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Abstract
Objective: To examine the associations between overall diet quality and hearing
function among middle–older aged adults in the USA.
Design: Cross-sectional analysis. Diet quality was examined using the
Mediterranean Diet Score (MDS), using data from a single 24 h dietary recall.
Hearing function was objectively measured by audiometry assessments and hear-
ing loss, including high- and low-frequency hearing loss, was defined as pure-tone
averages at specific ranges of hearing frequencies >25 dB. Weighted logistic
regression analyses were performed to examine the associations of MDS (scored
0–9, categorized at the median as ≤3 or >3) with hearing loss and high- and
low-frequency hearing loss.
Setting: National Health and Nutrition Examination Surveys 2000–2006 and
2009–2012.
Participants: Adults aged ≥50 years (n 1639) with valid dietary and audiometry
assessments.
Results: After adjusting for potential confounders, a non-significant trend for a
protective association of higher MDS was observed for hearing loss (OR= 0·78;
95 % CI 0·49, 1·23). A significant inverse association was observed for high-
frequency hearing loss (OR= 0·64; 95 % CI 0·43, 0·95). No association was found
for low-frequency hearing loss among women; however, higher MDS was signifi-
cantly associated with higher odds of low-frequency hearing loss among men
(OR= 2·63; 95 % CI 1·39, 4·95).
Conclusions: Among middle–older aged adults, adherence to a Mediterranean-
style diet was inversely associated with hearing loss, including those at high
hearing frequencies, among older adults. However, a detrimental association
was observed at low hearing frequencies among men. Future investigations with
a longitudinal design are needed to clarify the associations between diet quality
and hearing loss.
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Once viewed as a typical, non-consequential aspect of age-
ing, hearing loss is an emerging public health concern that
affects nearly 38 million individuals aged 12 years or older
in the USA(1) and its prevalence is projected to continue
increasing because of the ageing of society(2). Prevalence

of hearing loss increases with age such that among adults
over 50 years of age, approximately 26·2 million have bilat-
eral hearing loss(3). Hearing loss is associated with signifi-
cant economic costs and negative health outcomes,
including poverty(4), early retirement(5) and use of sickness
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benefits or disability pension(6), resulting in significant
societal economic impacts. Moreover, individuals with hear-
ing loss are at higher risk for dementia(7), poor physical func-
tioning(8), social isolation(9) and a lower quality of life(10).
Given these important outcomes, it is essential to elucidate
protective factors of hearing loss in order to identify effective
modes of prevention.

Hearing loss is multifactorial. Studies have identified sev-
eral risk factors for hearing loss including sociodemographic
characteristics such as older age,male sex and non-Hispanic
White ethnicity(11); genetic factors(12); exposure to noise and
ototoxic drugs(11,13); and vascular factors including diabetes,
hypertension, smoking and obesity(14). While several of the
risk factors including age, sex, ethnicity and genetics are
non-modifiable, other lifestyle-related factors are, making
their study crucial. One such modifiable factor is diet. A
healthy diet rich inmany nutrients may be protective against
hearing loss by severalmechanisms including regulating oxi-
dative stress, protecting cochlear blood flow, and reducing
neuroinflammation and neurodegeneration of auditory
nerve fibres and central auditory pathways(15,16). However,
limited data are available on the role of dietary patterns in
hearing loss.

Previous epidemiological investigations demonstrating
associations between diet and hearing loss have relied upon
single nutrient measurements and have shown protective
effect for β-carotene, β-cryptoxanthin, folate, vitamin C,
Mg and n-3 fatty acid intakes(17–20). However, the single
nutrient approach is limited given the complexity of diets
and the possible interactions between dietary constituents.
Among overall diet analyses, the Healthy Eating Index
(HEI), the 2010 Alternative Healthy Eating Index (AHEI-
2010) and the Dietary Approaches to Stop Hypertension
(DASH) score have been shown to be associated with
better hearing at high frequencies(21) and lower risk of
moderate or worse hearing loss(22). Notably, adherence to
a Mediterranean-style diet was examined longitudinally in
the Nurses’ Health Study II (NHS II) and investigators found
that better adherence to the Alternate Mediterranean diet
(AMED) was protective against moderate or worse hearing
loss among women(22), but these analyses are limited by
their reliance on self-reported hearing(23).

