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Abstract

Background/Objectives Studies based on food frequency questionnaires suggest that folate and vitamin B12 intake could
protect against hearing loss. We investigated whether erythrocyte folate and serum vitamin B12 levels are independently
associated with hearing loss in humans.

Subjects/Methods Participants in the 2003—2004 US National Health and Nutrition Examination Survey who had data on
hearing, folate, and vitamin B12 levels were included. Pure-tone average (PTA) at 0.5, 1.0, 2.0, and 4.0 kHz was computed
for each ear. We used weighted logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the
relation between quartiles of folate and vitamin B12, and hearing loss (present if PTA > 25 dB in either ear and absent if
PTA <25 dB in both ears).

Results Participants (n = 1149) were 20—-69 (mean 42) years old and 16.4% had hearing loss in at least one ear. Our data
suggest a U-shaped relationship between folate and hearing loss. Compared to the 1st quartile, the ORs (95% Cls) 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 in analyses adjusted for age, sex, vitamin B12, smoking, alcohol use, body mass index, race/ethnicity, exposure to
noise, income, and education. Although we observed inverse associations between vitamin B12 and hearing loss, the
associations were not statistically significant (P > 0.05).

Conclusions Our data show a U-shaped relationship between erythrocyte folate levels and hearing loss, suggesting a need to
evaluate whether optimizing blood folate levels could prevent hearing loss.

Introduction

According to the 2012 US National Health and Nutrition
Examination Survey (NHANES), about 15% of US adults
reported having hearing abnormalities, with higher pre-
valence among men and older individuals [1]. While old
age, exposure to excess noise, and infections are known risk
factors, emerging data suggests that diet could also play a
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role. For example, healthier eating has been associated with
better hearing [2].

Micronutrient deficiencies or insufficiencies could also
play a role in the incidence of hearing loss. For instance,
folate (natural form), and vitamin B12 are poorly absorbed
in old age, and about 6—-10% of elderly people experience
vitamin B12 deficiency and about 10% more experience
insufficiency [3-5]. While direct mechanistic data from
hearing studies in humans are lacking, the observed asso-
ciations for vitamin B12 and folate are biologically plau-
sible. For instance, in mice overexpression of micro RNAs
(miRNAs), particularly mir-34a and mir-181a, is associated
with reduction in expression of SIRT1, which leads to
apoptosis of cochlear hair cells and subsequent hearing loss
[6, 7]. Interestingly in vitro or in vivo mouse studies on
non-fatty liver disease have shown that low folate/choline
diets increase expression of both mir-34a and mir-181a [8],
supporting the hypothesis that folate may affect hearing loss
through modulation of miRNAs. This finding is also com-
pelling because several genetic studies [9-11] on age-
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related hearing impairment have identified genes (e.g.,
metabotropic  glutamate receptor-7 (GRM7) gene)
that contain seed sites for miRNAs that are modulated by
diet e.g., GRM7 harbors a highly conserved binding site for
mir-34a. Since the GRM7 gene encodes L-glutamate
receptor, which binds the excitatory neurotransmitter
thought to connect cochlear inner hair cells to afferent type I
auditory neurons [12], it could be a target for effects of
folate on hearing. Folate may also affect hearing through its
effects on mir-34a which reduces expression of the hepatic
nuclear factor 4-alpha [13], a transcription factor recently
found to be associated with hearing loss and a target of
ototoxic medications such as cyclosporine and sildenafil.
Since lower levels of folate or vitamin B12 elevate homo-
cysteine, a metabolite thought to impair blood flow to the
cochlea, these nutrients may also affect hearing through
their effects on homocysteine [14, 15]. While most studies
have focused on folate and vitamin B12 deficiency or
insufficiency as potential risk factors for hearing loss,
excess folate from diet or folic acid from supplements
and fortified foods could lead to high levels of circulating
unmetabolized folic acid that could lead to neurological
problems, altered DNA methylation and hearing loss
[16-19].

While several existing human [20-24] and animal studies
[25-27] have provided insights into the potential role
of folate and vitamin B12 in hearing loss, they have a
number of limitations. First, most studies were based
on questionnaires on diet and hearing loss and did not
include biomarkers of folate or vitamin B12 or more robust
measures of hearing loss (e.g., otoacoustic emission tests),
attributes that could lead to measurement error. Secondly,
most studies that included biomarkers had small
sample sizes [22, 28], did not include minorities or indivi-
duals in middle ages [22], and were mainly conducted
before initiation of fortification of foods with folic
acid, which began in 1998 in the US [25, 26]. Studies that
include various population subgroups and use more
robust measures of nutrient status are needed to
further understand whether folate and vitamin B12 are
associated with hearing loss in the general population
where food fortification with these nutrients has already
reached a steady state. As shown in different studies, tissue
levels of folate and B12 are good biomarkers of intake [29,
30] and because erythrocytes live for about 120 days, folate
measures in these cells are preferred to serum measures
[31].

