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A B S T R A C T

Aim: Presbycusis or age related hearing loss is caused by several extrinsic and intrinsic factors that damage the
auditory system. Gene polymorphisms in folate metabolism were found to play an important role in the etiology
of presbycusis. The present study aimed to investigate the role of 5,10-methylenetetrahydrofolate reductase
(MTHFR), methionine synthase (MTR) and thymidylate synthase (TYMS) gene polymorphisms in the onset of
presbycusis in a South Indian population.
Main methods: A total of 220 subjects confirmed with presbycusis along with 270 age and sex matched healthy
controls visiting MAA ENT Hospitals, Hyderabad, India were enrolled for the study. Genotyping of MTHFR
C677T (rs180133) and A1298C (rs1801131), MTR A2756G (rs1805087), TSER (rs1801136) and
TS1494indel6 bp (rs16430) was carried out using PCR & PCR-RFLP methods.
Key findings: The ‘TT’ genotype of MTHFR C677T and ′152 bp/152 bp′ genotype of TS1494indel6 bp showed
statistically significant risk for presbycusis while CC genotype of MTHFR A1298C, ‘2R/2R’ genotype of TSER at
3′UTR and 6 bp ins/6 bp ins of TYMS at 5′UTR were found to be protective. The T-A-A haplotype combination of
MTHFR C677T, MTHFR A1298C and MTR A2756G as well as 3R- 152 bp of TYMS at 5′UTR and 3′UTR were also
found to contribute significant risk for the onset of presbycusis. Further, the combination of SNP loci TSER:
TS1494indel6 bp exhibited moderate linkage in presbycusis.
Significance: The present pilot study identified the significant association of gene variants of MTHFR and TYMS
with presbycusis. These findings aid in early diagnosis of hearing loss in the elderly population.

1. Introduction

Hearing loss is one of the major chronic health problems affecting
360 million people globally and the prevalence is higher in the aging
population [1]. Approximately 24% of the subjects belonging to the age
group of 65–74 years and about 40% of the subjects above 75 years are
reported to be affected with hearing loss [2]. The loss of hair cells and
other cellular elements in cochlea leads to auditory dysfunction in el-
derly causing presbycusis [3]. The dysfunction in cochlear transduction
depends upon many extrinsic and intrinsic factors [4,5]. It is reported
that deficiency of several metabolites and micronutrients like homo-
cysteine, vitamin B12 and folate have an influence on the onset of
hearing loss [6,7,8].

Folate, a vitamin of B group plays an important role in the synthesis
and methylation of DNA and also contributes to sustain methionine
levels in case of low methionine availability. Polymorphisms in genes

encoding enzymes such as 5,10-methylenetetrahydrofolate reductase
(MTHFR), methionine synthase (MTR), methionine synthase reductase
(MTRR) and thymidylate synthase (TYMS) are reported to regulate
dNTP levels [9,10]. The most associated SNPs with disease pathogeni-
city areMTHFR C677T (rs1801133); MTHFR A1298C (rs18011310) and
MTR A2756G (rs1805087) (Fig. 1). These polymorphisms interfere with
the synthesis of methyltetrahydrofolate and remethylation of homo-
cysteine. 5,10-Methylenetetrahydrofolate reductase (MTHFR) is a key
enzyme in folate metabolism that plays a central role in DNA methy-
lation through the methionine-homocysteine cycle [10,11]. Methionine
synthase (MTR) with vitamin B12 as a cofactor uses the methyl group
from 5-MTHF to remethylate homocysteine and produce methionine
and tetra hydrofolate (THF) [12,13]. The methionine thus formed is
used for the production of S-adenosylmethionine that is required for
DNA methylation. Thymidylate synthase, also a crucial enzyme of the
folate metabolism along with 5,10-methylenetetrahydrofolate (5,10-
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MTHF) produces thymidylate that plays a significant role in DNA
synthesis and repair [14,15].

