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ABSTRACT

Background: Hearing loss (HL) is linked to an elevated risk of cardiovascular diseases 
(CVDs). The pathogeneses of HL and CVD commonly involve inflammatory responses. 
Previous studies investigated elevated levels of inflammatory biomarkers in subjects with HL, 
however, their findings did not demonstrate statistical significance. In our cross-sectional 
and longitudinal study, we investigated the correlation between HL and increased high-
sensitivity C-reactive protein (hsCRP) levels to determine how HL is associated with CVDs.
Methods: We conducted a cross-sectional study with workers aged over 18 years who 
underwent health check-ups at our institution between 2012 and 2018 (n = 566,507), followed 
by conducting a longitudinal study of workers aged > 18 who underwent health checkups at 
least twice at our institution between 2012 and 2018 (n = 173,794). The definition of HL was 
as an average threshold of ≥ 20 dB in pure-tone air conduction at 0.5, 1.0, and 2.0 kHz in both 
ears. The incidence of increased hsCRP levels throughout the follow-up period was defined 
as a level exceeding 3 mg/L. Logistic regression and generalized estimating equations were 
performed to estimate the risk of increased hsCRP levels according to the occurrence of HL in 
groups stratified by age.
Results: In the cross-sectional study, the multivariate-adjusted odds ratio (OR) was 1.17 (95% 
confidence interval [CI]: 1.02–1.34); the OR was 0.99 (95% CI: 0.80–1.22) in those under 40 
and 1.28 (1.08–1.53) in those over 40. In the longitudinal study, the multivariable-adjusted OR 
was 1.05 (95% CI: 0.92–1.19); the OR was 1.10 (95% CI: 0.90–1.35) in those under 40 and 1.20 
(1.01–1.43) in those over 40.
Conclusions: This cross-sectional and longitudinal study identified an association between 
HL and increased hsCRP levels in workers aged over 40 years.

Keywords: Hearing loss; High sensitivity C-reactive protein; Cardiovascular disease;  
Cross-sectional study; Longitudinal study

BACKGROUND

Hearing loss (HL) stands as one of the prevailing chronic conditions on a global scale.1 An 
estimated 1.57 billion people had HL in 2019, accounting for 20.3% of the global population.2 
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HL can affect interpersonal communication, quality of life, and daily functioning.3 In 
addition, HL is linked to various health outcomes, including cognitive impairment, 
dementia,4 depression,5 and disability.6 It is important to follow-up patients with HL to 
determine whether related diseases occur.

Previous studies have confirmed that HL is linked to an increased risk of morbidity and 
mortality related to cardiovascular diseases (CVDs). However, the underlying mechanisms 
have not been fully established.7,8 It has been previously suggested that the pathogeneses 
of HL and CVD commonly involve inflammatory responses. Previous studies also 
showed that permanent damage to cochlear neurons could be involved to HL through the 
inflammatory response and that the initiation and progression of atherosclerosis are caused 
by inflammatory processes.9,10 An observational study found an correlation between HL 
and subclinical atherosclerosis, a known risk factor for CVD.11 Several studies have explored 
the connection between HL and serum inflammatory biomarkers, such as high-sensitivity 
C-reactive protein (hsCRP), however, their results were not statistically significant.12-14

hsCRP is a biochemical test which is a highly sensitive quantification of plasma C-reactive 
protein (CRP).15 In other words, hsCRP measures plasma CRP and the detection limit of 
hsCRP is lower than conventional CRP measurements.15 CRP is an acute-phase reactant 
produced by the liver in response to increased levels of cytokines derived from inflammatory 
lesion.16 Unlike other biomarkers, CRP levels are stable over long periods and display no 
diurnal variation.17 The plasma CRP also increases in chronic diseases such as chronic 
wounds, malignancy, and metabolic disorders.18 In addition, CRP is a biomarker that predicts 
stroke, peripheral arterial disease, and myocardial infarction.19 Considering that the CRP is a 
predictive factor for the risk of cardiovascular events,20 it can be inferred that CRP plays a role 
in the relationship between HL and CVD.

