment of psychological distress were not
performed in the control group although the history of cur-
rent tinnitus and psychiatric disorders was assessed. Third,
subjects with severe hearing loss and current psychiatric dis-
orders were excluded to preserve homogeneity in individuals
with tinnitus. However, a previous study has proposed that
there is an association of familial forms of tinnitus with hear-
ing loss, so tinnitus in conjunction with hearing loss may pre-
dict familial tinnitus.” Therefore, to validate our findings, fur-
ther studies with a large number of patients with tinnitus and
controls including the co-existence of hearing loss or depres-
sion are required.

Despite these limitations, the present study raises the pos-
sibility of the association of a functional polymorphism of the
serotonin transporter gene with tinnitus and demonstrated
that depressive symptoms have a strong mediating effect on
the severity of tinnitus. These findings may help us understand
inter-individual differences in the severity and course of tinni-
tus symptoms. Furthermore, this study implicates that screen-
ing for depressive symptoms in patients with tinnitus is nec-
essary and early intervention such as serotonin replacement
therapy through SSRIs for depressive symptoms may help to
alleviate the severity of tinnitus.
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