There is a need for research investigating the association
between dietary patterns, a broader and more accurate
picture of food intake and overall diet, and the risk of
objectively measured hearing loss to provide informative
and simplified public health recommendations and
interpretations(24). Moreover, a higher adherence to a
Mediterranean-style diet has been reported to be beneficial
for preventing multiple age-related chronic conditions
and functional declines that have also been shown to be
associated with hearing function(7,8,25). Therefore, the
objectives of the present analyses were to examine the
associations between adherence to a Mediterranean-style
diet in adults aged 50 years or older with hearing loss
assessed by pure-tone audiometry. Pure-tone audiometry

is an objective measure and is the gold standard for meas-
uring hearing loss(26). Loss of hearing function among older
adults usually starts at higher frequencies and progresses to
lower frequencies, and individuals with high-frequency
hearing loss have difficulty understanding speech and
language, especially in noisy environments(27). Therefore,
we also assessed the associations of a Mediterranean-style
diet with high- and low-frequency hearing loss separately,
which may be more informative, as the high frequency
regions in the cochlea are more susceptible to metabolic
damage compared with the low frequency regions(28).

Methods

Study population
The National Health and Nutrition Examination Survey
(NHANES) is a series of cross-sectional surveys. Every
2 years, a random sample of approximately 10 000 individ-
uals is selected to represent the civilian, non-institutionalized
US population. The detailed sampling methods have
been explained elsewhere(29). Among the NHANES cycles
between 2001 and 2012, auditory datawere available among
adults of NHANES cycles 2001–2006 and 2009–2012. Among
all NHANES participants in 2001–2006 and 2009–2012
cycles, therewere 13 020 participants aged 50 years or older.
Of them, 8759 were excluded due to incomplete or missing
auditory data, and an additional 159 were excluded due to
incomplete dietary data. Other exclusion criteria included:
hearing-related medical conditions including ear tubes,
abnormal otoscopy, impacted cerumen and abnormal
tympanometry (peak pressure≤−150 daPa; compliance
≤ 0·3 ml) at either ear (n 1633 excluded); more than
10 dB difference between test and retest thresholds at
1 kHz (n 1 excluded); and more than 15 dB difference
between ears on either low- or high-frequency pure-tone
average (n 334 excluded). We further excluded 495 partici-
pants who had missing data on any of the covariates
included in the analysis. This left a final sample size of
1639 participants eligible for the reported analyses.

Mediterranean Diet Score
Dietary assessment in the NHANES is conducted using 24 h
dietary recalls in a mobile examination centre. In the
2001–2002 cycle, only one dietary recall was collected
for all participants. In the 2003–2006 and 2009–2012 cycles,
two dietary recalls were collected for all participants; data
from the first dietary recall were included in our analysis
to maximize sample size. The food group data were
obtained from the US Department of Agriculture
MyPyramid Equivalents Database (MPED) versions 1.0
and 2.0, and the Food Pattern Equivalents Database
(FPED) 2005–2006, 2009–2010 and 2011–2012.

The Mediterranean Diet Score (MDS) is a measure of
adherence to a Mediterranean-style dietary pattern(30).
The 10-point MDS is composed of nine items: vegetables,
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fruits and nuts, legumes, whole grains, meat, fish, dairy,
alcohol and ratio of monounsaturated to saturated fat
(MUFA:SFA). The intakes of these nine food items were
dichotomized using sex-specific median values as a cut-
off. A score of 1 was assigned for consumption above the
median level of presumed beneficial foods, which included
vegetables, fruits and nuts, legumes, whole grains, fish and
MUFA:SFA. A score of 1 was also assigned for consumption
below the sex-specific median level of presumed detrimen-
tal foods which included meat and dairy products. Other-
wise no points were given. For alcohol, 1 point was
assigned to men who consumed between 10 and 50 g etha-
nol/d and to women who consumed between 5 and 25 g
ethanol/d v. a score of 0. Thus, the total MDS ranged from
0 (minimal adherence to the traditional Mediterranean diet)
to 9 (maximal adherence). The distribution of the MDS was
examined and less than 4 % of the analytical population
had an MDS> 6. Since there are no established cut-offs
for the MDS, the MDS was dichotomized at the median
as MDS > 3 or MDS≤ 3 for the present analyses.

