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INTRODUCTION

Advances in medicine have reduced mortality from life-threat-
ening diseases [1]. However, the morbidity and economic bur-
dens of chronic diseases have received attention due to extended 
life expectancy and the corresponding increase in the incidence 
of age-related diseases, such as age-related hearing impairment 
[2]. Hearing impairment is one of the most common sensory or-

gan disorders. It has been estimated that approximately 23% of 
the 12-year-old or older population in the United States suffers 
from hearing impairment [3]. The prevalence of hearing impair-
ment increases with age, and approximately 81.4% (8,625,367/ 
10,600,197) of the 80-year-old or older population has hearing 
impairment [4]. The prevalence of hearing impairment in the 
aged population was projected to double between 2011 and 2016 
[5], and age-related hearing impairment was ranked as the third 
most burdensome disease in 2016 [6]. Hearing impairment has 
adverse effects on daily activities, including communication dif-
ficulties and social isolation [7]. These problems in hearing-im-
paired populations may result in a substantial socioeconomic 
burden [5,6]. 

A number of previous studies have identified socioeconomic 
disparities in hearing-impaired populations [8]. These socioeco-
nomic inequalities, which have been measured by disability-ad-
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Objectives. We evaluated changes in income levels in a hearing-impaired population. 
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(P=0.021).

Conclusion. The increase in income over time was relatively lower in the hearing-impaired adult population; therefore, the 
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justed life years, the Gini coefficient, and the concentration in-
dex in hearing-impaired populations, were estimated to be stable 
from 2005 to 2010 and increased slightly from 2010 to 2015 in 
a survey of 184 countries [8]. Conflicting results have been re-
ported on the association of hearing impairment with low edu-
cation and income levels. The National Health and Nutrition 
Examination Survey in the United States reported that hearing 
impairment was associated with a lower education level (odds 
ratio [OR], 3.21; 95% confidence interval [CI], 2.20–4.68), low-
er income level (OR, 1.58; 95% CI, 1.16–2.15), and decreased 
employment (OR, 1.98; 95% CI, 1.38–2.85) [9]. In South Korea 
(hereafter, Korea), individuals with a low income level showed 
1.97-fold higher odds for hearing impairment (95% CI, 1.40–
2.55) than their counterparts [10], although another study found 
no relationship between hearing impairment and lower income 
when participants were matched by education level [11]. How-
ever, most previous studies did not match hearing-impaired in-
dividuals with a comparison population for demographic factors 
or adjust for comorbidities. In addition, no prior studies have 
evaluated changes in income over time by tracking the partici-
pants.

If hearing impairment affects patients’ economic status, it would 
be important for policymakers and clinicians to estimate the mag-
nitude of the effect and to support patients accordingly. Our hy-
pothesis was that hearing impairment could impact income, there 
by increasing the economic gap between hearing-impaired and 
normal-hearing groups. To test this hypothesis, changes in the 
income levels of hearing-impaired and matched comparison par-
ticipants were followed annually. The initial income level and 
demographic factors were matched between the hearing-impaired 
and comparison groups. Moreover, lifestyle factors and other 
comorbidities were adjusted when comparing these differences.

MATERIALS AND METHODS

Study population
The Ethics Committee of Hallym university (2019-10-023) ap-
proved this study. The requirement for written informed consent 
was waived by the institutional review board of Hallym univer-
sity. The Korean National Health Insurance Service-Health Screen-

ing Cohort (NHIS-HEALS) data are described in a previous 
study [12].

Definition of hearing impairment
Hearing impairment was an exposure in the present study. The 
hearing-impaired group was defined as the registered hearing-
impaired persons in the Ministry of Health and Welfare of Korea 
following our previous studies [13,14]. All the hearing-impaired 
persons were tested three times using pure-tone audiometry (PTA) 
and once with an auditory brainstem response threshold test. 
Based on the 6-tone average of air conduction PTA ([500 Hz+2× 
1,000 Hz+2×2,000 Hz+4,000 Hz]/6), individuals with hearing 
threshold ≥60 dB in both ears or ≥80 dB in one ear and ≥40 dB 
in the other ear are registered as hearing impaired. Registered 
hearing impairments are further classified as profound hearing 
loss for a hearing threshold ≥90 dB in both ears and severe 
hearing loss for the rest.