The MTHFR and MTR genes are located on chromosome 1p36.3 and
TYMS gene is located on Chr 18p11.32. The two common MTHFR
polymorphisms C677T in exon 4 and A1298C in exon 7 present in the
catalytic domain of the protein result in decreased enzyme activity that
has led to the onset of several diseases [12]. MTR A2756G poly-
morphism that results in substitution of aspartic acid for glycine de-
creases methionine synthase activity increases the cellular homo-
cysteine level and causes hypomethylation of DNA [14]. The variations
in TYMS gene promoter enhancer region (TSER: rs1801136) commonly
constituted by a double repeat of 28 bp (2R, TSER*2) and triple repeat
(3R, TSER*3) in 5′-untranslated enhancer region (5′-UTR) are involved
in modulating TYMS mRNA expression and translational efficiency
[16,17]. In addition, 3R allele with substitution of G > C
(TSER*3G > C, rs2853542) at the 12th nucleotide in the E-box con-
sensus element is implicated in decreased TYMS transcription [17].
Further, a 6 bp insertion/deletion in the 3′-UTR at 1494 position of
TYMS (TYMS1494indel6bp: rs16430) has an influence on mRNA sta-
bility and protein expression [9,18].

Recent studies carried out in different populations have reported
that the gene polymorphisms in folate metabolism played a key role in
the etiopathogenesis of hearing loss [19]. In prebycusis, Uchida et al.,
(2011) reported an association of MTHFR and MTR gene polymorph-
isms in Japanese population and Durga et al., (2006) reported MTHFR
677 ‘TT’ genotype to be associated in Netherlands population [20,21].
However, no studies have been reported on functional polymorphism of
MTHFR, MTR and TYMS genes in relation with presbycusis in Indian
population. Therefore, the present pilot study has been undertaken to
evaluate the role of gene polymorphisms of folate metabolism pathway
in the onset of presbycusis in a South Indian population.

2. Subjects and methods

2.1. Subjects

In the present case–control study, 220 cases confirmed with pres-
bycusis at MAA ENT HOSPITALS, Hyderabad, Telangana State, over a
period of three years from 2011 to 2014 and 270 age and sex matched
healthy controls were recruited for the study. All patients underwent a
detailed medical otoscopic examination that included tympanometry
and pure tone audiometric test analysis for evaluating hearing loss at
0.5, 1, 2, 4 and 8 kHz frequencies. The patients whose age was equal
or> 40 years and with no vestibular or any history of otological sur-
gery, sensorineural form of hearing loss (bilateral as well as symme-
trical) and co-morbidities such as diabetes, hypertension and hy-
pothyroidism were included in the study. Subjects suffering from outer
& middle ear diseases and noise induced hearing loss were excluded
from the study. Informed written consent was taken from all partici-
pants, and the study was carried out with the Institutional Ethics
committee (Institute of Genetics and Hospital for Genetic Diseases)
approval. Blood samples were collected from all the study subjects in
EDTA vials. Genomic DNA was isolated from whole blood samples by
salting out method [22] and stored at −80 °C for molecular analysis.

2.2. Genotyping

The MTHFR C677T (rs1801133), A1298C (rs1801131), MTR
A2756G (rs1805087), and TYMS1494indel6 bp (rs16430) polymorph-
isms were determined using the PCR-RFLP and TSER (rs1801136) by
using amplified fragment length polymorphism (AFLP) assays. The
details of the genes under study along with their respective primers,
PCR reaction conditions, and restriction enzymes are presented in
Table 1.

Fig. 1. Genes involved in folate metabolism.
(Source: Skibola et al., Blood 2004; 104: 2155–2162 (modified))
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2.3. Statistical analysis

The data obtained was coded for statistical evaluations. Appropriate
statistical analysis was performed using the Statistical Package for
Social Sciences, PASW STATISTICS 18.0 software (SPSS Inc., Chicago,
IL, USA). Continuous data is represented as means and standard de-
viations whereas categorical data as proportions. Statistical significance
of the differences in frequency of genotypes was analyzed using the
Fischer's exact test and binary logistic regression analysis.
Hardy–Weinberg equilibrium was tested using goodness-of-fit. Linkage
disequilibrium and haplotype frequencies were inferred using
Haploview software (MIT/Harvard Broad Institute, Cambridge, USA).