Audiometric testing
The audiometry examination was performed in a sound-
isolating booth located in a dedicated room in the mobile
examination centre by health technicians professionally
trained by a certified audiologist from the National
Institute for Occupational Safety andHealth. The pure-tone
air conduction hearing tests were conducted at seven
frequencies (0·5, 1, 2, 3, 4, 6 and 8 kHz) for both ears.
The instruments used included an Interacoustics model
AD226 audiometer with standard TDH-39/49 headphones
and Etymotic EarTone 3A insert earphones(31).

Pure-tone averages (PTA) were then calculated for
speech (Speech-PTA: 0·5, 1, 2 and 4 kHz), high (HFPTA:
3, 4, 6 and 8 kHz) and low frequencies (LFPTA: 0·5,
1 and 2 kHz). The average PTA on both ears were used
for analysis. Hearing loss was defined as a Speech-
PTA > 25 dB according to the WHO classification(32) and
also categorized as: normal (Speech-PTA≤ 25 dB), mild
loss (25 dB < Speech-PTA ≤ 40 dB) and moderate/severe
loss (Speech-PTA> 40 dB). High-frequency hearing loss
was defined as a HFPTA> 25 dB. Low-frequency hearing
loss was defined as a LFPTA > 25 dB.

Covariates
Covariates were selected based on univariate analysis and
from previous literature. Data on potential confounders
were obtained from standard questionnaires and physical
examinations. Age (years), sex, race/ethnicity (non-
Hispanic White, non-Hispanic Black, Hispanic and Other),
education (high school or less; some college; college
graduate) and veteran status were self-reported on the
demographic questionnaire. Socio-economic status was
assessed by a ratio of family income to poverty guidelines.
Current smoking status was self-reported on the smoking

and tobacco use questionnaire. BMI was computed using
measured data from the physical examination and catego-
rized as <25 kg/m2, 25–29·9 kg/m2 and ≥30 kg/m2. Total
energy intake (kcal/d) was estimated from dietary recall
data. Physical activity level (vigorous; moderate; no vigo-
rous or moderate) was categorized using self-reported vig-
orous and moderate activities. Presence of chronic health
conditions including diabetes, hypertension and high lipid
levels was based on self-reported diagnosis on any of the
conditions. Information on exposure to noise including
firearm use, occupational or recreational noise was based
on self-reported exposure to any of the noise sources.

Statistical analysis
NHANES complex survey weights of the first dietary recall
were used to account for the sampling design. All analyses
incorporated the 10-year dietary survey weights for the
2001–2006 and 2009–2012 cycles. In our primary analysis,
multivariable logistic regression models were used
to examine the association of MDS with hearing loss,
high-frequency hearing loss and low-frequency hearing
loss. Multinomial logistic regression was used to examine
the association between MDS and hearing loss levels,
and associations of MDS with Speech-PTA, HFPTA and
LFPTA on the continuous scale were assessed using multi-
variable linear regression in model 1, which was adjusted
for age, sex and total energy intake, and model 2, which
was adjusted for covariates in model 1 and additional var-
iables including sociodemographic characteristics (race/
ethnicity, education, family income to poverty ratio), clinical
factors (BMI, physical activity, current smoking status,
presence of health conditions) and hearing-related expo-
sures (noise exposure, veteran status). We first examined
heterogeneity by age and sex using a Wald test of the inter-
action term between age, sex and MDS. After identifying a
statistically significant interaction (P< 0·05) between sex
and MDS in low-frequency hearing loss, the analysis was
then stratified by sex to examine the effect of MDS on
low-frequency hearing loss in men and women separately.
For all other models with statistically insignificant interaction
effects, the interaction term was not included in the final
models presented. A sensitivity analysis was conducted to
assess the associations between MDS and hearing loss,
high-frequency and low-frequency hearing loss by age
decades. To further explore which food group(s) were
responsible for the association between MDS and low-
frequency hearing loss in men (associations for women
were not significant and were therefore not examined
further), additional analyses were conducted with each food
group in theMediterranean diet as the independent variable,
and adjusted for the MDS without the food group being
modelled. The Wald tests were performed for all models
and statistical significance was considered to be present at
P< 0·05. All analyses were performed using the statistical
software package SAS version 9.4.
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Results