Definition of income level
Income level was an outcome in the present study. Income level 
was divided into population deciles based on the Korea Nation-
al Health Insurance premium every year from 1 (the lowest 10%) 
to 10 (the highest 10%) for the entire Korean population with 
health insurance. In addition, medical aid beneficiaries were add-
ed to the lowest income level (0 class) [15]. The change in in-
come level for participants was evaluated based on the most re-
cent income before the index date (initial income) and was fol-
lowed for 5 years.

Participant selection
The hearing-impaired group was selected from 514,866 partici-
pants from 2002 through 2015 (n=6,626). Participants were in-
cluded in the comparison group if they were not registered as 
hearing-impaired persons during the same period (n=508,240). 
Subjects were excluded if they were diagnosed with other dis-
abilities (mobility disorder, visual impairment, mental retarda-
tion, psychotic disorder, and kidney disorder, n=79 and 43,673 
in the hearing-impaired group and comparison group, respec-
tively). Hearing-impaired participants after 2011 (n=688) were 
not included in the study. Participants with disabilities were ex-
cluded from the comparison participants (n=43,673). The hear-
ing-impaired subjects were matched 1:4 with the comparison 
subjects for age, sex, initial income on the index date, and region 
of residence. The comparison participants were selected with a 
random number order. The index date of each hearing-impaired 
subject was set as the day of registration of hearing impairment. 
The index date of the comparison participants was set as the 
same index date as their matched hearing-impaired subject. Dur-
ing this matching procedure, two hearing-impaired and 441,139 
comparison subjects were excluded. Ultimately, 5,857 hearing-
impaired subjects were matched with 23,428 comparison par-
ticipants (Fig. 1).

	� Changes in the income level of hearing-impaired and matched 
comparison participants were followed annually.

	� The increase in income level was lower in the hearing-im-
paired group than in the comparison group. 

	� Although both the hearing-impaired and comparison groups 
demonstrated increased income levels, the economic inequali-
ty in the hearing-impaired population increased over time.
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Covariates
Ten age groups were identified. The region of residence was di-
vided into urban and rural areas. Tobacco smoking, alcohol con-
sumption, and obesity based on body mass index (BMI kg/m2) 
were investigated [16]. Systolic blood pressure, diastolic blood 
pressure, fasting blood glucose, and total cholesterol were in-
cluded. Missing BMI (28/29,285 [0.096%]), systolic blood pres-
sure (16/29,285 [0.055%]), diastolic blood pressure (18/29,285 
[0.061%]), fasting blood glucose (46/29,285 [0.157%]), and to-
tal cholesterol (65/29,285 [0.222%]) were replaced by the mean 
values of each variable from the study population. The Charlson 
comorbidity index (CCI) was included [17].

Statistical analysis
The differences in the rates of general characteristics were ana-
lyzed using the chi-square test. The difference in the mean values 
of income between hearing-impaired and comparison partici-
pants for 5 years was compared using paired t-tests. A linear 
mixed model was used to analyze the interaction between re-
peatedly measured income levels according to time and hearing 
impairment and estimated value (EV) of repeated-measures data 
of income levels for hearing impairment. Age, sex, region of resi-
dence, hearing impairment, and time of measurement were used 
as the independent variables and fixed effects. BMI, systolic 
blood pressure, diastolic blood pressure, fasting blood glucose, 
total cholesterol, smoking, alcohol consumption, and CCI scores 
were used as random effects. A first-order autoregressive model 
was selected as the repeated covariance type, considering the 
correlation of each participant’s iteration. The statistical analysis 
model of the linear mixed model is as follows.

Yi=Xi1β1+ … +Xipβp+Zi1ui+ … +Ziquq+ei,  for all i=1,  …,  n,

where Y=(Y1,…,Yn)´, X is the n×p matrix of covariates with 
fixed effects β=(β1,…,βp)´, Z is the n×q matrix of covariates with 
random effects u=(u1,…,uq)´~N(0,τIq), and the residual error 
vector e=(e1,…,en)´~N(0,τIn). 

Two-tailed analyses were conducted using SAS ver. 9.4 (SAS 
Institute Inc., Cary, NC, USA). A P<0.05 was considered statis-
tically significant.

