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Single nucleotide polymorphisms
In tinnitus patients exhibiting
severe distress
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Kaoru Ogawa'

The association between distress caused by tinnitus and psychological factors such as depression and
anxiety has been examined and reported. However, prognostic factors remain poorly understood
because there are only a few reports on genetic associations. We theorized there might be an
association between the grade of tinnitus distress and the genetic background related to psychological
factors which might lead us to identify prognostic markers. We enrolled 138 patients who had suffered
from tinnitus for over 3 months. Using Tinnitus Handicap Inventory (THI) scores, we examined the
association between tinnitus distress and a genetic background related to depression or anxiety. A
significant association between single nucleotide polymorphism rs131702 of the Breakpoint Cluster
Region (BCR) gene and the severe THI score was identified. In addition, there was an association with
the severity of the State-Trait Anxiety Inventory, an index of state anxiety severity. No association
was found with the Self-Rating Depression Scale, an index of depression severity. It is reported that
rs131702 of BCR in Japanese patients are related to bipolar Il depression characterized by fluctuation
between abnormal mood states of mania and depression. Our results indicate that rs131702 of BCR is
independent of depression in this study and is, therefore, a prognostic factor unique to tinnitus. We
conclude that the severity of tinnitus is associated with genes related to depression.

Tinnitus is a perceived symptom that affects 15% of the population. Although no external sound source can be
attributed to tinnitus, in 20% of cases, the patient often experiences severe enough distress, impairing their daily
activities'. In addition to hearing impairment, tinnitus is associated with different types of clinical symptoms due
to the involvement of various pathologies resulting from environmental, psychological (depression or anxiety
disorder), or other factors.

In examining tinnitus, the maximum slope within audiograms is determined to be higher in people with
tinnitus than in people with hearing loss without tinnitus, despite the latter having a greater mean hearing loss?.
The additional involvement of non-auditory areas of the brain, particularly areas associated with awareness and
salience, can explain why some people with hearing loss develop tinnitus>*. Whether tinnitus is perceived as
bothersome or not may be related to the additional involvement of emotion-processing areas®’. Some models
have proposed that tinnitus reflects “an emergent property of multiple parallel dynamically changing and partially
overlapping sub-networks”. This suggests that various brain networks associated with memory and emotional
processing are involved in tinnitus and that the degree of involvement of the different networks reflects the vari-
able aspects of an individual’s tinnitus>**.

The psychological models, which use the concept of habituation, explain how and why some people experience
a negative effects of tinnitus on quality of life’. For example, Jastreboff’s model features classical conditioning
mechanisms'® and there are also cognitive-behavioral models''~'?. These models underpin the rationale for and
development of cognitive-behavioral interventions for reducing the impact of tinnitus on quality of life.

According to the neurophysiological model of Jastreboff'* and the maladaptive neural plasticity model of
Shore', tinnitus has been found to be correlated with the plasticity of the central nervous system.

Tinnitus Retraining Therapy (TRT), consisting of sound therapy and psychotherapy based on the neurophysi-
ological model proposed by Jastreboft in the latter half of the 1980s, demonstrates good therapeutic effect as a
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standard therapy in Japan'®. Additionally, according to the Multidisciplinary European Guideline for tinnitus'”
there is evidence for safety but little high-level evidence for the effectiveness of TRT (one RCT and two systematic
reviews). However, some tinnitus patients have experienced treatment with difficulties'.

There are several tests in use for assessing the level of severity of tinnitus complaints. These questionnaires
including Tinnitus Handicap Inventory (THI), Tinnitus Questionnaire, and Visual Analogue Scale have been
used to examine tinnitus distress and related factors.

In recent years, gap detection tests, proposed by Turner in 20068, for patients with tinnitus'® and tinnitus
animal models has enabled the investigation of tinnitus pathology. Gene analysis is also identified as an effective
method for elucidating disease pathology and developing novel therapeutic approaches. Thus, in the field of oto-
laryngology, next-generation sequencing (NGS) can be used to identify the causative genes in congenital deafness,
elucidate the pathology, and predict the phenotype of hearing loss. In recent years, there have been reports of
tinnitus-related gene analysis being used to clarify the mechanisms of tinnitus and discover tinnitus biomarkers.

