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Association between fatty liver disease and hearing
impairment in Korean adults: a retrospective cross-
sectional study
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National University, Daegu, Korea

Background: We hypothesized that fatty liver disease (FLD) is associated with a high prevalence of hearing loss (HL) owing to meta-
bolic disturbances. This study aimed to evaluate the association between FLD and HL in a large sample of the Korean population.
Methods: We used a dataset of adults who underwent routine voluntary health checkups (n=21,316). Fatty liver index (FLI) was cal-
culated using Bedogni's equation. The patients were divided into two groups: the non-FLD (NFLD) group (n=18,518, FLI <60) and the
FLD group (n=2,798, FLI >60). Hearing thresholds were measured using an automatic audiometer. The average hearing threshold
(AHT) was calculated as the pure-tone average at four frequencies (0.5, 1, 2, and 3 kHz). HL was defined as an AHT of >40 dB.
Results: HL was observed in 1,370 (7.4%) and 238 patients (8.5%) in the NFLD and FLD groups, respectively (p=0.041). Compared
with the NFLD group, the odds ratio for HL in the FLD group was 1.16 (p=0.040) and 1.46 (p<0.001) in univariate and multivariate
logistic regression analyses, respectively. Linear regression analyses revealed that FLI was positively associated with AHT in both uni-
variate and multivariate analyses. Analyses using a propensity score-matched cohort showed trends similar to those using the total
cohort.

Conclusion: FLD and FLI were associated with poor hearing thresholds and HL. Therefore, active monitoring of hearing impairment in
patients with FLD may be helpful for early diagnosis and treatment of HL in the general population.
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Introduction

Hearing loss (HL) is an important global health problem associat-
ed with quality of life and various adverse outcomes. The World
Health Organization (WHO) estimates that approximately 430
million patients suffer from HL [1]. The prevalence of HL is
steadily increasing with aging of the population, the increasing

prevalence of various comorbidities, and the use of earphones.

Further, the WHO has projected that the number of patients with
HL will increase to 700 million by 2050 [ 1]. Therefore, the identi-
fication and treatment of risk factors for HL are important to de-
crease the prevalence or severity of HL. Noise exposure, age, and
various ear diseases are well-known risk factors for HL. However,
as the prevalence of chronic diseases, such as hypertension and dia-
betes mellitus (DM), is increasing, recent studies have focused on

the association between various medical problems and HL. Previ-
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ous epidemiologic studies have shown a positive correlation be-
tween metabolic disturbances and HL in the general population
[2-6].

Fatty liver disease (FLD) is a metabolic disease characterized by
accumulation of fat droplets within hepatocytes. Previous studies
have shown an association between FLD and liver problems such
as hepatitis, liver cirrhosis, and hepatocellular carcinoma [7].
Moreover, FLD is associated with poor patient survival. Further-
more, recent studies have shown associations between FLD and
various nonhepatic metabolic disturbances [8-15]. We hypothe-
sized that FLD is associated with a high prevalence of HL due to
metabolic disturbances. Therefore, this study aimed to evaluate the
association between FLD and HL in a large sample of the Korean
population.

Methods

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Kyungpook National Universi-
ty Hospital (IRB No: 2015-06-003 ), which waived the need
for informed consent because the data were anonymized and

deidentified before analysis.

1. Study population

Our study used a dataset of adults who underwent routine volun-
tary health checkups at a tertiary medical center between June
2008 and April 2014. Of the 22,480 adults (aged > 18 years), we
excluded participants with insufficient laboratory or hearing
threshold data (n = 143), or those with positive test results for hep-
atitis B surface antigen or hepatitis C antibodies (n=1,021). Final-
ly, 21,316 patients were included in the study.

2. Study variables

The following clinical and laboratory data were collected: age; sex;
body mass index (BMI, kg/m”); waist circumference (WC, cm);
systolic blood pressure (SBP, mmHg); diastolic blood pressure
(DBP, mmHg); platelet count (cells/mm®); gamma-glutamyl
transferase (GGT, U/L), serum creatinine (mg/dL), high-sensitiv-
ity C-reactive protein (hs-CRP, mg/dL), hemoglobin (mg/dL),
fasting blood glucose (mg/dL), glycated hemoglobin (HbA1c, %),
aspartate transaminase (AST, U/L), alanine transaminase (ALT,
U/L), total cholesterol (mg/dL), triglycerides (TG, mg/dL), and
high-density lipoprotein (HDL) cholesterol (mg/dL) levels; fatty
liver index (FLI); and hearing thresholds.

