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Abstract
Objectives: Occupational noise-induced hearing loss (NIHL) due to industrial, mili-
tary, and other job -related noise exposure can cause harmful health issues to oc-
cupied workers, but may also be potentially preventable. Vitamins/antioxidant have 
been studied as therapeutic strategies to prevent and/or delay the risks of human 
diseases as well as NIHL .So, this study was conducted to systematically review the 
protective effects of vitamins/antioxidants on occupational NIHL.
Methods: Online databases including PubMed/Medline, Scopus, Web of Science, 
EMBASE, Science Direct, and Google Scholar were systematically searched up to 
12 January 2021. Based on 6336 potentially relevant records identified through the 
initial search in the databases, 12 full-text publications were retrieved, one of which 
can be viewed as two separate trials, because it has studied the effects of two differ-
ent antioxidants (ginseng and NAC) on NIHL, separately.
Results: A review of the studies shows that vitamin B12, folic acid, and N-
acetylcysteine (NAC) have a considerable protective effect on NIHL. However, 
these protective effects are not yet specified in different frequencies. The findings 
regarding the protective effects of other antioxidants are inconsistent in this field.
Conclusion: Vitamin B12, folic acid, and NAC may have a protective effect as an 
antioxidant on reducing occupational hearing loss. For a conclusive evidence of vi-
tamin/antioxidant protective therapies, future studies with precise criteria for noise 
exposure and similar outcome parameters are required.
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Highlight

1.	Vitamin B12, folic acid, and NAC have a considerable protective effect on NIHL.

2.	Findings regarding the protective effect of vitamins E, C, and A on NIHL are 
inconsistent.

3.	Future studies with precise criteria for noise exposure and similar outcome param-
eters are required.
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1  |   INTRODUCTION

Workers in most industries are exposed to noise pollution. 
Noise as an unwanted sound can cause adverse health ef-
fects and safety risks to occupied workers. The most recog-
nized effects on the human health caused by this harmful 
agent are annoyance and perception,1,2 cardiovascular dis-
eases and hypertension,3,4 hearing loss,5 sleep disorders,6 
stress,7 psychological effects,8 well-being disorders and 
satisfaction,9,10 and cognitive performance defect.11 Noise-
induced hearing loss (NIHL) is known as more significant 
effect among the others, so it has attracted researchers' 
attention.

NIHL refers to hearing loss caused by prolonged expo-
sure to high levels of noise in the workplace and is cat-
egorized as a substantial occupational disease. There are 
two types of hearing loss, known as temporary threshold 
shift (TTS) and permanent threshold shift (PTS).12,13 TTS 
is typically caused by traumatizing stimulus spectrum, 
which is affected by the level and duration of exposure. It 
is also usually caused by acute noise exposure and can be 
reversible in a few days depending on the exposure level 
and duration.14 PTS is the same as TTS, except that it is an 
irreversible change of hearing threshold.13 In addition to 
noise, there are some other factors that can cause TTS and 
PTS. NIHL has a prevalence rate of 16%, which varies from 
7% of the population in industrialized countries to 21% in 
developing countries.5,15 Neitzel et al16 have reported that 
the prevalence rate of hearing loss among the United States 
working population is 13%. It is also estimated that if NIHL 
is reduced by 20%, the financial benefit of $58 billion to 
$152 billion annually would be reached.16 In addition to the 
direct cost, hearing loss has significant effects on different 
aspects of daily living of affected people. It is documented 
that hearing loss has an adverse effect on cognitive perfor-
mance, quality of life and work, physical well-being, peers 
and social support, social relationships, motor skills, and 
psychological aspects.17,18 Based on the aforementioned is-
sues, using effective strategies for preventing NIHL, such 
as reduced noise exposure through engineering and admin-
istrative control measures, training interventions, providing 
hearing protection devices, and vitamin/antioxidant intake, 
is substantial.19-21 Engineering and administrative control 
measures require a lot of funding for implementation and 
maintenance, therefore sometimes it is not cost-effective. 
Also, providing hearing protective devices, in addition to 
imposing a large financial burden, may not be effective due 
to improper use and interference with routine work.22

Since oxidative stress plays an important role in hearing 
loss, it can be expected that the consumption of antioxi-
dants will create a barrier to NIHL.23 In fact, it is noted that 
high levels of noise are likely to result in damaging free 
radicals, and some studies have shown that during and after 

noise exposure, reactive oxygen species (ROS), reactive 
nitrogen species (RNS), and lipid peroxides all increase, 
leading to hearing loss.24,25 Although the exact mechanism 
is not yet clear, some pathways have been suggested. Noise 
affects the cochlea metabolically and mechanically at some 
points, leading to several types of damage. At the level of 
hair cells, noise can lead to overdriving of mitochondria, 
toxicity stimulation in the connections between inner hair 
cells and auditory nerve fibers, and ischemia/reperfusion 
effects on the cochlea's blood source. Each of these can 
lead to increase in ROS, which can damage DNA and the 
cell membrane and act as a starting factor for apoptosis. 
The final consequence is hair cell lesion and loss of hear-
ing from a combination of necrosis and apoptosis.24 On the 
other hand, the primary action of antioxidants is to reduce 
the damaging effects of oxygen on biomolecules. Many 
antioxidant mechanisms exist but primarily include the 
scavenging or blocking of free radicals.26 Different types 
of free radicals are formed and each antioxidant has a dis-
tinct efficacy.27 Some review studies have examined the as-
sociation between hearing loss/sensorineural hearing loss/
age-related hearing loss and vitamins/antioxidants.28-30 
However, according to our search results, so far no study 
has been done to systematically review the relationship be-
tween vitamins/antioxidants on occupational NIHL. Only, 
Alvarado et al in their review on a small number of studies 
showed that combination of some or all of the antioxidants, 
such as NAC, vitamins A, C, E, and magnesium (Mg), can 
produce synergism and/or redundancy in their mechanisms 
of action, potentiating the positive effect over noise over-
exposure, and also considered these otoprotective agents as 
a hopeful new therapeutic strategy for ameliorating, delay-
ing, or even preventing the impact of noise on hearing.31 
So, the current study is conducted to systematically review 
the protective effects of vitamins/antioxidants on occupa-
tional NIHL.

