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Abstract

Objective: The aim of the present study was to determine the levels of homocysteine, folic acid, and Vitgmim sBbjects with
noise-induced hearing loss. Furthermore, possible links between these parameters and noise-induced hearing loss were aimed to be eval
uated.Methods: In the present study, blood samples were obtained from all subjects after overnight fasting for biochemical analysis. We
examined the levels of homocysteine, Vitamig, Bnd folic acid levels in subjects with noise-induced hearing loss. Twenty-eight male pa-
tients with noise-induced hearing loss (mean age 3%ear) were included in the study group whereas the control group was composed of 32
healthy male volunteers (mean aget38 year).Results: It was found that homocysteine levels of subjects with noise-induced hearing loss as
significantly high compared to healthy contrals € 0.05). On the other hand, Vitamin,Band folic acid levels of patients with noise-induced
hearing loss were determined to be significantly low compared to the conred9X05 and<0.01, respectively)Conclusion: Our findings
indicate that there might be a link between increased homocysteine levels and noise-induced hearing loss. Since increased homocysteine
levels cause elevated levels of free radicals in addition to its atherogenic and thrombogenic effects. Further experimental studies are needed
to decipher how this relationship is linked.
© 2003 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: NIHL, noise-induced hearing loss; Hz, hertz; KHz, kilohertz; dB, decibel; SNHL, sensorineural hearing loss
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1. Introduction aging[2]. When blood velocity, plasma viscosity and whole
blood viscosity are taken together with recently used ball
Noise-induced hearing loss (NIHL) is a common occupa- filtration parameters accordance between these parameters
tional disease in the adult population. NIHL has been docu- and hearing thresholds of patients were documejggd
mented to occur by outcomes of metabolic effects. Patients In the body, atherosclerosis causes damage in organs per-
exposed to noise for a long duration have hearing loss thatfused especially by end-arterial system. Cochlea is also per-
especially maximal at 3—6 kHz and this hearing loss slightly fused from end-arterial system so labirentin dysfunction ap-
improves at high frequencies, but it is not affected at low peared according to the degree of arterioscleri@dis
frequenciegl]. Homocysteine is a sulphydryl-containing amino acid de-
Reduction in blood flow of vertebral or basiller artery is rived from the metabolic demethylation of dietary methio-
shown in labirentin artery and than hypoxia in inner ear nine abundant in animal prote[B]. Mild to moderate ele-
is developed. Changes in blood flow of inner ear result in vations of homocysteine have been associated with vascu-
pathologies such as acute hearing loss and hearing loss due tkar disease in retrospective case control studies. Association
with peripheral vascular or cerebrovascular disease appears
« Corresponding author. Tek+00-424-233-35-55: to be stronger than for coronary artery disefs&]. The
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among patients with symptomatic atherosclerotic vascular Noise levels were measured by a noise measurer (Bruel and
disease was reported to be 13-4[Bfo Homocysteine levels  Kjaer 2235, Cophenagen, Denmark).
in adult patients with coronary artery disease or peripheral Blood samples were obtained from all subjects after
vascular disease are reported to be 30-50% higher than thosevernight fasting for biochemical analysis. Levels of folic
in normal subject$9]. Epidemiologic studies have consis- acid and Vitamin B, were determined by ELECSYS-170
tently demonstrated that high plasma homocysteine level isautoanalyzer using commercial kits (Roche Diagnostica
an independent risk factor for atherosclerosis, as importantGmbH, Monnkeim, Germany). Levels of homocysteine
as serum cholesterol levgl0]. were measured by Shimadzu HPLC analyzer using Recipe
Humans can not synthesize folate and therefore they mustcommercial kits (Recipe Chemical and Instruments GnbH,
obtain it in their diet. Major sources of folate are green veg- Munich, Germany).
etables, citrus fruits, liver and whole grains. Dietary sup-  Statistical analyses were performed using SPSS version
plementation with folate can normalize plasma homocys- 10.0. All test used were two-tailed arii< 0.05 was con-
teine levels and may thereby reduce the risk of cardiovascu-sidered as significant. The data are given as meatan-
lar diseasg11]. Folic acid therapy alone or combined with dard deviations (S.D.). Comparison between groups were
Vitamin Bg and B2 reduces homocysteine levels even in performed using the Student'$est. Pearson correlation co-
people who do not have vitamin deficiency. Dietary sup- efficient was used to assess the relationship between vari-
plementation with folate at amount up to 2g per day pro- ables.
gressively decreases plasma homocysteine level, with sig-
nificant decrease occurring with 200-409 per day. It
seems likely that dietary supplementation with 0.4-1 mg of 3. Results and discussion
folate will reduce the risk of neurodegenerative disorders
[12]. Determined levels of serum homocysteine, folate and Vi-
The aim of the present study was to determine the levels oftamin By, are summarized iffable 1 The audiograms of
homocysteine, folic acid, and VitaminBin subjects with study and control groups are showrfig. 1 In study group
NIHL. Furthermore, possible links between these parametersthe hearing loss was started at 4000 Hz and reached to max-
and NIHL were aimed to be evaluated. imum at 6000 Hz. Mean homocysteine levels were signifi-
cantly higher in NIHL patients®# < 0.02; Fig. 2), but mean
folate and Vitamin By levels were significantly lower in
2. Materials and methods NHIL patients P < 0.05 and<0.001, respectively) com-
pared to controls. There was no significant correlation be-
Workers in a local hydroelectric powerhouse were re- tween homocysteine levels and the other parameters.
cruited to form the study groum(28; mean age: 3% 5 Because of rapid industrialization, widespread increase
year). Control group was composed of 32 healthy volunteers of noise sources and increased population being exposed to
(mean age 36& 4 year). All of the subjects in study and noise, NIHL is the most important cause of sensorineural
control groups were male. hearing loss (SNHL). To function normally, inner ear must
A questionnaire form was applied to all subjects. Date of be supplied by arterial system continuously and regularly.
birth, age of initializing for work, duration of working, daily  In addition to thrombus, emboli, bleeding in arterial system,
working and resting times were questioned and compiled. spasm and hypercoagulation affecting vascular system also
The patients who have the history of using ototoxic drugs, disrupts perfusion of inner et3].
previous ear diseases, trauma to head and the ear, and fa- Homocysteine is an atherogenic and thrombogenic risk
milial history of hearing diseases were excluded from this factor. Homocysteine metabolism depends on the cofactors
study. Before clinical and laboratory investigations, consent folate, Vitamin B, and Bs. Elevated homocysteine lev-
of all subjects were taken. Complete physical examination els causes vascular complication(4}t]. Hyperhomocys-
of ear, nose and throat and audiometrical evaluation wereteinaemia has been associated with elevations in tissue iron
performed in all subjects. stores and increased in vivo lipid peroxidatifib]. The
The audiometric tests were performed in a sound-proof
chamber with an Interacoustics AC-40 audiometer that was e 1
calibrated according to ISO 1964 standards. Pure tone au-The levels of homocysteine, folate and VitamimpBn subjects with NIHL
diometry was applied to all patients and controls. Frequen- and control groups
cies at octave intervals from 250 to 16 000 Hz were tested
for air conduction and from 500 to 4000 Hz for bone con-