FLIwas calculated using Bedogni’s equation as follows [ 16]:

0.953 x I TG)+0.139 x BMI+0.718 x | GGT)+0.053 x WC-15.745
FLI= (e oge (TG) oge (GGT) )/

0.953 x 1. TG)+0.139 x BMI+0.718 x 1 GGT)+0.053 x WC-15.745
(14295310 (19 oge (GGT) )x 100

FLI ranges from 0 to 100. Previous studies have shown high con-
cordance between FLI and the gold-standard methods for diag-
nosing FLD [16,17]. In this study, the patients were divided into
two groups according to a cutoff FLI of 60. We defined the non-
FLD (NFLD) group as patients with FLI of <60 and the FLD
group as those with FLI of > 60, based on a previous study [ 16]. In
addition, metabolic dysfunction-associated FLD (MAFLD) was
defined according to a previous study [ 18]. The patients with FLD
according to FLI were divided into three groups as follows: high
BMI type, patients with BMI of > 23 kg/m’; DM type, patients
with DM; and lean type, BMI of <23 kg/m” and having two or
more metabolic factors (WC, >90 cm for male and > 80 cm for
female; blood pressure, > 130/85 mmHg or antihypertensive drug
treatment; plasma TG, > 150 mg/dL or specific drug treatment;
plasma HDL cholesterol, <40 mg/dL for male and <50 mg/dL
for female or specific drug treatment; fasting glucose levels, 100—
125 mg/dL or HbAlc 5.7%-6.4%; and hs-CRP level, > 0.2 mg/

Hearing thresholds were measured using an automatic audi-
ometer at 0.5, 1, 2, 3, 4, and 6 kHz. For both ears of each partici-
pant, low-frequency (Low-Freq), mid-frequency (Mid-Freq),
and high-frequency (High-Freq) values were obtained by calcu-
lating the pure-tone averages at 0.5 and 1 kHz, 2 and 3 kHz, and
4 and 6 kHz, respectively. In this study, the average hearing
threshold (AHT) was calculated as the pure-tone average at four
frequencies (0.5, 1,2, and 3 kHz). HL was defined as an AHT of
>40 dB.

BMI was calculated as body weight divided by height squared.
DM was defined as a self-reported history of DM or a fasting glu-
cose level of > 126 mg/dL. Hypertension was defined as an SBP of
> 140 mmHg, DBP of > 90 mmHg; a self-reported history of hy-
pertension, or use of antihypertensive drugs.

3. Statistical analysis

Data were analyzed using the statistical software SAS (ver. 9.4;
SAS Institute, Cary, NC, USA). Categorical variables are ex-
pressed as counts (percentages). Continuous variables are ex-
pressed as mean * standard deviation or standard error. Pearson
chi-square test or Fisher exact tests were used to analyze categori-
cal variables. For continuous variables, the means were compared
using t-tests. Associations between two continuous variables were
evaluated using Pearson correlation or partial correlation analyses.
Linear regression analysis was performed to determine indepen-
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dent predictors of AHT. Logistic regression analyses were used to
estimate the odds ratios (ORs) and 95% confidence intervals
(CIs), which were then used to assess the relationship between
FLD and HL. Multivariate analyses were adjusted for age; sex;
DM; hypertension; platelet count; and total cholesterol, HDL
cholesterol, AST, ALT, creatinine, hs-CRP, and hemoglobin levels.
BMI, WC, and GGT levels were not included in the multivariate
model because they were used for the FLI calculation.

Most baseline characteristics differed between the NFLD and
FLD groups. To adjust for these differences, we estimated the pro-
pensity scores using logistic regression models with the following
variables: age, sex, DM, hypertension, SBP, DBP, platelet count, to-
tal cholesterol, HDL cholesterol, AST, ALT, creatinine, hs-CRP,
hemoglobin, and fasting glucose. Participants in the NFLD group
were matched with those in the FLD group using 1:1 nearest
neighbor matching based on propensity scores without replace-
ment and a matching tolerance (caliper) of 0.01. Statistical signifi-

cance was set at p < 0.0S.