2  |   METHOD

The current systematic review is written by referring to the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.32

2.1  |  Search strategy

Online databases including PubMed/Medline, Scopus, Web 
of Science, EMBASE, Science Direct, and Google Scholar 
were systematically searched up to 12 January 2021 to find 
related articles published to this date, without language, 
time, or any other limitations. There was no specific limi-
tation for the type of studies. The following keywords 
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were used to construct the search strategy: ((micronutri-
ent*) OR (vitamin*) OR (antioxidant*) OR ("Nutritional 
supplement*") OR ("dietary supplement*") OR (N-
Acetylcysteine) OR (Acetylcysteine) OR (NAC)) AND 
(("Hearing Disorders") OR ("Distorted Hearing") OR 
("Acoustic  Trauma") OR ("noise induced hearing loss") 
OR (NIHL) OR ("hearing damage") OR ("occupational 
hearing loss") OR ("noise injury") OR (noise exposure) OR 
("occupational deafness")).

2.2  |  Eligibility criteria

All published studies (interventional and observational 
studies) that have reported the relation between vitamins/
antioxidants with occupational NIHL in adult individuals 
(over 18  years old) were included for further considera-
tion. Studies in which subjects were exposed to noise and 
their serum levels of vitamins/antioxidants or the effects of 
taking vitamins/antioxidants that have been studied and ap-
peared to be applicable to people who are exposed to occu-
pational noise also meet criteria for this review. Language 
restriction and specific time frame were not applied for 
search and all studies published on this topic up to January 
2021 were reviewed.

Exclusion criteria in this study were:

•	 Animal and in vitro studies
•	 Studies on the effects of vitamins/antioxidants on hearing 

loss caused by use of drug, accidents, illness, music, and 
age, and studies on sudden hearing losses and tinnitus

•	 Studies on micronutrients that are not vitamin or antioxidant
•	 Studies that have examined the effect of vitamin/antioxi-

dant supplementation along with other agents
•	 Studies conducted on children or adolescents
•	 Studies on the effects of medications on improving patients 

with impaired hearing
•	 Protocol studies or studies with no report of results
•	 Studies that were not in English
•	 Inaccessible articles

2.3  |  Study selection

After the initial search of databases and removing the dupli-
cated articles, screening of titles and abstracts was conducted 
by two independent researchers (BP and MA) to exclude ir-
relevant articles as well as those that did not meet the consid-
ered inclusion criteria. The full texts of the remaining related 
articles were then carefully evaluated by these two researchers 
(BP and MA) to select appropriate articles based on the meth-
odology and results. Any inconsistency between the research-
ers was fixed by consulting with the third researcher (MOT).

2.4  |  Data extraction

Two independent researchers (MA and MOT) extracted the 
following information from selected studies: author's name, 
study location, study design, study population, mean age, 
gender, sample size, type, dose and duration of intervention 
(clinical trials), control group, serum vitamins/antioxidants 
(cross-sectional and cohort studies), and outcomes.

2.5  |  Quality assessment

JBI critical appraisal checklist for cross-sectional, cohort, 
and clinical trial studies was used to evaluate the quality of 
articles examined in our study.33 Criteria for each type of 
study are presented separately, for example, clinical trial 
criteria used included: (a) random sequence generation, (b) 
allocation concealment, (c) similarity of treatment groups 
at baseline, (d) blinding of participants, (e) blinding of 
those delivering treatment, (f) blinding of outcome asses-
sors, (g) identical treatment of treatment groups except for 
the intervention of interest, (h) completing the follow-up 
and explanation and analyzing the differences between the 
two groups in the field of follow-up, (i) analyzing partici-
pants in randomly selected groups, (j) measuring results 
for treatment groups similarly, (k) outcome measurement 
in a valid and reliable way, (l) use appropriate statistical 
analysis, and (m) appropriateness of trial design and cal-
culate deviation from the standard RCT design (individual 
randomization, parallel groups) in the conduct and analysis 
of the trial.

Three final conclusions were considered for quality as-
sessment. So, according to the answers that were given to the 
criteria, each study was graded as follows: 1-include (low risk 
of bias), 2-exclude (high risk of bias), and 3-seek for informa-
tion (unclear risk of bias).