3. Results

The demographic data revealed that the prevalence of presbycusis
was found to be associated with advanced aging. The mean age of onset
of presbycusis was 60.1 ± 10.38 years in the study subjects. The de-
mographic, audiological and associated co-morbidities of the presby-
cusis subjects and controls are represented in Table 2. The genotype
frequencies for all the polymorphisms of the genes involved in folate
metabolism pathway under study were in agreement with the Hard-
y–Weinberg equilibrium. The genotypic and allelic frequencies between
cases and controls for the MTHFR C677T, TSER and TYM-
S1494indel6 bp polymorphisms were statistically significant. However,
no significant difference was observed for the MTR A2756G as well as
MTHFR A1298C polymorphisms between cases and controls. The fre-
quency distribution for the genes and alleles among study subjects is
shown in Table 3.

3.1. Distribution of allelic and genotypic frequencies of gene polymorphisms
under study

3.1.1. MTHFR C677T polymorphism
The frequencies of ‘TT’ genotype (7.3% vs 1.1%) and ‘T’ allele

(23.2% vs 8.3%) were found to be significantly higher in presbycusis
group (TT genotype: OR 9.07, 95% CI 2.59–31.71, p < .001; T allele:
OR 3.32, 95% CI 2.28–4.84, p < .001) compared to controls respec-
tively. With regard to inheritance models, the ‘TT’ genotype in recessive
model (adjusted OR 2.75, 95% CI 1.77–4.29, p < .001) and ′CT′ gen-
otype in over-dominant model (adjusted OR 2.75, 95% CI 1.77–4.29,
p < .001) were found to increase the risk for presbycusis (Table 3).

3.1.2. MTHFR A1298C polymorphism
The frequencies of homozygotes ‘CC’ genotype (22.6% vs15.9%)

and ′C′ allele (46.1% vs 38.9%) were found to be predominant in
controls indicating their protective role for presbycusis. (CC genotype:
OR 0.56, 95% CI 0.34–0.94, p= .029; C allele: OR 0.74, 95% CI
0.58–0.96, p= .054). The inheritance models have also not showed any
significant association of the genotypes with presbycusis (Table 3).

3.1.3. MTR A2756G polymorphism
The frequencies of ‘GG′ genotypic and ‘G’ allele was found to be

high in controls when compared to presbycusis cases indicating no as-
sociation. Inheritance models have also showed no significant associa-
tion with presbycusis (Table 3).

3.1.4. TSER 2R/3R repeat polymorphism
The frequencies of ‘2R’ allele (43.9% vs 23.9%), “3R2R” (48.5% vs

39.5%) and ‘2R2R’ genotypes (19.6% vs 4.1%) were found to be pre-
dominant in controls when compared to presbycusis group (′2R′ allele:

Table 1
Primers, PCR reaction conditions, PCR product, Restriction enzyme products for each type of gene polymorphism involved in folate metabolism.

Gene
NCBI rs No

Primers
(5′-3′)

Sequence PCR Reaction
conditions

PCR
product(bp)

Restriction enzyme
And its products

References

MTHFR (C 677 T)
(rs1801133)

Forward 5′-TGAAGGAGAAGGTGTCTGCGGGA-3′ D- 94 °C /30 s,
A-62 °C /30 s,
E- 72 °C/30 s.; C-
40

198 Hinf I
TT genotype-175 and 23 bp
CC genotype- 198 bp

[23]
Reverse 5′-AGGACGGTGCGGTGAGAGTG-3′

MTHFR (A 1298 C)
rs1801131

Forward 5′-AAGGAGGAGCTGCTGAAGATG-3′ D - 94 °C/30 s,
A− 61 °C/30 s,
E- 72 °C/30 s; C-
35

