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Abstract: Hearing loss (HL) is a major public health problem. Nutritional factors can affect a variety
of diseases, such as HL, in humans. Thus far, several studies have evaluated the association between
nutrition and hearing. These studies found that the incidence of HL was increased with the lack of
single micro-nutrients such as vitamins A, B, C, D and E, and zinc, magnesium, selenium, iron and
iodine. Higher carbohydrate, fat, and cholesterol intake, or lower protein intake, by individuals
corresponded to poorer hearing status. However, higher consumption of polyunsaturated fatty acids
corresponded to better hearing status of studied subjects. In addition to malnutrition, obesity was
reported as a risk factor for HL. In studies of the relationship between middle ear infection and
nutrition in children, it was reported that lack of vitamins A, C and E, and zinc and iron, resulted in
poorer healing status due to vulnerability to infection. These studies indicate that various nutritional
factors can affect hearing. Therefore, considering that multifactorial nutritional causes are responsible,
in part, for HL, provision of proper guidelines for maintaining a proper nutritional status is expected
to prevent some of the causes and burden of HL.
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1. Introduction

Hearing loss (HL), caused by partial or complete dysfunction of the auditory pathway from
the external ear to the cerebral auditory cortex, is the most important and frequent symptom of ear
disorders [1]. HL is a major public health problem and has been recently ranked as the fifth leading
cause of years lived with disability, even higher than many other chronic diseases such as diabetes,
dementia, and chronic obstructive pulmonary disease. Moreover, according to the World Health
Organization (WHO), the incidence of auditory disorders is increasing at an alarming rate without
much concern or perception by society and public health officials [2–5]. Because HL affects the quality
of life and communication and relationships with others, it is related to the social costs as well as
economic costs of medical treatment [6]. In particular, HL affects talking and has been associated
with depression and anxiety [7]. Affected children are likely to experience delays in development of
speech, language and cognition, and poor school performance [8], whereas adults face higher risks
of unemployment or low earnings [9]. Recently, it has been reported that hearing impairment is
associated with increased cognitive dysfunction and dementia in the elderly [10–12] and that social
isolation accompanies the daily life of those with impaired hearing [13].

HL is most often a sensorineural origin due to irreversible loss of hair cells and/or spiral
ganglion neurons. Causes of sensorineural HL (SNHL) are multifactorial factors, including genetic
and environmental factors such as noise, toxicity and aging [14]. Sex has commonly been a
statistically significant factor, with males having worse hearing thresholds than females [15]. Other
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statistically significant covariates include education/socioeconomic status [16,17], noise exposure [18],
race/ethnicity [19], smoking and second-hand smoke [20,21], cardiovascular health [18,22],
diabetes [23], genetics [24,25], and ototoxic drugs [23]. In addition to these factors associated with
HL, severe prenatal iodine deficiency has been listed by the WHO as a nutritional cause of HL [26,27],
leaving the broad roles of diet and nutrition within this complex set of etiologies yet to be defined.
Nutritional status is the key to aging disability, but the interaction between nutrition and SNHL has
only recently gained attention. Nutrition is the science of interpreting the interaction of nutrients and
other substances in food with respect to the maintenance, growth, reproduction, health and disease of
organisms. It includes food intake, absorption, assimilation, biosynthesis, catabolism and excretion [28].
Therefore, nutritional status or nutritional factors can affect various diseases occurring in humans. It is
known that various diseases of the metabolic syndrome are affected by these nutritional factors, and
HL may also be involved. To reduce the burden on HL, it is important to identify the protection factors
and avoid risk factors. In this respect, nutritional factors could help the first step for the prevention and
potential repair of hearing damage before it can reach an irreversible state. Therefore, it is important to
closely review the nutritional factors related to the pathophysiologic mechanism of HL.

This review of studies of nutrition and hearing has been conducted to investigate the types
of nutrients, other than the well-known toxic substances, that play an important role in HL and to
determine the mechanisms that affect HL.

2. Evidence that Nutrition is a Factor Affecting HL

The results of these numerous previous studies revealed that the common causes of HL are age
and noise exposure. The prevalence of HL is rapidly increasing due to population aging, increased
loud environments, and increased use of listening devices [29]. Other major causes of this burden
vary across the different stages of life and include congenital disorders, otitis media, ototoxic drugs,
and vaccine-preventable infections such as measles, mumps, and rubella [29]. However, there is no
definitive study on what roles nutrition plays in the pathophysiologic mechanism of HL. One possibility
is that dietary quality influences hearing status by mediating vulnerability of the inner ear to
age-related changes [30]. One of the factors associated with age-related change is free radical formation.
Free radical formation in the inner ear is a key mechanism for HL [31,32], causing vasoconstriction
leading to the death of the inner ear cells. Subsequent reperfusion of cochlear cells further contributes
to free radical formation and further cell death, similar to what is observed in stroke. In addition,
antioxidants such as vitamins, which inhibit the formation of free radicals, may play a specific role in
preventing and treating HL [33]. Therefore, several studies have been reported on the relationship
between HL and vitamins A [33–39], C [33,35–37,40], and E in humans [33–37,40]. Magnesium (Mg) has
also been reported to reduce HL through synergistic effects with vitamins [33,36,41–43]. These findings
suggest that free radical scavengers, such as vitamins A, C and E, act in synergy with Mg to reduce
changes in hearing thresholds more reliably than treatment with any single agent. Therefore, higher
intake of antioxidants and/or magnesium may be associated with a lower risk of HL. Selenium (Se)
may also play a role in hearing [44,45]. Moreover, a lack of vitamin B has been reported to increase the
risk of HL [39,46–48], whereas studies in animal models indicate that antioxidants reduce potential free
radical damage associated with micronutrient deficiency. Exposure to intense noise over time activates
morphological, physical and mechanical mechanisms that can cause cochlear damage and result in
HL [31]. Metabolic and molecular mechanisms may also be responsible for this type of lesion [32].
Although the exact mechanisms required for the induction of temporary HL are unclear, recent
studies indicate that the formation of reactive oxygen species (ROS) and oxidative stress are the main
metabolic causes of temporary HL [43,48]. Permanent HL of cochlear origin is thought to be caused by
the death of hair cells, both internal and external, primary afferent neurons, or both [41,42]. ROS are
molecules characterized by the presence of unpaired electrons; they are always present in the body and
participate in homeostasis and important signaling pathways. However, imbalances in the endogenous
antioxidant system can increase ROS concentrations to toxic levels, causing cell death due to damage
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to cell membranes, cytoplasm and mitochondria. In particular, excess free radicals in the cells of the
cochlear sensory epithelium, spiral ganglion neurons and cochlear blood vessels can play an important
role in the onset of HL. Excess ROS, induced by intense noise exposure and toxic drugs, is a key factor
in the pathogenesis of HL, along with other stresses and aging [33,35–37,44,45]. Several studies have
shown that loud noise induces unnecessary ROS production and the overproduction of certain cells
in the cochlea resulting in cell damage and noise-induced HL. Under these conditions, high blood
concentrations of antioxidants could inhibit the production of ROS, suggesting that antioxidants reduce
cell damage by suppressing ROS production in hair cells exposed to noise [31–33].

In contrast to vitamins and minerals, higher carbohydrate intake [49], fat intake [36,50–53],
and cholesterol intake [54–56] have been reported to have a negative effect on hearing outcome.
Damage to the blood supply to the cochlea can contribute to a decrease in auditory sensitivity, and thus
vascular factors are known to play a key role in the development and progression of HL [57]. Excessive
consumption of carbohydrates, fats and cholesterol can increase the risk of cardiovascular [58] and
cerebrovascular disease [59], and similar mechanisms can damage cochlea blood flow [60]. In contrast,
consumption of fish and higher intakes of long-chain omega-3 polyunsaturated fatty acids (PUFAs)
have been reported to have a positive impact on auditory sensitivity by improving blood supply to the
cochlea [61]. Taken together, these results suggest that micronutrients and macronutrients can interact
in a variety of forms on the hearing outcome.

In another study, a Healthy Eating Index (HEI) was used as a measure of total dietary value to
utilize dietary patterns as an alternative method to investigate the relationship between nutrition and
hearing considering the limitations of single nutritional analysis [30,62]. Other studies have also used
biomarkers (such as serum albumin levels) or anthropometric indices to assess general nutritional
status [63]. All reported that the general nutritional status was a factor that could affect HL and that
the risk of HL was increased with poorer general nutritional status.

There are also studies on the relationship between pediatric HL and nutrition [64–68]. According
to these studies, certain nutritional deficiencies associated with iodine and thiamine can increase
the risk of HL, even with only limited data and an unquantified threshold of interest. In children,
in particular, the most common cause of HL is related to middle ear infections. Therefore, studies
on the effect of nutrition on middle ear infections have been reported, and these studies suggest that
micronutrient status and vitamin deficiency (such as vitamin A or zinc) may cause more frequent
inflammation in the middle ear, leading to increased frequency of otitis media, which increases the risk
of HL [69–83].

Most of these studies on the association between nutrition and HL have reported an increased
risk of HL in certain nutritional deficiencies. However, recent studies have also shown that obesity,
an excessively increased state of nutrition, increases the risk of HL [84–93]. A key hypothesis for the
mechanism of the relationship between obesity and HL is that deformation of the capillary wall due to
excessive fat tissue damaging the delicate inner ear system, resulting in vasoconstriction of the inner
ear [94].

3. Studies on Nutrition and Hearing

3.1. Impact of Single Nutrition on Hearing (Table 1)

To date, various data have supported the possibility that the intake of certain nutrients has a
particular relevance to hearing outcomes (Table 1). Some of the nutrients suggested to play a role in
human hearing are vitamins, including vitamin A, B (specifically B2, B9 and B12), C and E [33–40,46,47].
Some of the minerals suggested to play a role in hearing include Mg and Se [33,36,41–45], although
there are also studies reporting no statistically significant association between HL and Mg [95].
In another recent study, women had better hearing when retinol and vitamin B12 levels were elevated,
or the intake of meat, red meat, and organ meat increased [39]. In contrast to the result in women,
there was no correlation between meat intake and hearing outcomes in males, and the association



Nutrients 2019, 11, 307 4 of 25

between increased seafood and shellfish intake was statistically significant. The authors point out
that red meat is a good source of retinol and B12. However, it is difficult to determine a definite
relationship because meat provides protein or other essential nutrients. Thus, these results highlight
potential interactions between nutrients, gender, possibly unknown environmental factors, genetic
factors, or other individual risk factors and hearing. In some studies, iodine and iron deficiency have
been reported as risk factors for HL although the exact pathophysiologic mechanism associated with
them has not yet been determined [26,27]. Vitamin D deficiency can induce HL by affecting calcium
metabolism and microcirculation in the cochlea or by affecting bone mineralization of the ossicles [96].
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Table 1. Studies assessing the association between hearing status and a single nutrient.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Schieffer et al.
(2017) [27] USA retrospective

cohort study 305,339 21–90 year

identified as having
hearing loss if they had
at least one encounter
associated with one of

the following spectra of
ICD-9 codes: CHL

389.0, SNHL 389.1, or
hearing loss 389

iron (low serum
ferritin <12.0

ng/dL)

IDA remained associated with an
increased odds of combined hearing

loss, adjusted OR: 2.41 (95% CI:
1.90–3.01), and also associated with

increased odds of SNHL (adjusted OR:
1.82 (95% CI: 1.18–2.66)).

IDA was associated with
SNHL and combined

hearing loss in a population
of adult patients.

Choi et al. (2014)
[33] USA Cross-sectional

2592
(NHANES
2001–2004)

20–69 year

PTA at speech (0.5, 1, 2
and 4 kHz) and high

frequencies (3, 4 and 6
kHz)

Vit. A
(β-carotene), Vit.