Using NHANES [32], a nationally representative sample,
we investigated whether erythrocyte folate and serum vita-
min B12 levels are independently associated with hearing
loss in a demographically diverse population where the
impact of food fortification with folic acid [33, 34] should
have achieved its effects.

Methods
Study population

Participants in the current study are men and women who
were between 20 and 69 years old during 2003 and 2004
NHANES examinations. In order to participate in the
examination, an individual had to be free of pain in the ears
and, if applicable, he/she had to remove hearing aids or
devices before hearing tests [32]. The data used for this
study are de-identified and already available in the public
domain  (https://wwwn.cdc.gov/Nchs/Nhanes/Search/Nha
nes03_04.aspx). Thus, there was no need for approval by
the Institutional Review Board.

Assessment of hearing

Measurement of hearing loss in NHANES was done in four
steps: (a) a pre-examination questionnaire to determine
factors that could affect audiometric testing, (b) an oto-
scopic examination for physical ear canal and eardrum
problems, (c) assessment of middle ear function (tympa-
nometry), and (d) pure-tone air conduction audiometry.
Measurement protocols for middle-ear muscle reflexes and
pure-tone hearing thresholds in NHANES have been
described elsewhere [32, 35] and are described in detail on
the NHANES website (https://wwwn.cdc.gov/Nchs/Nha
nes/2003-2004/AUX_C.htm). Briefly, hearing tests were
performed by a trained examiner in a dedicated, sound-
isolating room. Hearing threshold testing was conducted on
both ears of examinees at 6 frequencies (0.5, 1.0, 2.0, 4.0,
6.0, and 8.0kHz for each ear) using the modified
Hughson—Westlake procedure and invoking the automated
testing mode of the audiometer. After excluding individuals
with abnormal otoscopic examinations in either ear, we
computed PTA at 0.5, 1.0, 2.0, and 4.0 kHz for each ear and
participants with PTA > 25 dB in either ear were classified
as having hearing loss, while those with PTA <25dB in
both ears were classified as having normal hearing in this
lower frequency range. For secondary analyses, we also
computed PTA at 4.0, 6.0, and 8.0 kHz for each ear and
participants with PTA > 25 dB in either ear were classified
as having hearing loss, while those with PTA <25dB in
both ears were classified as having normal hearing in the
higher frequencies.

Measurement of erythrocyte folate and serum
vitamin B12

Serum levels of vitamin B12 were determined using the
Bio-Rad Laboratories “Quantaphase II Folate/Vitamin B12”
radioassay kit, and erythrocyte folate was measured after
1:11 sample dilution with a solution of 1 g/dL ascorbic acid
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in water and either incubated for 90 min prior to assay or
frozen immediately for later assay [36]. The sample was
further diluted 1:2 with a protein diluent (human serum
albumin), resulting in a matrix similar to that of the stan-
dards and serum samples.

Measurement of covariates

Data on age, sex, smoking, race, household income, edu-
cation, and noise exposure were obtained from interviewer-
administered questionnaires and data on weight, height and
blood pressure were directly measured during an examina-
tion [37]. Data on diet was obtained from 24-h dietary
recalls collected during the 2003/2004 NHANES cycles.
From these data, we computed the total 2010 Health Eating
Index (HEI 2010) and its components using the “Simple
HEI Scoring Algorithm-Per Day” that has been imple-
mented in SAS macros and is available from the National
Cancer Institute [38]. The HEI was used as a covariate in
the models to account for differences in the overall quality
of the participants’ diets. Fasting glucose and creatinine data
were obtained by direct measurement from the blood sam-
ple collected during the NHANES examination. We used
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation to compute estimated glomerular fil-
tration rate (eGFR) [39].

