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INTRODUCTION

Insomnia affects as many as one in three adults in the Unit-
ed Kingdom, escalating to chronic insomnia in approximate-
ly 20% of cases.1 Previous studies reported that 22.8% of 
adults in Korea are affected by insomnia,2 the prevalence of 
which is known to increase with age. Furthermore, the risk of 
insomnia is higher among women, those with medical or psy-
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chological disorders, and those who work in shifts.3 Recent 
studies have consistently demonstrated that environmental 
or transportation-related noise in residential areas may also 
influence various aspects of sleep.4-7 

The World Health Organization defines environmental 
noise as unwanted sound originating from all sources (e.g., 
transportation, industrial, recreational and etc.), with the ex-
ception of workplace noise.4 The main causes of environ-
mental noise are associated with roadways, railroads, airports, 
and construction sites. According to a report by the Europe-
an Union, 40% and 20% of the population are exposed to 
noise ≥55 decibels (dB) or ≥65 dB during the day, respective-
ly, while 30% are exposed to noise exceeding 55 dB at night. 
Moreover, when all sources of transportation noise are con-
sidered that over 50% of the population is exposed to noise 
exceeding the auditory comfort level.8 A recent report dem-
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onstrated that 16.6% of individuals in Seoul are exposed to 
road traffic noise at 65 dB or higher during the day, while 34.8% 
are exposed to noise at 55 dB or higher at night.9 Moreover, a 
total of 2,416 cases of harm caused by noise were reported in 
Korea during 2010, 62% of which were related to psychologi-
cal harm.10 

Over the last 30 years, interest in the deleterious effects of 
environmental noise on mental and physical health has grown. 
In 2009, the World Health Organization established stan-
dards for identifying and reducing sources of environmental 
noise associated with sleep disorders,11 resulting in the publi-
cation of the Burden of Disease from Environmental Noise.4 
Since the publication of this report, accumulating evidence 
has suggested that environmental noise is significantly asso-
ciated with the development of cardiovascular diseases,12 tin-
nitus,13 decreased cognitive function,14 and sleep disorders.15 
Thus, environmental noise represents a major public health 
issue that places the physical and psychological health of in-
dividuals in noise-heavy areas at risk.5

Evidence has increased in the last decade that noise events 
elicit awakenings at relatively low exposure levels in labora-
tory and field study environments.16 Polysomnography (PSG) 
is the golden standard for measuring sleep in laboratory set-
ting which record electrical brain activity, muscle tone, and 
eye movements.17 Especially in intensive care unit, sleep ab-
normalities occur frequently. There are consistent PSG find-
ings among different studies which include multiple short 
bouts of sleep during the day and night, a relatively normal to-
tal sleep time, significant sleep fragmentation, and severe re-
ductions in stage 3 and REM sleep.18-20 In field studies, sleep is 
usually assessed with questionnaires due to large sample size 
and cost. Increased exposure of nocturnal road traffic noise 
is closely related to subjective evaluated sleep which include 
delayed sleep onset latency, increased awakening, overall de-
creased in sleep quality.6 Environmental noise results in fre-
quent awakening and disruptions during sleep, thereby increas-
ing fatigue and decreasing work performance during the day 
and potentially leading to chronic insomnia.4,21 One study 
shows that there is no significant difference in sleep quality 
when the same subjects were exposed to noise in laboratory 
or field setting.22

Although there are various methods for evaluating the in-
fluence of noise exposure on health, noise annoyance is among 
the most commonly utilized in recent studies.23,24 Nowadays 
several European studies have revealed a correlation between 
the objective noise index derived from noise maps and car-
diovascular diseases, insomnia, and annoyance.25,26 Although 
standards and policies for appropriate noise exposure have 
been implemented in Europe based on these findings,11 such 
studies have yet to be conducted in Korea.