C, Mg

Each quartile showed dose-dependent
trends with lower (better) speech-PTA

and high-PTA.
(1) By using logistic

regression for hearing loss,
we found significant

dose-dependent reductions
in the odds of hearing loss
across quartiles of Vit. C

and E and β-carotene + Vit.
C + Vit. E.

(2) The estimated joint
effects were borderline

significantly larger than the
sums of the individual

effects (high
β-carotene/low

magnesium (−4.98%) and
low β-carotene/high Mg
(−0.80%), p-interaction =
0.08; high Vit. C/low Mg

(−1.33%) and low Vit.
C/high Mg (2.13%),
p-interaction = 0.09).
(3) Dietary intakes of

antioxidants and Mg are
associated with lower risks

for hearing loss.

Vit. E
Each quartile showed dose-dependent
trends with lower (better) speech-PTA.
Each quartile except Q2 (2nd quartile,

25~50%) showed dose-dependent
trends with lower (better) high-PTA.

β-carotene
+ Vit. C

Highest quartile had significantly
lower speech-PTA (quartile 4:

−14.95%; 95% CI: −20.82 to −8.65;
p-trend <0.001) and lower high-PTA
(quartile 4: −13.75%; 95% CI, −19.48

to −7.62; p-trend < 0.001) than did
those in the lowest quartile. Lowest

quartile, there was significantly lower
speech-PTA in the highest quartile

(quartile 4: −14.95%; 95% CI: −20.82
to −8.65; p-trend < 0.001).

β-carotene
+ Vit. C
+ Vit. E

Highest quartile had significantly
lower speech-PTA (quartile 4:

−14.81%; 95% CI, −20.80 to −8.37;
p-trend < 0.001) and lower high-PTA
(quartile 4: −13.72%; 95% CI, −20.15

to −6.77; p-trend < 0.001) than did
those in the lowest quartile.
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Table 1. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Michikawa et al.
(2009) [34]

Japan
community-based
cross-sectional

study

762 ≥65 year
failure to hear a 30-dB
HL signal at 1 kHz and
a 40-dB HL signal at 4
kHz in the better ear in

PTA

Vit. A (retinol)

Serum retinol inversely related to the
prevalence of hearing impairment;
adjusted OR for highest quartile
compared with lowest: 0.51 (CI:

0.26–1.00; p = 0.03).

Increased serum levels of
retinol and provitamin A
carotenoids were clearly

associated with a decreased
prevalence of hearing

impairment.

provitamin A
carotenoid

(β-cryptoxanthin,
and α- and
β-carotenes)

Serum provitamin A family inversely
related to the prevalence of hearing

impairment; adjusted OR for highest
quartile compared with lowest: 0.53

(CI: 0.27–1.02; p = 0.09).

Gopinath et al.
(2011) [35]

Blue
Mountains,

Sydney,
Australia

Cross-sectional
and 5-year

longitudinal
analyses

2956

≥50 year at
baseline,

1997–1999,
5-year retest
2002–2004

(1) Age-related HL
defined as PTA at 0.5,

1.0, 2.0 and 4.0 kHz >40
dB HL (Prevalence)

(2) Age-related hearing
loss defined as PTA

threshold at 0.5, 1.0, 2.0
and 4.0 kHz >25 dB HL

(5-year incidence)
(3) Moderate or greater
hearing loss defined as

PTA threshold at 0.5,
1.0, 2.0 and 4.0 kHz >25

dB HL (5-year
incidence)

(4) Moderate or greater
hearing loss defined as

PTA threshold at 0.5,
1.0, 2.0 and 4.0 kHz >25

dB HL (5-year
incidence)

Vit. A (retinol)

(1) Highest quintile: 47% reduced risk
of hearing loss >40 dB vs. lowest

quintile, adjusted OR: 0.53 (CI:
0.30–0.92; p = 0.04).

(3) Highest quintile: no reduced risk of
hearing loss >25 dB HL vs. lowest

quintile, multivariable-adjusted OR
0.98 (CI: 0.71–1.37; p = 0.94).

(4) Highest quintile: no reduced
incidence of hearing loss >25 dB HL vs.
lowest quintile, multivariable-adjusted

OR 0.85 (CI: 0.46–1.56; p= 0.69).

Dietary Vit. A and Vit. E
intake were significantly

associated with the
prevalence of hearing loss.

However, dietary
antioxidant intake did not

increase the risk of incident
hearing loss.

Vit. A
(β-carotene)

(1) Highest quintile compared to
lowest, no reduced risk,

multivariable-adjusted OR 1.17 (CI:
0.84–1.64; p = 0.85).

(2) Highest quintile: no reduced risk
vs. lowest quintile,

multivariable-adjusted OR 1.13 (CI:
0.61–2.10; p = 0.73).

Vit. C

(1) Highest quintile: no reduced risk
vs. lowest quintile,

multivariable-adjusted OR 0.84 (CI:
0.60–1.17; p = 0.29).

(2) Highest quintile: no reduced risk
vs. lowest quintile,

multivariable-adjusted OR 0.91 (CI:
0.49–1.69; p = 0.75).
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Table 1. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Vit. E

(1) Highest quintile: no reduced risk
vs. lowest quintile,

multivariable-adjusted OR 1.12 (CI:
0.81–1.53; p = 0.30).

(2) Highest quintile: no reduced risk
vs. lowest quintile,

multivariable-adjusted OR 0.94 (CI:
0.52–1.69; p = 0.70).

Vit. C + Vit. E

(1) A significant interaction between
vitamins C and E (p = 0.02); subjects in

the highest quintile of E but lowest
quintile of C had a lower prevalence of
hearing loss compared to subjects in
the lowest quintile of both C and E (p

= 0.03).

Spankovich et al.
(2011) [36]

Blue
Mountains,

Sydney,
Australia

cross-sectional
study 2111 49–99 year

(1) PTA for 250–2000 Hz
(2) PTA for 3000–8000

Hz

Vit. A (retinol)

(1) Average LPTA not reliably different.
(2) Average HPTA for highest quintile
(mean = 44.8 dB) reliably worse than
lowest quintile (mean = 41.3 dB); (p =

0.01).

Various nutrients with
known roles in redox

homeostasis and vascular
health are associated with

auditory function measures
in a human population.

Vit. C
(1) Highest quintile (mean = 16.8 dB)
reliably different from lowest quintile

(mean = 19.2 dB); (p = 0.005).

Vit. E
(1) Highest quintile (mean = 17.4 dB)

different from lowest (mean = 19.9 dB);
(p = 0.004).

Mg
(1) Highest quintile (mean = 17.7 dB)
reliably different from lowest quintile

(mean = 20.2 dB); (p = 0.004).

Péneau et al.
(2013) [39] France

Cross-sectional
and 13-year
longitudinal

analyses

1823 45–60 year
at baseline

the worse ear at the
following thresholds:

0.5, 1, 2 and 4 kHz

Vit. A (retinol)
Intakes of retinol (p = 0.058) tended to

be associated with better HL in
women.

Intake of retinol and Vit.
B12 tended to be associated
with a better HL in women.

Vit. B12
Intakes of Vit. B12 (p = 0.068) tended

to be associated with better HL in
women.
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Table 1. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Shargorodsky et
al. (2010) [40] USA

Health
Professionals

Follow-up
Study

26,273 men
40–70 year
at baseline

in 1986

Self-reported
professionally

diagnosed hearing loss,
measured using the

question

Vit. C, E, B12, A
(β-carotene)

Among men 60 years and older, total
folate intake was associated with a

reduced risk of hearing loss; the
relative risk for men ≥60 years old in
the highest compared to the lowest

quintile of folate intake was 0.79 (95%
confidence interval 0.65–0.96).

Higher intake of Vit. C, E,
B12, or beta-carotene does

not reduce the risk of
hearing loss in adult males.

Men 60 years of age and
older may benefit from
higher folate intake to

reduce the risk of
developing hearing loss.

Joachims et al.
(1993) [41] Israel

placebo-controlled
double-blind

study
320 Young adult

Thresholds measured at
2,3, 4, 6 and 8 kHz

before and after M16
firearm training 6

days/week × 8 weeks;
~420 shots/person, 164

dBA peak

Mg
4 g Mg

granulate
verum (6.7
mmol Mg

aspartate) or
placebo every
working day

during the
2-month

training period

In the placebo group, the percentages
of ears with PTS >25 dB at 4 kHz/6
kHz and/or 8 kHz after exposure to

firearm noise were twice as high as in
the Mg group.

Oral Mg-supplementation
as prophylaxis against

noise-induced hearing loss
was effective.

Attias et al.
(1994) [42] Israel

placebo-controlled,
double-blind

study
300 Young adult

Thresholds measured at
2,3, 4, 6 and 8 kHz

before and after M16
firearm training 6

days/week × 8 weeks;
~420 shots/person, 164

dBA peak

Mg
each subject

received daily
an additional

drink
containing

either 6.7 mmol
(167 mg)

magnesium
aspartate or a

similar quantity
of placebo

(Na-aspartate)

NIPTS was significantly more frequent
and more severe in the placebo group

than in the magnesium group,
especially in bilateral damages.

A significant natural agent
for the reduction of hearing
damages in noise-exposed

population.

Attias et al.
(2004) [43] Israel double-blind

manner 20 men 16–37

Thresholds measured at
1, 2, 3, 4, 6 and 8 kHz
before and after a 90

dB-SL white noise × 10
min

Mg
: 122 mg Mg,

delivered as Mg
aspartate,

once/day × 10
days, or placebo

Amount of TTS reduced at 2 kHz (p =
0.005), 3 kHz: p = 0.011); prevalence of

TTS reduced at 3 kHz (p = 0.034), 4
kHz (p = 0.034), 8 kHz (p = 0.02)

A novel, biological, natural
agent for prevention and

possible treatment of
noise-induced cochlear

damage in humans.
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Table 1. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Weiji et al.
(2004) [44] Netherlands

randomized,
double-blind,

placebo-controlled
study

48 Not known PTA Vit. C, E and Se

Patients who achieved the highest
plasma concentrations of the three

antioxidant micronutrients had
significantly less loss of high-tone

hearing.

Chuang et al.
(2007) [45] Taiwan case-control

study

294
(control =
173, case =

121)

Not known PTA Se Se was inversely associated with
hearing thresholds.

Se may be a protection
element on auditory

function

Durga et al.
(2007) [46] Netherlands

Double-blind,
randomized,

placebo-controlled
trial

728 Not known

3-year change in
hearing thresholds,

assessed as the PTA of
both ears of the low

(0.5-kHz, 1-kHz, and
2-kHz) and high

(4-kHz, 6-kHz, and
8-kHz) frequencies.

Vit. B12 (Folic
acid): Daily oral

folic acid (800
mg) or placebo

supplementation
for 3 years

After 3 years, thresholds of the low
frequencies increased by 1.0 dB (95%

CI, 0.6 to 1.4 dB) in the folic acid group
and by 1.7 dB (CI, 1.3 to 2.1 dB) in the
placebo group (difference, −0.7 dB (CI,

−1.2 to −0.1 dB); p = 0.020).

Folic acid supplementation
slowed the decline in
hearing of the speech

frequencies associated with
aging in a population from
a country without folic acid

fortification of food.

Kabagambe et
al. (2018) [47] USA Cross-sectional

study

1149
(NHANES
2003–2004)

20–69 year
PTA at 0.5, 1.0, 2.0 and
4.0 kHz was computed

for each ear

Vit. B12
: Erythrocyte

folate, serum Vit.
B12

Compared to the 1st quartile, the ORs
(95% CIs) for hearing loss were 0.87
(0.49–1.53), 0.70 (0.49–1.00), and 1.08
(0.61–1.94) for the 2nd, 3rd and 4th

quartile of erythrocyte folate.

a U-shaped relationship
between erythrocyte folate

levels and hearing loss.