RESULTS

The distribution of the initial income level was matched between 
the hearing-impaired and comparison groups (P=1.000) (Table 1). 
The income level distribution of this cohort (n=514,866) is de-
scribed in Supplementary Table 1. The income levels increased 
over the course of follow-up in both the hearing-impaired and 
comparison groups (Table 2 and Supplementary Table 2). In the 
hearing-impaired group, the income levels 4 and 5 years post-
enrollment were significantly higher than the initial income level 
(each P<0.001), while the income levels 1–3 years post-enroll-
ment were not (each P>0.05). In the comparison group, the in-
come levels from 1 year through 5 years post-enrollment were 
significantly higher than the initial income level (each P<0.001). 
The interaction effect between time and hearing impairment for 
income level was significant (P=0.021). The EV of income level 
for the hearing-impaired group was estimated to be –0.016 (P= 
0.721).

The interaction effect between time and hearing impairment for 

Fig. 1. A schematic illustration of the participant selection process used in the present study.
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Table 1. General characteristics of participants

Characteristics Hearing impairment Control P-value

Age (yr) 1.000
40–44 283 (4.8) 1,132 (4.8)
45–49 394 (6.7) 1,576 (6.7)
50–54 547 (9.3) 2,188 (9.3)
55–59 770 (13.2) 3,080 (13.2)
60–64 917 (15.7) 3,668 (15.7)
65–69 994 (17.0) 3,976 (17.0)
70–74 931 (15.9) 3,724 (15.9)
75–79 695 (11.9) 2,780 (11.9)
80–84 278 (4.8) 1,112 (4.8)
≥85 48 (0.8) 192 (0.8)

Sex 1.000
Male 3,627 (61.9) 14,508 (61.9)
Female 2,230 (38.1) 8,920 (38.1)

Initial income 1.000
  0 (Lowest) 157 (2.7) 628 (2.7)
  1 628 (10.7) 2,512 (10.7)
  2 403 (6.9) 1,612 (6.9)
  3 479 (8.2) 1,916 (8.2)
  4 490 (8.4) 1,960 (8.4)
  5 470 (8.0) 1,880 (8.0)
  6 494 (8.4) 1,976 (8.4)
  7 477 (8.1) 1,908 (8.1)
  8 567 (9.7) 2,268 (9.7)
  9 802 (13.7) 3,208 (13.7)
10 (Highest) 890 (15.2) 3,560 (15.2)

Region of residence 1.000
Urban 2,380 (40.6) 9,520 (40.6)
Rural 3,477 (59.4) 13,908 (59.4)

Obesitya) 0.569
Underweight 208 (3.6) 841 (3.6)
Normal 2,183 (37.3) 8,577 (36.6)
Overweight 1,513 (25.8) 6,295 (26.9)
Obese I 1,814 (31.0) 7,142 (30.5)
Obese II 139 (2.4) 573 (2.5)

Smoking status <0.001b)

Nonsmoker 4,216 (72.0) 16,156 (69.0)
Past smoker 530 (9.1) 2,312 (9.9)
Current smoker 1,111 (19.0) 4,960 (21.2)

Alcohol consumption <0.001b)

<1 time a week 4,406 (75.2) 16,983 (72.5)
≥1 time a week 1,451 (24.8) 6,445 (27.5)

Systolic blood pressure (mmHg) 0.731
<120 1,352 (23.1) 5,419 (23.1)
120–139 2,666 (20.2) 10,541 (79.8)
≥140 1,839 (31.4) 7,468 (31.9)

Diastolic blood pressure (mmHg) 0.060
<80 2,263 (38.6) 9,021 (38.5)
80–89 2,181 (37.2) 8,430 (36.0)
≥90 1,413 (24.1) 5,977 (25.5)

Fasting blood glucose (mg/dL) 0.208
<100 3,706 (63.3) 14,614 (62.4)
100–125 1,593 (27.2) 6,410 (27.4)
≥126 558 (9.5) 2,404 (10.3)

(Continued to the next page)
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income level was significant in the subgroup of men <65 years 
(P<0.001) (Table 2). In this subgroup, the income level of the 
hearing-impaired group decreased at 1 year post-enrollment 
(P=0.036) and was not significantly different from the initial 
level across 2–5 years post-enrollment, while the income level 
increased from the initial level across 1–5 years post-enrollment 
(each P<0.001) in the comparison group. Over the course of time, 
the decreased 1-year post-enrollment income in the hearing-im-
paired group recovered. In contrast, the comparison group dem-
onstrated a higher income level from 1 year through 5 years post-
enrollment compared to the initial income level (each P<0.001). 
The EV of income level for hearing impairment was estimated 
to be –0.015 in this subgroup (P=0.836). The ≥65-year-old men, 
<65-year-old women, and ≥65-year-old men did not show a 
significant interaction between time and hearing impairment.