Statistical analysis

All data management and analyses were done using Sta-
tistical Analysis System software version 9.4 (SAS Institute,
Cary, NC) that accounts for differences in sampling weights
in NHANES. From 1889 participants with audiometry data,
we excluded individuals with abnormal or missing data on
otoscopic examination (n =479) and those missing data on
covariates (n =261). In all, 1149 participants had complete
analyzable data. We distributed erythrocyte folate and
serum vitamin B12 into quartiles and computed descriptive
statistics by quartiles of erythrocyte folate. For categorical
and continuous variables, we used the SURVEYFREQ and
SURVEYMEANS procedures in SAS, respectively, to
estimate weighted proportions and means across quartiles of
folate. We used P-values from the Wald chi square test
(SURVEYFREQ procedure) and ANOVA (SURVEYREG
procedure) to test for the significance of the differences in
proportions and means across quartiles of folate.

Next we tested whether erythrocyte folate and serum
vitamin B12 are independently associated with hearing loss
based on the clinical cut-point of having a PTA >25dB in
any ear. The SURVEYLOGISTIC Procedure in SAS was
then used to estimate odds ratios (ORs) and corresponding
95% confidence intervals (CIs) for the relation between
quartiles of folate, quartiles of vitamin B12, and hearing
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loss. This procedure accounted for the two-year sampling
weights used in NHANES. Because of the broad effects of
folate and vitamin B12 on clinical variables such as blood
pressure, some covariates could be potential mediators of
the effects of these nutrients. Similarly, other variables such
as alcohol may have effects on hearing loss partly via their
effects on nutrient intake, absorption and metabolism (e.g.,
alcohol lowers folate absorption). Thus, we fitted models
sequentially with model 1 containing erythrocyte folate
(quartiles), serum vitamin B12 (quartiles), sex (men vs.
women), and age as a continuous variable. Model 2 addi-
tionally adjusted for smoking (never, past, and current),
alcohol use (yes or no), body mass index (continuous), race/
ethnicity (non-Hispanic white, non-Hispanic black and
other), exposure to loud noise or music (yes or no), annual
household income (<$20,000, $20,000-54,999 and
2$55,000) and educational attainment (not completed high
school, graduated from high school/GED and college or
higher). Model 3 additionally adjusted for the overall diet-
ary pattern using the United States Department of Agri-
culture’s Health Eating Index (HEI) that has been shown to
be inversely associated with hearing loss [2]. Additional
analyses adjusted for fasting serum glucose, systolic blood
pressure, diastolic blood pressure and eGFR, all as con-
tinuous variables, albeit knowing these variables could be
mediators in the association between folate and hearing
loss.

To test for potential interactions between folate and
vitamin B12, we included the main effects and cross-
products of these variables in the models. Our a priori cut-
point for significance was set at P <0.05 for main effects
and P £0.10 for interaction effects.

Results

The mean (min, max) age of participants in this study was
42 (20, 69) years. Most participants were women (52.0%),
white (71.9%), and never smokers (50.1%). Median (25th,
75th percentile) erythrocyte folate and serum vitamin B12
levels were 584 (469, 734) nmol/L and 335 (263,
435) pmol/L, respectively. Of the 1149 participants, 189
participants (16.5%) had hearing loss in the lower fre-
quencies and 409/1149 participants (35.6%) had hearing
loss in at least one of the higher frequencies (4.0, 6.0, and
8.0 kHz).

Table 1 shows other participant characteristics by quar-
tiles of erythrocyte folate. Most notable are the high pro-
portions of current smokers, those exposed to loud noise/
music and people with lower incomes and education in the
lowest two quartiles of folate. As expected, erythrocyte
folate levels were significantly higher for participants with
higher scores for the overall HEI and those whose scores
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Table 1 Characteristics of 2003—2004 NHANES participants by quartiles of erythrocyte folate
Quartiles of erythrocyte folate concentration

Variable 1 (n=290) 2 (n=1286) 3 (n=288) 4 (n=1285) P
Erythrocyte folate (nmol/L) 374.0+6.1 51529+3.0 658.2+3.0 986.0+17.9 -
Age (years) 384+1.0 39.0+0.7 42.8+0.9 48.0+0.7 <0.0001
Body mass index (kg/m?) 272+04 275+0.3 284+04 28.3+0.5 0.16
Sex (% women) 51.9 47.8 49.2 55.8 0.15
Race/ethnicity (%) 0.0004

Non-Hispanic white 54.1 69.9 81.8 82.3

Non-Hispanic black 233 11.3 4.6 3.1

Other 22.6 18.8 13.6 14.6
Smoking status (%) 0.002

Current smoker 40.6 35.8 20.8 10.4

Past smoker 18.9 16.6 27.6 30.7

Never smoker 40.5 51.6 51.6 58.9
Alcohol use (% drinker) 73.2 77.0 79.2 69.8 0.06
Household income (US $) 0.001