Quaranta et al.
(2004) [48] Italy Case-control

study 20 20–30 year

hearing thresholds and
TTS (10 min of

exposure, narrowband
noise centered at 3 kHz,

the bandwidth of 775
Hz, 112 dB SPL) were

measured before and 8
days after treatment

Vit. B
(Cyanocobalamin)
Cyanocobalamin
1 mg/day × 7
days plus 5 mg

on day 8), or
placebo

TTS was reduced at 3 kHz (p < 0.001);
TTS at 4 kHz was not reliably reduced

(p = 0.061).

elevated plasma
cyanocobalamin levels may
reduce the risk of hearing

dysfunction resulting from
noise exposure in healthy,

young subjects.

Gopinath et al.
(2010) [49]

Blue
Mountains,

Sydney,
Australia

population-based
cross-sectional

study
(1997–1999 to

2002–2004)

2956 ≥50 year

Hearing loss defined as
the PTA of frequencies
0.5, 1.0, 2.0 and 4.0 kHz

> 25 dB

Carbohydrate
: dietary

glycemic index
(GI) and load

(GL)

A higher mean dietary GI was
associated with an increased

prevalence of any hearing loss,
comparing quintiles 1 (lowest) and 5

(highest), (multivariable-adjusted
odds ratio = 1.41 (95% CI = 1.01–1.97)).

Higher carbohydrate and sugar
intakes were associated with incident

hearing loss (p-trend = 0.03 and
p-trend = 0.05, respectively).

high-GL diet was a
predictor of incident
hearing loss, as was a
higher intake of total

carbohydrate.
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Table 1. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Dullemeijer et
al. (2010) [52] Netherlands

Cross-sectional
and 3-year

longitudinal
analyses

720 50–70 year

PTA in the low
(0.5-kHz, 1-kHz, and

2-kHz) and high
(4-kHz, 6-kHz, and

8-kHz) frequencies over
three years

plasma
very-long-chain

n-3 PUFAs

the highest quartile of plasma
very-long-chain n-3 PUFA had less
hearing loss in the low frequencies

over three years than subjects in the
lowest quartile (p < 0.01, ANCOVA,

the difference in mean adjusted
hearing thresholds= −1.2 dB).

an inverse association
between plasma

very-long-chain n-3 PUFAs
and age-related hearing

loss.

Gopinath et al.
(2010) [53]

Blue
Mountains,

Sydney,
Australia

population-based
cross-sectional

study
(1997–1999 to

2002–2004)

2956 ≥50 year
PTA of frequencies 0.5,

1.0, 2.0 and 4.0 kHz >25
decibels of hearing loss

PUFA and fish
intakes

an inverse association between total
n-3 PUFA intake and the prevalence of
hearing loss (odds ratio (OR) per SD

increase in energy-adjusted n-3 PUFAs:
0.89; 95% CI: 0.81, 0.99).

Dietary intervention with
n-3 PUFAs could prevent
or delay the development
of age-related hearing loss

Suzuki et al.
(2000) [54] Japan cross-sectional

study 924 40–59 year
PTA of frequencies 2

KHz and 4 KHz on the
better-hearing ear

serum
concentrations

of total
cholesterol,

triglyceride, and
high-density
lipoprotein
cholesterol

As for high-density lipoprotein
cholesterol, hearing levels at 2000 Hz

(p < 0.05) and 4000 Hz (p < 0.01) in the
high-level group were significantly
better than those in the low-level

group in men.

A low high-density
lipoprotein cholesterol

concentration is associated
with hearing loss.

Evans et al.
(2006) [55] USA cross-sectional

study 40 34–73 year
PTA of frequencies at

0.25, 0.5, 1, 2, 3, 4, 6 and
8 kHz, DPOAE

triglyceride elevated triglycerides were associated
with reduced hearing.

chronic dyslipidemia
associated with elevated
triglycerides may reduce

auditory function,
short-term dietary changes

may not.

Curhan et al.
(2014) [61] USA prospective

cohort study

65,215
women

(Data were
from Nurses’

Health
Study II)

25–42 year self-reported hearing
loss

long-chain
omega-3 PUFAs

In comparison with women in the
lowest quintile of intake of long-chain

omega-3 PUFAs, the
multivariable-adjusted RR for hearing

loss among women in the highest
quintile was 0.85 (95% CI: 0.80, 0.91)

and among women in the highest
decile was 0.78 (95% CI: 0.72, 0.85)

(p-trend < 0.001).

Regular fish consumption
and higher intake of

long-chain omega-3 PUFAs
are associated with lower

risk of hearing loss in
women.
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Table 1. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Kim et al. (2015)
[97] Korea

Cohort-based
cross-sectional

study

4615
(KNHNES
2009–2012)

60–80 year PTA of frequencies at
0.5, 1, 2, 3, 4 and 6 kHz

Food intake
data total

energy intake,
the proportion
of protein, fat,
carbohydrate

Low fat and protein intakes were
associated with hearing discomfort

(OR 0.82, 95% CI 0.71, 0.96, p = 0.011;
OR 0.81, 95% CI 0.67, 0.96, p = 0.017,

respectively).

low fat and protein intakes
are associated with hearing

discomfort in the elderly
Korean population.

Wong et al.
(2017) [98] USA Prospective

study 32 18–28 year
PTA of frequencies at

0.25, 0.5, 1, 2, 3, 4, 6 and
8 kHz

Dietary
carotenoids

lutein (L) and
zeaxanthin (Z)

L and Z status was related to many,
but not all, of the pure tone thresholds
we tested: 250 Hz (F(632) = 4.36, p <
0.01), 500 Hz (F(632) = 2.25, p < 0.05),
1000 Hz (F(632) = 3.22, p < 0.05), and

6000 Hz (F(632) = 2.56, p < 0.05).

The overall pattern of
results is consistent with a

role for L and Z in
maintaining optimal

auditory function.

ICD, international classification of diseases; CHL, conductive hearing loss; SNHL, sensorineural hearing loss; IDA, iron deficiency anemia; OR, odds ratio; CI, confidence interval;
NHANES, National Health and Nutrition Examination Survey; PTA, pure tone average; DPOAE: distortion product otoacoustic emission; Vit., vitamin; LPTA, low-frequency of pure
tone average; HPTA, high-frequency of pure tone average; dBA, decibels acoustic; SL, sensation level; SPL, sound pressure level; TTS, temporary threshold shift; Mg, magnesium; HL,
hearing level; PTS, permanent threshold shifts; NIPTS, noise-induced permanent hearing threshold shifts; Se, selenium; GI, dietary glycemic index; GL, dietary glycemic load; PUFA,
polyunsaturated fatty acids; KNHNES, Korean National Health and Nutrition Examination Survey; L, Dietary carotenoids lutein; Z, Dietary carotenoids zeaxanthin; ANCOVA, analysis of
covariance; SD, standard deviation; RR, risk ratio.
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Some previous studies have shown that excessive nutrient intake is associated with hearing in
humans, especially with high levels of carbohydrate, fat and cholesterol intake associated with poor
hearing outcomes. It has been reported that the risk of HL may be increased in adults with a higher
glycemic index (index of carbohydrate quality) and higher glycemic load (index of both quality and
quantity), as well as higher total carbohydrate intake [49]. The first association between dietary fat and
HL was proposed in the Mabaan tribe in Sudan where a better-than-expected cardiovascular function
and hearing sensitivity were observed [50]. It was also shown that when an institutionalized patient
diet was manipulated by replacing saturated fat with unsaturated fat, low hearing thresholds were
observed [51]. PUFAs have been implicated in hearing results in more recent studies [36,52,53,61].
Regular fish consumption and higher intake of long-chain omega-3 PUFAs are associated with lower
risk of HL in women [39]. In addition, high-density lipoprotein depletion and elevated triglycerides are
associated with HL [54,55] although the relationship between HL and total cholesterol is unclear [54,56].
On the contrary, in a 2015 report in which 36,067 subjects were surveyed, an association of low fat
(and low protein) diets with hearing discomfort (mean hearing thresholds), after adjustments for
confounding variables such as BMI, smoking, and economic status were made, was observed [97].
In addition, it has been reported that dietary carotenoids lutein (L) and zeaxanthin (Z) play a role in
maintaining optimal auditory function [98].

3.2. Impact of General Nutritional Status on Hearing (Table 2)

One of the most critical limitations of the single nutrition study is the inability to fully control the
effect of other nutrients. This is because humans are omnivorous animals who ingest various nutrients
at the same meal. Therefore, in order to overcome this, many researchers have been trying to clarify the
relationship between the generalized nutrition status and various diseases by analyzing the subject’s
overall eating habits, such as via the HEI [30,62]. The HEI assesses the overall quality of a person’s
diet by assessing how well a person’s diet conforms to the U.S. Dietary Guidelines for Americans [99].
The use of dietary patterns allows parallel lines that better match the “real” diet, and nutrients are
ingested as a combination of foods rather than individually. In other studies, dietary diversity scores
were used to assess nutritional status [100]. In a Japanese community-based prospective cohort
study, serum albumin and three anthropometric indices, such as body mass index (BMI), midarm
circumference (MAC), and calf circumference (CC), were used to assess general nutritional status [63].
These studies suggested that lower marker values of overall nutritional status were associated with
greater incidence of HL. However, the relationship between obesity and hearing status is reported
in contrast to these previous studies. The current literature suggests that obesity is associated with
age-related HL and sudden SNHL (SSNHL) [84–92]. In addition, underweight and severe obesity
have been associated with an increased prevalence of HL in a cross-sectional study in a Korean
population [93]. Therefore, from a review of the literature, it can be seen that various data support
the possibility that dietary patterns affect hearing status and the relationship between total dietary
patterns and hearing has been established in some cases (Table 2).
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Table 2. Studies assessing the association between hearing status and general nutritional status or dietary pattern.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Spankovich et al.
(2013) [30] USA Cross-sectional

study 2366
20–69 year
(NHANES
1999–2002)

PTA of frequencies at
0.25, 0.5, 1, 2, 3, 4, 6 and

8 kHz.
LFPTA (0.5, 1 and 2

kHz) and HFPTA (3, 4,
6 and 8 kHz)

HEI (HEI scores
greater than 80
as “good” and
scores less than
51 as “poor”.)

Controlling for age, race/ethnicity,
sex, education, diabetes, and noise
exposure, we found a significant
negative relationship (Wald F =
6.54, df = 429; p ≤ 0.05) between
dietary quality and thresholds at
higher frequencies, where higher

dietary quality was associated
with lower hearing thresholds

The current findings
support an association

between healthier eating
and lower high-frequency

thresholds in adults.

Spankovich et al.
(2014) [62] USA Cross-sectional

study 2176
20–69 year
(NHANES
1999–2002)

PTA of frequencies at
0.25, 0.5, 1, 2, 3, 4, 6 and

8 kHz.
LFPTA (0.5, 1 and 2

kHz) and HFPTA (3, 4,
6 and 8 kHz)

HEI (HEI scores
greater than 80
as “good” and
scores less than
51 as “poor”.)

(1) higher (better) HEI was
associated with lower (better)

HFPTA (Wald F = 5.365, df = 426; p
= 0.003).

(2) lower (better) HFPTA
thresholds associated with higher

(better) HEI scores (Wald F =
22.438, df = 129; p < 0.0010).
(3) The top HEI had better

thresholds at individual
frequencies compared to poorer

HEI (at 3 kHz (Wald F = 22.453, df
= 129; p < 0.001), 4 kHz (Wald F =
42.712, df = 129; p < 0.001), and 6

kHz (Wald F = 13.306, df = 129; p =
0.001)).

healthier diets may be
associated with some small

but reliable benefit with
respect to HFPTA in
individuals that are

exposed to noise of various
types and kinds.