237 MboII
AA genotype- 182, 28,27 bp
CC genotype- 210, 27 bp

[24]
Reverse 5′-CTTTGCCATGTCCACAGCATG-3′

MTR (A 2756 G)
(rs 1,805,087)

Forward 5′-TGTTCCCAGCTGTTAGATGAAAATC-3′ D- 95 °C/1 min,
A-60 °C/1.5 min,
E- 72 °C/ 1min; C-
35

211 HaeIII
AA genotype- 211 bp
GG genotype- 131,80 bp

[25,26]
Reverse 5′-GATCCAAAGCCTTTTACACTCCTC-3′

TYMS 5′-UTR(AFLP)
(rs1801136)

Forward 5′-GTGGCTCCTGCGTTTCCCCC-3′ D− 95 °C/ 30 s,
A - 61 °C/30 s,
E - 72 °C/45 s; C-
35

327 3R3R- 243 bp
3R2R- 243, 215 bp
2R2R-215 bp

[27]
Reverse 5′-GGCTCCGAGCCGGCCACAGGCATGGCGCGG-3′

TYMS 3′-UTR(Ins6/
del6)
(rs16430)

Forward 5′-CAAATCTGAGGGAGCTGAGT-3′ D - 94 °C/5min,
A - 58 °C/1 min,
E- 72 °C/40 s

152/158 DraI
Ins6bp/Ins6bp–158 bp Ins6bp/del6 bp
−158, 152 bp del6bp/del6bp–152 bp

[15]
Reverse 5′-CAGATAAGTGGCAGTACAGA-3′

a. D-Denaturation, A-Annealing, E-Elongation, C-Cycles, s-Seconds, min-minutes.

Table 2
Distribution of demographic, audiologic, associated risk factors and co-morbidities in the
study subjects.

Parameters Cases (%) Controls (%) P-value†

Gender
Male 127(57.7) 160(59.3) 0.732
Female 93(42.3) 110(40.7)
Age at visit(years)†† 63.7 ± 9.98 62.9 ± 9.86 0.396
Age of onset(years) 60.2 ± 10.38 NA NA
40–50 36(16.4) 0.970
50–60 80(36.4)
> 60 104(47.2)
Degree of hearing (Decibels-dB) 52.9 ± 8.51 12.1 ± 0.36 NA
<40 dB 12(5.5) 0(0.0) NA
>40 dB 208(94.5) 0(0.0)

Associated risk factors
Tinnitus 42(19.1) 0(0.0) NA
Vertigo 9(4.1) 0(0.0) NA

Co-morbidities
Diabetes 48(21.8) 18(6.7) < 0.001
Hypertension 30(13.6) 33(12.2) 0.642
Hypothyroidism 3(1.4) 6(2.2) 0.481

a. †−χ2 test;††-Independent sample ′t̕ test.
b. NA-Not applicable.
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OR 0.40, 95% CI 0.30–0.53, p < .001; ‘3R2R’ genotype: adjusted OR
0.46, 95% CI 0.31–0.68, p < .001; ′2R2R′ genotype (adjusted OR 0.12,
95% CI 0.05–0.25, p < .001 respectively). ‘2R2R’ genotype in re-
cessive model (adjusted OR 0.17, 95% CI 0.08–0.36, p < .001), and
‘3R2R’ genotype in over-dominant model (adjusted OR 0.70, 95% CI
0.49–1.00, p= .047), were also high in controls. Thus, indicating the
protectiveness of ′2R′ allele in presbycusis subjects (Table 3).

3.1.5. TYMS1494indel6 bp gene polymorphism
The frequencies of ‘6 bp del/6 bp del’ homozygous variant genotype

(8.5% vs 16.3%, adjusted OR 2.43, 95% CI 1.45–4.09, p < .001 and
‘6 bp del ′ allele (52.9% vs 42.4%, adjusted OR 1.53, 95% CI 1.19–1.97,
p < .001) were found to be predominant in presbycusis group com-
pared to controls. Among all the inheritance models, ‘the frequency of
6 bp del/6 bp del’ genotype in the recessive model, when compared
with ‘6 bp ins/6 bp ins+ 6 bp ins/6 bp del’ genotype was found to be a
high in presbycusis when compared to controls (adjusted OR 2.07, 95%

Table 3
Genotypic and Allelic frequencies of MTHFR, MTR and TYMS genes in the study subjects.

