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ABSTRACT

Background: Despite hearing loss being a prevalent chronic condition, estimated to nearly
20% of the global population by the World Health Organization, the specific association
with individual lifestyle factors, particularly alcohol consumption, remains unclear. In South
Korea, approximately 80% of the population engages in alcohol consumption, with a notably
high prevalence among males, indicating a high-risk drinking pattern. Therefore, this study
aimed to assess the correlation between alcohol consumption and hearing loss in male
workers, as well as to analyze additional variables such as alcohol flushing reaction, with the
intention of improving worker health.

Methods: The study was conducted from January 2012 to December 2019, targeting 114,114
participants who visited Kangbuk Samsung Hospital Total Healthcare Centers. Data were
collected through pure-tone audiometry tests and alcohol-related questionnaire, and
statistical analysis was performed using Cox regression analysis. Based on previous studies
indicating a potential protective effect of light drinking on hearing loss, this group was
designated as the reference. Additionally, stratified analyses were conducted based on the
presence of alcohol flushing reaction and different working hours.

Results: The hazard ratio (95% confidence interval) for hearing loss was higher in the heavy
drinking group (1.23 [1.11-1.37]) compared to the moderate drinking group (1.09 [0.98—
1.20]). Stratified analyses revealed a significantly elevated the hazard ratio of hearing loss in
groups with alcohol flushing reaction compared to those without this factor.

Conclusions: Our study demonstrated that moderate or heavy alcohol consumption in male
workers can increase the risk of hearing loss, particularly in those with alcohol flushing
reaction. These findings underscore the importance of addressing alcohol-related factors
concerning hearing health among male workers.

Keywords: Hearing loss; Alcohol consumption; Alcohol flushing reaction; South Korea;
Kangbuk Samsung Cohort Study
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BACKGROUND

Hearing loss (HL) is remarkably common and estimated by the World Health Organization
to affect approximately 1.5 billion individuals, accounting for nearly 20% of the global
population.! This prevalent condition imposes a significant burden on the daily lives of

the affected individuals. HL is not merely a simple health condition but rather a complex
disorder with multifaceted societal implications. It encompasses communication difficulties,
diminishes social activities, restricts occupational functionality and contributes mental
disorders such as depression.? While aging, past ear disorders, diabetes, occupational noise
exposure, and ototoxic drug use have been identified as major causes of HL in the general
population,** the impact of modifiable lifestyle factors, such as alcohol consumption, on HL
remains unclear. In 2018, the alcohol consumption rate in South Korea was exceptionally
high, reaching 79.7%. Although smoking rates have shown a gradual decline from 51.6% in
2005 to 43.1% in 2014, alcohol consumption rates have shown an increase to 69.8% in 2001
and 78.5% in 2005.°

While the negative health effects of alcohol consumption are well known, the relationship
between alcohol consumption and hearing impairment remains unclear due to conflicting
or inconclusive findings.® A previous study’” have reported associations between alcohol
consumption and HL, while others®® have not. Previous studies have primarily utilized
cross-sectional designs with data limited to the preceding year, and prospective studies
examining this relationship are scarce. Gopinath et al.’s prospective study,' did not observe
a significant association between alcohol consumption and the 5-year incidence of measured
HL, although the study lacked sufficient validity to draw definitive conclusions. Another
study" involving 26,809 men relied on subjectively reported hearing data rather than
objective diagnostic measures. Previous studies that acknowledge the association between
HL and alcohol were attempting to explain the hypothesis at the perspective about oxidative
stress,'>" neurotransmission'*® or absorption of vitamin B12.¥ We identified the lack of
large-scale prospective studies effectively evaluating this association. Consequently, we
aimed to investigate the relationship between alcohol consumption and HL using data from
the Kangbuk Samsung Health Study, a large-scale health cohort study in South Korea that
included objectively collected audiometric data. To further clarify the pure association, our
study focused exclusively on males, who have a significantly higher prevalence of alcohol
consumption in terms of frequency and quantity, compared with females. In 2020, the
monthly alcohol consumption rate in South Korea for males and females was 70.2% and
47.8%, respectively.® Notably, the rate of high risk drinking was considerably higher among
males (21.6%) than among females (6.3%) in 2020. This indicates that males engage in
high-risk drinking at a rate more than three times that of females. Hence, in our study, we
investigated the relationship between alcohol consumption and HL among males.