Michikawa et al.
(2016) [63] Japan

Community-based
prospective
cohort study

338 ≥65 year

Hearing impairment
was defined as failure

to hear a 30-dB hearing
level signal at 1 kHz

and a 40-dB signal at 4
kHz in the better ear on

PTA

serum albumin,
BMI, MAC, CC

Those with lower marker values
had greater risk of hearing

impairment than those with higher
marker values

(multivariable-adjusted odds ratio
(aOR) = 2.18, 95% confidence
interval (CI) = 1.05–4.57 for

albumin ≤4.0 g/dL; aOR = 2.72,
95% CI = 1.10–6.71 for BMI <19.0

kg/m2). The pattern of association
showed a similar tendency for

MAC and CC.

Improve markers of
nutritional status may help
prevent age-related hearing

loss in older adults.

Hwang et al.
(2009) [84] Taiwan

Prospective
ross-sectional

study
690 44–47 year

PTA of frequencies at
0.25, 0.5, 1, 2, 4 and 8

kHz.
LFPTA (0.25, 0.5 and 1
kHz) and HFPTA (2, 4

and 8 kHz)

Obesity (WC
>90 cm male
and >80 cm

female)

WC is independently associated
with HL, but this differs by age

and gender.

Central obesity was more
important than BMI as a

risk factor for ARHL.
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Table 2. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Lee et al. (2015)
[85] Korea

A
cross-sectional

and
longitudinal
prospective

study

1296 35–65 year
PTA—HL defined as

425 dB with no middle
ear pathology

BMI, TC, TG,
HDL-C, LDL-C

Elevated TC and TG levels and
increased BMI are significantly

associated with the prevalence of
SSNHL and its prognosis,
indicating that vascular

compromise may play an
important role in the pathogenesis

of SSNHL.

Elevated TC, TG, and BMI
are significantly associated

with the prevalence of
SSNHL.

Hwang et al.
(2015) [86] Taiwan Retrospective

cohort study 254 40–70 year

PTA: an average of 1, 2
and 4 kHz >10 dB

between the affected
and non-affected ear

BMI ≥25 kg/m2

Multivariate logistic regression
analysis also showed that BMI (OR

= 1.04, 95% CI = 0.964–1.131, p =
0.292) was not significantly

associated with the recovery of
SNHL for all subjects, after
adjusting for all considered

variables.

BMI was not significantly
and independently

associated with prognosis
of SSNHL.

Lalwani et al.
(2013) [87] USA

Retrospective
cross-sectional

study
1488 12–19 year

PTA: LFPTA (0.5, 1 and
2 kHz) and HFPTA (3,

4, 6 and 8 kHz)

BMI ≥95
percentile

In multivariate analyses, obesity
was associated with a 1.85-fold

increase in the odds of unilateral
low-frequency SNHL (95% CI:
1.10–3.13) after controlling for

multiple hearing-related
covariates.

Obesity in childhood is
associated with higher

hearing thresholds across
all frequencies and an

almost two-fold increase in
the odds of unilateral

low-frequency hearing loss.

Kang et al.
(2015) [88] Korea

Retrospective
cross-sectional

study
16,554 >18 year

PTA: an average of 0.5,
1, 2, 3, 4 and 6 kHz

LFPTA (0.5 and 1 kHz)
and MFPTA (2 and 3
kHz) and HFPTA (4

and 6 kHz)

BMI, WC,
presence of
metabolic
syndrome

In the multivariate analysis,
metabolic syndrome was

associated with increased hearing
thresholds in women.

Women with metabolic
syndrome had higher

hearing thresholds than
those without.

Curhan et al.
(2013) [89] USA

Retrospective
longitudinal

study
68,421 25–42 year Self-reported hearing

loss BMI, WC

Compared with women with BMI
<25 kg/m2 the

multivariate-adjusted relative risk
(RR) for women with BMI ≥40

was 1.25 (95% confidence interval
(CI), 1.14–1.37). Compared with

women with waist circumference
<71 cm, the multivariate-adjusted
RR for waist circumference >88 cm

was 1.27 (95% CI, 1.17–1.38).

Higher BMI and larger WC
are associated with

increased risk of hearing
loss in women.
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Table 2. Cont.

Authors and
Reference Country Study Design n Age Hearing Status Metric Nutritional

Factor Outcome Conclusion

Kim et al. (2014)
[90] Korea

Prospective
cross-sectional

study
662 40–82 year PTA

BMI, WC,
visceral adipose

tissue

After adjusting for age, systemic
disease and other variables, a
positive association between

visceral adipose tissue (VAT) area
and the average hearing threshold

were observed in women.

Visceral adipose tissue is
significantly associated

with ARHL in women over
40 years.

Wu et al. (2015)
[91] Taiwan

Prospective
cross-sectional

study
1682 40–80 year PTA BMI, WC

The association between
ADIPOQ and hearing

threshold appears to be
influenced by ADIPOR1

genotypes.

Barrenas et al.
(2005) [92] Sweden Retrospective

cohort study 245,092 0–80 year PTA BMI ≥25 kg/m2

Compared with conscripts with
average body mass index,

overweight was associated with
30%, obesity with 99%, and
overweight if born light for

gestational age with 118% higher
risk of SNHL.

Increased WC was
associated with a doubled

risk of SNHL.

Kim et al. (2016)
[93] Korea Cross-sectional

study 61,052 ≥30 year PTA of frequencies at
0.5, 1, 2, 3, 4 and 6 kHz BMI

Multivariate analysis showed that
the odds ratios of hearing loss in

the severely obese, and
underweight groups, compared

with the normal group, were 1.312
and 1.282, respectively.

Underweight and severe
obesity were associated

with an increased
prevalence of hearing loss

in a Korean population.

Shiraseb et al.
(2016) [100] Iran Cross-sectional

study 400 20–50 year IVA CPT DDS

Mean visual and auditory
sustained attention showed a

significant increase as the quartiles
of DDS increased (p = 0·001).

Higher DDS is associated
with better visual and

auditory sustained
attention.

NHANES, National Health and Nutrition Examination Survey; PTA, pure tone average; LFPTA, low-frequency PTA; MFPTA, mid-frequency PTA; HFPTA, high-frequency PTA; HL,
hearing loss; SNHL, sensorineural hearing loss; OR, odds ratio; CI, confidence interval; HEI, Healthy Eating Index; BMI, body mass index; MAC, midarm circumference; CC, calf
circumference.; WC, waist circumference; ADIPOR1, Adiponectin receptor 1; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; ARHL, age-related hearing loss, SSNHL, sudden sensorineural hearing loss; ADIPOR, Adiponectin receptor; IVA CPT, Integrated Visual and Auditory Continuous
Performance Test; DDS, Dietary diversity scores.
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3.3. Impact of Nutrition on Pediatric Hearing (Tables 3 and 4)

HL is the most common communication disorder that may potentiate delays in language, social,
and behavioral developments in children [101]. Even children who are not severely affected may face
increased risks of grade failure, behavioral problems, and interpersonal interactions, and require
significant financial investment [101,102]. In addition, the specific needs for special education,
amplification devices, and missed parental work have inevitable ramifications beyond the directly
affected family unit, and the expected lifetime cost for a single prelingually deafened child exceeds
$1,000,000 [102]. There have been many studies to identify the risk factors of pediatric HL because of
its great impact both on social and economic aspects, one of which is the relationship between nutrition
and HL. These studies can be divided into two major categories: (1) the study of the overall hearing
status and (2) the study of HL that occurs in relation to middle ear infections.

Like adults, the relationship between general hearing status and nutrition in children can be
divided into studies about single and general nutritional statuses (Table 3). One cross-sectional study
assessed the HL of 0–3-month-old infants (n = 3386) in Nigeria. In this study, the authors defined
infant malnutrition as an infant with Z scores less than two standard deviations below one of three
indices (age-specific weight, age-specific BMI or BMI) and one of the hearing thresholds greater
than 30 dB of at least one ear. Infants with poor nutritional status were significantly more likely
to have severe sensory nerve impairment than infants without nutritional deficiencies [64]. Based
on these results, the researchers added the weight for the length as a fourth index and could still
demonstrate, using the entire study population (n = 6585), that early-onset hearing loss was much more
prevalent among malnourished infants [65]. Single nutrition studies in pediatric populations include
studies of iodine and thiamine deficiencies. One cross-sectional study showed that hearing thresholds
were worse among children at risk for mild and moderate iodine deficiency and had a statistically
significant correlation between hearing and urinary iodine levels at 4 kHz [66]. One randomized,
placebo-controlled intervention trial (n = 197) with an observation period of 11 months, reported
that the mildly iodine-deficient child population with higher serum thyroglobulin concentrations had
significantly higher hearing thresholds in the higher frequency range (≥2 kHz) than children with lower
serum thyroglobulin concentrations. Therefore, this study suggested that even if the iodine deficiency
was “mild”, it was still important to promote adequate iodine intake through the salt iodination
program and other methods [67]. In another study, a small case series (n = 11), which examined infants
with thiamine deficiency resulting in pediatric intensive care unit admission, found a prevalence of
HL and auditory neuropathy of between 27.3% to 45.5% among affected infants [68]. After thiamine
supplementation, postintervention hearing evaluation showed improvement in 5 of 11 cases.

The most common cause of HL in the pediatric population is middle ear infections such as otitis
media. Therefore, many studies concerning middle ear infection related to HL in children have been
reported (Table 4). To summarize these studies, deficiencies of single micronutrients and vitamins
(such as zinc, vitamin A, iron, and retinol) are associated with mild ear pathologies such as acute or
chronic otitis media [69–76]. In addition, multi-micronutrient supplementation studies have reported
that the frequency of HL is significantly reduced when these nutrients are supplied sufficiently [77–83].
In a large, well-controlled trial in Bangladeshi children, zinc supplementation showed a significant
protective effect in reducing otitis media and indicates a significant importance in reducing the infection
pathology of middle ear disease [76]. The precise mechanism for these is yet to be elucidated, but it is
assumed that the deficiency of these nutrients affects the mucosa of the middle ear or Eustachian tube,
thereby increasing the infection by increasing the inflammatory response.
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Table 3. Studies assessing the association between pediatric hearing status and nutrition.

Authors and
Reference Country Study Design n Age Hearing Status

Metric Nutritional Factor Outcome/Conclusion

Olusanya (2010)
[64] Nigeria Cross-sectional

study 3386 0–3 months TEOAE, ABR

Z-score less than
−2 for any of:

weight-for-age,
BMI-for-age,

length-for-age

Infants with any undernourished
physical state were significantly more
likely to have severe-profound SNHL

than infants without any
undernourishment.

Olusanya (2011)
[65] Nigeria Cross-sectional

study 6585 0–3 months TEOAE, ABR

Z-score less than
−2 for any of:

weight-for-age,
BMI-for-age,

length-for-age,
weight-for-length

Undernourished infants have a
significantly higher risk for

early-onset permanent hearing loss.

Valeix et al. (1994)
[66] France Cross-sectional

study 1222 10 months, 2
year, 4 year

PTA of frequencies
at 0.5, 1, 2, and 4

kHz.

Iodine (Urinary
iodine excretion)

Hearing loss at 4000 Hz and PTA
were more severe among children at

risk of mild to moderate iodine
deficiency; statistically significant

positive correlation between hearing
at 4000 Hz and urine iodine levels.

Van den Briel et al.
(2001) [67] Netherlands.

randomized,
placebo-controlled
intervention trial

with an
observation period

of 11 months.

197 (iodine
supplement = 97,

placebo
supplement = 100)

7–11 year
PTA of frequencies
at 0.25, 0.5, 1, 2, 3,

4, and 6 kHz.
Iodine

In this mildly iodine-deficient child
population, children with higher

serum thyroglobulin concentrations
had significantly higher hearing

thresholds in the higher frequency
range (> or = 2000 Hz) than children

with lower serum thyroglobulin
concentrations.

Attias et al. (2012)
[68] Israel Case series 11

2–5 months
(follow-up

period: 6–8 year)
ABR, PTA Thiamine

Human infantile thiamine deficiency
may be uniquely associated with

dysfunctions of the cochlea or
auditory nerve, and/or auditory

brainstem pathways.