3  |   RESULTS

3.1  |  Study selection

A flow chart depicting the study selection process is pre-
sented in Figure 1. Using the key terms of the study, the ini-
tial database search provided 6336 articles, and 18 additional 
articles were identified from other sources. First, duplicate 
articles (n = 5077) were removed and the titles and abstracts 
of another 1277 articles were screened and 1262 studies with 
exclusion criteria or without inclusion criteria were excluded. 
Then, the full texts of the remaining 15 articles were assessed 
from which three articles were excluded for the following 
reasons: (a) Results for occupational NIHL were not differ-
entiated from results of other NIHLs (n = 1),34 (b) Results 
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of subjects with NIHL were not separated from other types 
of hearing loss (n = 1),35 and (c) The type of study was con-
tradictory in terms of being interventional or observational 
and did not meet the criteria of a specific type of study.36 
Although 12 articles were finally found, one of them37 could 
be viewed as two separate trials, because it has examined the 
effects of two different antioxidants (ginseng and NAC) on 
NIHL, separately.

3.2  |  Study and participant characteristics

The characteristics of the studies included in the present sys-
tematic review are shown in Table 1. As noted, four studies 
have been conducted in USA,38-41 one in Sweden,42 and one 
in each Turkey,43 Taiwan,44 India,45 Italy,25 Iran,37 Israel,46 
and China.47 Among these studies, eight were clinical tri-
als,25,37,39,40,42,44,45,47 of which two studies were crossover 
in design.39,44 Three studies were cross-sectional,38,43,46 
one study was cohort.41 Four studies included both males 
and females,25,38,42,47 one study included only females,41 
and other seven studies were performed merely on male 
adults.37,39,40,43-46 The age range of the participants was 23-
82 years old in these studies. The sample size varied notice-
ably between the studies, ranging from 20 to 566 subjects in 
clinical trials and 58 to 60 in cross-sectional studies. In addi-
tion, the sample sizes were 12 789 people in cohort study. Of 

the 13 studies observed in Table 1, six of them examined vi-
tamins,38,39,41,43,45,46 four of them NAC,37,40,42,44 one of them 
alpha-lipoic acid,25 one ginseng,37 and one zinc gluconate.47

3.3  |  Quality assessment

The quality of the studies was independently assessed by two 
researchers (BP and MA) according to the “Critical Appraisal 
tools for use in JBI Systematic Reviews” and all studies ap-
peared to have fair to good quality (low risk of bias), so they 
were included in the systematic review (Appendix A).

3.4  |  Main findings

3.4.1  |  Evidence from cross-sectional studies

In 1993, Shemesh et al46 studied the relationship between vi-
tamin B12 deficiency and NIHL. The results of this study 
showed that incidence of vitamin B12 deficiency among 
subjects with NIHL was greater than subjects who had nor-
mal audiogram and it was 27% and 19%, respectively.46 Gok 
et al43 also confirmed these findings in their study, which 
revealed that serum vitamin B12 and folic acid levels in 
subjects with NIHL were significantly lower than subjects 
without NIHL. Indeed, the results of this study showed that 
mean  ±  standard deviation (SD) of vitamin B12 and folic 
acid levels in NIHL group were 199.87  ±  75.25  pmol/L 
and 10.71  ±  4.16  nmol/L, respectively, while they were 
323.62 ± 121.92 pmol/L and 12.69 ± 3.61 nmol/L, respec-
tively, in the control group.43 On the other hand, Rabinowitz 
et al38 studied the role of vitamin E and vitamin C on hear-
ing status of 58 industrial workers and found that vitamin 
C had no significant association with either audiometry or 
otoacoustic emissions (OAEs) but there was a non-protective 
correlation between serum levels of vitamin E and hearing 
function. They stated that high-frequency audiometric results 
got worse in higher levels of vitamin E but this relation was 
not strong in high-frequency OAEs.38

3.4.2  |  Evidence from clinical trial studies

Kapoor et al45 conducted a study among a group of 40 male 
industrial workers and found that consuming vitamin E 
(400 milligram [mg]/day) for six consecutive working days 
can protect hearing system against noise exposure espe-
cially at 0.25, 0.5, and 1.0  kilohertz (kHz). Perll et al39 in 
their clinical trial delivered a set of supplementations in-
cluding b-carotene (18  mg), vitamin C (500  mg), vitamin 
E (305  mg), and magnesium (1949  mg) as full daily dose 
(three pills twice daily) to 31 subjects to examine whether 

F I G U R E  1   Flow chart of the study selection process
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these supplementations can prevent NIHL or not. The results 
of this study showed that simultaneous consumption of the 
aforementioned had no significant effect on NIHL.39 On the 
other hand, Lin et al44 studied the protective effects of N-
acetylcysteine (NAC) (1200 mg/day, 14 days) on hearing loss 
in male workers. Workers were given NAC for 2 weeks and 
after 2 weeks of washout period, they were given a placebo 
for another 2 weeks. This sequence was reversed for some of 
the workers who were randomly selected. The results indi-
cated that noise-induced TTS at high frequency after placebo 
and after NAC was 2.8 decibels (dB) and 2.5 dB, respectively, 
which were significantly different (P-value: .03), but at low 
frequency, this difference in noise-induced TTS between the 
post-NAC (1.2 dB) and post-placebo (0.9 dB) was not signif-
icant (P-value: .88).44 Also, Lindblad and colleagues showed 
in a prospective study that consuming 200  mg NAC after 
acute noise exposure could reduce the threshold variability 
in the left ear.42 The most significant finding of this study 
was that the non-linearity of the cochlea that was strongly 
decreased in the control group, as revealed by the psychoa-
coustical modulation transfer function (PMTF) results, was 
practically unchanged in the NAC group throughout the 
trial. Moreover, NAC expedited the recovery after temporary 
hearing loss in this study.42 In the same way, Doosti and col-
leagues showed that workers who received 1200 mg/day of 
NAC for 14 days experienced less TTS at 4, 8, and 16 KHz 
(P, .001) in both ears.37 They observed similar results for tak-
ing 200 mg/day of ginseng as an antioxidant; however, the 
protective effect of NAC was greater.37 Also, in a prospective 
clinical trial, efficacy of NAC in prevention of NIHL was 
investigated by Kopke and colleagues.40 In their study, sub-
jects were administered 2700 mg of NAC for 13 consecutive 
days of weapons training and the results indicated that there 
were no significant differences for the primary and secondary 
outcomes but standard threshold shift (STS) rate in the trig-
ger hand ear did show a significant difference (34.98% for 
placebo, 27.14% for NAC, and P-value ¼ .0288).40