Sand et al. analyzed the relevance of tinnitus and single nucleotide polymorphisms (SNPs) in brain-derived
neurotrophic factor (BDNF) and glial-derived neurotrophic factor (GDNF) genes. Some genotypes predicted
tinnitus severity in women (but not in men). There was no significant difference in mean tinnitus severity scores
between carriers and non-carriers of the minor alleles (p>0.19), nor did a positive family history of tinnitus in
first-degree relatives predict minor allele carrier status (p=0.08)%. There are, however, conflicting reports on
the association between tinnitus and plasma or serum BDNE. Goto et al. reported that plasma BDNF levels were
significantly higher in the group of patients mildly handicapped by tinnitus than in the severely handicapped
and control groups (p <0.01)*!. Xiong et al. found plasma BDNF levels were elevated in patients with tinnitus
compared with healthy controls??. Coskunoglu et al. found lower serum BDNF levels in tinnitus patients than
controls. There was no correlation between BDNF gene polymorphism and tinnitus®*.The contribution of BDNF
to tinnitus severity is still under debate as mentioned above.

KCTDI2 genes are auxiliary subunits of GABAB receptors, and GABAB receptor agonists are known tinnitus
suppressors®,

Previous reports proposed that the KCNE3 gene involved in voltage-gated potassium channels correlated to
non-syndromic hearing loss. Implication of the KCNE3 gene in tinnitus was investigated; however, no KCNE3
variants was implicated®.

Deniz et al. reported SLC6A4 as a candidate for the serotonin transporter gene”. Although no SNPs associ-
ated with tinnitus have been identified, Deniz et al. identified a significant association between the 5-HTTLPR
polymorphism and scores from the Visual Analogue Scale of the patients. The generation of the tinnitus signal is
not associated with SLC6A4 polymorphism and possibly with serotonergic mechanisms. However, the genotype
variant of the SLC6A4 polymorphic promoter region seems associated with the limbic and autonomic nervous
system symptoms of patients with tinnitus. Selective serotonin reuptake inhibitors are also determined to be
effective in reducing tinnitus distress, indicating that further elucidation of the relationship between tinnitus
and SLC6A4 should be considered®.

COCH is a known causative gene of dominantly inherited non-syndromic hearing loss. An association
between tinnitus and COCH gene mutation has been reported in the analysis of a family with the mutation?.
The study involved a basic genetic analysis related to tinnitus. They identified a heterozygous 18 base pair deletion
on exon 11 of the COCH gene in a large multigenerational family, segregating late-onset progressive bilateral
sensorineural hearing impairment and tinnitus. However, hearing loss can explain the association between tin-
nitus and the COCH variant, judging from the fact that the tinnitus of patients with COCH variants is secondary
from hearing loss.

In another pilot study, Gilles et al. performed a genome-wide association study?’ of 4,000,000 SNPs in 167
patients experiencing tinnitus lasting > 5 min and 749 non-tinnitus groups. However, no clearly related SNPs
were detected.

Despite the existence of several reports on the tinnitus-related genes, their contribution to the development
of tinnitus is still under debate due to the variety of tinnitus phenotypes caused by clinical heterogeneity such as
anxiety, age, hearing loss, occupational/recreational noise exposure, and distress. Among the phenotype variety,
psychological factors in the heterogeneous aspects of tinnitus are reported to be most influential to the THI
score. Additionally, the psychological models proposed the involvement of memory and emotional processing
area in the central nerve system in the tinnitus. Thus, the hypothesis was that the focus on the gene linked with
psychological factors such as anxiety, depression, fear and panic disorder can facilitate the exploration of geneti-
cally contributing factors to tinnitus distress.

Therefore, we analyzed the relationship between genetic backgrounds correlated to psychological condition
and tinnitus distress levels and searched for prognostic markers. Online Mendelian Inheritance in Man (OMIM)
lists the genes contributing to depression/anxiety, fear, and panic disorder (https://www.omim.org/). Among
them, we found eight SNPs with a minor allele frequency (MAF) more than or equal to 0.1 according to the
HapMayp for Japan.