<20,000 224 14.7 114 9.9

20,000-54,999 43.5 424 36.8 40.5

>55,000 34.1 429 51.8 49.6
Education (%) 0.03

<High school 20.5 16.0 11.8 11.8

High school 24.7 27.0 204 24.7

College or higher 54.8 57.0 67.8 63.5
Exposed to loud noise/music (%) 11.3 94 9.0 4.2 0.01
Right ear PTA (dB hearing level)* 123+ 1.1 13.6 +0.7 123+1.0 14.1+1.0 0.08
Left ear PTA (dB hearing level)* 12.4+0.8 12.5+0.6 11.7+0.9 14.8 +£0.8 0.004
Serum vitamin B12 (pmol/L) 316.8 +£6.6 3459+94 373.6 +£12.3 450.1 +14.0 <0.0001
Serum glucose (mmol/L) 5.12+0.10 5.03 +0.07 529+0.11 5.28+0.12 0.10
Systolic blood pressure (mmHg) 119.0+1.1 1192+ 1.1 1193+1.3 1209+ 1.4 0.55
Diastolic blood pressure (mmHg) 71.8+0.7 72.5+0.7 70.6 +0.8 70.8+1.3 0.21
Estimated GFR, (mL/min/1.73 m*)" 988+1.5 985+1.3 949+0.8 919+12 0.0002
Health eating index (HEI 2010) 41.7+1.1 462+ 14 47.5+0.9 504+1.3 <0.0001
Total vegetable score (HEI 2010) 2.81 +£0.15 296 +0.14 2.95+0.12 3.3+0.08 0.04
Total fruit score (HEI 2010) 1.71 +£0.15 1.70 +0.12 1.99 +0.14 2.57+0.16 0.001

Values are percentages or mean + SEM and are adjusted for sampling weights

*Pure-tone average computed at 0.5, 1.0, 2.0, and 4 kHz frequencies
"GFR = Glomerular filtration rate

were high for the intake of fruits and vegetables, variables
known to contribute to folate intake. Except for eGFR that
decreased with increase in erythrocyte folate, other clinical
variables did not vary dramatically by folate status.

Analyses of folate, vitamin B12, and hearing loss

To test for independent associations, folate and vitamin B12
were modeled simultaneously while accounting for covari-
ates and sampling weights. There was no evidence for
interaction between folate and vitamin B12. As shown in

Table 2, our data suggest a U-shaped relationship between
erythrocyte folate and hearing loss. In the age-adjusted, sex-
adjusted, and B12-adjusted model, and using the lowest
quartile as the referent, the ORs (95% ClIs) for hearing loss
were 0.94 (0.52-1.72), 0.66 (0.47-0.93), and 0.98
(0.62—-1.56) for the 2nd, 3rd, and 4th quartile of erythrocyte
folate. Additional adjustment for smoking, alcohol use,
body mass index, race/ethnicity, exposure to noise, income
and education strengthened the association in the lower
quartiles but attenuated it in the upper quartile. The ORs
(95% Cls) became 0.85 (0.49-1.49), 0.68 (0.47-0.99), and

SPRINGER NATURE
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Table 2 Odds ratios (95% confidence intervals) for associations between erythrocyte folate, serum vitamin B12, and hearing loss in NHANES
2003-2004 participants (n = 1149)

Odds ratios (95% confidence intervals)®

Quartiles of erythrocyte folate Quartiles of serum vitamin B12

Model 1(low) 2 3 4 (high) 1 (low) 2 3 4 (high)
1° 1.00 0.94 0.66 0.98 1.00 0.68 0.71 0.68

(0.52, 1.72) (0.47, 0.93) (0.62, 1.56) (0.45, 1.03) (0.43, 1.18) (0.34, 1.38)
2¢ 1.00 0.85 0.68 1.05 1.00 0.73 0.80 0.70

(0.49, 1.49) 0.47, 0.99) (0.57, 1.94) (0.48, 1.11) 0.49, 1.31) (0.35, 1.38)
34 1.00 0.87 0.70 1.08 1.00 0.73 0.80 0.72

(0.49, 1.53) (0.49, 1.00) (0.61, 1.94) (0.48, 1.12) (0.49, 1.32) (0.36, 1.41)

Values in bold indicate associations that are statistically significant or marginally significant at the P value

