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Purpose: The purpose of this study was to examine the relationship between dietary
inflammatory index and objective hearing loss (HL).

Materials and Methods: A cross-sectional analysis of a nationally representative sample
of participants was performed based on data in National Health and Nutrition Examination
Survey (NHANES) (2009-2016). HL was defined as pure tone averages >25 dB at 500,
1000, and 2000 Hz (low frequency); 3000, 4000, 6000, and 8000 Hz (high frequency) in
either ear. The energy-adjusted dietary inflammatory index (E-DII) score was calculated for
each participant based on two 24-h dietary recalls to assess diet-associated inflammation.
Multivariable logistic regression was used to examine the linear relationship between HL and
E-DII score or E-DII quartiles. Restricted cubic spline was applied to identify any non-linear
associations of the E-DII score with hearing loss. Subgroup analyses were performed by age
and gender to explore the moderating roles of these factors. Akaike’s Information Criterion
(AIC) values were used to select the better-fitted model among linear and non-linear models.
Results: An inverted-U shaped relationship with low-frequency hearing loss (LFHL) was
identified for the E-DII score (P-nonlinear =0.023) after adjustment for potential confoun-
ders. But significant linear or nonlinear association between E-DII score and high-frequency
hearing loss (HFHL) was not found.

Conclusion: E-DII score had inverted-U relationship with LFHL. Both pro-inflammatory
diet and anti-inflammatory diet seemed to be associated with a decreased risk of LFHL
compared to diet that was neither pro-inflammatory diet nor anti-inflammatory diet.
Keywords: dietary inflammatory index, inflammation, NHANES, hearing loss

Introduction

Hearing loss has been a critical concern for global public health. According to the
World Health Organization (WHO), more than 466 million people across the world
acquire varying degrees of hearing loss, and that number is estimated to double by
2050, over 900 million people will suffer from a disabling hearing loss.' Hearing
loss not only affects the physical and psychological health of the afflicted indivi-
duals, but also imposes a significant social and economic burden on families and
society, unaddressed hearing loss incurs an annual global societal cost of $750
billion.? Estimations of the global occupational limitations occurring due to hearing
loss are $105 billion annually.?
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The causes of hearing loss are myriad and result from a
number of intrinsic and extrinsic factors, such as age, genetic
predispositions,”® noise exposure, poor nutrition* and current
ototoxic drugs used. Animal experiments have indicated the
association between immune function and hearing loss.’
Observational studies have shown an association between
plasma inflammatory markers and hearing loss.*’ Diet plays
a key role in regulating an individual’s inflammatory status,®
randomized controlled trials indicated that Mediterranean diet
is associated with low CRP concentrations.”'® A meta-analy-
sis revealed that healthy dietary patterns lead to reduced
CRP."" Results from the Nurses’ Health Study II also sug-
gested that dietary patterns characterized by high intake of
fruit, vegetables, legumes, whole grains, nuts, poultry, and
fish, with moderate alcohol intake display a lower risk of
hearing loss.'? Retrospective data from southern Italy showed
that consumed more dairy, olives and vegetable oil, spirits and
less fruits was associated with a higher risk of hearing loss."
Recently, a cross-sectional study from the Korea National
Health and Nutrition Examination Survey suggested that diet-
ary antioxidants or anti-inflammatory food may help reduce
the risk of hearing loss.'* In order to assess an individual’s
dietary inflammatory potential, the dietary inflammatory index
(DII) has been developed, which is a literature-based dietary
score calculated from the inflammatory scores of 45 food
parameters.'> To data, DII has been reported to be associated
with an increased risk of a variety of inflammatory diseases
and conditions, including diabetes mellitus,'® metabolic
syndrome,'” cardiovascular disease,'® and chronic kidney
disease.'” Andreeva et al found that a higher DII score is
related with increasing risk of subjective hearing loss in old
males based on a 12-year follow-up cohort from 3435 French
adults.”® No study has yet reported the association between
DII and objective hearing loss. This study aimed to examine
the relationship between dietary inflammatory index (DII) and
Low and High frequency of hearing loss in a cohort represen-
tative of the general population of adults aged 20 years old in
the United States, so as to explore the effects of dietary
inflammatory potential on auditory conduction.