Inheritance model Subjects(%) Controls(%) OR (95 CI)† p-value† Adjusted OR (95% CI)††

MTHFR C677T rs1801133 (677C > T, Ala222Val)
Co-dominant Genotypes

CC 134(60.9) 228(84.4) 1.00(Reference) 1.00(Reference)
CT 70(31.8) 39(14.4) 3.05(1.96–4.77) <0.001 3.04(1.95.34–4.75)*
TT 16(7.3) 3(1.1) 9.08(2.60–31.72) 0.001 9.07(2.59–31.71)*

Dominant CC vs CT+TT 86(39.1) 42(15.6) 3.48(2.28–5.34) <0.001 3.47(2.29–5.35)
Recessive CC+CT vs TT 16(7.3) 3(1.1) 6.98(2.01–24.28) <0.001 6.98(2.00–24.27)*
Over-dominant CC+TT vs CT 70 (33.4) 39(14.4) 2.76(1.78–4.30)** <0.001 2.75(1.77–4.29)*

Alleles
C 338(76.8) 495(91.7) 1.00(Reference) <0.001
T 102 (23.2) 45(8.3) 3.32(2.28–4.84)

MTHFR A1298C rs1801131 (1298A > C, Glu429Ala)
Genotypes

Co-dominant AA 84(38.2) 82(30.4) 1.00(Reference) 1.00(Reference)
AC 101(45.9) 127(47) 0.78(0.52–1.16) 0.216 0.77(0.51–1.14)
CC 35(15.9) 61(22.6) 0.56(0.34–0.94) 0.027 0.56(0.33–0.94)*

Dominant AA vs AC+CC 136(61.8) 188(69.6) 0.71(0.47–1.03) 0.069 0.71(0.49–1.03)
Recessive AA+AC vs CC 35(15.9) 61(22.6) 0.65(0.41–1.03) 0.064 0.65(0.41–1.03)
Over-dominant AA+CC vs AC 101(45.9) 127(47) 0.96(0.67–1.37) 0.803 0.95(0.66–1.36)

Alleles
A 269(61.1) 291(53.9) 1.00(Reference) 0.054
C 171(38.9) 249(46.1) 0.74(0.58–0.96)

MTR A2756G rs1805087 (2756A > G, Asp919Gly)
Genotypes

Co-dominant AA 116(52.7) 144(53.3) 1.00(Reference) 1.00(Reference)
AG 92(41.8) 105(38.9) 1.09(0.75–1.58) 0.658 1.09(0.75–1.58)
GG 12(5.5) 21(7.8) 0.71(0.34–1.50) 0.73(0.34–1.56)

Dominant AA vs AG+GG 104(47.3) 126(46.7) 1.03(0.72–1.46) 0.894 1.02(0.72–1.46)
Recessive AA+AG vs GG 12(5.5) 21(7.8) 0.68(0.33–1.42) 0.307 0.69(0.33–1.44)
Over-dominant AA+G/G vs AG 92(41.8) 105(38.9) 1.13(0.79–1.62) 0.511 1.13(0.78–1.62)

Alleles
A 324(73.6) 393(72.7) 1.00(Reference) 0.763
G 116(26.4) 147(27.3) 0.96(0.72–1.27)

TSER rs1801136(TS 5′-UTR)
Genotypes

Co-dominant 3R3R 124(56.4) 86(31.9) 1.00(Reference) 1.00(Reference)
3R2R 87(39.5) 131(48.5) 0.46(0.31–0.68) <0.001 0.46(0.31–0.68)*
2R2R 9(4.1) 53(19.6) 0.12(0.06–0.25) <0.001 0.12(0.05–0.25)*