Baseline characteristics of the analytic sample by hearing
loss status are described in Table 1. Overall, 33·2 % of
the participants had hearing loss. Compared with those
without hearing loss, participants with hearing loss were
older, more likely to be men, with an education level of
high school or less, have a lower family income to poverty
ratio, be physically inactive, report one or more chronic
health conditions (hypertension, high cholesterol or diabe-
tes), report exposure to excess noise and have served in the
military (P values for group comparisons <0·05).

The associations between MDS and hearing loss are
shown in Table 2. After adjustment for age, sex and total
energy intake, there was a trend for an inverse association
between MDS and hearing loss (OR= 0·68; 95 % CI 0·46,
1·01), but the association was not statistically significant.
In model 2 that adjusted for additional potential
confounders, a similar non-significant trend was observed
(OR= 0·78; 95 % CI 0·49, 1·23). Furthermore, no significant
results were seen for associations between MDS and
hearing loss levels (data not shown).

Table 3 shows the association between MDS and high-
frequency hearing loss. Of the 1639 participants, 1067 had

high-frequency hearing loss. When comparing participants
with high MDS (>3) with those with low MDS (≤3), the
odds of high-frequency hearing loss decreased significantly
in both the model adjusted for age, sex and total energy
intake (OR= 0·56; 95 % CI 0·38, 0·81) and the fully adjusted
model (OR= 0·64; 95 % CI 0·43, 0·95).

There was an interaction by sex for the association
between MDS and low-frequency hearing loss, and
therefore we stratified our analyses by sex. Among women
(n 884), there was a trend for a protective association
between MDS and low-frequency hearing loss which
was not statistically significant (Table 4). Interestingly,
men (n 755) with higher MDS were more likely to report
low-frequency hearing loss (age-, sex- and total energy
intake-adjusted model: OR = 2·24; 95 % CI 1·28, 3·92) and
the magnitude of the association was even greater after
adjusting for other confounders (fully adjusted model:
OR = 2·63; 95 % CI 1·39, 4·95; Table 4).

For analysis on Speech-PTA, HFPTA and LFPTA on the
continuous scale, higher MDS was found to be significantly
associated with lower Speech-PTA and HFPTA in the
model adjusted for age, sex and energy, but only HFPTA
showed a significant inverse association with MDS in the
fully adjusted model (see online supplementary material,

Table 1 Sociodemographic and health characteristics of participants aged 50 years or older from the National Health and Nutrition
Examination Surveys 2000–2006 and 2009–2012, overall and by hearing status

Total (n 1639)
Hearing loss†

(n 545)
Normal hearing

(n 1094)

P valueMean or % SD Mean or % SD Mean or % SD

Age (years) 61·8 0·4 68·8 0·9 59·1 0·3 <0·0001
Mediterranean Diet Score
≤3 52·0 – 55·3 – 50·7 – 0·2804
>3 48·0 – 44·7 – 49·3 –

Sex
Men 42·6 – 51·6 – 39·0 – 0·0119
Women 57·4 – 48·4 – 61·0 –

Race
Non-Hispanic White 78·8 – 83·4 – 76·9 – 0·0710
Non-Hispanic Black 9·5 – 6·3 – 10·8 –
Hispanic 7·3 – 5·8 – 7·9 –
Other 4·4 – 4·4 – 4·3 –

Education
High school or less 39·2 – 54·0 – 33·4 – <0·0001
Some college 29·3 – 28·4 – 29·7 –
College graduate 31·5 – 17·6 – 36·9 –

Family income to poverty ratio 3·3 0·1 2·9 0·1 3·4 0·1 <0·0001
Physical activity level
Vigorous 18·0 – 10·8 – 20·8 – 0·0014
Moderate 35·2 – 32·4 – 36·3 –
No vigorous or moderate 46·8 – 56·9 – 42·9 –