Materials and Methods
Study Population

The National Health and Nutrition Examination Survey
(NHANES) is an ongoing, cross-sectional, nationally
representative series of surveys conducted by the
National Center for Health Statistics (NCHS). All
NHANES protocols are reviewed and approved by the

NCHS Research Ethics Review Board. A stratified, multi-
stage probability sampling design is applied to select a
nationally representative sample of the resident civilian
noninstitutionalized US population. In the current study,
data on sociodemographic, lifestyle factors, audiometry
and dietary information were analyzed for adults >20
years old during the 4 cycles of NHANES from 2009 to
2016, we also excluded individuals with extreme total
energy intakes outside the range of 500-5000 Kcal/day.”'

Audiometric Measurements and

Definition of Hearing Loss

All audiometric exam sections were administered by
trained examiners on participants in a sound- isolating
booths
Participants using hearing aids who were not able to

in the mobile examination center (MEC).

remove them for testing and participants who had suffi-
cient ear pain at the time of the exam and could not
tolerate headphones were excluded from the audiometry
component. Hearing threshold testing was conducted on
both ears of participants at seven frequencies (500, 1000,
2000, 3000, 4000, 6000, and 8000 Hz). Audiometric test-
ing was conducted according to a modified Hughson
Westlake procedure using the automated testing mode of
Interacoustics Model AD226 audiometer and middle ear
testing was conducted by Interacoustics Titan (middle ear
analyzer). A Welch Allyn otoscope (model 25020) was
used for otoscopic examination of the ears.

The low-frequency (LF) hearing threshold was defined as
the average of pure-tone hearing levels at 0.5, 1, and 2 kHz,
and the high-frequency (HF) hearing threshold as the average
of pure-tone hearing levels at 3, 4, 6, and 8 kHz. Sensorineural
hearing loss (SNHL) was inferred when either ear meet the
condition of pure-tone hearing threshold >25 dB,** normal
otoscopic examination findings, normal tympanogram find-
ings (the compliance of tympanogram range from 0.3 to
1.75, the middle ear pressure > —100 daPa).

Dietary Assessment

Two 24-hour dietary recall interviews were conducted by
trained interviewers to obtain dietary information using
methods developed using USDA’s dietary data collection
instrument, the Automated Multiple Pass Method
(AMPM) (http://www.ars.usda.gov/nea/bhnrc/fsrg). The
first dietary recall was conducted in MEC and the second

dietary recall was collected 3—10 days later by telephone.
The mean values of nutrient intakes for day one and day
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two of the 24 h dietary recalls were used to calculate
E-DII. NHANES applies a total of 27 food components
to calculate the DII score: carbohydrate; protein; total fat;
dietary fiber; cholesterol; saturated, monounsaturated, and
polyunsaturated fatty acids; omega-3 and omega-6 poly-
unsaturated fatty acids; vitamins A, B1, B2, B3 (niacin),
B6, B9 (folic acid), B12, C, D, and E; alcohol; beta-
carotene; caffeine; iron; magnesium; zinc; and selenium.
A z-score for each food parameter was computed by sub-
tracting the world standard means and then dividing it by
its standard deviation. Thereafter, each food parameter’s z-
score was converted to a centred percentile score and
multiplied by the literature-derived inflammatory effect
score.'> All of the specific food parameters’ dietary
inflammatory index scores were then summed to create
each participant’s overall score. E-DII scores derived from
25 to 30 food parameters usually range from —5.5 to
+5.5.% To control the total energy intake effect, the dietary
inflammatory index was calculated per 1000 kcal of food
consumed (E-DII).>* Higher positive E-DII scores repre-
sented more pro-inflammatory diets, whereas more nega-

tive values represented more anti-inflammatory diets.

Covariates

Demographic characteristics included gender, age, race/
ethnicity (non-Hispanic black, non-Hispanic white or
other), education level (Less than high school, High school
graduate or GED, some college or AA, College graduate
or more); Health-related covariates included smoking sta-
tus (never smoker, former smoker, current smoker), energy
intake and BMI; Self-reported chronic diseases included
diabetes, hypertension, stroke and congestive heart failure
(CHF); Noise exposures were also based on self-report,
work-related noise exposure was defined by a “yes” or
“no” answer to the question “Ever had job exposure to
loud noise?” Firearm exposure was determined by a “yes”
or “no” answer to the question “Ever used fircarms?”