Three SNPs (rs140504, rs131690, and rs131702) of BCR in Japanese patients are related to bipolar II depres-
sion characterized by fluctuation between abnormal mood states of mania and depression. Bipolar I patients
experience full manic episodes, while a person with bipolar II will experience only hypomanic episodes.

The rs1545843 allele (MAF =0.41 in controls) of Solute Carrier Family6 (Neurotransmitter Transporter),
Member 15; SLC6A 15 gene on chr12q21.31 showed experiment-wide significance in a recessive mode of inherit-
ance (AA versus AG+GG) on 12q21.31 and was associated with a higher risk for major depression, but only in
individuals less than 55 years old and only when homozygous with an odds ratio of 1.4 (p =2 x 10e-8).

The rs2267735 allele of Adenylate Cyclase-activating polypeptidel Receptor For; ADCYAPIRI predicts post-
traumatic stress disorder (PTSD) diagnoses and symptoms in females only. This may occur due to the estrogen

SCIENTIFIC REPORTS |

(2020) 10:13023 | https://doi.org/10.1038/s41598-020-69467-0


https://www.omim.org/

www.nature.com/scientificreports/

20
12.54
159 - 10.0- \
©
> 5 )
O 5 [ L \
< -
S 10- g 79 ‘
o L
o
= 5.01 M/
54 .”I —
/ 2.59 {
0 0.0L+—= R
0 20 40 0 20 40 60 80 100
THI SDS
25+ 254
I
/ \ ;“ \
20 / \ 201 /l
[ \ /|
> i \ >
c | ©
3 151 47 =\ G 157 '
g i g |
- 10 / b 10 ‘:"
54 [ i 5 ) \
/ b
i - N
0 L L e o =T e I ,7{7“’;— .
20 40 60 80 20 40 60 80
STAl-state STAI-state

Figure 1. Results of patient questionnaires. Although the THI score was generally biased toward moderate
symptoms, the results were globally distributed from mild to severe. The scores of STAI-state, STAI-trait, and
SDS characteristics were broadly distributed from mild to severe; it was not a normal distribution. THI, Tinnitus
Handicap Inventory; SDS, Self-Rating Depression Scale; STAI, State-Trait Anxiety Inventory.

regulation of ADCYAPIRI. Total PTSD symptoms are differentially associated with rs2267735 genotype (CC is
a high-risk variant) in females (p<0.001).

The SNP of the serotonin 2A receptor; HTR2A, rs7997012, is associated with the outcome of antidepressant
treatment?®.

The rs10997870 allele of Sirtuin 1; SIRT1I is activates Monoamine oxidase A; MAO-A in the brain to mediate
anxiety and exploratory drive® and the rs1799836 in Monoamine oxidase B; MAOB affect the levels of negative
emotions in healthy human volunteers®'.

Results

The average THI score was 53.64 (s.d. 24.05). The average Self-Rating Depression Scale (SDS) score was deter-
mined to be at 43.48 (s.d. 9.05). The average STAI-state score was 49.61 (s.d. 11.97). The average STAI-trait
score was 47.51 (s.d. 11.41). The THI score, the SDS score, the STAI-state score, and the STAI trait score were
distributed broadly from mild to severe, although they did not exhibit a normal distribution (Fig. 1, Table 1).

The association between SNP rs131702 of the BCR gene and the severity of THI was found to be significant
(Tables 2, 3). The results of the Fisher test indicated that the carriers of minor allele G showed a severe THI score
with odds ratio of 2.019 (Table 2). The trend test also revealed that the minor allele G was positively associated
with the severity of the THI score (Table 3). Furthermore, there was a significant allelic association between SNP
rs131702 of the BCR gene and the STAI-state score with the trend test. The severe STAI-state score, as well as the
severe THI score was detected in the carriers of the minor allele G (Table 4). On the other hand, SNP rs131702
did not show any association with the STAI-trait score and the SDS (Tables 5, 6). No other SNP showed any
relation with the THI, STAI, or SDS score.