BMI (kg/m2)
<25 26·8 – 28·0 – 26·3 – 0·7002
25–29·9 36·4 – 37·4 – 36·1 –
≥30 36·8 – 34·6 – 37·6 –

Current smoking status, yes 17·5 – 13·5 – 19·0 – 0·1499
Chronic health conditions (hypertension,
high cholesterol, diabetes), yes

70·1 – 75·4 – 68·1 – 0·0148

Noise exposure (recreational, firearm or
occupational), yes

51·8 – 58·2 – 49·3 – 0·0441

Veteran status, yes 16·1 – 25·0 – 12·6 – <0·0001

†Hearing loss was defined as a pure-tone average at speech frequencies (0·5, 1, 2 and 4 kHz) >25 dB.
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Supplemental Table S1). No significant associations were
found for LFPTA.

Sensitivity analyses stratified by age group (50–59,
60–69 and ≥70 years) revealed that the association
between MDS (>3 v. ≤3) and hearing loss was stronger
at younger age (50–59 years: OR= 0·42; 95 % CI 0·20,
0·88; see online supplementary material, Supplemental
Table S2). The positive association between MDS and
low-frequency hearing loss was the strongest among
men aged 60–69 years (Supplemental Table S3).
Further analysis on the effect of each food item in the
Mediterranean diet showed that high MUFA:SFA and low
intake of dairy were associated with higher odds of low-
frequency hearing loss amongmen (Supplemental Table S4).

Differences in sociodemographic characteristics bet-
ween individuals included in and excluded from the study
are shown in the online supplementary material, Supple-
mental Table S5. Individuals included in the analysis were
younger, had higher level of education and socio-
economic status, were more physically active, had higher
BMI and had higher exposure to noise.

Discussion

In the present study, 33·2 % of the adults aged 50 years
or older had hearing loss. Higher adherence to a
Mediterranean-style diet measured using the MDS
was not associated with hearing. However, we found a
protective association between higher adherence to a
Mediterranean-style diet and high-frequency hearing loss.
While no associations were observed for women, MDSwas
positively associated with low-frequency hearing loss
among men.

The protective effect of overall diet quality on hearing
functions, including those at high hearing frequencies,
among older adults observed in the current study is
consistent with most previous investigations. In a study
examining the associations of diet with hearing status
among participants aged 60–69 years in the 1999–2002
cycles of NHANES, better diet quality as measured by
HEI was associated with better hearing at high frequen-
cies. A similar trend was observed among participants
aged 50–59 years, but the association was not statistically

Table 2 Associations betweenMediterraneanDiet Score and hearing loss† usingmultivariable logistic regressionmodels amongparticipants
aged 50 years or older from the National Health and Nutrition Examination Surveys 2000–2006 and 2009–2012 (n 1639)

Independent variable

Model 1‡ Model 2§

OR 95% CI OR 95% CI

Mediterranean Diet Score
≤3 (reference) 1·00 – 1·00 –
>3 0·68 0·46, 1·01 0·78 0·49, 1·23

Age (years) 1·15*** 1·12, 1·17 1·14*** 1·11, 1·17
Sex
Men (reference) 1·00 – 1·00 –
Women 0·34*** 0·24, 0·59 0·38** 0·20, 0·72

Total energy intake (kcal) 1·00 1·00, 1·00 1·00 1·00, 1·00
Race
Non-Hispanic White (reference) – – 1·00 –
Non-Hispanic Black – – 0·41*** 0·26, 0·64
Hispanic – – 0·68 0·38, 1·21
Other – – 1·23 0·42, 3·63

Education
High school or less (reference) – – 1·00 –
Some college – – 0·74 0·46, 1·19
College graduate – – 0·39*** 0·25, 0·61

Family income to poverty ratio – – 0·98 0·88, 1·10
Physical activity level
No moderate or vigorous (reference) – – 1·00 –
Moderate – – 0·86 0·50, 1·47
Vigorous – – 0·78 0·42, 1·45

BMI (kg/m2)
<25 (reference) – – 1·00 –
25–29·9 – – 0·98 0·57, 1·69
≥30 – – 0·96 0·61, 1·50

Current smoking status – – 1·09 0·52, 2·29
Chronic health conditions (hypertension,
high cholesterol, diabetes)