Dominant 3R3R vs 3R3R+2R2R 96(43.6) 184(68.2) 0.36(0.25–0.52) <0.001 0.36(0.25–0.52)
Recessive 3R3R+3R2R vs 2R2R 9(4.1) 53(19.6) 0.18(0.08–0.36) <0.001 0.17(0.08–0.36)
Over-dominant 3R3R+2R2R vs 3R2R 87(39.5) 131(48.5) 0.69(0.48–0.99) 0.047 0.70(0.49–1.00)*

Alleles
3R 335(76.1) 303(56.1) 1.00(Reference) <0.001
2R 105(23.9) 237(43.9) 0.40(0.30–0.53)

TYMS1494indel6 bp rs16430 (TYMS 3′-UTR)
Genotypes

Co-dominant 6 bp ins/6 bp ins 50(22.7) 85(31.5) 1.00(Reference) 1.00(Reference)
6 bp ins/ 6 bp del 107(48.6) 141(52.2) 1.29(0.84–1.98) 0.246 1.29(0.84–1.99)
6 bp del/6 bp del 63(28.6) 44(16.3) 2.43(1.45–4.09) 0.001 2.45(1.45–4.14)**

Dominant 6 bp ins/6 bp ins vs
6 bp ins/ 6 bp del +6 bp del/6 bp del

170(77.3) 185(68.5) 0.64(0.43–0.96) 0.031 0.64(0.42–0.96)

Recessive 6 bp ins/6 bp ins +6 bp ins/6 bp del vs 6 bp del/6 bp del 63(28.6) 44(16.3) 2.06(1.33–3.19) 0.035 2.07(1.33–3.22)
Over-dominant 6 bp ins/6 bp ins+ 6 bp ins/6 bp del vs 6 bp ins/6 bp del 107(48.6) 141(52.2) 0.87(0.61–1.24) 0.43 0.87(0.61–1.24)

Alleles
6 bp ins 207(47.1) 311(57.6) 1.00(Reference) <0.001
6 bp del 233(52.9) 229(42.4) 1.53(1.19–1.97)

a. †-Binary logistic regression analysis; ††-Multinomial logistic regression analysis.
b. OR-Odds ratio; CI-Confidence interval.
c. Adjusted OR for gender and age.
d. Significance of *p-value= .01, **p-value≤ .001 after Bonferroni correction.
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CI 1.33–3.22, p < .001) confirming the risk of ‘6 bp del’ allele to
presbycusis (Table 3).

3.1.6. Linkage disequilibrium
Linkage disequilibrium occurs when genotypes at the two loci are

dependent on each other while logarithm of the odds (LOD) is the
probability of the inheritance of two gene loci as a unit indicating ge-
netic linkage. In the present study, pair-wise linkage disequilibrium
(LD) estimates obtained separately for the five gene polymorphisms of
MTHFR C667T & A1298C, MTR A2756G, TSER and
TYMS1494indel6 bp in cases and controls are depicted in the LD plot
(Fig. 2). In case of presbycusis subjects only two of the SNP marker
combinations (TSER: TYMS1494indel6 bp and MTHFR C677T: MTHFR
A1298C) exhibited moderate association between the SNPs when
compared to controls (D′=0.536, LOD=0.84, r2= 0.019) (Table 4).

3.1.7. Haplotype analysis
Haplotype analysis provides valuable information about the

influence of SNP combinations in the manifestation of the disease.
Hence, haplotypes were constructed and analyzed for the five poly-
morphisms for their association with presbycusis (Table 4). The T-A-A
haplotype combination of MTHFR C677T, MTHFR A1298C, MTR
A2756G conferred 4.77 fold increased risk for presbycusis. The allelic
combination of 3R-152 bp at TSER 5′ UTR and TYMS1494indel6 bp also
contributed risk for presbycusis (Table 5).