We conducted two additional analyses to provide unique insights into this topic. The alcohol
flushing reaction refers to a physiological response characterized by facial flushing during
drinking. Up to 50% of Asians, including Koreans, have the aldehyde dehydrogenase 2
(ALDH2) gene mutation that causes the facial flushing response.!® Previous review article
found that individuals with flushing reaction had increased risks associated with type-2
diabetes and high blood pressure when consuming more than 4 drinks per week.”® HL has
been found to be related to diabetes" and hypertension.?® Therefore, we conducted further
analysis in the curiosity of whether there is an interesting relationship between HL and alcohol
flush reaction. Long working hours have both short- and long-term negative effects on health.
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However, South Korea still ranked fourth with an annual working time 0f 1,910 hours, higher
than the average according to Organization for Economic Co-operation and Development.**
These variables have a close connection to people’s daily lives and are commonly observed and
ALDH?2 gene causing alcohol flush reaction accounts for considerable proportion, suggesting
the potential for presenting interesting additional findings. Therefore, this study aimed

to investigate the impact of alcohol flush reaction by stratifying the study participants into
subgroups based on the presence of facial flushing and compared the risks.

METHODS

Study population

This cohort study was derived from a subsample of the Kangbuk Samsung Health Study
conducted between January 2012 and December 2019. This cohort consisted of Korean men
and women who participated in annual or biennial health screenings at Kangbuk Samsung
Hospital Total Healthcare Centers in Seoul or Suwon. Among the 333,698 individuals who
underwent comprehensive health screenings, including pure-tone audiometry (PTA),
between January 2012 and December 2019, 180,948 were men. Individuals with i) missing
important information such as responses to alcohol consumption and habit questionnaires
and results of hearing tests (n = 31,549); ii) possibility of occupational noise exposure, which
has ever done a hearing test up to 8 kHz according to the Korean Occupational Safety and
Health Act (n = 32,989); iii) zero weekly working hours reported (n = 263); iv) pre-existing
HL at the start of the follow-up period, defined as a pure-tone average of thresholds at 0.5,
1.0, and 2.0 kHz > 25 dB in both ears (n = 7,687); v) and a history of malignant tumors,
considering the possible ototoxicity of chemotherapy, or cardiovascular diseases and the
possibility of reverse causation (n = 2,359) were excluded. Finally, 114,114 participants were
included in the analysis (Fig. 1).

Participants who underwent a health examination from 2012 to 2019 and
least one follow-up PTA test prior to December 31, 2019
at Kangbuk Samsung Hospital Total Healthcare Screening Centers (n = 333,698)

|
! !

‘ Male (n =180,948) ‘ ‘ Female (n =152,750) ‘

Exclusion (n = 66,834)

(i) Missing data on important variables (n = 31,549)

(ii) Possibility of occupational noise exposure, which has ever done a hearing

Ly test up to 8.0 kHz according to the Korean Occupational Safety and Health
Act (n = 32,989)

(iii) Participants who do not work (0 h/week) (n = 263)

(iv) Pre-existing hearing loss at the start of the follow-up period, defined as a
pure-tone average of thresholds at 0.5, 1.0, and 2.0 kHz 225 dB in both ears
(n=7,687)

(v) History of malignancy or cardiovascular disease at follow-up baseline
(n = 2,539)

Participants were included in the analysis (n = 114,114)

Fig. 1. Flowchart of study participants.
PTA: pure-tone audiometry.
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Measurement of alcohol data