Multiple regression analysis was performed to assess whether the STAI-state score was a confounder between
the THI score and SNP rs131702 of the BCR gene (Table 7). The THI score is coded as 1 =56 and under and
2=58 and over. STAI-state is coded as 1 =44 or under for male, 40 or under for female and 2 =45 and over for
male, 41 and over for female. The genotype of SNP rs131702 of BCR gene is coded as 0=TT, 1 =GT, 2=GG. The
THI score was identified as the dependent variable and STAI-state and SNP rs131702 as independent variables.
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Total Male Female
N Mean | SD N |Mean |SD N |[Mean |SD
Age 138 | 61.31 13.12 |59 |60.92 13.21 |79 |61.61 13.13
THI 138 | 53.64 24.05 |59 |54.58 21.72 |79 |5295 |25.77
SDS 131 | 43.48 9.05 |56 |44.91 8.68 |75 |42.41 9.23
STAI-State 132 | 49.61 11.97 |55 |51.82 10.66 |77 |48.03 12.65
STAI-Trait 131 | 47.51 11.4 54 |48.81 1045 |77 | 46.6 12.01
Table 1. Clinical information of the subjects.
All subjects (n = 134)
Mild and Severe and catastrophic 0Odds ratio (for considering minor allele as risk
Gene SNP Allele moderate (%) (%) Total P for Fisher’s test | allele)
Aallele |92(57.5) 49(45.4) 141(52.6)
BCR rs140504 Gallele | 68(42.5) 59(54.6) 127(47.4) | 0.061 1.629 (0.996-2.664)
Total 160 108 268
A allele | 123(76.9) 79(73.1) 202(75.4)
BCR 15131690 | Gallele |37(23.1) 29(26.9) 66(24.6) | 0.563 1.22 (0.695-2.141)
Total 160 108 268
Gallele |53(33.1) 53(50) 106(39.8)
BCR 15131702 Tallele |107(66.9) 53(50) 160(60.2) | 0.007 2.019 (1.220-3.340)
Total 160 106 266
Aallele |53(33.1) 41(38) 94(35.1)
SLC6A15 rs1545843 G allele | 107(66.9) 67(62) 174(67.9) |0.436 1.235 (0.742-2.056)
Total 160 108 268
Callele |81(50.6) 48(44.4) 129(48.1)
ADCYAPIRI 1s2267735 Gallele |79(49.4) 60(55.6) 139(51.9) | 0.383 0.78 (0.478-1.274)
Total 160 108 268
Gallele |131(81.9) 87(80.6) 218(81.3)
SIRT1 rs10997870 | T allele |29(18.1) 21(19.4) 50(18.7) 0.873 1.353 (0.659-2.780)
Total 160 108 268
Aallele | 32(20) 25(23.1) 57(21.3)
HTR2A 157997012 G allele | 128(80) 83(76.9) 211(78.7) | 0.546 1.205 (0.667-2.177)
Total 160 108 268
Callele |4(12.1) 3(13) 7(12.5)
MAOB (male) 1s1799836 T allele |29(87.9) 20(87) 49(87.5) 1 1.088 (0.219-5.395)
Total 33 23 56
Callele |19(22.1) 8(13.3) 27(18.5)
MAOB (female) 1s1799836 T allele | 67(77.9) 52(86.7) 119(81.5) |0.201 0.543 (0.220-1.337)
Total 86 60 146

Table 2. Statistical analysis for single SNP; the comparison of allele frequencies between cases with mild-
moderate THI and with severe-catstrophic THI.

The regression coefficient associated with the rs131702 of BCR was 0.175 in the simple linear regression analysis.

The association was statistically significant (p=0.008). The association between THI score and SNP rs131702 of

BCR was 0.147 after adjustment for the STAI-state score. SNP rs131702 of BCR retains a statistically significant
association with THI score (p=0.02), but the value of the regression coefficient decreased by 16.7%.