Alpha-lipoic acid (ALA) as a powerful lipophilic antiox-
idant can protect hearing against noise exposure. Quaranta 
et al25 evaluated the effect of ALA on temporary hearing loss 
and found that consuming 600 mg ALA for 10 consecutive 
days can significantly protect from temporary hearing loss 
induced by exposure to 90 dB pure tone of high frequency, 
and that TTS and Transient Evoked Otoacoustic Emissions 
(TEOAEs) amplitude change after noise exposure were lower 
after 10  days of oral ingestion of ALA in comparison to 
1 hour after ingestion.25 Finally, in a study by Yeh et al,47 sub-
jects with NIHL-associated tinnitus took 40 mg/day zinc glu-
conate (Zinga 78 mg and 10 mg elemental zinc) for 2 months. 
The results demonstrated that there were no statistically sig-
nificant differences in hearing thresholds, speech reception 
thresholds, or tinnitus frequency and loudness results before 
and after treatment, but following zinc treatment, Tinnitus 

Handicap inventory (THI) scores improved significantly in 
patients with NIHL-associated tinnitus.47

3.4.3  |  Evidence from cohort studies

In a prospective cohort study conducted by Curhan et al,41 
65 521 females in the Nurses' Health Study II were observed 
from 1991 to 2009 to investigate the relationship between 
consumption of vitamin A, vitamin C, vitamin E, carotenoids, 
and folate and risk of hearing loss. The results of this study 
indicated that there was no significant relationship between 
intake of vitamin E and the risk of hearing loss, while higher 
intake of vitamin C (≥1000 mg/day) was related to higher 
risk of hearing loss in comparison to lower intake of this vi-
tamin (<75 mg/day). Also, higher intakes of b-cryptoxanthin 
and b-carotene were related to lower risk of hearing loss. No 
significant relationship was observed for intakes of other ca-
rotenoids or vitamin A. In the case of folate, they observed 
that lower intake of folate (<200 microgram [µg]/day) was 
associated with higher risk of hearing loss in comparison to 
200-399 µg/day.41

3.5  |  Meta-analysis

It was not possible to perform a meta-analysis on the studies, 
because of the high heterogeneity of the studies in addition to 
inconsistent exposure and outcome measures.

4  |   DISCUSSION

A review of the protective effects of vitamins/antioxidants 
on occupational NIHL has been conducted, and this is the 
first study that systematically review this topic. Based on our 
search results, 12 articles with 13 arms were qualified to be 
included in the current study. According to the review of the 
qualified studies, it can be acknowledged that vitamin B12, 
folic acid, and NAC have a significant protective effect on 
NIHL, but the protective effect of vitamins E, C, and A on 
NIHL is unproven.

So far, some review studies have examined the associa-
tion between hearing loss and vitamins/antioxidants. For 
example, a review study by da costa et al on the effect of 
supplementation with antioxidants on auditory threshold in 
sensorineural hearing loss showed that ginseng prevented au-
ditory threshold worsening in the 4-kHz, but not at the 6-kHz 
frequency in patients with sensorineural hearing loss caused 
by exposure to high levels of sound pressure. However, there 
was no enhancement in the thresholds with vitamin E supple-
mentation.28 Also, Jung et al, in their review study in the field 
of association between nutritional factors with hearing loss, 
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found that various nutritional factors (such as vitamins A, C, 
and E, and zinc) are associated with hearing status, and the 
incidence of hearing loss was increased with the lack of these 
micronutrients.30 Alvarado et al in their study showed that 
combination of some or all of the antioxidants, such as NAC, 
vitamins A, C, and E, and magnesium (Mg), can affect on 
their mechanisms of action, potentiating the optimistic effect 
over noise overexposure.31

Elderly subjects are more vulnerable to NIHL than 
younger individuals, and factors independently but causally 
associated to age are important in the development of NIHL 
among workers exposed to noise.48 A scoping review study 
on age-related hearing loss (ARHL) by Rodrigo et al showed 
that the vitamin C supplementation significantly decreases 
the permanent hearing threshold in the medium frequency 
range, while its deficiency has no effect on hearing loss. 
Also, the consumption of beta-carotene, vitamins C and E, as 
well as Mg increases the average PTA response at high fre-
quencies, especially in the combination form, but no signif-
icant association was seen between serum vitamin B12 with 
hearing loss. On the other hand, it was observed that people 
with moderate levels of folic acid have 32% lower odds of 
experiencing hearing loss at lower frequencies.29 Also, the 
cohort study by Gopinath et al reported that the high level of 
consumption of vitamins A and E was inversely associated 
with the incidence of ARHL, but 5-year longitudinal analysis 
did not show any relationship with the incidence of ARHL.49 
So, despite the differences in etiology and pathophysiology 
of NIHL and ARHL, it can be stated that some applied in-
terventions for ARHL can be feasible for NIHL, such as folic 
acid, because they have some overlaps as well.