Alcohol consumption and Asian flush data were collected using standardized, self-
administered questionnaires during comprehensive health screenings. The questionnaire
included questions such as “How often do you drink?” and “How much do you usually

drink on days you drink?” by type of alcoholic beverages (soju, beer, rice wine, wine, and
liquor). Average daily alcohol consumption was calculated from the frequency and amount
of alcohol by each type, and the amount of alcohol contained in one glass of each alcoholic
beverage was referred to the low-risk drinking guideline of South Korea.?> We categorized
alcohol consumption levels into four groups: none, < 10 g/day, 10-30 g/day, and > 30 g/day,
indicating non-drinking, light drinking, moderate drinking, and heavy drinking, respectively.
The cut-off of this classification was established based on several studies.?®* In the question
about Asian flush, participants who answered “Yes” to the question “Dose your face tun red
immediately even with a small amount of alcohol?” were classified as alcohol flushers, while
those who answered “No” were classified as alcohol non-flushers.

Measurement of auditory variables

During baseline and follow-up visits, PTA was performed by trained audiometric technicians
using a GSI 67 audiometer (Bedford, MA, USA) equipped with TDH-39 supra-aural earphones
(Telephonics Co., Farmingdale, NY, USA) in a dedicated sound-treated booth. Air conduction
thresholds were measured in dB hearing levels for both ears at frequencies of 0.5, 1.0, and 2.0
kHz. Hearing levels of 25 dB and 40 dB are used as screening criteria for mild and moderate
HL, respectively. The starting criterion of HL is defined as the level of 20 dB* or 25 dB,* and we
defined bilateral HL as the average PTA threshold > 25 dB at 0.5, 1.0, and 2.0 kHz in both ears.

According to the Korean Occupational Safety and Health Act, employees exposed to an
equivalent sound pressure level of 85 dB averaged over 8 working hours in the workplace

are required to undergo a hearing test at 2.0, 3.0, and 4.0 kHz. The Kangbuk Samsung
Hospital Total Healthcare Centers preemptively tests 0.5 to 4.0 kHz, and only those with
abnormalities are measured up to 8.0 kHz as a secondary test. Participants who underwent a
hearing test up to 8.0 kHz were identified as having occupational noise exposure. Therefore,
we used the presence or absence of data from the high-frequency hearing test as a proxy
marker to determine exposure to occupational noise.

Measurement of other variables

Data on demographic characteristics, lifestyle factors, and medical history variables used

in this study were obtained, from the Kangbuk Samsung Hospital Total Healthcare Centers
during baseline and follow-up visits. These data were collected through standardized, self-
administered questionnaires as part of the health checkup process mentioned earlier. The
appropriate working hour standards may vary slightly according to the International Labour
Organization and the labor laws in each country. Additionally, there were variations in actual
working conditions across occupations, resulting in a diverse distribution of working hours
within the cohort. By dividing the participants’ working hours by the midpoint, we found

that 47.3% (n = 53,956) and 52.7% (n = 60,158) worked < 48 and > 48 hour/week, respectively.
Therefore, participants who reported working greater than O hour/week were classified as
workers, and working hours were categorized as < 48 hour/week and > 48 hour/week. The
laboratory measurements used in this study were also conducted at Kangbuk Samsung Hospital
Total Healthcare Centers during health check-ups. The Laboratory Medicine Department of
Kangbuk Samsung Hospital in Seoul, Korea, is accredited by the Korean Society of Laboratory
Medicine and the Korean Association of Quality Assurance for Clinical Laboratories.
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Statistical analysis