Discussion
We theorized there might be an association between the genetic background related to psychological factors and
the grade of tinnitus distress, which might lead us to identify prognostic markers.
The BCR SNP rs131702 is found on chromosome 22. The BCR gene encodes the Rho family low molecular
weight G-protein, which is abundantly expressed in the central nervous system and considered crucial for
neurogenesis.
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All Subjects (n =134)
Gene SNP Genotype |N | Mean |SD P for trend
AA 35 |47.26 |22.57
BCR 15140504 AG 71 |55 23.75 ]0.103
GG 28 |56.86 |26.22
AA 76 |52.72 |24.8
BCR 15131690 AG 50 |53.36 |22.51 |0.567
GG 8 | 595 28.96
GG 18 | 66.67 |24.49
BCR 15131702 GT 70 |53.3 24.04 |0.008
TT 45 | 47.82 | 2253
AA 17 |50 13.95
SLC6A15 rs1545843 AG 60 |57.33 25.8 0.514
GG 57 |150.19 |2431
CC 29 |53.55 |25.12
ADCYAPIRI 152267735 CG 71 5239 |2421 |0.763
GG 34 |55.24 |2355
GG 90 |53.78 |25.78
SIRT1 rs10997870 | GT 38 |52.63 |2046 |0.772
TT 6 |51.83 22.26
AA 9 |60 30.74
HTR2A rs7997012 AG 39 |54.82 |23.44 |0.308
GG 86 |52.01 |23.79
MAOB (male) 1799836 o L s L PP
T 49 |53.96 |21.59
CC 2 |51 60.81
MAOB (female) 151799836 CT 23 |47.04 |23.64 |0.343
TT 48 |54.19 |25.86

Table 3. Statistical analysis for single SNP to evaluate the correlation between genotype and THI score.

The results could support the suggestion that the BCR gene is implicated in the process of making tinnitus
distress severe. The SDS score and the STAI-state score are known to contribute significantly to the THI score!**2.
Therefore, in addition to the THI score, we analyzed the association between these two scores and each SNPs.

In 171 Japanese patients, bipolar depression and related disorders (odds ratio minor allele (G) 1.49, CI:
1.15-1.93, p=0.0026) have been reported to be associated with rs131702 (https://www.snpedia.com/index.php/
Rs131702).

In this study, no significant association between BCR rs131702 and the SDS score was detected, because the
patients with mental illness were excluded.

In this study, a significant association between rs131702 of BCR and the severe THI score was recognized.
rs131702 was independent of the SDS score and the STAI-trait score. But a significant association between
rs131702 and the severe STAI-state score was identified. It could be considered that the STAI-state score affected
the result of the correlation between the severe THI score and rs131702 as a confounding factor, as the STAI-state
score has a significant association with both the THI score and rs131702. Therefore, multiple regression analysis
was then performed to assess whether the STAI-state score is a confounder. Although the association between
the severe THI score and rs131702 was significant even after adjustment for the STAI-state score, the value of the
coeflicient after adjustment decreased by about 16%. On the other hand, the coefficient of association between
THI score and STAI-state score was almost the same even after adjustment for rs131702. It may indicate that the
part of the association between the severe THI score and rs131702 of BCR can be explained by the STAI-state
score, because the change by more than 10% of the regression coeflicient in the multiple linear regression model
indicates the influence of cofounders.

Although the STAI-state score was identified as cofounder between THI score and SNP rs131702 of the BCR
gene, it could mean that the patients with SNP rs131702 of BCR gene have potential to suffer from more severe
tinnitus. Therefore, it is considered a prognostic factor specific to tinnitus.