The noise exposure varies according to the residential area. 
And socioeconomic status greatly influences an individual’s 
selection of his or her residential area. Poor residential envi-
ronments have been associated with increased stress and low-
er levels of health-related quality of life, both of which may 
negatively impact health.27 While previous standards for ad-
dressing environmental inequalities were closely related to 
distance from locations that process pollutants such as trash,28 
researchers have begun to increase their focus on the discom-
fort caused by environmental pollution and noise.29 Individ-
uals with high income are afforded a greater number of options 
regarding noise, proximity to school or work, and convenience 
when choosing a residential environment.30,31 However, evi-
dence regarding the relationship between income and noise 
remains inconsistent. Some studies have reported that high-
er-income areas are associated with higher levels of noise,32,33 
while others have reported an inverse relationship between 
income and noise.34,35 Another study reported no correlation 
between income and noise.29 Such discrepancies may have 
resulted from the methods used to evaluate noise levels or 
the characteristics of the city in which these levels were mea-
sured, rendering it difficult to generalize the findings of these 
studies.32 However, it is known that low socioeconomic con-
ditions can act as stressors or affect health behavior and lead 
to detrimental consequences.35 Especially in Seoul, housing 
prices have risen sharply due to lack of space and rapid ur-
banization. Therefore, the choice of residential environment 
varies depending on income level. In other words, the socio-
economic level is an important indicator for evaluating envi-
ronmental safety factors such as the residential environment, 
and the low socioeconomic group may be much more vul-
nerable to environmental risk exposure and mental health 
problem.31 Thus, the influence of economic status must be 
considered when evaluating the effects of environmental fac-
tors on health. 

The objective of this study was to identify the association 
between noise exposure and insomnia. We hypothesize that 
the effect of noise on insomnia is different by income level 
while considering varied demographic and sociodemograph-
ic backgrounds together. Finally, we examined the association 
again after considering additional health-related and lifestyle 
factors.

Methods

Participants
The present study utilized 2014 noise map of Yangcheon-

gu, Seoul. Residential regions were divided into three levels 
of noise exposure (less than 50, 50–59, and ≥60 dB), follow-
ing which a sample proportional to the population in each re-
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gion was calculated. A sampling design was used to accurately 
estimate the health effects of environmental noise. In this 
study, considering the influence of the noise level depending 
on the region, ‘noise’ was considered as the important pa-
rameter. In addition, by using the area sampling method us-
ing the information technology proposed by Woo and Kim,36 
the latest update on the household list was conducted and 
samples were extracted. Between July 2015 and January 2016, 
a total of 1,000 participants from this region were surveyed 
after providing written informed consent. Respondents pro-
vided information regarding insomnia, depression, and other 
mental health-related symptoms, as well as that regarding 
demographics, health-related behaviors, shiftwork and medi-
cal conditions. Demographic information included age, gen-
der, education level, marital status, residence period. Health-re-
lated behaviors included smoking, alcohol consumption, 
regular exercise, and caffeine intake. Shift work status was di-
vided into shift and non-shift workers. We didn’t subdivide 
the two shifts and the three shifts due to the small number of 
people. Respondents were also asked to provide information 
regarding diagnoses of medical diseases such as hyperten-
sion, hyperlipidemia and diabetes. Average monthly income 
was divided into less than 3 million KRW (Korean won) and 3 
million KRW or more (approximately $2700 USD). 131 sub-
jects were missed in survey fill and out of remaining 869 pa-
tients, 45 subjects who are currently taking psychiatric medi-
cation, 31 subjects who have hearing loss due to ear disease, 
ear surgery or any medication, 49 subjects who have tinnitus, 
35 subjects whose response accuracy less than 50 percent 
were excluded in the statistical analysis. A total of 709 re-
spondents were finally included in this study. This study was 
approved by the Institutional Review Board of the Ulsan 
University Hospital (IRB No. 2014-08-008). 