Results

1. Participant clinical characteristics
The NFLD and FLD groups included 18,518 and 2,798 patients,
respectively. The FLI scores in the NFLD and FLD groups were

Table 1. Clinical characteristics of the study participants

20.1+16.2 and 74.9+ 10.1, respectively (p < 0.001). The baseline
characteristics of the patients are shown in Table 1. The partici-
pants in the NFLD group were older than those in the FLD group.
The prevalence of male sex, DM, and hypertension was higher in
the FLD group than in the NFLD group. Most laboratory values
were higher in the FLD group than in the NFLD group.

2. Association between fatty liver disease and heariing loss
or hearing thresholds
HL was observed in 1,370 (7.4%) and 238 patients (8.5%) in the
NFLD and FLD groups, respectively (p = 0.041). Compared with
the NFLD group, the ORs for HL in the FLD group were 1.16
(95% CI, 1.01-1.34) and 1.46 (95% CI, 1.22—1.74) in the univari-
ate and multivariate logistic regression analyses, respectively (Table
2). Pearson correlation analyses showed that the correlation coeffi-
cients between FLI and Low-Freq, Mid-Freq, High-Freq, and
AHTs were 0.088,0.116,0.172, and 0.108, respectively (Fig. 1, all
p<0.001). Partial correlation coefficients with adjustment for co-
variates between the FLI and Low-Freq, Mid-Freq, High-Freq, and
AHTs were 0.045, 0.035, 0.038, and 0.043, respectively (Fig. 1, all
p<0.001).

Linear regression analyses revealed that the FLI was positively
associated with AHT in both univariate and multivariate analyses
(Table 3). Low-Freq, Mid-Freq, High-Freq, and AHT were

Characteristic NFLD group FLD group p-value”
No. of patients 18,518 2,798

Age (yr) 50.7£12.1 50.1410.8 0.019
Male sex 9,077 (49.0) 2,486 (88.8) <0.001
Body mass index (kg/m?) 232126 279+30 <0.001
Waist circumference (cm) 784+7.6 91.9+6.38 <0.001
Gamma-glutamyl transferase (U/L) 28.2+285 98.2+ 140.4 <0.001
Triglycerides (mg/dL) 109+ 62 256+ 172 <0.001
Diabetes mellitus (%) 1,230 (6.6) 520 (18.6) <0.001
Hypertension (%) 2,699 (14.6) 899 (32.1) <0.001
Fasting blood glucose (mg/dL) 92.4+20.0 103.4+28.7 <0.001
Total cholesterol (mg/dL) 196+ 35 216+42 <0.001
High-density lipoprotein (mg/dL) 58+15 48+12 <0.001
Systolic blood pressure (mmHg) 117+14 126+13 <0.001
Diastolic blood pressure (mmHg) 74+ 10 81+10 <0.001
Aspartate transaminase (U/L) 24+13 35+28 <0.001
Alanine transaminase (U/L) 23+16 48+40 <0.001
Serum creatinine (mg/dL) 0.87+0.22 0.98+0.19 <0.001
hs-CRP (mg/dL] 0.15+0.73 0.27+£2.00 <0.001
Hemoglobin (mg/dL) 141115 15.4+1.3 <0.001
Platelet count (cells/mm?’) 266+ 62 272+63 0.019

Values are presented as number only, mean *standard deviation, or number (%).
FLD, fatty liver disease; NFLD, non-FLD; hs-CRP, high-sensitivity C-reactive protein.
a’p—values were determined using t-tests for continuous variables and Pearson chi-square test or Fisher exact tests for categorical variables.
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Table 2. Logistic regression analyses for hearing loss

Al Univariate Multivariate
OR (95% ClI) p-value” OR (95% Cl) p-value”