3

Recreational noise exposure was determined by a “yes”
or “no” answer to the question “Ever had non-job expo-
sure to loud noise?”; Use of ototoxic drug was determined
by a “yes” or “no” answer to the question “In the past 30
days, have you used or taken medication for which a
prescription is needed?”, ototoxic drugs included antineo-
plastic drug, aminoglycosides, non-steroidal anti-inflam-
matory drug, diuretics,>* taking any of these drugs above

is considered to have used ototoxic drug.

Statistical Analysis

The 2009/2010, 2011/2012, 2013/2014, 2015/2016 cycles
were combined. According to tutorials of NHANES, 8-
years sampling weights were calculated by using quarter
of the 2-years sampling weight (WTMEC2YR).

We computed survey-weighted least square means and
95% confidence intervals (95% Cls) for E-DII after adjust-
ing for age, gender, race/ethnicity, education, smoking
status, BMI, diabetes, hypertension, stroke and CHF. We
compared the baseline characteristics of DII quartiles
using the weighted chi-square test for categorical vari-
ables. Weighted multivariable logistic regression was
used to examine the relations between HL and continuous
E-DII or quartile E-DII after adjusting for different covari-
ates. Restricted cubic splines with three knots within the
range of E-DII were used to examine the potential non-
linear relationships, non-linearity was assessed using the
Wald test. The smaller Akaike’s Information Criterion
(AIC) value® was used to select the better-fitted model.

The interaction effects of age, gender, noise exposure and
ototoxic drugs were examined comparing models excluding
and including the interaction terms. Stratified analyses were
conducted to explore the effect modification by age groups
(age>40 and age <40) and gender. In the sensitivity analysis,
we reanalyzed the data without accounting for the sampling
weights to test the linear and non-linear relationship between
continuous E-DII and HL by multivariable logistic regres-
sion and restricted cubic splines regression.

All statistical tests were two-sided with P<0.05 con-
sidered significant and were conducted using R Project for
Statistical Computing (version 4.0.4), weighted logistic
regression models were fitted using the “survey” package
in R, restricted cubic splines were fitted using the “rms”
package in R (Supplementary Material 9).

Results

Characteristics

The participant screening process is shown in Figure 1.
Table 1 shows survey-weighted participant characteristics
of the US adults more than 20 years old in low-frequency
model (LF model) and high-frequency model (HF model).
The majority of participants were Non-Hispanic White
(68.2% in LF model and 69.0% in HF model). There were
slightly more female participants (54.8% in LF model and
53.8% in HF model). 11.8% and 42.3% had low-frequency
and high-frequency HL. The intakes of single nutrients in LF
and HF models are shown in Table S1. The E-DII score
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Total recruited participants in NHANES
2009-2016
(n=40439)

A

A 4

17173 younger than 20 years old

Participants age =20 years old
(n=23266)

5381 with incomplete dietary

Y

data or extreme energy intake

Y

A4

9938 missing audiometry data

Participants with dietary data
(n=17885)

Participants with audiometry data

\\\» (n=7947) ‘///

662 missing data to define low-
frequency hearing loss.
1350 with bilateral abnormal
otoscopic examination findings
or abnormal tympanogram
findings.

1678 with unilateral abnormal
otoscopic examination findings
or abnormal tympanogram
findings.

A 4

667 missing data to define high-
frequency hearing loss.
1350 with bilateral abnormal
otoscopic examination findings
or abnormal tympanogram

findings. <
1154 with unilateral abnormal
otoscopic examination findings
or abnormal tympanogram
findings..