 Noise-related index
Environmental noise was calculated in accordance with 

the 2002 European Commission Guidelines.37 Daytime noise 
(Lday), evening noise (Levening), and nighttime noise (Lnight) were 
measured in dB(A) based on the average noise level mea-
sured at 07:00–19:00, 19:00–23:00, and 23:00–07:00, respec-
tively. Lden represents the noise index measured over 24 hours 
(day-evening-night), calculated using weighted values of 5 
dB during the evening and 10 dB at night.37

In the present study, we utilized 2014 noise maps to calcu-
late noise exposure for Yangcheon-gu, Seoul. The traffic noise 
level at the perimeter of each residential area was measured, 
and the noise maps were prepared using noise prediction soft-
ware (Cadna A, DataKustik, Germany). As the European En-
vironmental Agency defines Lden 50 dB as the level at which 
clinical health effects are observed,38 we divided Lden into the 

following three levels to examine the influence of each on in-
somnia: less than 50, 50–59, and ≥60 dB. Auditory acuity and 
noise sensitivity were assessed via the single-item question-
naires on an 11-point Likert scale, where higher number in-
dicates higher auditory acuity and noise sensitivity. Noise 
sensitivity scale had been translated according to the Interna-
tional Organization for Standardization Technical Specifica-
tion 15,666.39

Mental health-related index
The degree of insomnia was determined based on the In-

somnia Severity Index (ISI), while anxiety and depression-
that may also influence insomnia-were assessed using the State-
Trait Anxiety Inventory (STAI) and Center for Epidemiologic 
Studies Depression scale (CES-D), respectively. 

The ISI is a subjective index of insomnia developed by 
Morin,40 and the present study utilized a version adapted by 
Cho in 2004.41 The Insomnia Severity Index includes seven 
self-report questions scored from 0 to 4 points, for a total score 
ranging from 0 to 28.42 The ISI is designed to detect the pres-
ence of sleep disturbances over the past 2 weeks, such as dif-
ficulty falling asleep, difficultly staying asleep and problems 
waking up too early. Items related to the severity of insomnia, 
satisfaction with sleep conditions, interference with func-
tionality during the day and degree of impairment associated 
with sleep disturbances are also included. In the present study, 
an ISI score ≥10 points was considered indicative of insom-
nia, based on the value identified as the optimal cut-off point 
in community research settings.43

The validity of the CES-D of depression has been demon-
strated in previous studies.44,45 The CES-D contains 20 self-re-
port questions, with a maximum score of 60 points. The de-
gree of depression is measured based on the duration of six 
key depressive symptoms:44 depressed mood, feeling of guilt 
and worthlessness, feeling of helplessness and hopelessness, 
loss of appetite, psychomotor retardation and sleep distur-
bances. Higher scores are indicative of more severe depres-
sive symptoms, with scores of 16 and 25 points typically used 
as indicators of probable and definite depression, respective-
ly. In the present study, participants were considered to have 
depression when CES-D scores were ≥16 points, based on 
screening standards utilized in previous studies.46

The STAI was developed by Spielberger et al.47 for the dif-
ferentiation of clinically anxious groups in mental health set-
tings. The present study utilized the Korean version of the STAI 
adapted by Kim and Shin.48 Among the 40 total questions re-
lated to state/trait anxiety, the present study utilized 20 ques-
tions associated with state anxiety. Each question is scored 
along a 4-point Likert scale, with higher scores indicative of 
higher levels of anxiety. In accordance with the results of the 
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study conducted by Kim,49 a state anxiety score of 52 was used 
as the cut-off point, which was determined based on an aver-
age state anxiety score for university students. 

Statistical analysis
The demographic data and key variables of all participants 

were divided according to income level. T-tests were used to 
compare consecutive variables, while chi-square analyses were 
used to compare categorical variables and to assess preva-
lence of depression, anxiety, and insomnia according to the de-
gree of noise exposure.