To determine how HL is associated with CVD, we examined the correlation between HL and 
increased hsCRP levels through both cross-sectional and longitudinal studies.

METHODS

Study design and participants
This study was conducted in two parts: a cross-sectional and longitudinal study. We analyzed 
the data from Kangbuk Samsung Cohort Study. This is a cohort study of South Korean adults 
aged at least 18 years who underwent a comprehensive annual or biennial health examination 
at Kangbuk Samsung Hospital Total Healthcare Center in Seoul and Suwon, South Korea.21 
Since hsCRP acts as an acute-phase inflammatory mediator, cross-sectional and longitudinal 
study have been conducted.

In this cross-sectional study, participants who underwent health examinations between 
January 1, 2012, and December 31, 2018 (n = 566,507) were included and only data 
corresponding to the first visit were analyzed. We excluded 362,416 participants based on 
the following six criteria:1) missing data on pure-tone audiometry; 2) missing hsCRP data; 
3) missing data on working hours and shift work; 4) history of cerebrovascular and CVDs; 5) 
history of hypertension, diabetes, or dyslipidemia; and 6) history of cancer. A total of 204,091 
participants were included in the final analysis of this cross-sectional study (Fig. 1).
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In this longitudinal study, participants who underwent health checkups, including serum 
hsCRP, at least twice between January 1, 2012, and December 31, 2018 (n = 173,794) were 
included. We excluded 55,144 participants based on the following five criteria:1) missing data 
on pure-tone audiometry, working hours, or shift work at baseline; 2) increased hsCRP level 
at baseline (> 3 mg/L: corresponding to the result variable of our study); 3) history of CVD at 
baseline; 4) history of hypertension, diabetes, or dyslipidemia at baseline; and 5) history of 
cancer at baseline. A total of 118,650 participants were included in the final analysis of this 
longitudinal study (Fig. 2). The ‘baseline’ was set as the first visit year for each participant.

Measurement and definition of variables
Audiometry, blood tests (including hsCRP), and other examinations were conducted at XXX. 
A standardized questionnaire designed for self-administration was employed to gather data 
regarding demographic information, lifestyle factors, and medical history.21 Heavy alcohol 
intake was categorized as ≥ 30 g/day for males and ≥ 20 g/day for females. Smoking was 
categorized as never, ex, or current. The frequency of weekly moderate or vigorous physical 
activity was categorized as none, < three times, and ≥ three times. Monthly household income 
was categorized as two groups: less than 6 million Korean Republic won (KRW) or 6 million 
KRW or more per month. Educational level was categorized as less than college, college 
graduate, or higher. Marital status was categorized as two groups: married or unmarried. 
The work schedule information of the subjects was collected through the following inquiry: 
“In the past year, during which time of the day did you work the most?” Daytime work was 
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Participants who underwent health examination between January 1, 2012 and December 31, 2018
(n = 566,507)

Participants included in the final analysis (n = 204,091)

Exclusion (n = 362,416): some individuals met more than 1 criterion for exclusion
• Missing data on pure tone audiometry (n = 16,672)
• Missing data on hsCRP (n = 170,427)
• Missing data on working hour, and shift work (n = 193,799)
• History of cerebro-cardiovascular disease (n = 18,271)
• History of hypertension, diabetes, or dyslipidemia (n = 134,218)
• History of cancer (n = 14,541)

Fig. 1. Flowchart of the study participants (cross-sectional study). 
hsCRP: high-sensitivity C-reactive protein.

Participants who underwent health examination including serum hsCRP between January 1, 2012
and December 31, 2017 and had at least follow-up visit through December 31, 2018 (n = 173,794)

Participants included in the final analysis (n = 118,650)

Exclusion (n = 55,144): individuals met more than 1 criterion for exclusion
• Missing data on pure tone asomeudiometry, working hour, and shift work at baseline

(n = 8,924)
• Increased hsCRP at baseline (n = 9,912)
• History of cerebro-cardiovascular disease at baseline (n = 3,289)
• History of hypertension, diabetes, or dyslipidemia at baseline (n = 38,321)
• History of cancer at baseline (n = 2,972)

Fig. 2. Flowchart of the study participants (longitudinal study). 
hsCRP: high-sensitivity C-reactive protein.



defined as work primarily conducted between 6 am and 6 PM, while shift work was defined 
as work conducted outside of these hours. The subjects’ sitting blood pressure (BP) and 
anthropometric measurements were measured by skilled nurses. Hypertension was defined 
as BP equal to or exceeding 140/90 mmHg or receiving pharmacological treatment for 
reducing BP. Obesity was defined as a body mass index (BMI) equal to or greater than 25 kg/
m2, which is Asian-specific diagnostic criteria for obesity.