A A

Participants with low-frequency pure ton
hearing data
(n=4257)

28 miss covariates

A 4

A 4

Participants included in analysis for lo
frequency Hearing loss
(n=4229)

Figure | Flow diagram of analytic samples from NHANES 2009-2016.

ranged from —5.54 to 4.89: the first quartile (E-DII range
from —5.54 to —0.51), the second quartile (E-DII range from
—0.51 to 0.75), the third quartile (E-DII range from 0.75 to
1.81) and the fourth quartile (E-DII range from 1.81 to 4.89).
Characteristics of participants in LF model and HF model by

Y

Participants with high-frequency pure ton
hearing data
(n=4776)

A

22 miss covariates

A 4

Participants included in analysis for high
frequency Hearing loss
(n=4742)

E-DII quartiles are shown in Tables S2 and S3, compared
with those in the first quartile of E-DII score, participants in
the fourth quartile were more likely to be male and less
educated. Survey-weighted least square means of E-DII
were higher in participants with LFHL (Table S4).
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Table | Characteristics of Study Population in LF Model and HF Model
LF Model HF Model
(N=4229) (N=4742)
HL, n (%)
Yes 640 (11.8) 2133 (42.3)
No 3589 (88.2) 2609 (57.7)
Race, n (%)
Non-Hispanic Black 958 (10.5) 1057 (10.1)
Non-Hispanic White 1656 (68.2) 1879 (69.0)
Other 1615 (21.3) 1806 (20.9)
Education, n (%)
Less than high school 819 (12.8) 935 (12.9)
High school graduate or GED 859 (18.7) 986 (19.1)
Some college or AA 1338 (32.7) 1489 (32.6)
College graduate or more 1213 (35.8) 1332 (35.4)
Gender, n (%)
Men 1944 (45.8) 2235 (46.8)
Women 2285 (54.2) 2507 (53.2)
Age, n (%)
20-39 1671 (39.8) 1693 (36.2)
40 and over 2558 (60.2) 3049 (63.8)
BMI, n (%)
<25 1195 (29.6) 1328 (28.9)
25-29.9 1310 (30.9) 1474 (31.5)
>30 1724 (39.5) 1940 (39.6)
Occupational noise exposure, n (%)
Yes 1367 (33.0) 1547 (33.3)
No 2862 (67.0) 3195 (66.7)
Firearm noise exposure, n (%)
Yes 1665 (48.6) 1867 (50.9)
No 2564 (51.4) 2875 (49.1)
Recreational noise exposure, n (%)
Yes 540 (13.6) 613 (14.0)
No 3689 (86.4) 4129 (86.0)
Use of ototoxic drug, n (%)
Yes 284 (5.8) 340 (6.1)
No 3945 (94.2) 4402 (93.9)
Cigarette Smoking, n (%)
Never Smoker 2495 (57.8) 2744 (56.8)
Former Smoker 979 (24.6) 1131 (25.2)
Current Smoker 755 (17.6) 867 (18.0)
Diabetes, n (%)
Yes 569 (10.1) 690 (11.1)
No 3660 (89.9) 4052 (88.9)
Hypertension, n (%)
Yes 1415 (28.1) 1670 (29.9)
No 2814 (71.9) 3072 (70.1)
(Continued)
Journal of Inflammation Research 2021:14 https: 6675
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Table | (Continued).

LF Model HF Model
(N=4229) (N=4742)
History of CHF, n (%)
Yes 92 (1.5) 139 (1.5)
No 4137 (98.5) 4603 (98.5)
History of stroke, n (%)
Yes 108 (1.7) 109 (1.8)
No 4121 (98.3) 4633 (98.2)
Energy, mean (SD) 2103.94 (740.82) 2100.91 (741.69)

Abbreviations: SD, standard deviation; LF, low frequency; HF, high frequency; BMI, body mass index; CHF, congestive heart failure.

Association Between E-DIl and Hearing

Loss

Four thousand two hundred and twenty-nine participants
were included in LF model. There were no significant
associations between E-DII and low-frequency hearing
loss (LFHL) was found in unadjusted logistic regression
model and multivariable logistic regression models after
adjusting for different covariates (Tables 2 and S5). In the
restricted cubic spline regressions (Figure 2A-D), we
found significant inverted-U associations between E-DII
score and LFHL after adjusting for different covariates
(Figure 2C and D), the risk of LFHL was increased before
the E-DII score was around 0.7 then decreased afterward.
Then we considered the E-DII score as a categorical vari-
able with quartiles, individuals in the lowest E-DII quartile
were considered as anti-inflammatory diet, individuals in
the second E-DII quartile were considered as neutral diet-
ary pattern, participants in the third and highest E-DII
quartiles were considered as weak pro-inflammatory diet
and pro-inflammatory diet. To explore the inverted-U asso-
ciation between E-DII score and LFHL, individuals in the
second E-DII quartile were set as reference. We found that,
compared with individuals in the second E-DII quartile,