The baseline characteristics of the study participants are presented according to their alcohol
consumption status. The primary endpoint was the development of bilateral HL defined as a
pure-tone average of thresholds at 0.5, 1.0, and 2.0 kHz > 25 dB in both ears. Each participant
was followed up from their baseline examination until either the development of bilateral HL
or the last health examination conducted before December 31, 2019, whichever came first.
As new-onset HL could have occurred at any time point between the visit at which HL was
diagnosed by hearing tests and the prior visit, a parametric proportional hazards model was
used to account for this type of interval censoring (stphtest command in Stata). The hazard
ratios (HRs) and 95% confidence intervals (CIs) were calculated for incident HL according

to alcohol consumption status (non-drinking, light drinking, moderate drinking, and heavy
drinking). The models were initially adjusted for age and further adjusted for center location
(Seoul or Suwon), smoking status (never smoker, former smoker, or current smoker),
physical activity (inactive, minimally active, engaging in health-enhancing physical activity,
or unknown), income level (total monthly income divided into eight categories), obesity
status (body mass index > 25 kg/m?), systolic blood pressure (SBP), glucose, low-density
lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-C) and alanine
aminotransferase (ALT).

We reviewed previous studies to establish reference standards based on statistical criteria.
Interestingly, low or moderate alcohol consumption showed a protective effect against HL.
For instance, a cross-sectional study conducted among participants of the Epidemiology

of Hearing Loss Study (n = 3,571) identified an inverse relation between moderate alcohol
consumption (> 140 g/week) in the previous year and HL.® Furthermore, previous studies,*”
including a European population-based multicenter study, have reported a protective effect
on hearing associated with moderate alcohol consumption. Based on these findings, our
study used light drinkers as a reference group for statistical analysis. All analyses were
performed using Stata version 16.0 (Stata Corp LP, College Station, TX, USA). Statistical
significance was set at p < 0.05.

RESULTS

Table 1 presents the baseline characteristics of the participants in this cohort study classified
according to their alcohol consumption habits. The total number of participants was 114,114,
including 4,607 non-drinkers, 40,709 light drinkers, 41,219 moderate drinkers, and 27,579
heavy drinkers. The mean age (standard deviation) of the study participants was 38.6 (7.3)
years. Among the total population, 37.7% were current smokers, with proportions of 26.0%,
27.8%, 39.7%, and 51.1% among non-drinKkers, light drinkers, moderate drinkers, and heavy
drinkers, respectively, showing an increasing trend; contrastingly, alcohol flushing showed

a downward trend, with proportions of 57.3%, 45.7%, 22.1%, and 11.8% in the groups,
respectively. The mean number of weekly working hours for all participants was 44.7 hours,
with no significant difference among the different alcohol consumption groups. Examining
the biological markers indicating health effects, obesity rate was higher in heavy drinkers
(47.2%) than in non-heavy drinkers, with an overall average of 40.5%. Furthermore, when
comparing non-drinkers and heavy drinkers, an increase in values for blood pressure,
triglyceride, and gamma-glutamyl transferase was observed in heavy drinkers.
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Table 1. Baseline characteristics of study participants

Characteristics Overall Alcohol consumption habits p for trend
Non-drinking Light drinking ~ Moderate drinking  Heavy drinking