0dds ratios and 95% confidence intervals are from a logistic regression model implemented using the SURVEYLOGISTIC Procedure in SAS to
account for sampling weights. Confidence intervals that do not include 1.00 are statistically significant at P <0.05. Variables for folate, vitamin
B12, age, and sex were included in all models simultaneously. Hearing loss was defined as having *PTA > 25 dB at 0.5, 1.0, 2.0, or 4.0 kHz in any
ear

®Model 1 included quartiles of erythrocyte folate, quartiles of serum vitamin B12, age (as a continuous variable), and sex (men vs. women)

“Model 2 additionally adjusted for smoking (never, past and current), alcohol use (yes or no), body mass index (continuous), race/ethnicity (non-
Hispanic white, non-Hispanic black and other), exposure to loud noise or music in last 24 h (yes or no), annual household income (<$20,000,
$20,000-54,999, and 2$55,000) and educational attainment (not completed high school, graduated from high school/GED and college or higher)

dAdditionally adjusted for the 2010 health eating index as a measure of quality of the overall diet

1.05 (0.57-1.94) for the 2nd, 3rd, and 4th quartile of ery-
throcyte folate, respectively. Further adjustment for the HEI
or serum glucose, blood pressure, and kidney function,
variables that could potentially be affected by folate and/or
vitamin B12, attenuated the association further but the U-
shaped relationship remained evident. In this fully-adjusted
model, the ORs (95% ClIs) became 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, respectively.

Although we observed inverse associations for vitamin
B12 and hearing loss before and after adjustment for cov-
ariates, the associations were not statistically significant in
any of the quartiles. In the fully-adjusted model and using
the lowest quartile as the referent, the ORs (95% CIs) for
hearing loss were 0.73 (0.48-1.11), 0.80 (0.49-1.31), and
0.70 (0.35-1.38) for the 2nd, 3rd, and 4th quartile of serum
vitamin B12.

In secondary analyses with PTA computed for fre-
quencies of 4.0, 6.0, and 8.0 kHz, neither erythrocyte folate
nor serum vitamin B12 was significantly associated with
hearing loss.

Discussion
Using a large dataset from the 2003-2004 NHANES we
have shown that individuals with moderate (582—741 nmol/

L) erythrocyte folate levels have 32% lower odds of having
hearing loss in the lower frequencies (0.5-4.0kHz) in
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analyses that accounted for covariates such as age, sex, and
body mass index, income, education, and other factors
associated with hearing loss. Serum vitamin B12 was not
significantly associated with hearing loss. Neither folate nor
vitamin B12 was significantly associated with hearing loss
in the higher frequencies (4.0-8.0 kHz).

Our finding of a null association between serum vitamin
B12 and hearing loss in the analyses adjusted for ery-
throcyte folate levels are consistent with those from pre-
vious studies in which vitamin B12 intake [20] or serum
levels [14, 28] were not significantly associated with hear-
ing loss but contrast a previous study [24] in which a sig-
nificant inverse association between vitamin B12 intake and
hearing levels was reported. While the reasons for the
inconsistent results for vitamin B12 and hearing loss are not
clear, it may be related to lack of adjustment for con-
founding by folate levels in previous studies or the rela-
tively high levels of folate and vitamin B12 in our study
sample. For instance, only 6/1149 (0.85%) participants in
our sample had serum vitamin B12 levels below 103 pmol/
L and only 60/1149 were below 317 nmol/L of erythrocyte
folate, the lower limits for the normal range for serum
vitamin B12 and erythrocyte folate, respectively. It is also
possible that the effects of vitamin B12 on hearing and other
auditory functions are minimal and difficult to detect in
typical population studies with several confounders to
adjust for. However, even in a small clinical trial
among patients with tinnitus, vitamin B12 did not improve
hearing [40].
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Our fully-adjusted models confirm an inverse association
between folate intake and hearing loss that has been
observed in previous studies based on food frequency
questionnaires [20, 21] and the inverse association between
folic acid (supplemental form) and hearing loss that was
observed in a clinical trial in the Netherlands [23]. The
inverse association between erythrocyte folate and hearing
loss observed in our study is also consistent with results
from a study of erythrocyte folate and hearing loss in 55
older white adults in the US [22] and results from a serum
folate study among 126 adult Nigerians [28] and among
2956 Australians [14]. These results are also consistent with
protective effects of folate on hearing and cochlear vascu-
larization that have been observed in animal studies [15, 25,
26].