FLD group (reference, NFLD group) 1.16 (1.01-1.34) 0.040 1.46 (1.22-1.74) <0.001
Age 1.14(1.13-1.14) <0.001 1.14 (1.13-1.14) <0.001
Sex (reference, male sex) 1.03 (0.93-1.14) 0.539 0.80 (0.67-0.95) 0.013
Diabetes mellitus 2.34 (2.03-2.70) <0.001 0.93 (0.79-1.10) 0.406
Hypertension 2.13(1.90-2.38) <0.001 1.05 (0.92-1.19) 0.508
Total cholesterol (per 1 mg/dL increase) 1.00 (1.00-1.01) 0.001 1.00 (1.00-1.00) 0.563
HDL cholesterol (per 1 mg/dL increase) 0.99 (0.98-0.99) <0.001 0.99 (0.99-0.99) <0.001
Aspartate transaminase (per 1 U/L increase) 1.01 (1.00-1.01) <0.001 1.01 (1.00-1.01) 0.001
Alanine transaminase (per 1 U/L increase) 1.00 (0.99-1.00) 0.462 0.99 (0.99-1.00) 0.032
Serum creatinine (per 1 mg/dL increase) 1.00 (0.80-1.26) 0.988 0.57 (0.40-0.80) 0.001
hs-CRP (per 1 mg/dL increase) 1.06 (1.01-1.11) 0.014 1.02 (0.98-1.06) 0.321
Hemoglobin (per 1 mg/dL increase) 0.90 (0.88-0.93) <0.001 0.95 (0.90-1.00) 0.038
Platelet count (per 1 cell/mm? increase) 1.00 (1.00-1.01) 0.001 1.00 (1.00-1.00) 0.008

OR, odds ratio; Cl, confidence interval; FLD, fatty liver disease; NFLD, non-FLD; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein.
The dependent variable was hearing loss, and multivariate analysis was adjusted for the following FLD groups: age, sex, diabetes mellitus, hypertension,
platelet count, total cholesterol, HDL cholesterol, aspartate transaminase, alanine transaminase, serum creatinine, hs-CRP, and hemoglobin.

21.4+9.8dB,24.3+13.3dB,29.2+16.9dB,and22.9+ 11.1 dB and
22.2+9.7dB,25.8+13.5dB,32.5+17.4dB,and 24.0+11.0dB in
the NFLD and in FLD groups, respectively (p < 0.001 for compari-
son of four hearing thresholds between the NFLD and FLD
groups) (Fig. 2). Multivariate analysis showed the same trends as
the univariate analyses.

In addition, we evaluated the association between HbA1c levels,
as an indicator of insulin resistance, and hearing outcomes. The
Pearson correlation coefficients between HbA1c levels and Low-
Freq, Mid-Freq, High-Freq, and AHT were 0.160, 0.187, 0.210,
and 0.184, respectively (p < 0.001 for all). The mean HbA1c values
in patients with and without HL were 6.0% + 1.0% and 5.7% + 0.7%,
respectively (p <0.001). HbAlc, an indicator of insulin resistance, is
associated with hearing threshold. There were 259 patients with DM
(14.8%) and 1,349 patients without DM (6.9%) who had HL
(p<0.001). The OR for HL in patients with DM was 2.35 (95%
CI, 2.03-2.71; p < 0.001). In multivariate analysis, the OR for HL
in patients with DM was 1.19 (95% CI, 1.01-1.40; p = 0.037).

Overall, 2,790 patients (13.1%) had MAFLD, and based on FLI,
eight patients were excluded from those with FLD. According to
MAFLD type, 43 (0.2%),2,227 (10.4%), and 520 patients (2.4%)
were classified as lean, high BMI, and DM types, respectively. Ac-
cording to MAFLD type, there were seven patients (16.3%) classi-
fied as lean type, 156 (9.7%) classified as high BMI type, and 72
(13.8%) classified as DM type who had HL. Based on univariate
logistic regression analysis, the ORs for HL according to MAFLD
type were 2.43 (95% CI, 1.08-5.47; p=0.032) for lean type, 0.94
(95% CI,0.79-1.12; p=0.488) for high BMI type, and 2.01 (95%
CI, 1.56-2.59; p < 0.001) for DM type. Multivariate analysis showed

that the ORs for HL according to MAFLD type were 1.71 (95%
CI, 0.66-4.46; p=0.269) for lean type, 1.50 (95% CI, 1.23-1.83;
p<0.001) for high BMI type, and 1.60 (95% CI, 1.20-2.14;
p<0.001) for DM type.