TEOAE, transient evoked otoacoustic emissions; ABR, auditory brainstem response; BMI, body mass index; SNHL, sensorineural hearing loss; PTA, pure tone average.
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Table 4. Studies assessing the association between pediatric middle ear infection and nutrition.

Authors and
Reference Country Study Design n Age Nutritional Factor Outcome/Conclusion

Brooks et al. (2005)
[69] Bangladesh Randomized

controlled trial
1621

(Zinc = 809, placebo = 52) 2–12 month

Zinc
: randomly assigned

zinc (70 mg) or
placebo orally once

weekly for 12 months.

There were significantly fewer incidents
of SOM in the zinc group than the

control group (relative risk 0.58, 95% CI
0.41–0.82, p = 0.02).

Golz et al. (2001) [70] Israel Observational clinical
trial

880
(frequent AOM = 680,

healthy = 200)
18 month–4 year Iron

IDA children had more episodes of
acute otitis media when compared with

children with average levels. By
increasing the hemoglobin level in these
children, the frequency of the episodes

of acute otitis media decreased
significantly.

Tunnessen et al.
(1987) [71] USA Longitudinal

167
(cow’s mink = 69,

Iron-fortified
formula=98)

6–12 month Iron (serum ferritin
levels)

No significant differences in frequency
of otitis media.

D’Saouza et al. (2002)
[72] Australia meta-analysis

1028
(Vit. A = 492, placebo =

536)
6 month–13 year Vit. A

Vit. A does have a beneficial effect on
reduction of OM (RR = 0.26 95% CI =

0.05–0.92).

Ogaro et al. (1993)
[73] Kenya randomized

controlled trial

294
(Vit. A = 146, placebo =

148)
<5 year Vit. A

Lower rates of OM in Vit. A
supplementation (RR 0.22, 95% CI =

0.06–0.90, p = 0.03).

Lasisi (2008) [74] Nigeria Case-control study 316
(case = 264, control = 52) 6 month–11 year Vit. A(retinol)

Retinol supplementation is a possible
nutritional approach to control SOM (p =

0.000).

Sarmila et al. (2001)
[75] India Case-control study 300

(case = 150, control = 150) 5–14 year Vit. A Increased frequency of Vit. A deficiency
with CSOM.

Durand et al. (1997)
[76] USA prospective,

observational study 200 3–5 year Vit. A

The status of Vit. A and related
compounds in children appeared to

have no effect on the incidence of otitis
media.

Linday et al. (2002)
[77] USA Pilot study 8 0.8–4.4 year Vit. A, Se Fewer days of antibiotics for OM during

Vit. A and Se supplementation.

Cemek et al. (2005)
[78] Turkey Comparative study 50

(AOM = 23, AT = 27) 2–7 year Vit. A (β-carotene,
retinol), C, E

AOM and AT tissue may react
differently to oxidative stress.



Nutrients 2019, 11, 307 19 of 25

Table 4. Cont.

Authors and
Reference Country Study Design n Age Nutritional Factor Outcome/Conclusion

Omonov (1997) [79] Uzbekistan Cross-sectional study 48 3–15 year Multi-vitamin,
minerals

Reduced levels of iron, zinc, selenium
and bromine in children with CSOM.

Jones et al. (2006) [80] Australia
Longitudinal

historical control
study

15 4–11 year Multi-vitamin,
minerals

Mean antibiotic prescriptions for OM
decreased from seven to 1 per month.

Daly et al. (1999) [81] USA Longitudinal study 596 0–6 month Multi-vitamin,
minerals

Among prenatal exposures, only high
prenatal dietary Vit. C intake was

significantly inversely related to early
AOM with univariate but not

multivariate analysis.

Dobó et al. (1998) [82] Hungary randomized
double-blind trial

625
(multi-vitamin = 323,
trace elements = 302)

2–6 year Folic acid-containing
multi-vitamin

Higher incidence of AOM in the
multi-vitamin group.

Karabaev (1997) [83] Russia Longitudinal study Not known 6 month–15 year
Vit. A (retinol), C
(ascorbic acid), E

(α-tocopherol)
The beneficial effect in SOM.

OM, otitis media; SOM, suppurative otitis media; AOM, acute otitis media; IDA, iron-deficiency anemia; Vit., vitamin; CSOM, chronic suppurative otitis media; Se, selenium; AT, acute
tonsillitis; RR, risk ratio; CI, confidence interval.
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3.4. Limitations of Previous Studies

The most frequent limitation of studies assessing the relationship between HL and nutrition
is the lack of clarity about the mechanisms by which specific nutrients or general nutritional status
affect HL. This is probably due to most studies to date being retrospective or cross-sectional in design.
Additional studies, including animal testing, may be required to determine the mechanisms by which
HL is affected by individual nutrients or nutritional status. Because the cochlea is sensitive to blood
flow, the mechanisms by which nutrients affect cochlear function are likely similar to the mechanisms
by which they affect various cardiovascular and neurologic diseases [58–60]. Systematic prospective
studies and studies in animals are needed to evaluate these mechanisms.

Another limitation was that studies to date have been limited to patients with HL in a narrow
sense. For example, cochlear implantation (CI) is the most successful neural prosthesis to date,
with more than 220,000 implanted individuals worldwide in 2011 [103]. Education about nutritional
aspects can play a significant role in the rehabilitation of patients who have undergone CI. However,
no studies to date have assessed the relationship between nutrition and HL in patients who have
undergone CI, suggesting the need for future research on this relationship.

3.5. Summary of Clinical Relevance

Studies on the relationship between HL and nutrition have reported that the incidence of HL was
increased by a lack of single micro-nutrients, such as vitamins A, B, C, D and E, zinc, Mg, Se, iron and
iodine. Higher intake of carbohydrates, fats, and cholesterol, and lower protein intake, corresponded
to poorer hearing status, whereas higher consumption of PUFAs corresponded to better hearing status.
In addition to malnutrition, obesity was reported to be a risk factor for HL. The mechanisms by which
various nutritional factors influence HL have not been clearly elucidated. However, the physiological
characteristics of the cochlea, which is highly influenced by blood flow and ROS, indicate that these
nutritional factors may protect against HL by affecting cochlear blood flow or exhibiting antioxidative
effects. Studies of the relationship between middle ear infection and nutrition in children found that
lack of vitamins A, C and E, and of Zn and iron, resulted in poorer healing status due to greater
vulnerability to infection.

4. Conclusions

We have summarized the current knowledge about the factors associated with nutrition and
hearing status. The review showed that (1) various nutritional factors (such as single nutrients (vitamin
A, B, C, D and E, and zinc, Mg, Se, iodine, iron, fatty acid, carbohydrate, and protein) and the
generalized nutritional status) are associated with hearing status; (2) the effect of each nutritional factor
may depend on other factors (such as age or gender); and (3) various nutritional factors play roles in
middle ear infection (such as otitis media) in pediatric subjects. Further studies will be needed to clarify
the pathophysiological mechanism of each nutrition-related factor affecting hearing. In addition, it is
expected that guidelines to control nutritional factors with the aim of preventing HL can be suggested
after these studies are completed.

Author Contributions: Conceptualization, S.Y.J. and S.G.Y.; methodology, S.Y.J., S.H.K. and S.G.Y.; formal analysis,
S.Y.J. and S.G.Y.; resources, S.Y.J., S.H.K. and S.G.Y.; data curation, S.Y.J., S.H.K. and S.G.Y.; writing—original draft
preparation, S.Y.J.; writing—review and editing, S.Y.J. and S.G.Y.; project administration, S.Y.J., S.H.K. and S.G.Y.

Funding: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the
Korea government (MSIT) (No. 2017R1C1B5076098).

Conflicts of Interest: The authors have no conflicts of interest to report. The authors have no funding or financial
relationships to disclose.



Nutrients 2019, 11, 307 21 of 25

References

1. Nash, S.D.; Cruickshanks, K.J.; Klein, R.; Klein, B.E.; Nieto, F.J.; Huang, G.H.; Pankow, J.S.; Tweed, T.S.
The prevalence of hearing impairment and associated risk factors: The Beaver Dam Offspring Study.
Arch. Otolaryngol. Head Neck Surg. 2011, 137, 432–439. [CrossRef] [PubMed]

2. Kabagambe, E.K.; Lipworth, L.; Labadie, R.F.; Hood, L.J.; Francis, D.O. 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. [CrossRef] [PubMed]

3. Stevens, G.; Flaxman, S.; Brunskill, E.; Mascarenhas, M.; Mathers, C.D.; Finucane, M. Global Burden of
Disease Hearing Loss Expert Group. Global and regional hearing impairment prevalence: An analysis of 42
studies in 29 countries. Eur. J. Public Health 2013, 23, 146–152. [CrossRef] [PubMed]

4. Chadha, S.; Cieza, A. Promoting global action on hearing loss: World hearing day. Int. J. Audiol. 2017, 56,
145–147. [CrossRef] [PubMed]

5. Graydon, K.; Waterworth, C.; Miller, H.; Gunasekera, H. Global burden of hearing impairment and ear
disease. J. Laryngol. Otol. 2018, 1–8. [CrossRef] [PubMed]

6. Agrawal, Y.; Platz, E.A.; Niparko, J.K. Prevalence of hearing loss and differences by demographic
characteristics among US Adults: Data from the National Health and Nutrition Examination Survey,
1999–2004. Arch. Intern. Med. 2008, 168, 1522–1530. [CrossRef] [PubMed]

7. Gomaa, M.A.; Elmagd, M.H.; Elbadry, M.M.; Kader, R.M. Depression, Anxiety and Stress Scale in Patients
with Tinnitus and Hearing Loss. Eur. Arch. Otorhinolaryngol. 2014, 271, 2177–2184. [CrossRef]

8. Wake, M.; Hughes, E.K.; Poulakis, Z.; Collins, C.; Rickards, F.W. Outcomes of children with mild-profound
hearing loss at 7 to 8 years: A population study. Ear Hear. 2004, 25, 1–8. [CrossRef]

9. Emmett, S.D.; Francis, H.W. The socioeconomic impact of hearing loss in U.S. adults. Otol. Neurotol. 2015, 36,
545–550. [CrossRef]

10. Lin, F.R.; Yaffe, K.; Xia, J.; Xue, Q.-L.; Harris, T.B.; Purchase-Helzner, E.; Satterfield, S.; Ayonayon, H.N.;
Ferrucci, L.; Simonsick, E.M. Hearing loss and cognitive decline in older adults. JAMA Intern. Med. 2013,
173, 293–299. [CrossRef]

11. Peracino, A. Hearing loss and dementia in the aging population. Audiol. Neurootol. 2014, 19, 6–9. [CrossRef]
[PubMed]

12. Deal, J.A.; Sharrett, A.R.; Albert, M.S.; Coresh, J.; Mosley, T.H.; Knopman, D.; Wruck, L.M.; Lin, F.R. Hearing
impairment and cognitive decline: A pilot study conducted within the Atherosclerosis Risk in Communities
Neurocognitive Study. Am. J. Epidemiol. 2015, 181, 680–690. [CrossRef] [PubMed]

13. Schmitz, J.; Pillion, J.P.; LeClerq, S.C.; Khatry, S.K.; Wu, L.S.F.; Prasad, R.; Karna, S.L.; Shrestha, S.R.;
West, K.P., Jr. Prevalence of hearing loss and ear morbidity among adolescents and young adults in rural
southern Nepal. Int J. Audiol. 2010, 49, 388–394. [CrossRef] [PubMed]

14. Partearroyo, T.; Vallecillo, N.; Pajares, M.A.; Varela-Moreiras, G.; Varela-Nieto, I. Cochlear Homocysteine
Metabolism at the Crossroad of Nutrition and Sensorineural Hearing Loss. Front. Mol. Neurosci. 2017, 10,
107. [CrossRef] [PubMed]

15. Marlenga, B.; Berg, R.L.; Linneman, J.G.; Wood, D.J.; Kirkhorn, S.R.; Pickett, W. Determinants of early-stage
hearing loss among a cohort of young workers with 16-year follow-up. Occup. Environ. Med. 2012, 69,
479–484. [CrossRef] [PubMed]

16. Henderson, E.; Testa, M.A.; Hartnick, C. Prevalence of noise-induced hearing-threshold shifts and hearing
loss among US youths. Pediatrics 2011, 127, e39–e46. [CrossRef] [PubMed]

17. Weihai, Z.; Karen, J.C.; Barbara, E.K.K.; Ronald, K.; Guan-Hua, H.; James, S.P.; Ronald, E.G.; Theodore, S.T.
Modifiable Determinants of Hearing Impairment in Adults. Prev. Med. 2011, 53, 338–342.