Pure-tone audiometry was conducted by skilled audiometry technicians using a GSI 67 
audiometer (Grason-Stadler, Bedford, MA, USA) fitted with TDH-39 supraaural earphones 
(Telephonics Co., Farmingdale, NY, USA) within a specially designed sound-attenuating 
booth. Pure-tone air conduction thresholds were assessed in decibels (dB) of the hearing level 
for both ears at frequencies of 0.5, 1.0, and 2.0 kHz. HL was defined as an average of pure 
tone air conduction thresholds at 0.5, 1.0, and 2.0 kHz ≥20 dB in both ears.

Blood samples were obtained from the antecubital vein after a minimum fasting period 
of 10 hours. Blood examinations covered lipid profiling and the measurement of serum 
insulin, glucose, and hsCRP levels. Homeostatic model assessment of insulin resistance 
(HOMA-IR) was estimated according to the following formula: fasting blood insulin (U/
mL) × fasting blood glucose (mg/dL)/405.22 Diabetes mellitus was defined as either having a 
fasting serum glucose level equal to or exceeding 126 mg/dl or being currently treated with 
antidiabetic medication. Serum hsCRP levels were quantified utilizing particle-enhanced 
immunoturbidimetric assay with a modular analytical P800 apparatus (Roche Diagnostics, 
Basel, Switzerland). The incidence of increased hsCRP levels during the follow-up period 
was defined as serum hsCRP > 3 mg/L, according to the CVD risk criteria established by the 
American Heart Association and Centers for Disease Control and Prevention.23

Statistical analysis
One-way analysis of variance and chi-square test were performed to compare the 
characteristics of the study participants stratified by hearing status at baseline. Logistic 
regression was utilized to assess the risk of increased hsCRP levels according to the hearing 
status in this cross-sectional study. Generalized estimating equations (GEEs) were performed 
to address the cluster effect of the participants in the longitudinal study.

The analyses were stratified based on age 40 years. Three models were established to control 
for potential confounders. Model 1 was adjusted for age and sex. Model 2 was additionally 
adjusted for alcohol consumption, smoking, exercise, education, income, marital status, 
BMI, insulin resistance, BP, blood glucose levels, and low-density lipoprotein cholesterol 
(LDL-C) levels. Model 3 was additionally adjusted for working hours and schedules. The 
outcomes were presented as odds ratios (ORs) with 95% confidence intervals (CIs).

All statistical analyses were performed using STATA software (version 17.0; StataCorp LP, 
College Station, TX, USA). Statistical significance was defined as a two-sided p-value < 0.05.

Ethics statement
This study was approved by the Institutional Review Board (IRB) of Kangbuk Samsung 
Hospital (IRB No. 2023-03-033), and waived the requirement for informed consent. This was 
due to the use of anonymized data that were routinely collected as part of health checkups.
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RESULTS