Our finding of an inverse relationship in the general US
population is important because it shows that the benefits of
folate on hearing that have been observed in elderly popu-
lations are also evident in relatively young populations
(20-69 years old) and racially/ethnically diverse popula-
tions such as those constituting NHANES sample. If con-
firmed in a clinical trial that includes both younger and
older people, the association between folate and hearing
loss may suggest that adequate folate intake could be ben-
eficial for hearing health in both younger people and older
populations who tend to have inadequate folate levels. We
observed a non-significant increase in odds of hearing loss
in the top-most quartile of folate (quartile mean =985
nmol/L). The reason for the increase in the odds of hearing
loss in the topmost quartile is unclear but could be related to
neurologic damage that has been associated with excess
folic acid, a likely scenario in populations with increased
use of folic acid supplements and fortified foods [16, 17].
Excess folic acid from chronic use of supplements or food
fortification leads to excess levels in the erythrocytes [17]
and could lead to large levels of unmetabolized folic acid in
the body, which has been associated with altered DNA
methylation and reduced immune function [18, 19].
Although side effects of acute overconsumption of folic
acid are considered reversible, effects from long-term
overconsumption are unknown and may be worse in indi-
viduals with low vitamin B12 levels which has also been
associated with hearing loss [41]. If replicated, this finding
of increased odds of hearing loss at higher levels of folate
may suggest that supplementation with folic acid should
only be for population subgroups at increased risk of folate
deficiency or insufficiency.

Because the 2003—2004 NHANES data were collected
5-6 years after initiation of food fortification with folic acid
in 1998, our study suggests that if the effect of folate on
hearing loss is confirmed, additional approaches such as
targeted supplementation with folic acid, could still be used
to improve folate status and potentially for preventing

hearing loss, especially in the elderly and minority popu-
lations where folate intake or body folate status may be low
[42].

Although previous studies have examined the role of
folate and vitamin B12 independently and found inverse
associations, it has been unclear as to whether both are
needed to prevent hearing loss. Our study extends knowl-
edge from previous studies by suggesting that when folate
status is accounted for, vitamin B12 may not be important
for hearing in populations with vitamin B12 levels as high
as those observed in the majority of people in the US.
Future studies in the US that evaluate the role of folate in
prevention of hearing loss could focus on folic acid sup-
plementation alone rather than both folic acid and vitamin
B12.

This study has limitations. One limitation of the present
study is the narrow age range (20-69 years) of the partici-
pant sample which precludes analyses that are adequately
powered to determine whether folate or serum vitamin B12
have effects on presbycusis, a condition more common in
older age groups. Another limitation is the use of an oto-
scopic examination to exclude participants with middle ear
disease. We excluded all participants with abnormal otolo-
gic examination, in order to limit the study to those without
middle ear disease. The sensitivity and specificity of oto-
scopic examination in NHANES has not been analyzed, but
in other settings has been found to be variable [43]. Our
study is based on secondary cross-sectional data from a
nationally representative sample in the public domain and
lacks some details such as information on hereditary forms
of hearing loss, trauma-related hearing loss or comprehen-
sive data on the amount and timing of noise exposure or the
type, dose and timing of use of medications associated with
hearing loss. The cross-sectional nature of the study pre-
cludes assessment for temporal relationships and makes it
impossible to exclude the potential for reverse causality.
These limitations call for caution in the interpretation of our
findings.

Nonetheless, the consistency of the current findings with
those from previous studies using food frequency ques-
tionnaires or biomarkers in smaller samples in multiple
populations, add to the body of knowledge supporting an
inverse relationship between folate and hearing loss. Our
study shows that moderate erythrocyte folate levels seen in
our 3rd quartile (582—741 nmol/L) are independently asso-
ciated with ~30% lower odds of having hearing loss even in
relatively young US adults. This is unique because the
apparent protection against hearing loss observed at mod-
erate levels of erythrocyte folate seems to affect lower
hearing frequencies in relatively young adults; a finding
consistent with that from a folic acid supplementation study
in the Netherlands [23]. Future investigations are needed to
further evaluate these associations in a larger sample of
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older people who are at a greater risk for folate and vitamin
B12 deficiencies and at increased risk for age-related
hearing loss. Moreover, these studies should determine
whether supplementation with folic acid in certain popula-
tion subgroups (e.g., the elderly or minority subpopulations
that tend to have inadequate folate and vitamin B12 levels)
could prevent or reverse hearing loss. Future prospective
studies that investigate hearing loss in subgroups that use
medications (e.g., methotrexate, cisplatin, carbamazepine,
or phenytoin) that interfere with folate metabolism are
needed.
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