4. Discussion

Presbycusis is the most common auditory dysfunction associated
with sensorineural hearing loss (SNHL) of higher frequencies that lead
to gradual progression later in life causing social isolation, depression,
diminished cognitive function, and poor quality of life. Presbycusis is
influenced by multiple factors such as demographic, socioeconomic,
noise exposure, ototoxins (e.g., aminoglycosides, chemotherapeutic
agents, heavy metals etc.,), infections, smoking, co-morbidities, pa-
thological conditions and senescence [28,29]. The progression and se-
verity of auditory dysfunction in elderly were reported to show high
inter-individual variability which is influenced by deficiency of

Fig. 2. Linkage disequilibrium plot of the folate genes in
the study subjects.

Table 4
Pair-wise linkage disequilibrium estimates in the study subjects.

Combination D′ LOD r2

Controls
MTHFR A1298C:MTHFR C677T 0.103 0.06 0.001
MTHFR A1298C:MTR A2756G 0.039 0.03 0.000
MTHFR A1298C:TSER 0.293 0.48 0.006
MTHFR A1298C:TYMS1494indel6bp 0.536 0.84 0.019
MTHFR C677T: MTR A2756G 0.155 0.5 0.008
MTHFR C677T: TSER 0.051 0.12 0.002
MTHFR C677T: TYMS1494indel6bp 0.103 0.33 0.007
MTR A2756G: TSER 0.143 0.58 0.010
MTR A2756G: TYMS1494indel6bp 0.109 0.4 0.006
TSER: TYMS1494indel6bp 0.075 0.26 0.005

Cases
MTHFR A1298C:MTHFR C677T 0.307 1.29 0.013
MTHFR A1298C:MTR A2756G 0.184 1.63 0.020
MTHFR A1298C:TSER 0.016 0.02 0.000
MTHFR A1298C:TYMS1494indel6bp 0.019 0.01 0.000
MTHFR C677T: MTR A2756G 0.16 0.6 0.014
MTHFR C677T: TSER 0.041 0.04 0.001
MTHFR C677T: TYMS1494indel6bp 0.027 0.002 0.001
MTR A2756G: TSER 0.144 0.82 0.180
MTR A2756G: TYMS1494indel6bp 0.185 0.42 0.009
TSER: TYMS1494indel6bp 0.451 3.52 0.072

Table 5
Frequencies of the MTHFR, MTR and TYMS haplotypes and their associated risk in study
subjects.

Haplotypes Cases(n= 440
alleles)

Controls(n= 540
alleles)

P-value OR(95% CI)†

TSER-TYMS1494indel6bp
3R-158 bp 133(30.2) 184(34.1) – 1.00(Reference)
3R-152 bp 202(45.9) 119(22.0) < 0.001 2.35(1.71–3.23)
2R-158 bp 74(16.8) 127(23.5) 0.245 0.81(0.56–1.16)
2R-152 bp 31(7.1) 110(20.4) < 0.001 0.39(0.25–0.62)

MTHFR C677T- MTHFR A1298C- MTR A2756G
C-A-A 154(35.0) 187(34.6) 1.00(Reference)
C-A-G 45(10.2) 75(10.2) 0.146 0.73(0.48–1.12)
C-C-A 97(22.0) 176(64.5) 0.016 0.67(0.48–0.93)
C-C-G 42(9.5) 57(10.6) 0.630 0.89(0.57–1.41)
T-A-A 55(12.5) 14(2.6) < 0.001 4.77(2.56–8.91)
T-A-G 15(3.4) 15(2.8) 0.610 1.21(0.58–2.57)
T-C-A 18(4.1) 16(3.0) 0.387 1.37(0.67–2.77)
T-C-G 14(3.2) 0(0.0) NA NA

a. †-Binary logistic regression analysis.
b. OR-Odds Ratio; CI-Confidence interval.
NA- Not applicable at point b.
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micronutrients that affect the vascular blood flow in cochlea [30]. The
MTHFR C677T and A1298C, MTR A2756G, TSER and TYM-
S1494indel6 bp gene polymorphisms of folate metabolism have been
implicated in the etiopathogenesis of various diseases including hearing
disorders [31]. Hence, the present study has attempted to evaluate the
association of folate gene polymorphisms in the etiopathogenesis of
presbycusis in a South Indian population.