Number 114,114 4,607 40,709 41,219 27,579 -
Age (years) 38.6(7.3) 38.2(7.5) 37.8(7.2) 38.6 (7.3) 39.7 (7.5) <0.001
Current smoker (%) 37.7 26.0 27.8 39.7 51.1 <0.001
Alcohol flusher (%) 2O85! 8573 45.7 22.1 11.8 <0.001
Working hours (hour/week) 44,7 (17.7) 44.9 (17.3) 44,9 (17.5) 44,9 (17.7) 44.3(17.9) <0.001
Regular exercise? (%) 13.5 14.6 13.0 13.3 14.6 <0.001
High education level® (%) 90.0 89.8 92.8 90.6 84.8 <0.001
High income level® (%) 33.5 33.0 32.0 33.4 35.7 <0.001
Obesity? (%) 40.5 38.2 35.4 41.3 47.2 <0.001
BMI (kg/m?) 24.6 (3.0) 24.4 (3.2) 24.9 (3.0) 24.7 (3.0) 25.0 (3.0) <0.001
Glucose (mg/dL) 95 (90-101) 93 (88-98) 94 (89-99) 95 (90-101) 97 (92-104) <0.001
Systolic BP (mmHg) 113.4 (11.3) 111.4 (11.2) 111.7 (10.9) 113.5(11.2) 116.0 (11.6) <0.001
Diastolic BP (mmHg) 73.8(9.4) 72.1(9.0) 72.1(9.0) 74.0 (9.3) 76.3 (9.7) <0.001
LDL-C (mg/dL) 198.7 (31.5) 127.5 (31.5) 198.5 (31.1) 129.1 (31.4) 198.6 (32.2) 0.008
HDL-C (mg/dL) 53.1(13.0) 50.8 (12.0) 52.2 (12.4) 53.1(13.0) 54.9 (13.8) <0.001
Triglycerides (mg/dL) 113 (80-163) 105 (75-149) 104 (75-148) 114 (81-164) 127 (89-185) <0.001
ALT (IU/L) 923 (17-34) 23 (16-35) 23 (16-33) 23 (17-34) 24 (18-36) <0.001
AST (IU/L) 21 (18-27) 21 (18-26) 21 (17-25) 21 (18-27) 23 (19-29) <0.001
GGT (1U/L) 30 (20-48) 23 (17-34) 24 (18-36) 31(21-48) 43 (27-71) <0.001

Baseline characteristics of study participants according to alcohol consumption habits. Data are presented as the mean (standard deviation), median
(interquartile range), or percentage.

BMI: body mass index; BP: blood pressure; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase.

2 3 times/week, °> college graduation, ‘total monthly income > 6 million KRW, “BMI > 25 kg/m?.

Table 2 presents the results of the Cox proportional hazards models analyzing the occurrence
of HL based on different alcohol consumption. The models were adjusted for various factors
including age; center location; smoking category; physical activity; income; obesity status;
SBP, glucose, LDL-C, and HDL-C levels; and ALT. During the follow-up period of 509,545.32
person-years, 3,102 participants developed new-onset bilateral HL. The incidence rate of HL
in the overall population was 6.0 per 1,000 person-years. The multivariable-adjusted HRs

for incident HL were 1.09 (0.98-1.20) for moderate drinking and 1.23 (1.11-1.37) for heavy
drinking compared with light drinking. These results indicated a significant association
between alcohol consumption and the risk of developing HL, with an increasing risk pattern
observed as alcohol intake increased.

Table 3 presents the results of subgroup analyses stratified by the presence of alcohol flushing
among the participants. Multivariable analyses were performed within each subgroup

using the same variables as in the previous analysis. The subgroups that showed significant
associations were alcohol flushers with moderate and heavy drinking. Using light drinking

as reference, the multivariable-adjusted HRs (95% CIs) for incident HL in each subgroup

Table 2. Hazard ratio for development of hearing loss in male workers by alcohol consumption habits

Alcohol consumption habits PY Incident cases Incidence density Adjusted HR (95% CI)

(per 10° PY) Model 1 Model 2 Model 3
Non-drinking 20,471.2 105 5.1 1.03(0.84-1.26)  1.02(0.81-1.28)  1.01(0.80-1.27)
Light drinking 183,748.6 906 4.9 1.00 (reference) 1.00 (reference) 1.00 (reference)
Moderate drinking 185,640.9 1,116 6.0 1.3(1.03-1.23)  1.10(0.99-1.21)  1.09 (0.98-1.20)
Heavy drinking 119,684.6 975 8.1 1.34(1.23-1.47)  1.26(1.14-1.40)  1.23(1.11-1.37)

Estimated from Cox proportional hazards models adjusted for multi-variables.

PY: person-years; HR: hazard ratio; ClI: confidence interval.

Model 1: age adjusted.