The study had several limitations. Because of the small sample size, our ability to evaluate other patient groups
to confirm reproducibility was limited. Further, we evaluated only eight candidate genes. The likelihood of tin-
nitus being caused by multiple genes (susceptibility genes) is high. Therefore, future studies should examine more
candidate genes. Finally, we limited our study to those with a minor allele frequency > 0.1, but this could have
eliminated a strongly associated SNP or a rare variant. Therefore, the sample size and number of genes evaluated
would need to be increased in future studies.
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All Subjects (n=128)
Gene SNP Genotype |N | Mean |SD P for trend
AA 35 |146.89 |11.85
BCR 15140504 AG 65 |50.2 11 0.101
GG 28 |51.75 |13.79
AA 73 | 48.68 | 11.46
BCR 15131690 AG 47 |50.28 |12.63 |0.193
GG 8 | 54.5 11.92
GG 18 | 54.56 |13.31
BCR 15131702 GT 66 |50.15 |11.62 |0.016
TT 43 | 46.67 |11.37
AA 15 | 454 8.89
SLC6A15 rs1545843 AG 58 |52 12.27 1 0.908
GG 55 |48.29 |11.92
CC 28 | 47.57 |13.2
ADCYAPIRI 152267735 CG 70 149.39 |11.96 |0.146
GG 30 |52.13 0.45
GG 85 |50.22 |12.33
SIRT1 rs10997870 | GT 37 |47.19 |10.74 |0.897
TT 6 |56.33 11.15
AA 9 |44.78 |12.68
HTR2A rs7997012 AG 39 |51.59 |13.03 |0.895
GG 80 |49.23 11.22
MAOB (male) | 1s1799836 ¢ 6 15533 1387 | 47
T 46 |52 10.33
CC 2 |60 19.8
MAOB (female) | rs1799836 CT 23 |47.7 12.94 |0.35
TT 46 |46.91 12.04

Table 4. Statistical analysis for single SNP to evaluate the correlation between the genotypes and STAI-state
score.

Subjects and methods

This study was approved by the Ethics Committee of Keio University (UMIN000017306). The research was
performed in accordance with clinical research guidelines in Japan, and informed consent was obtained from
all patients.

Subjects. We enrolled patients who presented to the Department of Otolaryngology, Keio University Hos-
pital, Japan, from January 2013 until April 2015, who complained of tinnitus continuing for over 3 months
(the average duration was 56.2 + 82.0 months) which is defined as chronic tinnitus in Japan'®. After exclud-
ing patients with mental illness, a final cohort of 138 patients remained. These patients answered the validated
Japanese version of THI***, SDS***, and STAI questionnaires*”*, and blood samples were drawn to investigate
SNPs.

Genotyping. Genomic DNA samples were extracted from the peripheral blood of patients using a DNA
extraction kit (Genomix, Biologica, Japan).

Genotyping of the eight SNPs (rs140504%, rs131690%, rs1317022, rs1545843%, rs2267735%, rs10997870%,
rs7997012%, and rs1799836°!) was performed by allelic discrimination analysis (Light cycler 480 system,Roche,
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All subjects (n =127)
Gene SNP Genotype |N | Mean |SD P for trend
AA 35 4591 10.6
BCR 15140504 AG 65 |47.77 |10.76 |0.331
GG 27 | 48.67 |13.34
AA 73 | 46.75 |10.66
BCR 15131690 AG 46 | 47.09 |11.83 |0.127
GG 8 |55.88 |11.31
GG 18 |50.72 | 11.85
BCR 15131702 GT 65 | 47.78 |11.61 |0.076
TT 43 |45.28 |10.24
AA 14 | 45.07 |10.87
SLC6A15 rs1545843 AG 58 |50.05 11.31 |0.31
GG 55 | 4531 10.91
CC 28 | 46.71 11.67
ADCYAPIRI 152267735 CG 70 |46.51 11.61 |0.211
GG 29 |50.41 9.78
GG 84 |47.29 |12.01
SIRT1 rs10997870 | GT 37 |46.32 9.28 |0.342
TT 6 |56.67 8.5
AA 9 |47.33 |11.74
HTR2A rs7997012 AG 39 |48.77 |13.23 |0.536
GG 79 |46.81 10.21
MAOB (male) 1799836 o 6 |37 11627 |51
T 45 | 48.62 9.65
CC 2 |50.5 13.44
MAOB (female) 151799836 CT 23 |46.74 (107 0.521
TT 46 |45.46 |12.26

Table 5. Statistical analysis for single SNP to evaluate the correlation between the genotypes and STAI-trait
score.

Basel, Switzerland), using TagMan SNP genotyping assay probes (Thermo Fisher Scientific, Waltham, USA. The
genotyping call rate was 100%.