18. Agrawal, Y.; Platz, E.A.; Niparko, J.K. Risk factors for hearing loss in US adults: Data from the National
Health Nutrition Examination Survery, 1999–2002. Otol. Neurotol. 2009, 30, 139–145. [CrossRef]

19. Lin, F.R.; Maas, P.; Chien, W.; Carey, J.P.; Ferrucci, L.; Thorpe, R. Association of skin color, race/ethnicity, and
hearing loss among adults in the USA. J. Assoc. Res. Otolaryngol. 2012, 13, 109–117. [CrossRef]

20. Cruickshanks, K.J.; Wiley, T.L.; Tweed, T.S.; Klein, B.E.; Klein, R.; Mares-Perlman, J.A.; Nondahl, D.M.
Prevalence of hearing loss in older adults in Beaver Dam, Wisconsin. The epidemiology of hearing loss
study. Am. J. Epidemiol. 1998, 148, 879–886. [CrossRef]

http://dx.doi.org/10.1001/archoto.2011.15
http://www.ncbi.nlm.nih.gov/pubmed/21339392
http://dx.doi.org/10.1038/s41430-018-0101-6
http://www.ncbi.nlm.nih.gov/pubmed/29379142
http://dx.doi.org/10.1093/eurpub/ckr176
http://www.ncbi.nlm.nih.gov/pubmed/22197756
http://dx.doi.org/10.1080/14992027.2017.1291264
http://www.ncbi.nlm.nih.gov/pubmed/28262049
http://dx.doi.org/10.1017/S0022215118001275
http://www.ncbi.nlm.nih.gov/pubmed/30047343
http://dx.doi.org/10.1001/archinte.168.14.1522
http://www.ncbi.nlm.nih.gov/pubmed/18663164
http://dx.doi.org/10.1007/s00405-013-2715-6
http://dx.doi.org/10.1097/01.AUD.0000111262.12219.2F
http://dx.doi.org/10.1097/MAO.0000000000000562
http://dx.doi.org/10.1001/jamainternmed.2013.1868
http://dx.doi.org/10.1159/000371595
http://www.ncbi.nlm.nih.gov/pubmed/25733359
http://dx.doi.org/10.1093/aje/kwu333
http://www.ncbi.nlm.nih.gov/pubmed/25841870
http://dx.doi.org/10.3109/14992020903555708
http://www.ncbi.nlm.nih.gov/pubmed/20222787
http://dx.doi.org/10.3389/fnmol.2017.00107
http://www.ncbi.nlm.nih.gov/pubmed/28487633
http://dx.doi.org/10.1136/oemed-2011-100464
http://www.ncbi.nlm.nih.gov/pubmed/22447644
http://dx.doi.org/10.1542/peds.2010-0926
http://www.ncbi.nlm.nih.gov/pubmed/21187306
http://dx.doi.org/10.1097/MAO.0b013e318192483c
http://dx.doi.org/10.1007/s10162-011-0298-8
http://dx.doi.org/10.1093/oxfordjournals.aje.a009713


Nutrients 2019, 11, 307 22 of 25

21. Fabry, D.A.; Davila, E.P.; Arheart, K.L.; Serdar, B.; Dietz, N.A.; Bandiera, F.C.; Lee, D.J. Secondhand smoke
exposure and the risk of hearing loss. Tob. Control 2011, 20, 82–85. [CrossRef] [PubMed]

22. Mäki-Torkko, E.M.; Brorsson, B.; Davis, A.; Mair, I.W.S.; Myhre, K.I.; Parving, A.; Roine, R.P.; Rosenhall, U.;
Sorri, M.J.; Stilvén, S. Hearing impairment among adults-extent of the problem and scientific evidence on
the outcome of hearing aid rehabilitation. Scand. Audiol. 2001, 30, 8–15. [CrossRef]

23. Bainbridge, K.E.; Hoffman, H.J.; Cowie, C.C. Diabetes and hearing impairment in the United States:
Audiometric evidence from the National Health and Nutrition Examination Survey, 1999 to 2004. Ann. Intern.
Med. 2008, 149, 1–10. [CrossRef] [PubMed]

24. Liu, X.Z.; Yan, D. Ageing and hearing loss. J. Pathol. 2007, 211, 188–197. [CrossRef] [PubMed]
25. Uchida, Y.; Sugiura, S.; Ando, F.; Nakashima, T.; Shimokata, H. Molecular genetic epidemiology of age

related hearing impairment. Auris Nasus Larynx 2011, 38, 657–665. [CrossRef] [PubMed]
26. Melse-Boonstra, A.; Mackenzie, I. Iodine deficiency, thyroid function and hearing deficit: A review. Nutr.

Res. Rev. 2013, 26, 110–117. [CrossRef] [PubMed]
27. Schieffer, K.M.; Chuang, C.H.; Connor, J.; Pawelczyk, J.A.; Sekhar, D.L. Association of Iron Deficiency

Anemia with Hearing Loss in US Adults. JAMA Otolaryngol. Head Neck Surg. 2017, 143, 350–354. [CrossRef]
[PubMed]

28. US National Library of Medicine, National Institutes of Health. Joint Collection Development Policy: Human
Nutrition and Food. Available online: https://www.nlm.nih.gov/pubs/cd_hum.nut.html (accessed on 27
February 1998).

29. Wallhagen, M.I.; Strawbridge, W.J.; Cohen, R.D.; Kaplan, G.A. An increasing prevalence of hearing
impairment and associated risk factors over three decades of the Alameda County Study. Am. J. Public Health
1997, 87, 440–442. [CrossRef]

30. Spankovich, C.; Le Prell, C.G. Healthy diets, healthy hearing: National Health and Nutrition Examination
Survey, 1999–2002. Int J. Audiol. 2013, 52, 369–376. [CrossRef]

31. Le Prell, C.G.; Yamashita, D.; Minami, S.B.; Yamasoba, T.; Miller, J.M. Mechanisms of noise-induced hearing
loss indicate multiple methods of prevention. Hear. Res. 2007, 226, 22–43. [CrossRef]

32. Henderson, D.; Bielefeld, E.C.; Harris, K.C.; Hu, B.H. The role of oxidative stress in noise-induced hearing
loss. Ear Hear. 2006, 27, 1–19. [CrossRef] [PubMed]

33. Choi, Y.H.; Miller, J.M.; Tucker, K.L.; Hu, H.; Park, S.K. Antioxidant vitamins and magnesium and the risk of
hearing loss in the US general population. Am. J. Clin. Nutr. 2014, 99, 148–155. [CrossRef] [PubMed]

34. Michikawa, T.; Nishiwaki, Y.; Kikuchi, Y.; Hosoda, K.; Mizutari, K.; Saito, H.; Asakura, K.; Milojevic, A.;
Iwasawa, S.; Nakano, M.; et al. Serum levels of retinol and other antioxidants for hearing impairment among
Japanese older adults. J. Gerontol. A Biol. Sci. Med. Sci. 2009, 64, 910–915. [CrossRef] [PubMed]

35. Gopinath, B.; Flood, V.M.; McMahon, C.M.; Burlutsky, G.; Spankovich, C.; Hood, L.J.; Mitchell, P. Dietary
antioxidant intake is associated with prevalence but not incidence of age-related hearing loss. J. Nutr. Health
Aging 2011, 15, 896–900. [CrossRef] [PubMed]

36. Spankovich, C.; Hood, L.; Silver, H.; Lambert, W.; Flood, V.; Mitchell, P. Associations between diet and
both high and low pure tone averages and transient evoked otoacoustic emissions in an older adult
population-based study. J. Am. Acad. Audiol. 2011, 22, 49–58. [CrossRef] [PubMed]

37. Choi, Y.H. Metals, Noise, Diet, and Hearing Loss. Ph.D. Thesis, University of Michigan, Ann Arbor, MI,
USA, 2011.

38. Emmett, S.D.; West, K.P., Jr. Gestational vitamin A deficiency: A novel cause of sensorineural hearing loss in
the developing world? Med. Hypotheses 2014, 82, 6–10. [CrossRef] [PubMed]

39. Péneau, S.; Jeandel, C.; Déjardin, P.; Andreeva, V.A.; Hercberg, S.; Galan, P.; Kesse-Guyot, E. Intake of specific
nutrients and foods and hearing level measured 13 years later. Br. J. Nutr. 2013, 109, 2079–2088. [CrossRef]
[PubMed]

40. Shargorodsky, J.; Curhan, S.G.; Eavey, R.; Curhan, G.C. A prospective study of vitamin intake and the risk of
hearing loss in men. Otolaryngol. Head Neck Surg. 2010, 142, 231–236. [CrossRef]

41. Joachims, Z.; Netzer, A.; Ising, H.; Rebentisch, E.; Attias, J.; Weisz, G.; Günther, T. Oral magnesium
supplementation as prophylaxis for noise-induced hearing loss: Results of a double blind field study.
Schriftenreihe Ver. Wasser Boden Lufthyg. 1993, 88, 503–516.

http://dx.doi.org/10.1136/tc.2010.035832
http://www.ncbi.nlm.nih.gov/pubmed/21081307
http://dx.doi.org/10.1080/010503901750409385
http://dx.doi.org/10.7326/0003-4819-149-1-200807010-00231
http://www.ncbi.nlm.nih.gov/pubmed/18559825
http://dx.doi.org/10.1002/path.2102
http://www.ncbi.nlm.nih.gov/pubmed/17200945
http://dx.doi.org/10.1016/j.anl.2011.02.005
http://www.ncbi.nlm.nih.gov/pubmed/21601397
http://dx.doi.org/10.1017/S0954422413000061
http://www.ncbi.nlm.nih.gov/pubmed/23759468
http://dx.doi.org/10.1001/jamaoto.2016.3631
http://www.ncbi.nlm.nih.gov/pubmed/28033450
https://www.nlm.nih.gov/pubs/cd_hum.nut.html
http://dx.doi.org/10.2105/AJPH.87.3.440
http://dx.doi.org/10.3109/14992027.2013.780133
http://dx.doi.org/10.1016/j.heares.2006.10.006
http://dx.doi.org/10.1097/01.aud.0000191942.36672.f3
http://www.ncbi.nlm.nih.gov/pubmed/16446561
http://dx.doi.org/10.3945/ajcn.113.068437
http://www.ncbi.nlm.nih.gov/pubmed/24196403
http://dx.doi.org/10.1093/gerona/glp038
http://www.ncbi.nlm.nih.gov/pubmed/19349590
http://dx.doi.org/10.1007/s12603-011-0119-0
http://www.ncbi.nlm.nih.gov/pubmed/22159779
http://dx.doi.org/10.3766/jaaa.22.1.6
http://www.ncbi.nlm.nih.gov/pubmed/21419069
http://dx.doi.org/10.1016/j.mehy.2013.09.028
http://www.ncbi.nlm.nih.gov/pubmed/24120698
http://dx.doi.org/10.1017/S0007114512004291
http://www.ncbi.nlm.nih.gov/pubmed/23200201
http://dx.doi.org/10.1016/j.otohns.2009.10.049