The prevalence of presbycusis in the present study was more in men
than in women which is in accordance with many of the earlier studies
[32,33,34]. This is mainly attributed to the environmental and occu-
pational exposure as well as the presence of associated co-morbidities
and risk factors. Presbycusis tends to manifest in the fifth decade of life
and will gradually progress over the years with symptoms of tinnitus
and vertigo [35,36,37]. It was noticed that the prevalence of presby-
cusis in the study population increased with advancing age. The pa-
thophysiology of adult onset hearing loss is not only influenced by the
cumulative effect of genetic and physiologic factors but also due to
environmental factors such as nutrition.

Several epidemiological studies have shown an association between
certain nutritional deficiencies such as homocysteine and folate with
development of sensorineural hearing loss (SNHL). Folate deficiency in
mouse models has also indicated a significant impact on cochlear
homocycteine levels thereby leading to progression of hearing loss
[19,38,39]. Experiments on SNHL prone C57BL/6 J mice exhibited in-
creased hearing thresholds after being fed on a folate deficient diet for
2months that caused decreased serum concentrations of folate and
increased tHcy levels leading to the onset of SNHL [39]. Cappaccio
et al., (2005) have reported that MTHFR gene polymorphisms act as
crucial risk factor for the onset of sensorineural hearing loss [40].
MTHFR C677T polymorphism converts alanine into valine at residue
222 which decreases 5,10-methylenetetrahydrofolate reductase enzyme
activity to 30% in heterozygotes and 65% in variant genotypes and
affects vascular function [24,41,42]. Uchida et al., (2011) also reported
MTHFR 677 ‘TT’ genotype to be the risk for hearing impairment in the
Japanese elderly population [20]. Similarly, the present study also
identified the frequency of ‘T’ allele and ‘TT’ genotype to be pre-
dominant and increased risk for presbycusis in South Indian population.
The polymorphism of MTHFR at 1298 of the regulatory domain in the
present study showed higher frequency of ‘AA’ genotype compared to
homozygous ‘CC’ genotype in Presbycusis. However, the MTR poly-
morphism at A2756G did not show any significant difference between
cases and controls.

The TYMS gene polymorphism at promoter-enhancer region (TSER)
of 5′-UTR is involved in transcriptional autoregulation mechanism. The
variation in ‘2R2R’ repeat sequence was reported to have decreased
expression of thymidylate synthase compared to ‘3R3R’ repeat sequence
[43,44]. In the present study, the heterozygous ‘3R2R’ and homozygous
‘2R2R’ genotypes of TYMS showed significant protective role in the
onset of presbycusis. The 3′ UTR TYMS 6 bp ins/del-type polymorphism
has been reported to have an influence on the stability of TYMS tran-
script [45,46]. In the present study, we found that subjects bearing
homozygous 6 bp deletion genotype at nucleotide 1494 in TYMS-3′ UTR
had nearly 1.53 fold increased risk for presbycusis.

Linkage disequilibrium analysis has revealed a moderate LD effect
with the SNP loci combination of TYMS1494indel6bp: TSER
(D′=0.45) and MTHFR C677T: MTHFR A1298C (D′=0.30) in pres-
bycusis. Further, haplotype analysis has revealed that combination of T-
A-A haplotype of MTHFR C677T, MTHFR A1298C, MTR A2756G to be
associated with increased risk for the onset of presbycusis. Also, 3R-
152 bp combination of TSER at 5′UTR and TYMS at 3′UTR increased the
risk for presbycusis.

5. Conclusion

The present pilot study identified the association of gene variants of
folate-metabolism (MTHFR, MTR and TYMS) with presbycusis in South

Indian population. Also, the present study is the first to report the as-
sociation of thymidylate synthase with presbycusis. The above genetic
variants seem to be promising for early diagnosis of hearing loss in the
elderly population to improve the quality of life. Further, studies on the
epistatic interactions of folate genes in age related hearing loss are
warranted to elucidate their possible underlying molecular mechan-
isms.
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