According to the degree of hearing impairment, the profound 
hearing-impaired group demonstrated a significant interaction  
between time and hearing impairment for income level (P=0.020) 
(Table 3). The profound hearing-impaired group also demonstrat-
ed higher income levels at 4 and 5 years post-enrollment than 
the initial income level (P=0.028 and P=0.014, respectively). The 
EV of income level for hearing impairment was estimated to be 
–0.026 in this subgroup (P=0.809).

DISCUSSION

The increase in income level was lower in the hearing-impaired 
group than in the comparison group. As a result, the economic 
gap between the hearing-impaired and comparison populations 
increased. Although both the hearing-impaired and comparison 
groups demonstrated increasing income levels over time, the dif-
ference reached statistical significance after 4 years in the hear-
ing-impaired group and after 1 year in the comparison group. 
The interaction of time and hearing impairment for income level 

was proven in a linear mixed model. This is consistent with pro-
found hearing loss. Moreover, <65-year-old men showed a de-
crease in income level after hearing impairment. To our knowl-
edge, few previous studies have investigated changes in income 
after hearing impairment with appropriate comparisons.

A few previous studies have also reported economic inequali-
ties in hearing-impaired populations. In the United States adult 
population, hearing impairment was related to unemployment 
(OR, 2.2; 95% CI, 1.4–3.4) and lower wages (net difference, 
$7,791; P<0.001) [18]. In Chinese adults, hearing impairment 
was associated with blue-collar workers and unemployment 
(OR, 1.2; 95% CI, 1.0–1.3 and OR, 1.2; 95% CI, 1.0–1.4, re-
spectively) [19]. A recent meta-analysis demonstrated a relation-
ship between hearing impairment and unemployment [20]. Un-
like previous studies, this study documented the progression of 
hearing impairment-associated income inequality over time, 
through the use of longitudinal measurements after matching 
the initial income level of the hearing-impaired and comparison 
participants.

A number of difficulties in hearing-impaired populations, in-
cluding communication, working performance, comorbidities, 
and social discrimination, could mediate the lower income in 
the hearing-impaired population than in the comparison popu-
lation. Working performance could be affected by communica-
tion difficulties in hearing-impaired persons. Hearing impair-
ment was related to reduced work performance for long hours, 
although the negative impact of hearing impairment on work 
performance was compensated over time [21]. Hearing-impaired 
adults showed gaps in information processing, techniques, and 
services to maintain optimal productivity, which resulted in infe-
rior abilities in multidimensional tasks and coordination in the 
workplace [22]. In addition, relative to non-hearing-impaired 
adults, adults with hearing impairment demonstrated more re-
covery time after work and more sick leave [23,24]. Thus, it is 
suggested that assistive devices to support auditory perception 

Characteristics Hearing impairment Control P-value

Total cholesterol (mg/dL) 0.012b)

<200 3,247 (55.4) 12,484 (53.3)
200–239 1,859 (31.7) 7,749 (33.1)
≥240 751 (12.8) 3,195 (13.6)

CCI score <0.001b)

0 3,182 (54.3) 13,498 (57.6)
1 1,124 (19.2) 3,809 (16.3)
2 694 (11.9) 2,449 (10.5)
3 386 (6.6) 1,447 (6.2)
≥4 471 (8.0) 2,225 (9.5)

Values are presented as number (%).			 
CCI, Charlson comorbidity index.			
a)Obesity (body mass index, kg/m2) was categorized as <18.5 (underweight), ≥18.5 to <23 (normal), ≥23 to <25 (overweight), ≥25 to <30 (obese I), 
and ≥30 (obese II). b)Chi-square test; significance at P<0.05.

Table 1. Continued
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and communication need to be implemented for hearing-im-
paired persons in the workplace [25].