3. Analyses using propensity score-matched cohort

Of the 2,798 participants in the FLD group, 2,329 were matched
with participants from the NFLD group. Before the groups were
matched, the standardized mean difference was 1.132; however,
the value decreased to 0.001 after matching. Before matching, the
mean propensity scores of the FLD and NFLD groups were 0.386
and 0.093, respectively. After matching, the corresponding values
were 0.311 and 0.312. The estimated distribution of the propensi-
ty scores was similar after matching (Fig. 3). No significant differ-
ences in baseline characteristics, except for age, AST level, ALT lev-
el, and the four variables for calculation of the FLI, were observed
between the two groups (Table 4).

In the propensity score-matched cohort, 164 (7.0%) and 203
(8.7%) patients in the NFLD and FLD groups, respectively, had
HL (p=0.034). The FLIin the NFLD and FLD groups was 35.1 + 15.1
and 73.9 £9.8, respectively (p < 0.001). In univariate logistic regres-
sion analysis, the OR for HL in the FLD group was 1.26 (95% CI, 1.02—
1.56). The multivariate analysis adjusted for age, AST level, and
ALT level showed that the OR for HL in the FLD group was 1.47
(95% CI, 1.16-1.86) compared with that in the NFLD group. Ex-
cept for High-Freq in the univariate analysis, Low-Freq, Mid-Freq,
High-Freq, and AHT were higher in the FLD group than in the
NFLD group (Table 5).
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Table 3. Linear regression analyses of the average hearing threshold

s e Univariate ) Multivariate :
NS-B +SE p-value® NS- +SE p-value®
Fatty liver index 0.049+0.003 <0.001 0.022 £0.004 <0.001
Age 0.524 £0.005 <0.001 0.515+0.006 <0.001
Sex (reference, male sex) -0.527+0.152 0.001 -1.119+0.208 <0.001
Diabetes mellitus 5.580+0.273 <0.001 0.185+0.236 0.433
Hypertension 4.219+0.200 <0.001 0.316+0.174 0.069
Total cholesterol (per 1 mg/dL increase) 0.017£0.002 <0.001 -0.011 £0.002 <0.001
HDL cholesterol (per 1 mg/dL increase) -0.073+0.005 <0.001 -0.031+0.005 <0.001
Aspartate transaminase (per 1 U/L increase) 0.045+0.005 <0.001 0.016+0.006 0.008
Alanine transaminase (per 1 U/L increase) 0.008 +0.003 0.017 -0.009 +0.005 0.072
Serum creatinine (per 1 mg/dL increase) 0.275+0.341 0.421 -2.194+0.345 <0.001
hs-CRP (per 1 mg/dL increase) 0.454+0.076 <0.001 0.118+0.063 0.060
Hemoglobin (per 1 mg/dL increase) -0.300+0.048 <0.001 -0.335+0.060 <0.001
Platelet count (per 1 cell/mm?® increase) 0.008 +0.001 <0.001 0.007 £0.001 <0.001

NS-B, non-standardized f3; SE, standard error; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein.
Mhe dependent variable was the average hearing threshold, and multivariate analysis was adjusted for fatty liver index, age, sex, diabetes mellitus, hy-
pertension, platelet count, total cholesterol; HDL cholesterol, aspartate transaminase, alanine transaminase, serum creatinine, hs-CRP, and hemoglobin.
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Fig. 2. Hearing thresholds according to FLD. The data are expressed as mean*standard deviation for univariate analysis and
mean standard error for multivariate analysis. The multivariate analysis was adjusted for age, sex, diabetes mellitus, hyperten-
sion, platelet count, total cholesterol, high-density lipoprotein cholesterol, aspartate transaminase, alanine transaminase, serum
creatinine, high-sensitivity C-reactive protein, and hemoglobin. FLD, fatty liver disease; NFLD, non-fatty liver disease; Low-Freq,
low-frequency threshold; Mid-Freq, mid-frequency threshold; High-Freq, high-frequency threshold; AHT, average hearing thresh-

old.