Model 2: model 1 plus adjusted for center, smoking category, physical activity, and income.

Model 3: model 2 plus adjusted for obesity status, systolic blood pressure, glucose, low-density lipoprotein-cholesterol, high-density lipoprotein-cholesterol
and alanine aminotransferase.
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Table 3. Subgroup analysis for development of hearing loss by alcohol consumption habits

Incident cases Adjusted HR (95% CI)

Model 2

Stratification category PY Incidence density

(per 10° PY)

Model 1 Model 3

Alcohol flushers (n = 33,620)

Non-drinking 11,464.2 59 5.1 1.03(0.78-1.35)  1.07(0.79-1.44)  1.06 (0.78-1.43)
Light drinking 83,143.5 418 5.0 1.00 (reference) 1.00 (reference) 1.00 (reference)
Moderate drinking 40,770.5 261 6.4 1.18(1.01-1.38)  1.25(1.05-1.48)  1.25(1.05-1.49)
Heavy drinking 14,140.0 121 8.6 1.45(1.18-1.77) 1.40(1.11-1.77) 1.43(1.12-1.81)
Alcohol non-flushers (n = 80,494)
Non-drinking 9,007.0 46 5.1 1.05(0.77-1.39)  0.98(0.68-1.40)  0.98 (0.68-1.41)
Light drinking 100,605.1 488 4.8 1.00 (reference) 1.00 (reference) 1.00 (reference)
Moderate drinking 144,870.3 855 5.9 1.09 (0.98-1.22)  1.01(0.89-1.15)  1.00(0.88-1.14)
Heavy drinking 105,544.7 854 8.0 1.31(1.17-1.46)  1.18(1.04-1.34)  1.14(1.00-1.30)

Estimated from Cox proportional hazards models adjusted for multi-variables.

PY: person-years; HR: hazard ratio; CI: confidence interval.

Model 1: age adjusted.

Model 2: model 1 plus adjusted for center, smoking category, physical activity, and income.

Model 3: model 2 plus adjusted for obesity status, systolic blood pressure, glucose, low-density lipoprotein-cholesterol, high-density lipoprotein-cholesterol
and alanine aminotransferase.

were 1.25 (1.05-1.49) and 1.43 (1.12-1.81), respectively. Similar to the pattern in Table 2,

the HRs of HL increased with increasing alcohol consumption in the moderate and heavy
drinking groups among alcohol flushers and in the heavy drinking group among non-alcohol
flushers. Both alcohol flushers and non-flushers showed a significant increased the HRs

of HL with heavy drinking, but it was stronger in alcohol flushers (1.43 [1.12-1.81] vs. 1.14
[1.00-1.30]). In Supplementary Table 1, both longer and shorter working hours groups

also showed a significant increased the HRs of HL with heavy drinking, but it was stronger
in the longer working hours group (1.33 [1.14-1.55] vs. 1.15 [0.99-1.33]). When examining
the HRs of flusher group compared with non-flusher group(reference) and the HRs of long
working hours group compared with shorter working hours group (reference), no significant
difference was observed between the groups.

DISCUSSION

Our study showed that moderate or heavy alcohol consumption in male workers can increase
the risk of developing HL. Moderate or heavy drinking was also associated with a significant
risk of HL (Table 2). This finding is consistent with the result of previous study that have
shown the odds ratio of HL increased when comparing hazardous and appropriate drinking.”
In exploring the possible hypothesis behind this, from a neurological perspective, alcohol
consumption can cause overlapping damage to the nervous system, leading to HL. The
olivocochlear efferent system is gamma-aminobutyric acid (GABA)-ergic and innervates
sensory cells and sensory neurons of the inner ear.” In the central nervous system, alcohol
enhances inhibitory neurotransmission by modulating GABA receptors.” Through this
neurotransmission explanation, we could infer that alcohol could disrupt the normal
function of inner ear, thereby interfering with auditory pathway. A previous study® using
magnetoencephalography and electroencephalography found that alcohol bilaterally impairs
the detection of sounds and deviance in the auditory cortex.