Vitamin E efficiently neutralizes free radicals in reduced 
oxygen. It also prevents glutamate release and then prevents 
glutamate-induced neurotoxicity.27 But researchers have re-
ported contradictory results regarding protective effects of 
vitamin E against NIHL. Kapoor et al reported that vita-
min E protects against the adverse effect of noise on hear-
ing at frequencies 0.25, 0.5, and 1.0 kHz.45 Conversely, Gök 
et al stated that there was no association between vitamin E 
and hearing loss.50 Based on the obtained results, it is con-
cluded that vitamin E can provide a protective effect against 
low-frequency noise45 but not against high-frequency noise.38 
This result has also been found for vitamin C. Vitamin C is 
a water-soluble antioxidant vitamin and is principal to pre-
serve vitamin E levels by recycling the oxidized form of vi-
tamin E to the reduced form.27 In animal models, it is proven 
that vitamin C can provide a protective effect against hearing 
loss,51,52 but studies conducted in the human cases related to 
non-occupational hearing problems have shown conflicting 
results,49,53 and in our reviewed studies, no effect was ob-
served between vitamin C and decreased hearing loss.38,39,41 
Several reasons may justify these differences, which can be 
motivation for designing longitudinal cohort study.

The protective effect of B12 and folic acid on NIHL has 
also been studied. As mentioned above, documents have 
proved that B12 and folic acid can provide a protective ef-
fect for NIHL up to now. Vitamin B12 and folic acid are 
effective on homocysteine metabolism and their deficiency 
increases homocysteine levels. Increased homocysteine 
levels may cause reductions in intracellular concentrations 
of glutathione, which increased lipid peroxidation. Also 
hyperhomocysteinemia has been associated with elevations 
in tissue iron stores and increased in vivo lipid peroxida-
tion. Homocysteine might also render neurons vulnerable 
to excitotoxicity by inducing DNA damage and impaired 
transmethylation of DNA.53 On the other hand, Shemesh 
et al46 have shown that incidence of vitamin B12 (cobal-
amin) deficiency among subjects with NIHL is greater 
than with none-NIHL subjects. Moreover, it is confirmed 
that serum vitamin B12 and folic acid levels in subjects 
with NIHL are significantly lower than subjects without 
NIHL.43 In another study, it was found that low serum lev-
els of folic acid are significantly related to high-frequency 
hearing loss.54 The results have further shown that cobal-
amin deficiency is strongly associated with hearing loss at 
high frequencies.54 Other studies have also confirmed that 
folate and cobalamin have a significant relationship with 
auditory functions.43,46,50,54 Mechanisms and metabolic 
roles of cobalamin and folic acid are interrelated and they 
reduce with increasing age, so their effects may be contro-
versial. In the case of effects of vitamin A, the results of the 
study by Curhan et al41 have indicated that b-cryptoxanthin 
and b-carotene are related to lower risk of hearing loss with 
no significant relationship between intakes of other carot-
enoids or vitamin A and hearing loss. Vitamin A family 
(eg, carotenoids, vitamin A, etc) can provide vascular or 
antioxidative benefits and the retinoic acid pathway has 
been identified as a promising target for the development of 
prevention and treatment strategies for sensorineural hear-
ing loss. Also in animal models, b-carotene and vitamins 
A have been shown to have protective effects against hear-
ing loss.41 Cohort study mentioned above was a study of 
65 521 women with repeated dietary assessments and long-
term follow-up from 1991 to 2009; therefore, it can be reli-
able in terms of sample size and follow-up time. However, 
more studies are needed for definitive conclusions.

NAC is one of the first nutrient-based antioxidants 
brought to clinical trials and has been most thoroughly in-
vestigated in NIHL protection. NAC is known as Mucomyst. 
It is a free radical scavenger and can increase glutathione 
(GSH) production, which has an important role in limiting 
noise-induced cochlear damage through reacting directly 
with oxidants (ROS), and inhibiting oxidation of the mole-
cules.37 The results of study by Lin et al44 in male workers 
have indicated that mean hearing loss at high frequency after 
placebo and after NAC is significantly different, but not at 
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low frequency.44 The researchers have perceived that NAC 
could also be effective in reducing acute hearing loss. In this 
regard, Lindblad et al42 have shown that consuming NAC 
after acute noise exposure could reduce the adverse effect of 
noise exposure on the hearing threshold. This protective ef-
fect has also been investigated and confirmed at frequencies 
of 4, 8, and 16 kHz.37 It has been suggested that this effect 
results from the free radical scavenger characteristic of NAC. 
A similar result has been observed for ginseng as an antioxi-
dant, though the protective effect of NAC has been greater.37 
The protective effect of NAC is not only against NIHL due to 
exposure to continuous noise but also there is some evidence 
that it can provide protection against acoustic accidents like 
shooting, although results are somewhat controversial.