Discussion

Our study included 21,316 patients who had undergone health
checkups. We performed various analyses using total and propensi-
ty score-matched cohorts. The risk of HL in the FLD group was
greater than that in the NFLD group in both the univariate and
multivariate analyses. The FLI positively correlated with all four
hearing thresholds (Low-Freq, Mid-Freq, High-Freq, and AHT).
FLD is one of the most common liver diseases that can be diag-

nosed definitively by imaging (e.g, ultrasound) or liver pathology
based on the accumulation of fat in the liver. However, these two
diagnostic methods cause patient discomfort, incur additional
costs, and are time-consuming. Previous studies have attempted to
predict FDL based on laboratory findings using various equations
[16,17,19-25]. Although simple laboratory findings such as AST
and ALT levels have limited sensitivity and specificity for diagnos-
ing FLD, previous studies have shown that equations that include
various parameters have favorable predictability for FLD
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[16,17,19-25]. In this study, FLI was defined as a continuous vari-
able derived from an equation using BMI, GGT level, WC, and
TG level, while the FLD group was defined as a categorical vari-
able based on a cutoff FLI score of 60 [16,17]. FLD is a well-
known hepatic manifestation of metabolic disturbances. Various
metabolic diseases can lead to FLD. FLD is associated with vari-
ous metabolic disturbances. Previous studies have demonstrated a
strong association between insulin resistance and fat accumula-
tion in the liver [8,9,11]. The prevalence of type 2 DM is higher in
patients with FLD than in those without [ 10]. Conversely, the
prevalence of FLD is higher in patients with DM than in those
without [12,13]. Kang et al. [ 14] evaluated a representative sam-
ple and found a positive correlation between FLD or FLI and low-
grade albuminuria. Another study suggested that renal dysfunc-
tion in FLD can develop because of the influence of cardiometa-
bolic diseases or disturbances in renal vasoregulation [ 15]. In our
study, there were significant differences in the baseline laboratory
data between the two groups. Although these differences may
have been evident owing to the large sample size, they may be as-
sociated with inherent changes following insulin resistance.
Therefore, we performed propensity score matching to decrease
differences in baseline characteristics between the two groups.

408  https://doi.org/10.12701/jyms.2023.00304

Risk factors for sensorineural HL include advanced age, noise,
medication, trauma, and infection. Recent studies have shown that
an increase in the prevalence of HL is associated with an increase
in the incidence of various chronic diseases. Recent popula-
tion-based studies have indicated an association between HL and
DM, and HL and hypertension [2,10,12,13]. Although the defi-
nite pathophysiology of HL in patients with these diseases is not
fully understood, previous studies have suggested that micro- or
macrovascular injuries in the cochlea play an important role in HL
[2]. Sensory receptors and supporting cells in the cochlea and stria
vascularis are capable of insulin signaling via insulin receptors and
glucose transporters. Thus, HL may be associated with insulin re-
sistance, as reported previously [6]. Rim et al. [S] reported a posi-
tive correlation between several components of metabolic syn-
drome and the incidence of sensorineural HL in a large sample of
94,223 patients. Using a representative sample, Kang et al. [4]
showed that HbA1c level, which is an indicator of insulin resis-
tance, was associated with hearing impairment. Another study
showed a positive correlation between visceral fat area and HL [3].
FLD is a risk factor for metabolic disturbances, including insulin
resistance, which may directly or indirectly influence HL develop-
ment. In our study, hearing thresholds and HL were associated
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with FLI as a continuous variable and the FLD group as a categori-
cal variable. Furthermore, analyses using the propensity score-
matched cohort showed similar trends to those using the total co-
hort.

Our study has several limitations. First, this was a retrospective
study that analyzed datasets generated during voluntary health
checkups, regardless of medical necessity. Second, FLD was de-

fined using an equation from Bedogni et al. [ 16] and was not con-

Table 4. Clinical characteristics of study participants based on pro-
pensity score matching