In this cross-sectional study, the mean age of the participants was 35.6 years (standard 
deviation [SD]: 7.7), and 59% were male. There were significant differences in age, sex, 
alcohol intake, smoking status, educational level, exercise status, household income, 
marital status, BMI, HOMA-IR, systolic blood pressure (SBP), glucose level, LDL-C level, 
working hours, and work schedule between the two groups. Among 204,091 participants, 
the prevalence of HL was 0.02% (Table 1). According to the logistic regression model, the 
HL group had a higher risk of increased hsCRP levels than the non-HL group. Compared 
to the non-HL group, the crude OR (95% CI) for increased hsCRP in the HL group was 1.24 
(1.10–1.39). In model 1, which was adjusted for age and sex, the adjusted OR (95% CI) for 
increased hsCRP in the HL group was 1.25 (1.11–1.40). In model 2, which was further adjusted 
for alcohol consumption, smoking, exercise, education, income, marital status, BMI, insulin 
resistance, BP, blood glucose, and LDL cholesterol, the adjusted OR (95% CI) for increased 
hsCRP in the HL group was 1.17 (1.02–1.34). In model 3, which was further adjusted for 
working hours and work schedules, the adjusted OR (95% CI) for increased hsCRP in the HL 
group was 1.17 (1.02–1.34). However, when stratified by age (40 years), the association was 
significant only in those over 40 years. The ORs (95% CI) of the crude model, models 1, 2, 
and 3 for increased hsCRP in the HL groups over 40 were 1.33 (1.15–1.54), 1.30 (1.13–1.51), 
1.28 (1.08–1.52), and 1.28 (1.08–1.53), respectively (Table 2).

In the longitudinal study, the mean age of the participants was 36.2 years at baseline (SD: 
7.4), and 63.5% were male. There were significant differences in age, sex, alcohol intake, 
smoking status, exercise status, educational level, household income, marital status, BMI, 
HOMA-IR, SBP, glucose level, LDL-C level, working hours, and work schedule between 
the HL and non-HL groups (Table 3). During follow-up, the hsCRP levels increased in 
11,321 participants. Classified by hearing status, hsCRP levels increased in 272 of the 2,349 
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Table 1. Basic characteristics according to hearing status (cross-sectional study)
Characteristics Overall (n = 204,091) Hearing status p-valueh

Normal (n = 199,103) Hearing loss (n = 4,988)
Sex (male) 59.0 58.8 70.7 < 0.001
Age (years) 35.6 ± 7.7 35.4 ± 7.4 46.5 ± 11.3 < 0.001
Age > 40 22.1 21.0 66.3 < 0.001
Current smoker 20.2 20.0 26.5 < 0.001
Heavy alcohol intakea 15.0 14.8 19.5 < 0.001
Regular exerciseb 12.7 12.6 16.1 < 0.001
High education levelc 82.1 82.6 63.4 < 0.001
High household incomed 28.5 28.5 28.8 < 0.001
Marital status (married) 70.0 69.6 84.6 < 0.001
BMI (kg/m2)e 23.1 23.1 23.8 < 0.001
HOMA-IR 1.22 (0.81–1.78) 1.22 (0.81–1.78) 1.18 (0.77–1.77) < 0.001
SBP (mmHg) 106.8 ± 11.0 106.7 ± 11.0 109.9 ± 11.2 < 0.001
Glucose (mg/dL) 92.4 ± 8.1 92.3 ± 8.1 95.0 ± 8.9 < 0.001
LDL-C (mg/dL) 118.0 ± 29.9 117.7 ± 29.9 127.4 ± 31.0 < 0.001
Working hours (hours/week) 40.7 ± 18.1 40.7 ± 18.0 40.6 ± 19.0 < 0.001
Shift workf 12.8 12.8 9.6 < 0.001
hsCRP (mg/L) 0.4 (0.2–0.8) 0.4 (0.2–0.8) 0.5 (0.3–1.0) < 0.001
hsCRPg 5.2 5.2 6.3 < 0.001
Data are expressed as the mean ± standard deviation, median (interquartile range), or percentage.
BMI: body mass index; HOMA-IR: homeostatic model assessment for insulin resistance; SBP: systolic blood pressure; LDL-C: low-density lipoprotein cholesterol; 
hsCRP: high-sensitivity C-reactive protein.
a≥ 30 g/day for males, ≥ 20 g/day for females; b≥ Three times/week; c≥ College graduate; dTotal monthly household income ≥ 6 million Korean Republic won/
month; eBMI ≥ 25 kg/m2; fIf working hours are not between 6 AM and 6 PM; ghsCRP > 3 mg/L; hp-value by χ2 test or t-test.