those in the lowest E-DII quartile and the third E-DII
quartile had lower clinical LFHL risk in multivariable
logistic regression models after adjusting for different
covariates (Figure 3B—D), those in the highest E-DII quar-
tiles also appeared to have lower clinical LFHL risk
although there is statistical significance only in unadjusted
logistic regression (Figure 3A). The AIC values and
Pseudo-R? of different models are displayed in Table 3,
the restricted cubic spline regression models and logistic
regression models of E-DII quartiles had a smaller AIC
value than the logistic regression models of continuous
E-DIL

Four thousand seven hundred and forty-two partici-
pants were included in HF model. Neither continuous
E-DII score nor E-DII quartiles were found to be asso-
ciated with high-frequency hearing loss (HFHL) in differ-
ent logistic regression models and restricted cubic spline
regressions (Table 2, Figures 2E-H and 3A-D).

Subgroup Analyses

There was no interaction found between E-DII and age,
gender, noise exposure and ototoxic drugs in this study,
but previous studies have shown that age and gender could

Table 2 3 Values of E-DII Score in Logistic Regression Models After Adjusting for Different Covariates

Model | Model 2

Model 3 Model 4

Exp (B) (95% CI)

Exp (B) (95% CI)

Exp (B) (95% CI)

Exp (B) (95% CI)

LF model 0.968 (0.894, 1.048) 1068 (0.978, 1.167) 1.061 (0.969, 1.162) 1.041 (0.95, 1.142)
(N=4229)
HF model 0.971 (0.912, 1.035) 1023 (0.946, 1.106) 1,018 (0.941, 1.101) 0.992 (0916, 1.074)
(N=4742)

Notes: Model I, unadjusted model; Model 2 adjusted for gender, age, race/ethnicity, education level and BMI; Model 3 adjusted for model 2 plus noise exposure and
ototoxic drugs; Model 4 adjusted for model 3 plus hypertension, stroke, congestive heart failure, smoking status, energy intake.
Abbreviations: 95% Cl, 95% confidence intervals; LF, low frequency; HF, high frequency.
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Model1 Model2

P-nonlnear=0.018

H ]

OR (95%Cl) for LFHL

OR (95%Cl) for LFHL

. /\

[
E-DII

[
E-DIl

14 P-nonlinear=0.632

H

OR (95%Cl) for HFHL
OR (95%Cl) for HFHL

—

[ [
E-DII E-DII

Model3 Model4

104 P-nonlinear=0.017 112 P-nonlinear=0.023

OR (95%Cl) for LFHL
OR (95%Cl) for LFHL

[
E-DII

14 P-nonlinear=0.859 18

OR (95%Cl) for HFHL
OR (95%Cl) for HFHL

.

[ [
E-DII E-DII

Figure 2 Restricted cubic spline regressions of E-DII and the risk of HL after adjusting for different covariates: (A—D) Restricted cubic spline regression of E-DIl and the risk
of LFHL in model |, model 2, model 3, and model 4; (E-H) Restricted cubic spline regression of E-DII and the risk of HFHL in model |, model 2, model 3, and model 4.
Model |, unadjusted model; Model 2 adjusted for gender, age, race/ethnicity, education level and BMI; Model 3 adjusted for model 2 plus noise exposure and ototoxic drugs;
Model 4 adjusted for model 3 plus hypertension, stroke, congestive heart failure, smoking status, energy intake. The black line and gray area represent the estimated OR
values and their corresponding 95% Cis. P-nonlinear values are from the Wald test and adjusted by false discovery rate (FDR).