Alcohol consumption is also associated with oxidative stress.? Oxidative stress can
contribute to the pathophysiology of hearing impairment by damaging cochlear hair cells
through protein and lipid degradation, along with DNA damage and increased apoptosis.”
Additionally, chronic alcohol exposure impairs folate absorption by inhibiting expression of
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the reduced folate carrier and decreasing the hepatic uptake,'® which may contribute to HL.
Vitamin B12 plays a crucial role in cell metabolism, vascular function, and myelin synthesis;
therefore, a deficiency can potentially lead to HL.”

In both alcohol flushers and non-flushers groups, the higher the drinking consumption,

the higher the HRs of HL. In addition, when comparing the HRs of HL in heavy drinking
between alcohol flushers and non-flushers groups, alcohol flusher group showed the higher
HRs. Normally, alcohol is metabolized by ALDH2. However, if there is a deficiency of

the ALDH2, alcohol cannot be properly broken down, leading the manifestation of facial
flushing, known as alcohol flushing reaction. From a genetic perspective, individuals with

a mutant of the ALDH2 gene lack functional ALDH2. Alcohol flushing reaction can serve

as an effective proxy to distinguish individuals with this deficiency mutation and has a 90%
sensitivity and specificity in predicting ALDH2 gene variations in East Asian populations.?3°
Applying this to our study, it is likely that the group of male workers with alcohol flush

had a higher probability of having the ALDH?2 deficiency mutation, which impairs normal
alcohol metabolism. Consequently, we were able to infer that alcohol flushers may not break
down alcohol properly, so they may be more vulnerable to alcohol than non-flushers when
consumed with the same amount of alcohol, making them more susceptible to alcohol-
induced HL.

However, this study has several limitations. Leisure noise exposure, which accounts for

the highest proportion of noise exposure compared with personal noise exposure,* was

not considered in our study. Data for important variables such as alcohol consumption and
alcohol flushing reactions were collected through self-reported questionnaires, which may
introduce bias. In our study, the drinking rate over 120 g/day was calculated very high at
3.95%. This was likely due to the complexity of the questionnaire that required answering
the amounts of alcohol consumed by the various types of alcoholic beverages and the
uncertainty in the duration specification of the questionnaire. The generalizability of this
cohort to the entire population may be limited. In addition, the history of ear diseases such
as otitis media and the types of employment could not be considered. Nevertheless, this
study has several strengths compared with previous studies on similar topics. By minimizing
the influence of aging, the most common cause of HL, through the relatively young average
age of the participants (38.6 years), the potential for bias was greatly reduced. Unlike
previous studies, which have not extensively addressed occupational noise exposure, this
study excluded for occupational noise exposure, which accounts for nearly half (49.2%) of
occupational diseases, except cerebrovascular and musculoskeletal disorders.®> Additionally,
by incorporating variables such as alcohol flushing reaction, this study provided unique
insights. With a large-scale cohort of nearly 115,000 participants and standardized data
collection, the reliability and validity of the results are high.

CONCLUSIONS

Studies on HL and its correlation with alcohol consumption in male workers, especially
those with frequent alcohol intake, hold significant importance in improving worker health.
Although HL has traditionally been considered an inevitable part of aging, several healthy
lifestyle adjustments have been shown to delay its onset. This study highlights the fact

that moderate-to-severe alcohol consumption can increase the risk of HL in male workers.
Furthermore, groups with alcohol flushing reactions may be more susceptible to this risk.
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Therefore, male workers, especially those with this characteristic, would benefit from
proactive measures to improve their drinking habits. Although the associations found in this
study are significant, future research may provide a clearer understanding of the relationship
between HL and alcohol consumption.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Subgroup analysis for development of hearing loss by alcohol consumption habits
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