Nutrients 2019, 11, 307 23 of 25

42. Attias, J.; Weisz, G.; Almog, S.; Shahar, A.; Wiener, M.; Joachims, Z.; Netzer, A.; Ising, H.; Rebentisch, E.;
Guenther, T. Oral magnesium intake reduces permanent hearing loss induced by noise exposure.
Am. J. Otolaryngol. 1994, 15, 26–32. [CrossRef]

43. Attias, J.; Sapir, S.; Bresloff, I.; Reshef-Haran, I.; Ising, H. Reduction in noise-induced temporary threshold
shift in humans following oral magnesium intake. Clin. Otolaryngol. 2004, 29, 635–641. [CrossRef] [PubMed]

44. Weijl, N.I.; Elsendoorn, T.J.; Lentjes, E.G.; Hopman, G.D.; Wipkink-Bakker, A.; Zwinderman, A.H.; Cleton, F.J.;
Osanto, S. Supplementation with antioxidant micronutrients and chemotherapy-induced toxicity in cancer
patients treated with cisplatin-based chemotherapy: A randomised, double-blind, placebo-controlled study.
Eur J. Cancer 2004, 40, 1713–1723. [CrossRef] [PubMed]

45. Chuang, H.Y.; Kuo, C.H.; Chiu, Y.W.; Ho, C.K.; Chen, C.J.; Wu, T.N. A case-control study on the relationship
of hearing function and blood concentrations of lead, manganese, arsenic, and selenium. Sci. Total Environ.
2007, 387, 79–85. [CrossRef] [PubMed]

46. Durga, J.; Verhoef, P.; Anteunis, L.J.; Schouten, E.; Kok, F.J. Effects of folic acid supplementation on hearing
in older adults: A randomized, controlled trial. Ann. Intern. Med. 2007, 146, 1–9. [CrossRef] [PubMed]

47. Zhang, Q.; Liu, H.; McGee, J.; Walsh, E.J.; Soukup, G.A.; He, D.Z. Identifying microRNAs involved in
degeneration of the organ of corti during age-related hearing loss. PLoS ONE 2013, 8, e62786. [CrossRef]

48. Quaranta, A.; Scaringi, A.; Bartoli, R.; Margarito, M.A.; Quaranta, N. The effects of ‘supra-physiological’
vitamin B12 administration on temporary threshold shift. Int. J. Audiol. 2004, 43, 162–165. [CrossRef]
[PubMed]

49. Gopinath, B.; Flood, V.M.; McMahon, C.M.; Burlutsky, G.; Brand-Miller, J.; Mitchell, P. Dietary glycemic load
is a predictor of age-related hearing loss in older adults. J. Nutr. 2010, 140, 2207–2212. [CrossRef] [PubMed]

50. Rosen, S.; Olin, P. Hearing loss and coronary heart disease. Bull. N. Y. Acad. Med. 1965, 41, 1052–1068.
[CrossRef] [PubMed]

51. Rosen, S.; Olin, P.; Rosen, H.V. Diery prevention of hearing loss. Acta Otolaryngol. 1970, 70, 242–247.
[CrossRef]

52. Dullemeijer, C.; Verhoef, P.; Brouwer, I.A.; Kok, F.J.; Brummer, R.J.; Durga, J. Plasma very long-chain n-3
polyunsaturated fatty acids and age-related hearing loss in older adults. J. Nutr. Health Aging 2010, 14,
347–351. [CrossRef] [PubMed]

53. Gopinath, B.; Flood, V.M.; Rochtchina, E.; McMahon, C.M.; Mitchell, P. Consumption of omega-3 fatty acids
and fish and risk of age-related hearing loss. Am. J. Clin. Nutr. 2010, 92, 416–421. [CrossRef] [PubMed]

54. Suzuki, K.; Kaneko, M.; Murai, K. Influence of serum lipids on auditory function. Laryngoscope 2000, 110,
1736–1738. [CrossRef] [PubMed]

55. Evans, M.B.; Tonini, R.; Shope, C.D.; Oghalai, J.S.; Jerger, J.F.; Insull, W., Jr.; Brownell, W.E. Dyslipidemia and
auditory function. Otol. Neurotol. 2006, 27, 609–614. [CrossRef] [PubMed]

56. Jones, N.S.; Davis, A. A retrospective case-controlled study of 1490 consecutive patients presenting to a
neuro-otology clinic to examine the relationship between blood lipid levels and sensorineural hearing loss.
Clin. Otolaryngol. Allied Sci. 2000, 25, 511–517. [CrossRef] [PubMed]

57. Shi, X. Physiopathology of the cochlear microcirculation. Hear. Res. 2011, 282, 10–24. [CrossRef] [PubMed]
58. Mozaffarian, D.; Wu, J.H. Omega-3 fatty acids and cardiovascular disease: Effects on risk factors, molecular

pathways, and clinical events. J. Am. Coll. Cardiol. 2011, 58, 2047–2067. [CrossRef] [PubMed]
59. He, K.; Song, Y.; Daviglus, M.L.; Liu, K.; Van Horn, L.; Dyer, A.R.; Goldbourt, U.; Greenland, P. Fish

consumption and incidence of stroke: A metaanalysis of cohort studies. Stroke 2004, 35, 1538–1542. [CrossRef]
[PubMed]

60. Bourre, J.M. Roles of unsaturated fatty acids (especially omega-3 fatty acids) in the brain at various ages and
during ageing. J. Nutr. Health Aging 2004, 8, 163–174. [PubMed]

61. Curhan, S.G.; Eavey, R.D.; Wang, M.; Rimm, E.B.; Curhan, G.C. Fish and fatty acid consumption and the risk
of hearing loss in women. Am. J. Clin. Nutr. 2014, 100, 1371–1377. [CrossRef] [PubMed]

62. Spankovich, C.; Le Prell, C.G. Associations between dietary quality, noise, and hearing: Data from the
National Health and Nutrition Examination Survey, 1999–2002. Int. J. Audiol. 2014, 53, 796–809. [CrossRef]

63. Michikawa, T.; Nakamura, T.; Imamura, H.; Mizutari, K.; Saito, H.; Takebayashi, T.; Nishiwaki, Y. Markers
of Overall Nutritional Status and Incident Hearing Impairment in Community-Dwelling Older Japanese:
The Kurabuchi Study. J. Am. Geriatr. Soc. 2016, 64, 1480–1485. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/0196-0709(94)90036-1
http://dx.doi.org/10.1111/j.1365-2273.2004.00866.x
http://www.ncbi.nlm.nih.gov/pubmed/15533151
http://dx.doi.org/10.1016/j.ejca.2004.02.029
http://www.ncbi.nlm.nih.gov/pubmed/15251161
http://dx.doi.org/10.1016/j.scitotenv.2007.07.032
http://www.ncbi.nlm.nih.gov/pubmed/17764724
http://dx.doi.org/10.7326/0003-4819-146-1-200701020-00003
http://www.ncbi.nlm.nih.gov/pubmed/17200216
http://dx.doi.org/10.1371/journal.pone.0062786
http://dx.doi.org/10.1080/14992020400050022
http://www.ncbi.nlm.nih.gov/pubmed/15198380
http://dx.doi.org/10.3945/jn.110.128462
http://www.ncbi.nlm.nih.gov/pubmed/20926604
http://dx.doi.org/10.1001/archotol.1965.00760010238004
http://www.ncbi.nlm.nih.gov/pubmed/5212708
http://dx.doi.org/10.3109/00016487009181884
http://dx.doi.org/10.1007/s12603-010-0078-x
http://www.ncbi.nlm.nih.gov/pubmed/20424800
http://dx.doi.org/10.3945/ajcn.2010.29370
http://www.ncbi.nlm.nih.gov/pubmed/20534742
http://dx.doi.org/10.1097/00005537-200010000-00033
http://www.ncbi.nlm.nih.gov/pubmed/11037836
http://dx.doi.org/10.1097/01.mao.0000226286.19295.34
http://www.ncbi.nlm.nih.gov/pubmed/16868509
http://dx.doi.org/10.1046/j.1365-2273.2000.00408.x
http://www.ncbi.nlm.nih.gov/pubmed/11122291
http://dx.doi.org/10.1016/j.heares.2011.08.006
http://www.ncbi.nlm.nih.gov/pubmed/21875658
http://dx.doi.org/10.1016/j.jacc.2011.06.063
http://www.ncbi.nlm.nih.gov/pubmed/22051327
http://dx.doi.org/10.1161/01.STR.0000130856.31468.47
http://www.ncbi.nlm.nih.gov/pubmed/15155968
http://www.ncbi.nlm.nih.gov/pubmed/15129302
http://dx.doi.org/10.3945/ajcn.114.091819
http://www.ncbi.nlm.nih.gov/pubmed/25332335
http://dx.doi.org/10.3109/14992027.2014.921340
http://dx.doi.org/10.1111/jgs.14245
http://www.ncbi.nlm.nih.gov/pubmed/27310369


Nutrients 2019, 11, 307 24 of 25

64. Olusanya, B.O. Is undernutrition a risk factor for sensorineural hearing loss in early infancy? Br. J. Nutr.
2010, 103, 1296–1301. [CrossRef] [PubMed]

65. Olusanya, B.O. Predictors of early-onset permanent hearing loss in malnourished infants in Sub-Saharan
Africa. Res. Dev. Disabil. 2011, 32, 124–132. [CrossRef] [PubMed]

66. Valeix, P.; Preziosi, P.; Rossignol, C.; Farnier, M.A.; Hercberg, S. Relationship between urinary iodine
concentration and hearing capacity in children. Eur. J. Clin. Nutr. 1994, 48, 54–59. [PubMed]

67. Van den Briel, T.; West, C.E.; Hautvast, J.G.; Ategbo, E.A. Mild iodine deficiency is associated with elevated
hearing thresholds in children in Benin. Eur. J. Clin. Nutr. 2001, 55, 763–768. [CrossRef] [PubMed]

68. Attias, J.; Raveh, E.; Aizer-Dannon, A.; Bloch-Mimouni, A.; Fattal-Valevski, A. Auditory system dysfunction
due to infantile thiamine deficiency: Long-term auditory sequelae. Audiol. Neurootol. 2012, 17, 309–320.
[CrossRef]

69. Brooks, W.A.; Santosham, M.; Naheed, A.; Goswami, D.; Wahed, M.A.; Diener-West, M.; Faruque, A.S.;
Black, R.E. Effect of weekly zinc supplements on incidence of pneumonia and diarrhoea in children younger
than 2 years in an urban, low-income population in Bangladesh: Randomised controlled trial. Lancet 2005,
366, 999–1004. [CrossRef]

70. Golz, A.; Netzer, A.; Goldenberg, D.; Westerman, S.T.; Westerman, L.M.; Joachims, H.Z. The association
between iron-deficiency anemia and recurrent acute otitis media. Am. J. Otolaryngol. 2001, 22, 391–394.
[CrossRef]

71. Tunnessen, W.W., Jr.; Oski, F.A. Consequences of starting whole cow milk at 6 months of age. J. Pediatr. 1987,
111, 813–816. [CrossRef]

72. D’Souza, R.M.; D’Souza, R. Vitamin A for preventing secondary infections in children with measles—A
systematic review. J. Trop. Pediatr. 2002, 48, 72–77. [CrossRef]

73. Ogaro, F.O.; Orinda, V.A.; Onyango, F.E.; Black, R.E. Effect of vitamin A on diarrhoeal and respiratory
complications of measles. Trop. Geogr. Med. 1993, 45, 283–286. [PubMed]

74. Lasisi, A.O. The role of retinol in the etiology and outcome of suppurative otitis media. Eur. Arch. Otorhinolaryngol.
2009, 266, 647–652. [CrossRef] [PubMed]

75. Sarmila, M.; Biswajit, B.; Prasad, M.S.; Nirmal Mm Ramendra, C.N. Health and nutritional profile of child
labourers: A case-control study. Indian J. Occup. Environ. Med. 2001, 5, 203–212.