modify the relationship between DII and hearing loss.?’
When stratified by age and gender in LF model, there were
no significant associations between E-DII and low-fre-
quency hearing loss (LFHL) was found in all subgroups
in multivariable logistic regression models after adjusting
for all covariates (Table S6). Then we considered the
E-DII score as a categorical variable with quartiles
(Figure 4A-D), compared with individuals in the second
E-DII quartile, those in the lowest E-DII and the third
quartile had more significant lower clinical LFHL risk
among middle-aged/elderly (age>40) group and male
group (Figure 4B and C), suggesting the inverted-U asso-
ciations between E-DII score and LFHL could be modified
by gender and age, although the interaction terms were not
significant. We also performed restricted cubic spline
regressions in different subgroups and the results revealed
inverted-U associations between E-DII score and LFHL
except for youth subgroup (age<40) (Figure S1A-D),
although the association was significant only in middle-
aged/elderly group (p=0.028). Moreover, we compared
linear and nonlinear models, we found that nonlinear mod-
els have smaller AIC values than linear models except the
young subgroup (Table S7).

There was no significant association observed between
quartile or continuous E-DII and HFHL in all subgroups

(Figures 4A-D and S1E-H, Table S6). Unsignificant
Inverted-U associations between E-DII score and HFHL

were observed in the female group, but nonlinear models
have greater AIC values than linear models in all sub-

groups (Table S7).

Sensitivity Analyses
We reanalyzed the data without accounting for the sam-
pling weights by performing restricted cubic splines
regression and multivariable logistic  regression.
Significant inverted-U associations between E-DII score
and LFHL were also observed in unweighted data
(p=0.015, Figure 5A). Moreover, the nonlinear model
showed a better fit than the linear model (Table S7).
Significant linear or nonlinear association between
E-DII score and HFHL was not found in unweighted

data (Figure 5B, Table S6).

Discussion

To the best of our knowledge, this study is the first to
investigate the association between the dietary inflammatory
potential and objective HL. We utilized two 24-hour dietary
recall interviews to estimate long-run average nutrient
intakes and calculated E-DII score. We found that the E-DII
score had a significant inverted-U relationship with the risk
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A
Model1
Odds Ratio (95% Cl)

LF
Quartile1 0.728 (0.526, 1.007) —a—
Quartile2 [Reference] ]
Quartile3 0.659 (0.476, 0.913) ——
Quartile4 0.672 (0.477, 0.948) ——
HF
Quartile1 0.989 (0.781, 1.253) ——
Quartile2 [Reference] ]
Quartile3 0.909 (0.765, 1.08) —.
Quartile4 0.889 (0.693, 1.14) ——

T T T

0 0.5 1 1.5

Cc
Model3
Odds Ratio (95% Cl)

LF
Quartile1 0.503 (0.335, 0.755) ——
Quartile2 [Reference] ]
Quartile3 0.595 (0.387, 0.914) ———
Quartile4 0.747 (0.507, 1.102) ——
HF
Quartile1 0.768 (0.518, 1.136) —a——
Quartile2 [Reference] ]
Quartile3 0.826 (0.569, 1.198) ——
Quartile4 0.876 (0.653, 1.175) ———

[ T T

B
Model2

Odds Ratio (95% CI)
0.501 (0.339, 0.741) ——
[Reference] L
0.593 (0.383, 0.919) ——
0.768 (0.52, 1.135) ——
0.775 (0.531, 1.133) —e
[Reference] [
0.84 (0.581, 1.216) ——
0.905 (0.671, 1.222) ——

I T T 1

0 0.5 1 15 2

D
Model4

Odds Ratio (95% CI)
0.525 (0.351, 0.785) ——
[Reference] L
0.585 (0.376, 0.912) ———
0.709 (0.468, 1.076) —a
0.806 (0.547, 1.189) —_—
[Reference] L
0.798 (0.548, 1.161) ——
0.806 (0.591, 1.099) —a

I T T 1

0 0.5 1 1.5 2

Figure 3 Forest plot of the associations between the quartiles of E-DII and risk of HL after adjusting for different covariates: Association was deemed significant if the 95%
Cl does not include one; OR values were based on logistic regression models. (A) Model |, unadjusted model; (B) Model 2, adjusted for gender, age, race/ethnicity,
education level and BMI; (C) Model 3, adjusted for model 2 plus noise exposure and ototoxic drugs; (D) Model 4, adjusted for model 3 plus hypertension, stroke, congestive

heart failure, smoking status, energy intake.