participants with HL and 11,049 of the 116,301 participants without HL. According to the 
GEEs model, the HL group had a higher risk of increased hsCRP levels than the non-HL 
group. However, the results that were statistically significant in the crude model were not 
significant after adjusting for the covariates. Compared to the non-HL group, the ORs (95% 
CI) of the crude model, model 1, model 2, and model 3 for increased hsCRP in the HL groups 
were 1.24 (1.11–1.40), 1.08 (0.96–1.21), 1.05 (0.92–1.19), and 1.05 (0.92–1.19), respectively. 
However, after stratification into two groups based on age, significant results were found in 
those over 40 years. The ORs (95% CI) of the crude model, models 1, 2, and 3 for increased 
hsCRP in the HL groups under 40 were 1.33 (1.12–1.58), 1.28 (1.08–1.52), 1.12 (0.92–1.36), 
and 1.10 (0.90–1.35), respectively. For the HL groups over 40, the ORs (95% CI) of the crude 
model, models 1, model 2, and model 3 were 1.25 (1.07–1.46), 1.20 (1.02–1.40), 1.19 (1.01–1.42), 
and 1.20 (1.01–1.43), respectively (Table 4).
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Table 2. Risk of increased hsCRP according to hearing status (cross-sectional study)
Hearing status OR (95% CI)a

Unadjusted Model 1b Model 2c Model 3d

Total
Normal 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Hearing loss 1.24 (1.10–1.39) 1.25 (1.11–1.40) 1.17 (1.02–1.34) 1.17 (1.02–1.34)

Age ≤ 40
Normal 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Hearing loss 1.20 (0.98–1.46) 1.15 (0.94–1.40) 0.99 (0.80–1.22) 0.99 (0.80–1.22)

Age > 40
Normal 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Hearing loss 1.33 (1.15–1.54) 1.30 (1.13–1.51) 1.28 (1.08–1.52) 1.28 (1.08–1.53)

Bold indicates statistically significant results.
hsCRP: high-sensitivity C-reactive protein; OR: odds ratio; CI: confidence interval; BMI: body mass index; HOMA-
IR: homeostatic model assessment for insulin resistance; SBP: systolic blood pressure; LDL-C: low-density 
lipoprotein cholesterol.
aEstimated from logistic regression models; bModel 1 was adjusted for age and sex; cModel 2: model 1 plus an 
adjustment for smoking status, alcohol intake, exercise, education level, total household income, marital status, BMI, 
HOMA-IR, SBP, glucose, and LDL-C; dModel 3: model 2 plus an adjustment for weekly working hours and shift work.

Table 3. Basic characteristics according to hearing status (longitudinal study)
Characteristics Overall (n = 118,650) Hearing status p-valueg

Normal (n = 116,301) Hearing loss (n = 2,349)
Sex (male) 63.51 63.23 77.65 < 0.001
Age (years) 36.2 ± 6.4 36.0 ± 6.3 42.3 ± 8.3 < 0.001
Age > 40 23.6 23.0 56.6 < 0.001
Current smoker 21.05 20.89 29.12 < 0.001
Heavy alcohol intakea 14.11 13.99 20.05 < 0.001
Regular exerciseb 12.12 12.10 13.07 0.004
High education levelc 85.73 85.88 78.29 < 0.001
High household incomed 29.80 29.72 33.80 < 0.001
Marital status (married) 75.57 75.36 85.91 < 0.001
BMI (kg/m2)e 23.1 23.1 23.9 < 0.001
HOMA-IR 1.20 (0.80–1.74) 1.20 (0.80–1.74) 1.25 (0.84–1.85) < 0.001
SBP (mmHg) 106.5 ± 10.9 106.4 ± 10.9 108.7 ± 10.8 < 0.001
Glucose (mg/dL) 92.5 ± 7.9 92.4 ± 7.9 94.8 ± 8.6 < 0.001
LDL-C (mg/dL) 117.5 ± 29.0 117.4 ± 29.0 124.1 ± 28.7 < 0.001
Working hours (hours/week) 41.2 ± 18.5 41.4 ± 18.4 39.7 ± 19.2 < 0.001
Shift workf 9.9 9.95 7.07 < 0.001
hsCRP (mg/L) 0.4 (0.2–0.7) 0.4 (0.2–0.7) 0.5 (0.3–0.8) < 0.001
Data are expressed as the mean ± standard deviation, median (interquartile range), or percentage.
BMI, body mass index; HOMA-IR, homeostatic model assessment for insulin resistance; SBP, systolic blood pressure; LDL-C, low-density lipoprotein cholesterol.
a≥ 30 g/day for males, ≥ 20 g/day for females; b≥ Three times/week; c≥ College graduate; dTotal monthly household income ≥ 6 million Korean Republic won/
month; eBMI ≥ 25 kg/m2; fIf working hours are not between 6 AM and 6 PM; gp-value by χ2 test or t-test.