The higher disease burden in hearing-impaired persons may 
impact income levels. Hearing impairment was found to be as-
sociated with hospitalization for any reason, more than 10 days 
of self-reported poor physical health, and more than 10 days of 
self-reported poor mental health in elderly individuals [26]. Be-
cause multiple comorbidities have been reported as factors as-
sociated with hearing impairment [27], participants with disabil-
ities were excluded from the present study. The higher rate of 
comorbidities in hearing-impaired persons could induce both 
higher healthcare costs and a lower capability to work, thereby 
resulting in lower income and an increasing gap in economic 
levels. In addition, social discrimination toward hearing-im-
paired persons could limit promotion in their working positions.

The lower income change in the hearing-impaired group was 
consistent in the subgroup of <65-year-old men in the present 
study. This younger age group is expected to be economically 
more active than the older age group. Therefore, the impacts of 
the differences on employment status and working performance 
on income levels might be especially strong in this age group. In 
contrast, after retirement (i.e., in the ≥65-year-old population), 
employment status might have little effect on the income level 
in both the hearing-impaired and comparison groups. For wom-
en, employment status and wage differences might be lower than 
those of men because more men than women are in the work-
place in Korea. It is estimated that in 2014, ≥20-year-old Kore-
an women expended approximately 2 hours and 44 minutes on 
income labor and 3 hours and 29 minutes on household chores, 
while men expended approximately 4 hours and 45 minutes on 
income labor and 47 minutes on household chores [28]. In the 
present study, the value of household chores was not reflected 
as income.

Individuals with profound hearing impairment showed lower 
income changes than the comparison group. A higher degree of 
hearing impairment might contribute to more difficulties in so-
cial communication and a higher risk of other comorbidities than 
in those with a lower degree of hearing impairment. For instance, 
the association of dementia with hearing impairment was more 
prominent in individuals with profound hearing impairment than 
in those with severe hearing impairment [13]. The association of 
profound hearing impairment with mortality was 4.22 times 
(95% CI, 3.52–5.05) higher than that of the comparison group 
and showed higher odds than the severe hearing-impaired group 
(adjusted OR, 4.07; 95% CI, 3.71–4.46) [14].

All Koreans are registered in the NHIS without exception, and 
their health insurance claims and health check-up data can be 
traced [29]. We matched the comparison group in terms of both 
demographic and socioeconomic factors. Medical histories were 
adjusted using the CCI score. In addition, lifestyle factors, body 
measurements, and laboratory data were considered in the anal-
ysis of the association between income changes and hearing im-

pairment. Income level was based on NHIS data, which guaran-
tee the accuracy of income levels. Hearing impairment was clas-
sified based on registered persons with hearing impairment in 
the NHIS.

However, the duration of hearing impairment was heteroge-
neous among the hearing-impaired population. For the degree 
of hearing impairment, we included only participants with se-
vere or higher degrees of hearing impairment. In addition, this 
study could not account for the effect of hearing rehabilitation 
using hearing aids or cochlear implants [30]. The prevalence of 
regular hearing aid use is approximately 12.6% in the ≥40-year- 
old population of Korea [31]. Information on income levels in 
this study was based on the NHIS-HEALS data, which include 
all Koreans ≥40 years old. All ≥40-year-old Koreans undergo 
annual health check-ups for free. Because the health check-up 
data were not available for the <40-year-old population, only 
the ≥40-year-old population could be included in the present 
study. In addition, employment status could not be assessed in 
the cohort data. Economic levels were estimated based on in-
come levels because other types of property, such as real estate 
and domestic chores, could not be counted in the present study. 
Thus, the follow-up periods and differences in income levels 
were restricted. A further study with a younger population and 
longer follow-up could provide improved information on the as-
sociations between hearing impairment and income changes. 
Last, although comorbidities were adjusted using the CCI score, 
several possible confounders, such as educational status, overall 
socioeconomic status, parental economic level, and other ac-
quired or congenital problems, could not be accounted for in 
this study.

In conclusion, hearing impairment was associated with a low-
er increase in income in the ≥40-year-old Korean population. 
As time progressed, this gap in economic inequality between 
the hearing-impaired and comparison groups increased. The re-
lationship of hearing impairment with income change was espe-
cially prominent among <65-year-old men and those with pro-
found hearing loss.
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