Among other antioxidants that were investigated for their 
protection against noise exposure, ALA and zinc gluconate have 
been considered more significantly.25,47 ALA is an important 
cofactor in mitochondrial enzymes. It is a new biological antiox-
idant and a powerful free radical scavenger, and has been shown 
in animal models to protect against hearing loss due to age and 
cisplatin.25 Zinc also plays a substantial antioxidant role in the 
human metabolism. The results of studies on these supplements 
are opposite to one another; ALA could significantly protect 
from temporary hearing loss induced by exposure to 90 dB pure 
ton at high frequency (6 kHz), while there was no significant 
protection reported for zinc gluconate. Due to the small number 
of studies conducted in this field, more studies are needed for a 
conclusive result to these two factors.

The current systematic review has some strengths, such 
as, according to the search results, this is the first study that 
systematically reviewed the protective effects of vitamins/an-
tioxidants on occupational NIHL. The results of this study are 
economically important for industries because they can pre-
vent hearing loss by recommending to receive B12, folic acid, 
and NAC as antioxidants from various food sources or supple-
ments at much lower costs than the cost of administrative and 
engineering. Also, there are a number of limitations to this 
article, including it was not registered in PROSPERO, due to 
the delay in receiving registration code, caused by COVID-19 
epidemic conditions. The articles reviewed in this study were 
either observational or interventional, due to the small num-
ber of articles worked in this field, which is another limitation 
itself. On the other hand, this has led to researchers not being 
able to review only one specific exposure and outcome. Also, 
it was not possible to perform a meta-analysis on the studies, 
because of the high heterogeneity among the studies.

5  |   CONCLUSION

In general, based on the literature review, it can be concluded 
that vitamin B12, folic acid, and NAC have a significant pro-
tective effect on NIHL. However, the protective effects of 

these antioxidants against hearing loss at different frequen-
cies are not yet known. Findings regarding the protective 
effect of vitamins E, C, and A on NIHL are inconsistent. 
Therefore, in order to achieve conclusive results, more inter-
ventional and cohort studies are needed.

DISCLOSURE
Approval of the research protocol: NA. Informed consent: NA. 
Registry and the registration no. of the study/trial: It was not 
registered in PROSPERO. Animal studies: NA. Conflict of inter-
est: The authors declare that they have no competing interests.

AUTHOR CONTRIBUTIONS
MA and BP conceived the study and designed the search 
strategy; BP and MA conducted the study selection; MA and 
MOT conducted data extraction; BP and MA evaluated the 
quality of bias of included studies; B.P and MA and MOT 
wrote the first draft of the manuscript. All authors read and 
approved the final version of the manuscript.

DATA AVAILABILITY STATEMENT
All data and materials are available in full in manuscript, fig-
ure, and tables.

ORCID
Milad Abbasi   https://orcid.org/0000-0002-0787-1533 
Behnaz Pourrajab   https://orcid.org/0000-0002-3864-4982 
Mohammad Osman Tokhi   https://orcid.
org/0000-0003-1662-6334 

REFERENCES
	 1.	 Monazzam MR, Zakerian SA, Kazemi Z, et al. Investigation of oc-

cupational noise annoyance in a wind turbine power plant. J Low 
Freq Noise V A. 2019;38:798-807.

	 2.	 Abbasi M, Tokhi MO, Falahati M, et al. Effect of personality traits 
on sensitivity, annoyance and loudness perception of low-and high-
frequency noise. J Low Freq Noise V A. 2020;1461348420945818, 
in press.

	 3.	 Kerns E, Masterson EA, Themann CL, Calvert GM. Cardiovascular 
conditions, hearing difficulty, and occupational noise exposure within 
US industries and occupations. Am J Ind Med 2018;61:477-491.

	 4.	 Abbasi M, Farhang-Dehghan S, Yazdanirad S, et al. Assessment 
of role of job components and individual parameters on the raised 
blood pressure in a noisy industry. Arch Acoust. 2019;44:575-584.

	 5.	 Nelson DI, Nelson RY, Concha-Barrientos M, Fingerhut M. The 
global burden of occupational noise-induced hearing loss. Am J Ind 
Med. 2005;48:446-458.

	 6.	 Azadboni ZD, Talarposhti RJ, Ghaljahi M, et al. Effect of occupa-
tional noise exposure on sleep among workers of textile industry. J 
Clin Diagn Res. 2018;12:18-21.

	 7.	 Abbasi M, Yazdanirad S, Mehri A, et al. Noise exposure and 
job stress–a structural equation model in textile industries. Arch 
Acoust. 2020;45:601-611.

	 8.	 Golmohammadi R, Darvishi E, Shafiee Motlagh M, Faradmal J. 
Role of individual and personality traits in occupational noise-
induced psychological effects. Appl Acoust. 2021;173:107699.

https://orcid.org/0000-0002-0787-1533
https://orcid.org/0000-0002-0787-1533
https://orcid.org/0000-0002-3864-4982
https://orcid.org/0000-0002-3864-4982
https://orcid.org/0000-0003-1662-6334
https://orcid.org/0000-0003-1662-6334
https://orcid.org/0000-0003-1662-6334


10 of 11  |      ABBASI et al.

	 9.	 Pedersen E, Waye KP. Wind turbine noise, annoyance and self-
reported health and well-being in different living environments. 
Occup Environ Med. 2007;64:480-486.