Parameter Control group NIHL group p value

. . . : (n=32) (n=28)
duction. Hearing was accepted as abnormal if the hearing
threshold was 25 dB or more below than the age-corrected Homocysteine (umol/L) 11.67+2.54 14.015%5.10 <0.02
level at two or more test frequencies_ Folate (nmol/L) 12.6943.61 10.71+4.16 <0.05
In our criterion for NIHL, hearing threshold is normally  vVitamin B, (pmol/L)  323.62+£121.91  199.87+75.25 <0.001

in 1kHz but hearing loss is more than 25dB in 4-6 kHz.
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Fig. 1. The audiograms of study and control groups.

reason for this is the increasing evidence that homocysteinewith combination of folic acid 2-5 mg, Vitamin 825 mg,
plays vital role(s) in developmental and adult neurological and Vitamin B> 250u.g per day reduces the progression of
disorders, and the fact that homocysteine metabolism is af-atherosclerosis, as measured by carotid plague area, it re-
fected by dietary factors, most notably folate. The amino acid mains to be confirmed that homocysteine-lowering therapy
methionine plays a pivotal role in one carbon metabolism, will prevent important atherosclerotic vascular events in pa-
a series of biosynthetic pathways crucial for DNA synthesis tients with moderate hyperhomocysteinaefi2ia).

and repair, and various methylation reacti¢bé]. Oxidative stress plays a substantial role in the genesis of
Vitamins By and Bs are cofactors in the metabolic path- noise-induced cochlear injury that causes permanent hear-
ways that affect homocysteine levels. VitamippBeficiency ing loss[23]. It has been reported that relatively little oxi-

can result in psychomotor regression, sensory neuropathydation occurs in plasma, due to high plasma concentration
severe hypotonia, seizures and apathy, which could resultof antioxidants, but most of the oxidation may occur in the
from impaired myelinatio17]. vascular intimg24].

Several findings suggest that elevated homocysteine lev- Increased homocysteine levels may cause reductions in
els might alter synaptic function. Overactivation of gluta- intracellular concentrations of glutathione, thus it increases
mate receptors is implicated in the pathogenesis of sev-lipid peroxidation[25].
eral neurodegenerative disorders, and homocysteine can ac- In conclusion, present study demonstrates that the serum
tivate synaptic glutamate receptors either directly or indi- levels of homocysteine are increased and serum levels of fo-

rectly after metabolism inta-homocysteic acid18]. Ho- late and Vitamin B, are decreased in patients with NIHL.
mocysteine might also render neurons vulnerable to excito- Measurement of homocystein, folic acid and VitamifB
toxicity by inducing DNA damagé¢19]. Although it is not levels during routine control of subjects working in a noisy

known if and how folate modifies synaptic plasticity, one environment might be useful. These data may give us some
study suggests that folate can enhance excitability of hip- clues about how hearing loss is developed in these subjects.
pocampal circuits by presynaptic disinhibition of GABAer- Experimental studies are needed to decipher exact mecha-
gic neurons1[20]. The available data suggest several pos- nism and roles of homocysteine, folic acid and Vitami» B
sible mechanisms whereby homocysteine damages and killin sensorineural hearing loss.

neurons. Homocysteine induces DNA breakage in cultured

neurons by a mechanism that may involve impaired trans-

methylation of DNA. Because folate and Vitamin Bde-

ficient retard methionine regeneratidhacetyl-methionine References
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