– – 0·83 0·56, 1·23

Noise exposure (recreational,
firearm and occupational)

– – 1·29 0·81, 2·07

Veteran status – – 0·88 0·54, 1·43

**P< 0·01, ***P< 0·001.
†Hearing loss was defined as a pure-tone average at speech frequencies (0·5, 1, 2 and 4 kHz) >25 dB.
‡Adjusted for age, sex and total energy intake.
§Further adjusted for race, education, family income to poverty ratio, physical activity level, BMI, current smoking status, chronic health conditions, noise exposure and veteran
status.
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significant(21). Results from the age-stratified analyses in
the longitudinal NHS II study also suggested a protective
effect of better overall diet quality as measured by
AMED and DASH diet scores against the risk of
hearing loss among women aged 50–59 years and ≥60
years(22). Additionally, a significant inverse association
was observed between diet quality as measured by
AHEI-2010 and the risk of hearing loss(22). An Australian
study consisting of adults aged 50 years or older reported
that total diet score was inversely related to reporting of
concurrent vision and hearing loss in a cross-sectional
design; however, no significant effect of diet quality on
development of vision and hearing loss was observed
in the 5-year follow-up(33). While a recent study of a
European cohort has shown no significant associations
between diet quality assessed by the Dutch Dietary
Guidelines and hearing status in both low and high
frequencies, dietary intake assessed by the FFQ in the
study may result in larger recall bias(34).

However, our study found a statistically significant
positive association between MDS and low-frequency

hearing loss among men, in contrast with the results from
the other NHANES study examining the role of diet in
low-frequency hearing loss(21). It is possible that MUFA:
SFA and dairy were correlated with other unknown risk
factors that were associated with the risk of low-frequency
hearing loss among men. This hypothesis, and the
underlying mechanisms, require further investigation.

There are several hypothesized mechanisms by which
specific nutrients in the Mediterranean diet may protect
against hearing loss. Oxidative stress caused by build-up
of free radicals in the inner ear leads to cell death and
consequent vascular compromise and reduced cochlear
blood flow(35). Impaired homocysteine metabolism also
contributes to inner-ear dysfunction and mediates vulner-
ability to age-related changes(36). Many nutrients, such as
β-carotene, vitamins C and E and folic acid, exhibit antioxi-
dant capabilities and regulate redox stress by scavenging
free radicals and maintaining antioxidant enzyme homeo-
stasis(37,38). In animal models, a high-fat diet rich in vitamin
E and folic acid was associated with delayed age-related
hearing loss progression(39). Mg has also proven effective

Table 3 Associations between Mediterranean Diet Score and high-frequency hearing loss† using multivariable logistic regression models
among participants aged 50 years or older from the National Health and Nutrition Examination Surveys 2000–2006 and 2009–2012 (n 1639)

Independent variable

Model 1‡ Model 2§

OR 95% CI OR 95% CI

Mediterranean Diet Score
≤3 (reference) 1·00 – 1·00 –
>3 0·56* 0·38, 0·81 0·64* 0·43, 0·95

Age (years) 1·15*** 1·12, 1·19 1·15*** 1·11, 1·19
Sex
Men (reference) 1·00 – 1·00 –
Women 0·19*** 0·11, 0·31 0·19*** 0·12, 0·31

Total energy intake (kcal) 1·00 1·00, 1·00 1·00 1·00, 1·00
Race
Non-Hispanic White (reference) – – 1·00 –
Non-Hispanic Black – – 0·46*** 0·31, 0·68
Hispanic – – 0·61 0·35, 1·05
Other – – 1·58 0·88, 2·83

Education
High school or less (reference) – – 1·00 –
Some college – – 0·76 0·47, 1·23
College graduate – – 0·68 0·41, 1·12

Family income to poverty ratio – – 0·94 0·82, 1·07
Physical activity level
No moderate or vigorous (reference) – – 1·00 –
Moderate – – 0·69 0·41, 1·15
Vigorous – – 0·54 0·28, 1·02

BMI (kg/m2)
<25 (reference) – – 1·00 –
25–29·9 – – 0·60* 0·41, 0·90
≥30 – – 0·68 0·42, 1·11