	10.	 Abbasi M, Yazdanirad S, Habibi P, et al. Relationship among 
noise exposure, sensitivity, and noise annoyance with job sat-
isfaction and job stress in a textile industry. Noise Vib Worldw. 
2019;50:195-201.

	11.	 Irgens-Hansen K, Gundersen H, Sunde E, et al. Noise exposure 
and cognitive performance: a study on personnel on board Royal 
Norwegian Navy vessels. Noise Health. 2015;17:320-327.

	12.	 Nordmann AS, Bohne BA, Harding GW. Histopathological differ-
ences between temporary and permanent threshold shift. Hear Res. 
2000;139:13-30.

	13.	 Quaranta A, Portalatini P, Henderson D. Temporary and permanent 
threshold shift: an overview. Scand Audiol Suppl. 1998;48:75-86.

	14.	 Ryan AF, Kujawa SG, Hammill T, Le Prell C, Kil J. Temporary and 
permanent noise-induced threshold shifts: a review of basic and 
clinical observations. Otol Neurotol. 2016;37:e271-e275.

	15.	 Thorne PR, Ameratunga SN, Stewart J, et al. Epidemiology of noise-
induced hearing loss in New Zealand. NZ Med J. 2008;121:33-44.

	16.	 Neitzel RL, Swinburn TK, Hammer MS, Eisenberg D. Economic 
impact of hearing loss and reduction of noise-induced hearing loss 
in the United States. J Speech Lang Hear Res. 2017;60:182-189.

	17.	 Fortunato S, Forli F, Guglielmi V, et al. A review of new insights 
on the association between hearing loss and cognitive decline in 
ageing. Acta Otorhinolaryngol Ital. 2016;36:155-166.

	18.	 Weiss A, Sommer G, Schindera C, et al. Hearing loss and quality of 
life in survivors of paediatric CNS tumours and other cancers. Qual 
Life Res. 2019;28:515-521.

	19.	 Madvari RF, Fereydoon L, Abbasi M, Monazzam MR, Madvari 
AF Estimate of the percent reduction of the workers hearing loss 
by doing a training intervention based on BASNEF pattern. Arch 
Acoust. 2019;44:27-33.

	20.	 Tikka C, Verbeek JH, Kateman E, Morata TC, Dreschler WA, 
Ferrite S. Interventions to prevent occupational noise-induced 
hearing loss. Cochrane Database Syst Rev. 2017;7:CD006396.

	21.	 Kerr MJ, Neitzel RL, Hong O, Sataloff RT. Historical review of 
efforts to reduce noise-induced hearing loss in the United States. 
Am J Ind Med. 2017;60:569-577.

	22.	 Fausti SA, Wilmington DJ, Helt PV, Helt WJ, Konrad-Martin D. 
Hearing health and care: the need for improved hearing loss prevention 
and hearing conservation practices. J Rehabil Res Dev. 2005;42:45-62.

	23.	 Kopke RD, Jackson RL, Coleman JK, Liu J, Bielefeld EC, Balough 
BJ. NAC for noise: from the bench top to the clinic. Hear Res. 
2007;226:114-125.

	24.	 Henderson D, Bielefeld EC, Harris KC, Hu BH. The role of oxida-
tive stress in noise-induced hearing loss. Ear Hear. 2006;27:1-19.

	25.	 Quaranta N, Dicorato A, Matera V, et al. The effect of alpha-lipoic 
acid on temporary threshold shift in humans: a preliminary study. 
Acta Otorhinolaryngol Ital. 2012;32:380-385.

	26.	 Seidman MD. Glutamate antagonists, steroids, and antioxidants as 
therapeutic options for hearing loss and tinnitus and the use of an 
inner ear drug delivery system. Int Tinnitus J. 1998;4:148-154.

	27.	 Haase GM, Prasad KN, Cole WC, Baggett-Strehlau JM, Wyatt SE. 
Antioxidant micronutrient impact on hearing disorders: concept, 
rationale, and evidence. Am J Otolaryngol. 2011;32:55-61.

	28.	 Souza MEDCA, Costa KVTD, Vitorino PA, Bueno NB, Menezes 
PL. Effect of antioxidant supplementation on the auditory 
threshold in sensorineural hearing loss: a meta-analysis. Braz J 
Otorhinolaryngol. 2018;84:368-380.

	29.	 Rodrigo L, Campos-Asensio C, Rodríguez MÁ, Crespo I, 
Olmedillas H. Role of nutrition in the development and prevention 
of age-related hearing loss: a scoping review. J Formos Med Assoc. 
2021;120:107-120.

	30.	 Jung SY, Kim SH, Yeo SG. Association of nutritional factors with 
hearing loss. Nutrients. 2019;11:307.

	31.	 Alvarado JC, Fuentes-Santamaría V, Juiz JM. Antioxidants and va-
sodilators for the treatment of noise-induced hearing loss: are they 
really effective? Front Cell Neurosci. 2020;14:226.

	32.	 Shamseer L, Moher D, Clarke M, et al. Preferred reporting items 
for systematic review and meta-analysis protocols (PRISMA-P) 
2015: elaboration and explanation. BMJ. 2015;349:g7647.

	33.	 Porritt K, Gomersall J, Lockwood C. JBI's systematic reviews: 
study selection and critical appraisal. Am J Nurs. 2014;114:47-52.