of LFHL. To verify the inverted-U association between the
E-DII score and the risk of LFHL, subgroup analyses and
sensitivity analyses were performed and showed that the fit
of the nonlinear models were better than the linear models.
We also explored the associations between the risk of LFHL
and E-DII quartiles and found that both pro-inflammatory
diet and anti-inflammatory diet seemed to be associated with
a decreased risk of LFHL compared to a diet that was neither
pro-inflammatory diet nor anti-inflammatory diet especially
in male and middle-age/elderly group (Figure 4B and C).
However, there was no obvious association between E-DII
score and HFHL found in this study.

Previous studies have associated HL with polyunsatu-
fats 2628 30-34

Compared to single nutrient analysis, dietary patterns

rated triglycerides® and  vitamins.
account for the combined effect of various foods and
may have a stronger association with disease risk than
for individual components.*>° Prior studies have exam-
ined the relationship between dietary patterns and
HL,"*373% however, these dietary patterns were not
designed to explore the inflammatory potential of diets.
Moreover, the results of previous studies for the relation-
ship between inflammatory food consumption and hearing

loss are inconsistent. Sardone et al found that consumption
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Table 3 AIC Values and Pseudo R? in Different Models
Model | Model 2 Model 3 Model 4
AIC Pseudo-R”> | AIC Pseudo-R?* | AIC Pseudo-R*> | AIC Pseudo-R?
LF Linear 3071.84 0 2190.23 0.30 2195.05 0.30 2199.10 | 0.31
model
Non-linear 306891 0 2183.33 0.30 2187.57 0.30 2191.75 | 031
model
Quartile 3067.48 0 2179.09 0.30 2187.57 0.31 2187.22 | 0.31
model
HF Linear 6466.04 0 3981.41 0.39 3974.32 0.39 3961.35 | 0.40
model
Non-linear 6469.55 0 3985.27 0.39 3977.88 0.39 3964.96 | 0.40
model
Quartile 6471.34 0 3984.56 0.39 3976.96 0.39 3964.23 | 0.40
model

Notes: Model |, unadjusted model; Model 2 adjusted for gender, age, race/ethnicity, education level and BMI; Model 3 adjusted for model 2 plus noise exposure and
ototoxic drugs; Model 4 adjusted for model 3 plus hypertension, stroke, congestive heart failure, smoking status, energy intake.
Abbreviations: AIC, Akaike’s Information Criterion value; LF, low frequency; HF, high frequency.

of pro-inflammatory foods with a high-sugar content was
positively related with hearing loss, anti-inflammatory
foods were not associated with hearing loss in a cohort
of Southern Italy.** Recently, Andreeva et al*® conducted a
retrospective longitudinal study based on the French
cohort to describe the relationship between inflammatory
potential of the diet and subjective hearing loss, they found
that less diet-related inflammation was associated with a
lower risk of HL in male subgroup, but it is unexpected
that DII and subjective HL were inversely associated in
female subgroup. Although, they conjectured that there
was a nonlinear association between the inflammatory
potential of the diet and subjective hearing loss, they did
not further explore the nonlinear association. Interestingly,
Huang et al’® also found that higher adherence to a
Mediterranean-style diet, which is considered as an anti-
inflammatory diet, was positively associated with low-
frequency hearing loss among middle—older aged male
adults in the USA. These results may imply inflammation
plays a dual role in the risk of hearing loss. In this study,
the inflammatory potential of the overall diet was esti-
mated by the E-DII score which improved prediction in
comparison to unadjusted DII score,”® after adjusting for
covariates, we observed the inverted-U association
between E-DII score and LFHL, which did not be mod-
ified by subgroup analyses and sensitivity analyses

obviously. But there was no significant linear or nonlinear

relationship between E-DII score and HFHL after adjust-
ing for covariates. According to traveling wave theory,
Basal regions of the cochlea perceive high frequency
sound wave and apical regions of the cochlea perceive
low frequency sound wave, our results may suggest that
the inflammatory potential of diets have a greater effect on
apical regions of the cochlea, which merit further explora-
tion in the future.