Current smoking status – – 1·59* 1·09, 2·32
Chronic health conditions (hypertension,
high cholesterol, diabetes)

– – 1·02 0·72, 1·46

Noise exposure (recreational,
firearm and occupational)

– – 1·38 0·88, 2·16

Veteran status – – 1·12 0·59, 2·09

*P< 0·05, ***P< 0·001.
†High-frequency hearing loss was defined as a pure-tone average at high frequencies (3, 4, 6 and 8 kHz) >25 dB.
‡Adjusted for age, sex and total energy intake.
§Further adjusted for race,education, family income topoverty ratio, physical activity level, BMI, current smoking status, chronic health conditions,noiseexposureandveteranstatus.
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in reducing noise-induced vasoconstriction and has been
linked to reduced risk of hearing loss(35). Dietary supple-
mentation with β-carotene, vitamins C and E and Mg
was protective against inner-ear cell death and corres-
ponding permanent threshold shift(16). Better adherence
to a Mediterranean diet usually indicates increased con-
sumption of fruits, vegetables, legumes, nuts and unrefined
cereals, and these foods are rich in such vitamins and min-
erals that are beneficial for preventing hearing loss.

However, results from epidemiological studies on
the association between single nutrients and foods with
hearing loss are not consistent. Intakes of vitamins A and
E were associated with hearing loss prevalence, but
not incidence in Australia(40). Folic acid was inversely
associated with hearing loss among older adults in
the Netherlands(19) and among women in the USA(41);
however, no associations were found among older adults
in Denmark(42). While the protective effect of β-carotene
against hearing loss was observed in the NHS II cohort(41)

and among NHANES 2001–2004 participants(17), no
relationships were observed among older adults in

Japan(43), Australia(40) and the USA(20). Although vitamin
C was associated with better hearing thresholds in
NHANES(17), a detrimental effect of vitamin C intake has
been reported in the NHS II study(41). On the other hand,
Mg intake has consistently been shown to be associated
with better hearing function(44). Furthermore, the joint
protective effect between antioxidant vitamins and
Mg against hearing loss was also demonstrated in
NHANES(17). Other studies also showed that higher intakes
of dietary glycaemic load, fish and long-chain n-3 fatty
acids were associated with reduced risk of hearing
loss(18,45).

In addition to the nutrients and minerals, phytochemi-
cals, the bioactive non-nutrient compounds commonly
found in plants, also exhibit antioxidant activities. As such,
these compounds may have contributed to the observed
inverse association between the risk of hearing loss and
a diet that is rich in plant foods. Indeed, all dietary indices
examined in the current and previous studies emphasize
higher intakes of vegetables, fruits, whole grains, nuts
and legumes, which are great sources of antioxidant

Table 4 Associations between Mediterranean Diet Score and low-frequency hearing loss† using multivariable logistic regression models
among participants aged 50 years or older from the National Health and Nutrition Examination Surveys 2000–2006 and 2009–2012, by
sex (n 1639)

Independent variable

Men (n 755) Women (n 884)

Model 1‡ Model 2§ Model 1‡ Model 2§

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Mediterranean Diet Score
≤3 (reference) 1·00 – 1·00 – 1·00 – 1·00 –
>3 2·24** 1·28, 3·92 2·63** 1·39, 4·95 0·60 0·38, 1·06 0·79 0·42, 1·50

Age (years) 1·15*** 1·10, 1·19 1·14*** 1·10, 1·19 1·14*** 1·10, 1·15 1·14*** 1·11, 1·18
Total energy intake (kcal) 1·00 1·00, 1·00 1·00 1·00, 1·00 1·00 1·00, 1·00 1·00 1·00, 1·00
Race
Non-Hispanic White (reference) – – 1·00 – – – 1·00 –
Non-Hispanic Black – – 0·49* 0·25, 0·97 – – 0·80 0·42, 1·50
Hispanic – – 0·94 0·42, 2·10 – – 0·38** 0·21, 0·70
Other – – 1·28 0·28, 5·93 – – 0·57 0·22, 1·43