Multilevel regression models were used to determine the in-
fluence of various factors on insomnia. In the first model, odds 

ratios (ORs) were used to determine the influence of noise ex-
posure on insomnia. In the second model, the analysis was 
adjusted for demographic variables, while the ORs of lifestyle 
factors including shift work and medical illnesses were calcu-
lated in the third model. Regression analysis was then used 
to determine the tolerance and variance inflation factor (VIF) 
following correction for factors that may have influenced the 
results all three models (auditory acuity, noise sensitivity, anx-
iety, and depression). The results of this analysis revealed that 
the maximum VIF value between independent variables was 
2.49, and the minimum tolerance value was 1.07, which indi-
cated that there were no multicollinearity issues. 

All analyses were performed using SPSS 21.0 (IBM SPSS 

Table 1. Demographic characteristics of the study sample according to monthly income

Total (N=709)
Monthly income

t or χ2 p value<3 million KRW
(2700 USD) (N=358)

≥3 million KRW
(2700 USD) (N=351)

Age (mean±SD ) 43.97±15.21 44.97±17.66 42.93±12.17 1.770 0.077
Sex (%) 3.534 0.060

Male 316 (44.6) 172 (48.0) 144 (41.0)
Female 393 (55.4) 186 (52.0) 207 (59.0)

Residence period (years) 7.51±7.24 8.00±7.80 7.00±6.58 1.846 0.065
Education level (%) 12.643 <0.001

High school or less 237 (33.4) 142 (39.7) 95 (27.1)
College or more 472 (66.6) 216 (60.3) 256 (72.9)

Marital status (%) 113.719 <0.001
Single 265 (37.4) 179 (50.0) 86 (24.5)
Married 360 (50.8) 112 (31.3) 248 (70.7)
Etc.* 84 (11.8) 67 (18.7) 17 (4.8)

Shift work status (%) 2.217 0.091
Shift worker 44 (6.2) 27 (7.5) 17 (4.8)
Non-shift worker 665 (93.8) 331 (92.5) 334 (95.2)

Smoking (%) 0.536 0.464
Yes 106 (15.0) 57 (15.9) 49 (14.0)
No 603 (85.0) 301 (84.1) 302 (86.0)

Alcohol (%) 22.859 <0.001
Yes 304 (42.9) 122 (34.1) 182 (51.9)
No 405 (57.1) 236 (65.9) 169 (48.1)

Exercise (%) 7.891 0.005
Yes 501 (70.7) 270 (75.4) 231 (65.8)
No 208 (29.3) 88 (24.6) 120 (34.2)

Coffee (%) 16.906 <0.001
<3 cups/day 551 (77.7) 301 (84.1) 250 (71.2)
≥3 cups/day 158 (22.3) 57 (15.9) 101 (28.8)

Noise exposure (dB) 50.30±11.43 48.97±10.86 51.66±11.84 -3.153 0.002
p-value was calculated using t-tests for continuous variables and chi-square tests for categorical variables. *other: divorce, separation, bereave-
ment
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Statistics; IBM Corp., Armonk, NY, USA) for Windows, and 
the level of statistical significance was set at p<0.05. 

Results

Demographic characteristics
The mean age of the final 709 research participants was 

50.30±11.43 years, and 44.6% were male. The mean length of 
residence was 7.51±7.24 years, while the mean level of noise 
exposure (Lden) was 50.30±11.43 dB. A total of 358 participants 
(50.5%) reported an income of less than KRW 3 million. Lev-
el of noise exposure was significantly higher in the high-in-
come group than in the low-income group (high-income: 
51.66±11.84 dB; low-income: 48.97±10.86 dB; p=0.002). No 
significant differences in age, gender, education level, shift 
work status and residence period were observed between the 
two groups (Table 1). 