Chronic inflammation might alter brain neurotropism
and further affect the function of the auditory cortex and
the hippocampus, which may promote hearing loss and
cognitive decline.*® A recent study has associated age-
related hearing Loss with cognitive frailty, which may
imply that systemic inflammation was the common
mechanisms of age-related hearing loss and cognitive
frailty.*! Experimental studies of inner ear inflammation
have revealed the production of TNF-q, IL-1B, and IL-6
in the cochlea and synergic leukocyte infiltration.**
Disrupted vascular integrity in the stria vascularis and
disturbed endolymph ion homeostasis are hypothesized
to be associated with hearing loss induced by inflamma-
tory factors.*> Animal model investigations have shown
that blockage of the cytokine IL-6 pathway could
improve hearing after noise exposure.** Aspirin, a weak
anti-inflammatory agent, has been shown to be protective
against aminoglycoside-induced or cisplatin-induced hear-
loss anti-inflammatory  mechanisms.*’

ing through
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Figure 4 Forest plots of the associations between the quartiles of E-DII and risk of HL in different subgroups: (A) Youth subgroup (age<40) subgroup; (B) middle-aged/
elderly (age240) subgroup; (C) Male subgroup; (D) Female, subgroup. Association was deemed significant if the 95% Cl does not include one. OR values were based on
logistic regression models adjusted for age, gender, race/ethnicity, education, smoking status, energy intake, BMI, diabetes, hypertension, stroke, CHF, work-related noise

exposure, firearm exposure, recreational noise exposure, use of ototoxic drug.

However, there is conflicting evidence about aspirin’s
effect on hearing, research also reported that long-term
use of aspirin was associated with an increase in hearing
loss.**” Rapid increases in our understanding that nutri-
tion influences inflammatory and immune responses have
led to the development of DII** This analysis extends
evidence about the association of inflammatory potential
of the diet with hearing impairment.

Our study has several strengths. First, hearing loss has
been measured using objectively measured audiometry
assessments in our study, which was considered as a gold
standard.*® Second, nutrient intakes were assessed using

two 24-h dietary recalls, which could estimate long-run
average nutrient intakes.

Several limitations of this analysis should be consid-
ered. First, subjective measure error and diet-associated
recall bias are inevitable in a questionnaire study.
Second, the E-DII score was calculated based on 27 of
45 food parameters, which may affect the findings in this
study. However, the previous study has shown that there
was no change in the predictive ability of the E-DII food
parameters available in NHANES data to evaluate inflam-
mation compared with the full list.** Thirdly, individuals

with monogenic non-syndromic mutations were not
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Figure 5 Restricted cubic spline regression in unweighted data: (A) LF model; (B) HF model. The black line and gray area represent the estimated OR values and their
corresponding 95% Cls; P-nonlinear values are from the Wald test and adjusted by false discovery rate (FDR). All models were adjusted for age, gender, race/ethnicity,
education, smoking status, energy intake, BMI, diabetes, hypertension, stroke, CHF, work-related noise exposure, firearm exposure, recreational noise exposure, use of

ototoxic drug.

identified in this study, which may exert a mediation effect
or interaction effect in the relationship between the E-DII
and hearing loss. Furthermore, a large proportion of
NHANES participants have been excluded from the ana-
lyses, which led to the population included in this study
may not be nationally representative. Finally, it is impos-
sible to deduce causal relationships between E-DII and HL
due to the cross-sectional nature of our analyses. The
possibility of reverse causality cannot be dismissed, such
as hearing loss can lead to symptoms of depression and
social isolation, which may have an effect on diet.

Conclusion

In summary, E-DII score had inverted-U relationship with
LFHL, the risk of LFHL approach highest when the E-DII
score was around 0.7. This inverted-U relationship may
suggest that inflammation has a dual effect on the risk of
LFHL, both anti-inflammation and pro-inflammation asso-
ciated with lower risk of LFHL, which could partly explain
the inconsistent results of previous studies and require further
research. Moreover, the association between E-DII score and
HFHL was not found, which may imply that the inflamma-
tory potential of diets had a greater effect on apical regions of
the cochlea than basal regions of the cochlea. The exact
reaction mechanism of the relationship between inflamma-
tory potential of diets and HL requires further analysis.
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