The correlation between a genetic background related to depression/anxiety and tinnitus distress levels was
evaluated. The SNPs targeted in our study were determined to be correlated with depression, anxiety disorder,
and obsessive—compulsive disorder, according to Online Mendelian Inheritance in Man (https://www.omim.
org/). We found eight SNPs with a MAF more than or equal to 0.1 according to the HapMap for Japan (Table 8).

The target SNPs were analyzed using the TagMan method.

In this study, a THI score of less than 56 was considered light/moderate, and a score greater than or equal
to 58 was considered severe®*. Both trait anxiety (STAI-trait) and state anxiety (STAI-state) are evaluated in the
STAL High trait anxiety implies a remarkable tendency to respond with anxiety to perceived threats in the envi-
ronment, and high state anxiety implies a transitory high symptom of anxiety. The depression level is measured
by the SDS. Higher score of the SDS indicates a severer depressive condition. Statistical analysis was performed
using Fisher’s exact test (software PLINK v1.07 https://zzz.bwh.harvard.edu/plink/index.shtml).

Furthermore, the association between SNPs and the severity of THI, SDS, and STAI was evaluated using the
Jonckheere trend test. In each of the above tests, the significance level was set at 5%.
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All subjects (n =127)
Gene SNP Genotype |N | Mean |SD | P fortrend
AA 35 | 41.63 8.71
BCR 15140504 AG 64 | 43.8 8.36 | 0.218
GG 28 | 44.36 | 10.7
AA 73 | 434 8.7
BCR 15131690 AG 46 | 4291 9.54 | 0.899
GG 8 |45 9.55
GG 18 | 45.11 9.71
BCR 15131702 GT 64 | 43.7 9.24 | 0.169
TT 44 | 41.89 8.41
AA 15 | 42.53 9.4
SLC6A15 rs1545843 AG 58 |44.76 8.98 | 0.381
GG 54 |42 8.86
CC 27 | 42.59 9.06
ADCYAPIRI 152267735 CG 70 | 42.71 8.9 10.229
GG 30 | 454 9.18
GG 85 |43.34 9.28
SIRT1 rs10997870 | GT 37 423 8.44 | 0.537
TT 5 |50.6 5.32
AA 9 |39.44 9.29
HTR2A 157997012 AG 39 | 4441 10.2 | 0.666
GG 79 |43.23 8.31
MAOB (male) | 1s1799836 ¢ U A T PR
T 46 | 45.07 8.46
CcC 2 |475 9.19
MAOB (female) 151799836 CT 23 |43.13 8.29 1 0.203
TT 44 | 40.86 9.52

Table 6. Statistical analysis for single SNP to evaluate the correlation between the genotypes and SDS score.

Regression coefficient | P value
(a) Independent variables
SNP rs131702 of BCR gene 0.175566826 0.008047161
STAI-state 0.317073171 0.000621627
(b) Independent variables
SNP rs131702 of BCR gene 0.147354015 0.021741808
STAI-state 0.288321168 0.001639804

Table 7. (a) The simple linear regression analysis for THI score and (b) the multiple regression analysis for

THI score.
Reported minor allele frequency

Gene Chromosome | Polymorphism | Genotypes | Reported minor allele | (JPT)
BCR 22 15140504 GG/GA/AA |G 0.500*
BCR 22 15131690 GG/GA/AA |G 0.235%
BCR 22 15131702 GG/GA/AA |G 0.407*
SLC6A15 12 151545843 AA/AG/GG | A 0.367*
ADCYAPIRI 7 152267735 GG/GC/CC | C 0.479*
SIRT1 10 rs10997870 TT/TG/GG | T 0.149*
HTR2A 13 157997012 AA/AG/GG | A 0.173*
MAOB (male) rs1799836 C/T

MAOB (female) X 151799836 CC/CT/TT ¢ 0.147°

Table 8. Candidate gene polymorphism. *Integrative Japanese Genome Variation Database, *1000 Genomes:

phase_3 (JPT), *Hapmap_JPT.
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