DISCUSSION

This large-scale cross-sectional and longitudinal study compared the incidence of increased 
hsCRP levels of workers classified according to their hearing status. We confirmed a 
significant association of increased hsCRP levels in individuals with HL. Even after adjusting 
for covariates that influence hsCRP, HL was associated with increased hsCRP levels in those 
aged > 40 years. In our study, increased hsCRP levels during the follow-up period were 
defined as hsCRP > 3 mg/L, which is a high-risk criterion for CVD based on the American 
Heart Association and Centers for Disease Control and Prevention.23 It suggests that 
individuals aged > 40 years with HL may have an increased risk of CVD.

Previous studies investigated the association between HL and increased CRP levels. A cohort 
study of 63 patients with HL and a case-control study of 301 patient with HL found increased 
CRP levels in the HL group compared to the healthy group.24,25 Moreover, over the long 
term, they found that CRP levels increased in the non-recovery group, defined as having 
less than 50% hearing threshold recovery during follow-up. However, these results were 
not statistically significant. The sample sizes of these previous studies were relatively small 
compared our study. We followed 118,650 participants for an average of 7.0 years, and the 
sample size and observational years were sufficient compared to previous studies. As a result, 
it seems that the statistical association was reflected in the analysis results. In addition, these 
previous studies did not perform a stratified analysis by age, whereas our study compared the 
risk using a stratified analysis by age. In addition, these previous studies only investigated 
the specific causes of HL, such as sudden sensorineural HL, which is defined as a hearing 
threshold of 30 dB or greater within 72 hours period.26 In contrast, our study defined HL as 
a hearing threshold of at least 20 dB, a recent recommendation on criteria for mild hearing 
impairment by the World Health Organization,27 in both ears, without considering the time of 
occurrence of HL.

We considered the GEEs analysis to be the most suitable for the current study as it showed 
the correlation of dependent variables repeatedly measured in a subject. As a result, just as 
the cross-sectional study confirmed an association between HL and hsCRP, the longitudinal 
study using GEEs analysis confirmed a significant association between HL and hsCRP in 
subjects over the age of 40. Since blood concentrations of inflammatory mediators such 
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Table 4. Risk of increased hsCRP according to hearing status (longitudinal study)
Hearing status Incidence OR (95% CI)a

Unadjusted Model 1b Model 2c Model 3d

Total (n = 118,650)
Normal (n = 116,301) 11,049 (9.5%) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Hearing loss (n = 2,349) 272 (11.6%) 1.24 (1.11–1.40) 1.08 (0.96–1.21) 1.05 (0.92–1.19) 1.05 (0.92–1.19)

Age ≤ 40 (n = 90,633)
Normal (n = 89,614) 8,211 (9.2%) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Hearing loss (n = 1,019) 115 (11.3%) 1.33 (1.12–1.58) 1.28 (1.08–1.52) 1.12 (0.92–1.36) 1.10 (0.90–1.35)

Age > 40 (n = 28,017)
Normal (n = 26,687) 2,838 (10.6%) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Hearing loss (n = 1,330) 157 (11.8%) 1.25 (1.07–1.46) 1.20 (1.02–1.40) 1.19 (1.01–1.42) 1.20 (1.01–1.43)