	34.	 Choi YH, Miller JM, Tucker KL, Hu H, Park SK. Antioxidant vita-
mins and magnesium and the risk of hearing loss in the US general 
population. Am J Clin Nutr. 2014;99:148-155.

	35.	 Kabagambe EK, Lipworth L, Labadie RF, Hood LJ, Francis DO. 
Erythrocyte folate, serum vitamin B12, and hearing loss in the 
2003–2004 National Health And Nutrition Examination Survey 
(NHANES). Eur J Clin Nutr. 2018;72:720-727.

	36.	 Rosenhall U, Skoog B, Muhr P. Treatment of military acous-
tic accidents with N-Acetyl-L-cysteine (NAC). Int J Audiol. 
2019;58:151-157.

	37.	 Lotfi Y, Moossavi A, Bakhshi E, Talasaz AH, Hoorzad A, Doosti 
A. Comparison of the effects of N-acetyl-cysteine and ginseng in 
prevention of noise induced hearing loss in male textile workers. 
Noise Health. 2014;16:223-227.

	38.	 Rabinowitz PM, Pierce Wise J, Hur Mobo B, Antonucci PG, 
Powell C, Slade M. Antioxidant status and hearing function in 
noise-exposed workers. Hear Res. 2002;173:164-171.

	39.	 Le Prell CG, Lindblad AC, Ulfendahl M, et al. Increased vita-
min plasma levels in Swedish military personnel treated with 
nutrients prior to automatic weapon training. Noise Health. 
2011;13:432-443.

	40.	 Kopke R, Slade MD, Jackson R, et al. Efficacy and safety of N-
acetylcysteine in prevention of noise induced hearing loss: a ran-
domized clinical trial. Hear Res. 2015;323:40-50.

	41.	 Curhan SG, Stankovic KM, Eavey RD, Wang M, Stampfer MJ, 
Curhan GC. Carotenoids, vitamin A, vitamin C, vitamin E, and 
folate and risk of self-reported hearing loss in women. Am J Clin 
Nutr. 2015;102:1167-1175.

	42.	 Lindblad A-C, Olofsson Å, Rosenhall U, Hagerman B. The effi-
cacy of N-acetylcysteine to protect the human cochlea from sub-
clinical hearing loss caused by impulse noise: a controlled trial. 
Noise Health. 2011;13:392-401.

	43.	 Gok U, Halifeoglu I, Canatan H, Yildiz M, Gursu MF, Gur B. 
Comparative analysis of serum homocysteine, folic acid and 
Vitamin B12 levels in patients with noise-induced hearing loss. 
Auris Nasus Larynx. 2004;31:19-22.

	44.	 Lin C-Y, Wu J-L, Shih T-S, et al. N-Acetyl-cysteine against noise-
induced temporary threshold shift in male workers. Hear Res. 
2010;269:42-47.

	45.	 Kapoor N, Mani KV, Shyam R, Sharma RK, Singh AP, Selvamurthy 
W. Effect of vitamin E supplementation on carbogen-induced 
amelioration of noise induced hearing loss in man. Noise Health. 
2011;13:452-458.

	46.	 Shemesh Z, Attias J, Ornan M, Shapira N, Shahar A. Vitamin B12 
deficiency in patients with chronic-tinnitus and noise-induced 
hearing loss. Am J Otolaryngol. 1993;14:94-99.



      |  11 of 11ABBASI et al.

	47.	 Yeh C-W, Tseng L-H, Yang C-H, Hwang C-F. Effects of oral zinc 
supplementation on patients with noise-induced hearing loss asso-
ciated tinnitus: a clinical trial. Biomed J. 2019;42:46-52.

	48.	 Toppila E, Pyykkö I, Starck J. Age and noise-induced hearing loss. 
Scand Audiol. 2001;30:236-244.

	49.	 Gopinath B, Flood VM, McMahon CM, et al. Dietary antioxidant 
intake is associated with the prevalence but not incidence of age-
related hearing loss. J Nutr Health Aging. 2011;15:896-900.

	50.	 Gök U, Halifeoğlu İ, Yildiz M. The levels of vitamins A, E, B12 
and folic acid in noise-induced hearing loss. Kulak Burun Bogaz 
Ihtis Derg. 2004;12:60-64.

	51.	 Seidman MD. Effects of dietary restriction and antioxidants on 
presbyacusis. Laryngoscope. 2000;110:727-738.

	52.	 Takumida M, Anniko M. Radical scavengers: a remedy for presby-
acusis. A pilot study. Acta Otolaryngol. 2005;125:1290-1295.

	53.	 Péneau S, Jeandel C, Déjardin P, et al. Intake of specific nutrients 
and foods and hearing level measured 13 years later. Br J Nutr. 
2013;109:2079-2088.

	54.	 Lasisi AO, Fehintola FA, Yusuf OB. Age-related hearing loss, vi-
tamin B12, and folate in the elderly. Otolaryngol Head Neck Surg. 
2010;143:826-830.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Abbasi M, Pourrajab B, 
Tokhi MO. Protective effects of vitamins/antioxidants 
on occupational noise-induced hearing loss: A 
systematic review. J Occup Health. 2021;63:e12217. 
https://doi.org/10.1002/1348-9585.12217

https://doi.org/10.1002/1348-9585.12217