76. Durand, A.M.; Sabino, H.J.R.; Masga, R.; Sabino, M.; Olopaim, F.; Abraham, I. Childhood vitamin A status
and the risk of otitis media. Pediatr. Infect. Dis. J. 1997, 16, 952–954. [CrossRef] [PubMed]

77. Linday, L.A.; Dolitsky, J.N.; Shindledecker, R.D.; Pippenger, C.E. Lemon-flavored cod liver oil and a
multivitamin-mineral supplement for the secondary prevention of otitis media in young children: Pilot
research. Ann. Otol. Rhinol. Laryngol. 2002, 111, 642–652. [CrossRef] [PubMed]

78. Cemek, M.; Dede, S.; Bayiroglu, F.; Caksen, H.; Cemel, K.; Yuxa, K. Oxidant and antioxidant levels in children
with acute otitis media and tonsillitis: A comparative study. Int. J. Pediatr. Otorhinolaryngol. 2006, 69, 823–827.
[CrossRef] [PubMed]

79. Omonov, S.E. Quantitative content of certain microelements in blood of children with chronic suppurative
otitis media. Zhurnal Ushnykh Nos. Gorl. Bolezn. 1997, 1, 43–46.

80. Jones, R.; Smith, F. Are there health benefits from improving basic nutrition in a remote Aboriginal
community? Aust. Fam. Physician 2006, 35, 453–454. [PubMed]

81. Daly, K.A.; Brown, J.E.; Lindgren, B.R.; Meland, M.H.; Le, C.T.; Giebink, G.S. Epidemiology of otitis media
onset by six months of age. Pediatrics 1999, 103, 1158–1166. [CrossRef] [PubMed]

82. Dobó, M.; Czeizel, A.E. Long-term somatic and mental development of children after periconceptional
multivitamin supplementation. Eur. J. Pediatr. 1998, 157, 719–723. [CrossRef] [PubMed]

83. Karabaev, K.E.; Antoniv, V.F.; Bekmuradov, R.U. Pathogenetic validation of optimal antioxidant therapy in
suppurative inflammatory otic diseases in children. Vestn. Otorinolaringol. 1997, 5–7.

84. Hwang, J.H.; Wu, C.C.; Hsu, C.J.; Liu, T.C.; Yang, W.S. Association of central obesity with the severity and
audiometric configurations of age-related hearing impairment. Obesity 2009, 17, 1796–1801. [CrossRef]

85. Lee, J.S.; Kim, D.H.; Lee, H.J.; Kim, H.J.; Koo, J.W.; Choi, H.G.; Park, B.; Hong, S.K. Lipid profiles and obesity
as potential risk factors of sudden sensorineural hearing loss. PLoS ONE 2015, 10, e0122496. [CrossRef]
[PubMed]

86. Hwang, J.H. Role of obesity on the prognosis of sudden sensorineural hearing loss in adults. Otolaryngol.
Head Neck Surg. 2015, 153, 251–256. [CrossRef] [PubMed]

http://dx.doi.org/10.1017/S0007114509993059
http://www.ncbi.nlm.nih.gov/pubmed/19943986
http://dx.doi.org/10.1016/j.ridd.2010.09.012
http://www.ncbi.nlm.nih.gov/pubmed/20952158
http://www.ncbi.nlm.nih.gov/pubmed/8200329
http://dx.doi.org/10.1038/sj.ejcn.1601220
http://www.ncbi.nlm.nih.gov/pubmed/11528490
http://dx.doi.org/10.1159/000339356
http://dx.doi.org/10.1016/S0140-6736(05)67109-7
http://dx.doi.org/10.1053/ajot.2001.28075
http://dx.doi.org/10.1016/S0022-3476(87)80193-2
http://dx.doi.org/10.1093/tropej/48.2.72
http://www.ncbi.nlm.nih.gov/pubmed/8116059
http://dx.doi.org/10.1007/s00405-008-0794-6
http://www.ncbi.nlm.nih.gov/pubmed/18704470
http://dx.doi.org/10.1097/00006454-199710000-00009
http://www.ncbi.nlm.nih.gov/pubmed/9380470
http://dx.doi.org/10.1177/000348940211100713
http://www.ncbi.nlm.nih.gov/pubmed/12126022
http://dx.doi.org/10.1016/j.ijporl.2005.01.016
http://www.ncbi.nlm.nih.gov/pubmed/15885336
http://www.ncbi.nlm.nih.gov/pubmed/16751864
http://dx.doi.org/10.1542/peds.103.6.1158
http://www.ncbi.nlm.nih.gov/pubmed/10353923
http://dx.doi.org/10.1007/s004310050922
http://www.ncbi.nlm.nih.gov/pubmed/9776529
http://dx.doi.org/10.1038/oby.2009.66
http://dx.doi.org/10.1371/journal.pone.0122496
http://www.ncbi.nlm.nih.gov/pubmed/25860024
http://dx.doi.org/10.1177/0194599815584599
http://www.ncbi.nlm.nih.gov/pubmed/25994232


Nutrients 2019, 11, 307 25 of 25

87. Lalwani, A.K.; Katz, K.; Liu, Y.H.; Kim, S.; Weitzman, M. Obesity is associated with sensorineural hearing
loss in adolescents. Laryngoscope 2013, 123, 3178–3184. [CrossRef] [PubMed]

88. Kang, S.H.; Jung, D.J.; Cho, K.H.; Park, J.W.; Yoon, K.W.; Do, J.Y. The association between metabolic syndrome
or chronic kidney disease and hearing thresholds in Koreans: The Korean National Health and Nutrition
Examination Survey 2009–2012. PLoS ONE 2015, 10, e0120372. [CrossRef] [PubMed]

89. Curhan, S.G.; Eavey, R.; Wang, M.; Stampfer, M.J.; Curhan, G.C. Body mass index, waist circumference,
physical activity, and risk of hearing loss in women. Am. J. Med. 2013, 126, 1142.e1–1142.e8. [CrossRef]

90. Kim, T.S.; Park, S.W.; Kim, D.Y.; Kim, E.B.; Chung, J.W.; So, H.S. Visceral adipose tissue is significantly
associated with hearing thresholds in adult women. Clin. Endocrinol. 2014, 80, 368–375. [CrossRef]

91. Wu, C.C.; Tsai, C.H.; Lu, Y.C.; Lin, H.C.; Hwang, J.H.; Lin, Y.H.; Yang, W.S.; Chen, P.J.; Liao, W.C.; Lee, Y.L.;
et al. Contribution of adiponectin and its type 1 receptor to age-related hearing impairment. Neurobiol. Aging
2015, 36, 2085–2093. [CrossRef]

92. Barrenas, M.L.; Jonsson, B.; Tuvemo, T.; Hellstrom, P.A.; Lundgren, M. High risk of sensorineural hearing
loss in men born small for gestational age with and without obesity or height catch-up growth: A prospective
longitudinal register study on birth size in 245,000 Swedish conscripts. J. Clin. Endocrinol. Metab. 2005, 90,
4452–4456. [CrossRef]

93. Kim, S.H.; Won, Y.S.; Kim, M.G.; Baek, Y.J.; Oh, I.H.; Yeo, S.G. Relationship between obesity and hearing loss.
Acta Otolaryngol. 2016, 136, 1046–1050. [CrossRef] [PubMed]

94. Dhanda, N.; Taheri, S. A narrative review of obesity and hearing loss. Int. J. Obes. 2017, 41, 1066–1073.
[CrossRef] [PubMed]

95. Walden, B.E.; Henselman, L.W.; Morris, E.R. The role of magnesium in the susceptibility of soldiers to
noise-induced hearing loss. J. Acoust. Soc. Am. 2000, 108, 453–456. [CrossRef] [PubMed]

96. Ikeda, K.; Kobayashi, T.; Itoh, Z.; Kusakari, J.; Takasaka, T. Evaluation of vitamin D metabolism in patients
with bilateral sensorineural hearing loss. Am. J. Otol. 1989, 10, 11–13. [PubMed]

97. Kim, S.Y.; Sim, S.; Kim, H.J.; Choi, H.G. Low-fat and low-protein diets are associated with hearing discomfort
among the elderly of Korea. Br. J. Nutr. 2015, 114, 1711–1717. [CrossRef] [PubMed]

98. Wong, J.C.; Kaplan, H.S.; Hammond, B.R. Lutein and zeaxanthin status and auditory thresholds in a sample
of young healthy adults. Nutr. Neurosci. 2017, 20, 1–7. [CrossRef]

99. Kennedy, E.T.; Ohls, J.; Carlson, S.; Fleming, K. The Healthy Eating Index: Design and applications.
J. Am. Diet. Assoc. 1995, 95, 1103–1108. [CrossRef]

100. Shiraseb, F.; Siassi, F.; Qorbani, M.; Sotoudeh, G.; Rostami, R.; Narmaki, E.; Yavari, P.; Aghasi, M.; Shaibu, O.M.
Higher dietary diversity is related to better visual and auditory sustained attention. Br. J. Nutr. 2016, 115,
1470–1480. [CrossRef]

101. Schroeder, L.; Petrou, S.; Kennedy, C.; McCann, D.; Law, C.; Watkin, P.M.; Worsfold, S.; Yuen, H.M. The
economic costs of congenital bilateral permanent childhood hearing impairment. Pediatrics 2006, 117,
1101–1112. [CrossRef]

102. Lieu, J.E. Speech-language and educational consequences of unilateral hearing loss in children.
Arch. Otolaryngol. Head Neck Surg. 2004, 130, 524–530. [CrossRef]

103. Cosetti, M.K.; Waltzman, S.B. Cochlear implants: Current status and future potential. Expert Rev. Med.
Devices 2011, 8, 389–401. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/lary.24244
http://www.ncbi.nlm.nih.gov/pubmed/23754553
http://dx.doi.org/10.1371/journal.pone.0120372
http://www.ncbi.nlm.nih.gov/pubmed/25794036
http://dx.doi.org/10.1016/j.amjmed.2013.04.026
http://dx.doi.org/10.1111/cen.12184
http://dx.doi.org/10.1016/j.neurobiolaging.2015.02.030
http://dx.doi.org/10.1210/jc.2005-0385
http://dx.doi.org/10.1080/00016489.2016.1179787
http://www.ncbi.nlm.nih.gov/pubmed/27186958
http://dx.doi.org/10.1038/ijo.2017.32
http://www.ncbi.nlm.nih.gov/pubmed/28163314
http://dx.doi.org/10.1121/1.429480
http://www.ncbi.nlm.nih.gov/pubmed/10923909
http://www.ncbi.nlm.nih.gov/pubmed/2719084
http://dx.doi.org/10.1017/S0007114515003463
http://www.ncbi.nlm.nih.gov/pubmed/26388267
http://dx.doi.org/10.1179/1476830514Y.0000000138
http://dx.doi.org/10.1016/S0002-8223(95)00300-2
http://dx.doi.org/10.1017/S0007114516000428
http://dx.doi.org/10.1542/peds.2005-1335
http://dx.doi.org/10.1001/archotol.130.5.524
http://dx.doi.org/10.1586/erd.11.12
http://www.ncbi.nlm.nih.gov/pubmed/21542710
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Evidence that Nutrition is a Factor Affecting HL 
	Studies on Nutrition and Hearing 
	Impact of Single Nutrition on Hearing (Table 1) 
	Impact of General Nutritional Status on Hearing (Table 2) 
	Impact of Nutrition on Pediatric Hearing (tabref:nutrients-418725-t003,tabref:nutrients-418725-t004) 
	Limitations of Previous Studies 
	Summary of Clinical Relevance 

	Conclusions 
	References