Variable NFLD group  FLDgroup  p-value®
No. of patients 2,329 2,329

Age (yr) 514+112  507+109  0.037
Male sex 2,049 (88.0) 2,025 (86.9) 0.309
Body mass index (kg/m’) 245+2.2 279+30  <0.001
Waist circumference (cm) 83.0+5.7 91.8+6.7  <0.001
G?lrJr}rSa—qutamyl transferase ~ 44.4+464  90.7+110.5 <0.001
Triglycerides (mg/dL) 146+ 69 246+151  <0.001
Diabetes mellitus (%) 400 (17.2) 375 (16.1) 0.345
Hypertension (%) 710 (30.5) 685 (29.4) 0.424
Fasting blood glucose (mg/dl) 102.5+36.3  101.2+24.1 0.160
Total cholesterol (mg/dL) 212+38 212+38 0.936
High-density lipoprotein (mg/dl) 48+ 11 48+12 0.329
Systolic blood pressure (mmHg)  126+13 125+ 13 0.215
Diastolic blood pressure (nmHg) ~ 80+9 80+ 10 0.285
Aspartate transaminase (U/L) 30+27 32+19 0.043
Alanine transaminase (U/L) 39+30 40+24 0.035
Serum creatinine (mg/dL) 099+028 0.98+0.19 0.172
hs-CRP (mg/dL) 0.21+0.88 0.26+2.15 0.314
Hemoglobin (mg/dL) 15.4+1.2 15.3+1.3 0.397
Platelet count (cells/mm’) 271469 272+64 0.987

Values are presented as number only, mean +standard deviation, or
number (%).

FLD, fatty liver disease; NFLD, non-FLD; hs-CRP, high-sensitivity C-reac-
tive protein.

a’p—values were determined using t-tests for continuous variables and
Pearson chi-square test or Fisher exact tests for categorical variables.

tirmed by imaging or pathological findings. However, previous
studies demonstrated the high predictability of the FLD equation
[26-29]. Third, baseline characteristics differed between the two
groups. We attempted to minimize differences in baseline charac-
teristics through multivariate analyses and/or using a propensity
score-matched cohort. However, it was difficult to eliminate differ-
ences in baseline characteristics owing to inherent differences, such
as insulin resistance, between the two groups. Fourth, the dataset
used in this study did not include data on alcohol intake, occupa-
tion, medical history of ear diseases, or medications. Thus, the pos-
sibility of alcoholic FLD in patients with FLD cannot be excluded.
However, a previous study using a representative sample indicated
alow prevalence of heavy alcohol intake, and the lower prevalence
of alcoholic FLD compared to nonalcoholic FLD may attenuate
the possibility of alcoholic FLD in our cohort [30,31]. We also
evaluated MAFLD using the definition from a previous study
[18]. Patients with FLD according to FLI coincided with those
with MAFLD, excluding eight patients. Our results showed a weak
association between the lean type and HL and a similar association
between the high BMI or DM type and HL. However, the weak
statistical association for the lean type may be related to the small
sample size of this category, and further studies are needed to eval-
uate differences according to MAFLD types. However, occupa-
tion, use of medications such as aspirin or aminoglycosides, and
medical history of ear diseases can be important confounding fac-
tors for HL. Fifth, we evaluated hearing impairment using hearing
thresholds only. Additional data, such as speech discrimination,
will not only help confirm hearing impairment but also under-
stand its effect on daily life. Further prospective studies that in-
clude follow-up data, additional confounding factors, and speech
discrimination are required to overcome these limitations.

In this study, FLD and FLI were associated with poor thresholds
and HL. Therefore, active monitoring of hearing impairment in
patients with FLD may be helpful for early diagnosis and treatment
of HL in the general population.

Table 5. Comparisons of hearing thresholds between the NFLD and FLD groups in the propensity score-matched cohort

Variable Univariate Multivariate

NFLD group FLD group p-value” NFLD group FLD group p-value”
Low-Freq 214196 224+938 <0.001 21.2+0.2 224+0.2 <0.001
Mid-Freq 25.1£135 26.2+13.6 0.006 248+0.3 26.2+0.2 <0.001
High-Freq 321%£17.3 33.0+£17.5 0.067 31.7+0.3 33.3+£0.3 <0.001
AHT 23.2+109 243+11.1 <0.001 23.0+0.2 240+0.2 <0.001

Values are presented as mean t standard deviation for univariate analysis and mean £ standard error for multivariate analysis.
FLD, fatty liver disease; NFLD, non-FLD; Low-Freq, low-frequency threshold; Mid-Freq, middle-frequency threshold; High-Freq, high-frequency threshold;

AHT, average hearing threshold.

?p-values were determined using t-tests for univariate analysis, and analysis of covariance was used for multivariate analysis. Multivariate analysis was
adjusted for age, aspartate transaminase levels, and alanine transaminase levels.
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