Education
High school or less (reference) – – 1·00 – – – 1·00 –
Some college – – 0·50* 0·27, 0·91 – – 0·94 0·50, 1·78
College graduate – – 0·59 0·24, 1·44 – – 0·37* 0·17, 0·81

Family income to poverty ratio – – 0·78* 0·62, 0·99 – – 0·96 0·82, 1·13
Physical activity level
No moderate or vigorous (reference) – – 1·00 – – – 1·00 –
Moderate – – 1·51 0·81, 2·80 – – 0·66 0·30, 1·45
Vigorous – – 1·12 0·52, 2·46 – – 0·65 0·19, 2·23

BMI (kg/m2)
<25 (reference) – – 1·00 – – – 1·00 –
25–29·9 – – 0·74 0·34, 1·65 – – 1·22 0·60, 2·48
≥30 – – 0·81 0·29, 2·25 – – 0·85 0·46, 1·56

Current smoking status – – 1·03 0·62, 1·72 – – 1·08 0·44, 2·70
Chronic health conditions
(hypertension, high cholesterol, diabetes)

– – 0·87 0·40, 1·90 – – 0·51* 0·27, 0·97

Noise exposure
(recreational, firearm and occupational)

– – 1·83 0·84, 3·96 – – 1·65 0·82, 3·35

Veteran status – – 0·90 0·48, 1·69 – – 0·67 0·12, 3·81

*P< 0·05, **P< 0·01, ***P< 0·001.
†Low-frequency hearing loss was defined as a pure-tone average at low frequencies (0·5, 1 and 2 kHz) >25 dB.
‡Adjusted for age and total energy intake.
§Further adjusted for race, education, family income to poverty ratio, physical activity level, BMI, current smoking status, chronic health conditions, noise exposure and veteran
status.
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compounds(30,46,47). Furthermore, high-quality diets protect
against vascular compromise and reduced cochlear blood
flow by promoting beneficial blood lipid profiles, better
endothelial function, lower blood pressure and less inflam-
mation(22). Healthy diets may also reduce neuroinflamma-
tion and neurodegeneration of auditory nerve fibres and
central auditory pathways(15,16,39).

Our study has several strengths. In NHANES, hearing
function has been measured using objectively measured
audiometry assessments, considered a gold standard(26).
Dietary intakes were assessed using 24 h dietary recalls,
which are considered to have less measurement error than
FFQ, especially for estimates at the food group level(48).
Also, the effect of overall diet was estimated and used to
account for the complex interactions and potential joint
effects between foods and nutrients in a diet.

Our limitations include the inability to deduce causal
inferences due to the cross-sectional nature of our analyses.
The possibility of reverse causality, wherein loss of hearing
function may have led to a loss of independence or income
leading to a diet of poor quality, cannot be dismissed.While
24 h dietary recalls have less measurement error compared
with other assessment methods and are good for estimating
short-term dietary intakes, the measurement error in repre-
senting long-term diet is substantial. Additionally, our
analyses showed that less than 4 % of the sample popula-
tion had MDS > 6, suggesting that the MDS may not accu-
rately reflect the dietary habits of the US population.
Therefore, diet quality as assessed by adherence to a modi-
fied Mediterranean-style diet that is applicable to the US
population, such as the US Department of Agriculture
Healthy Mediterranean-style Pattern(49), may be more
informative on the association between Mediterranean
diet and hearing loss in the USA. While the NHANES has
collected data on several covariates and confounders and
these were adjusted for in our analyses, some residual
confounding may be present due to the observational
nature of NHANES. Also, we were unable to exclude
individuals reporting conductive hearing loss, which is a
potential confounder, since there were no data in the
NHANES to indicate this. Furthermore, although the
present analyses utilized the NHANES data, our analytical
population may not be nationally representative due to the
large proportion of NHANES participants excluded from
the analyses. Additional analysis indicated significant
differences in sociodemographic and health characteristics
between participants who were included and excluded
from the analysis. Therefore, our results may not be
generalizable to the US population.

In summary, among adults aged 50 years or older, a
higher adherence to a Mediterranean-style diet was associ-
ated with lower odds of hearing loss, including those at
high hearing frequencies. Our findings with low-frequency
hearing loss in men require further investigation. Studies
with a longitudinal design are needed to confirm these
findings.
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