Bold indicates statistically significant results.
hsCRP: high-sensitivity C-reactive protein; OR: odds ratio; CI: confidence interval; BMI: body mass index; HOMA-IR: homeostatic model assessment for insulin 
resistance; SBP: systolic blood pressure; LDL-C: low-density lipoprotein cholesterol.
aEstimated from the generalized estimating equation model; bModel 1 was adjusted for age and sex; cModel 2: model 1 plus an adjustment for smoking status, 
alcohol intake, exercise, education level, total household income, marital status, BMI, HOMA-IR, SBP, glucose, and LDL-C; dModel 3: model 2 plus an adjustment 
for weekly working hours and shift work.



as hsCRP may increase with age, along with underlying diseases such as hypertension and 
diabetes, we expected that hsCRP levels would remain low in subjects under the age of 40.

The mechanisms between HL and increased CRP are not yet fully understood. According 
to some studies, the occurrence of HL is associated with oxidative stress in cochlea.28,29 As 
oxidative stress increases, it can cause apoptosis in cochlea, followed progression of HL.29 In 
fact, levels of reactive oxygen species (ROS) increase in all tissues of the body by inflammation, 
ischemia, infection, mental stress, obesity, and aging.30,31 Also, The production of antioxidant 
enzymes is reduced with age, and the ability of antioxidants becomes less efficient, leading 
to chronic low-grade inflammation.32 Oxidative stress caused by increased ROS and reduced 
antioxidant enzymes leads to tissue damages.30 Tissue damages induce the production of 
cytokines and the increased plasma cytokines induce the production of CRP, an inflammatory 
reactant produced in the liver.16 Since oxidative stress is affected by various factors, there will 
be an individual difference in susceptibility to oxidative stress. Individuals who are susceptible 
to oxidative stress to the extent that their cochlea are damaged are more likely to cause tissue 
damage to other tissues due to oxidative stress as well, resulting in inflammation and an 
increase in CRP. Our study supports this mechanism by confirming a significant increase in 
CRP in patients with HL compared to those without HL. Moreover, our study showed that 
the association between HL and increased hsCRP levels were found to be significant in those 
over 40 years compared with those under 40 years, which corresponds to an increased risk of 
CVD in people over 40 years.33 It is also consistent with previous study suggesting that CVD is 
associated with the pathogenesis of HL through chronic inflammatory responses.34

The strength of our study was its large-scale subjects, simultaneous cross-sectional and 
longitudinal study design, and objectively and consistently measured key variables at both 
baseline and follow-up. Nevertheless, this study has a few limitations. First, when defining 
HL, frequencies greater than 2 kHz were excluded. However, a frequency below 2 kHz in 
the conversation range, which is important in everyday life, were sufficiently reflected. In 
addition, because we performed audiometry rather than self-reporting to collect data on 
hearing status, the objectivity of the data was ensured. Second, the causes of HL were not 
considered. The causes of HL can be broadly classified into sensorineural and conductive, 
and in detail, there are various causes, such as noise, drugs, trauma, aging, and chronic 
diseases.35 Considering the differences in pathogenesis, it is necessary to classify the causes 
of HL to compare risks in future study. Third, the participants of this study were relatively 
young (average age: 36.1 years old) and well-educated, making it difficult to generalize the 
results to the general population, especially the elderly. However, as our study participants 
were younger than those in other studies, the distribution of hsCRP levels, which is an 
independent variable, was less likely to be affected by risk factors such as cancer or metabolic 
diseases which are common in the elderly. Fourth, in all studies except for randomized 
controlled trials, there may be bias due to uncontrolled potential confounding factors such as 
non-measurable variables that naturally exist. Fifth, since there was no information on noise 
exposure of participants in our cohort data, we could not consider the increase in hsCRP level 
that noise stimulation may induce by mediating stress hormones.

CONCLUSIONS

To our knowledge, this was the first large-scale simultaneous cross-sectional and 
longitudinal study on the association between HL and increased hsCRP levels. Our study 
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confirmed a high risk of increased hsCRP in those with HL over the age of 40. Considering 
that hsCRP is a predictor of CVD risk, this suggests that the risk of CVD may increase in 
those with HL over 40 years. In future studies, it will be necessary to examine the mechanism 
underlying increased hsCRP levels in patients with HL.
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