Prevalence of mental health disorders according to 
noise exposure 

The prevalence of insomnia among participants of the pres-
ent study was 26.7% (n=189). Anxiety was observed in 5.1% 

(n=36) of participants, while depression was observed in 4.8% 
(n=34) of participants. Anxiety and depression were noted in 
3.8% (n=13) and 4.4% (n=15) of participants in areas with 
Lden<50 dB (n=341), 4.8% (n=9) and 4.8% (n=9) of partici-
pants in areas with Lden=50–59 dB (n=189), and 7.8% (n=14) 
and 5.6% (n=10) of participants in areas with Lden ≥60 dB (n= 
179), respectively. There were no significant differences in 
noise exposure between patients with anxiety and depression 
based on income level (anxiety group χ2=3.651, p=0.056; de-
pression group χ2=0.331, p=0.565) (Table 2). 

Influence of noise exposure on insomnia according to 
income level 

Our analysis revealed no significant increase in the preva-
lence of insomnia according to the degree of noise exposure 
(24.9%, 27.0%, 29.6% at Lden<50 dB, Lden=50–59 dB, Lden ≥60 
dB, respectively; χ2=1.323, p=0.250). When participants were 
divided based on income levels, we observed a tendency for 
insomnia as the levels of noise exposure increased in the low-
income group (25.4%, 28.6%, 37.8% at Lden<50 dB, Lden=50–
59 dB, Lden ≥60 dB, respectively; χ2=3.749, p=0.053). No sig-
nificant correlation was observed between noise level and 

Table 2. Mental health according to level of noise exposure

Total (N=709) Lden<50 (N=341) 50≤Lden<60 (N=189) 60≤Lden (N=179) χ2 p value
Insomnia (%) 1.323 0.250

ISI<10 520 (73.3) 256 (75.1) 138 (73.0) 126 (70.4)
ISI≥10 189 (26.7) 85 (24.9) 51 (27.0) 53 (29.6)

Anxiety (%) 3.651 0.056
STAI-X<52 673 (94.9) 328 (96.1) 180 (95.2) 165 (92.2)
STAI-X≥52 36 (5.1) 13 (3.8) 9 (4.8) 14 (7.8)

Depression (%) 0.331 0.565
CES-D<16 672 (94.8) 324 (95.0) 179 (94.7) 169 (94.4)
CES-D≥16 34 (4.8) 15 (4.4) 9 (4.8) 10 (5.6)
Missing 3 (0.4) 2 (0.6) 1 (0.5)

p-value was calculated by chi-square tests. CES-D: Center for Epidemiologic Studies Depression Scale, ISI: Insomnia Severity Index, Lden: day-
evening-night sound level, STAI-X: State-Trait Anxiety Inventory-State Anxiety

Table 3. Prevalence of insomnia, depression, and anxiety according to level of noise exposure stratified by income level

Income<3 million KRW Total (N=358) Lden<50 (N=193) 50≤Lden<60 (N=91) 60≤Lden (N=74) χ2 p value
ISI≥10 (%) 103 (28.8) 49 (25.4) 26 (28.6) 28 (37.8) 3.749 0.053
CES-D≥16 (%) 18 (5.0) 8 (4.1) 5 (5.6) 5 (6.8) 0.825 0.364
STAI-X≥52 (%) 17 (4.7) 5 (2.6) 8 (8.8) 4 (5.4) 2.097 0.148

(N=351) (N=148) (N=98) (N=105)
ISI≥10 (%) 86 (24.5) 36 (24.3) 25 (25.5) 25 (23.8) 0.005 0.945
CES-D≥16 (%) 16 (4.6) 7 (4.8) 4 (4.1) 5 (4.8) 0.001 0.971
STAI-X≥52 (%) 19 (5.4) 8 (5.4) 1 (1.0) 10 (9.5) 1.472 0.225
p-value was calculated by chi-square tests. CES-D: Center for Epidemiologic Studies Depression Scale, ISI: Insomnia Severity Index, Lden: day-
evening-night sound level, STAI-X: State-Trait Anxiety Inventory-State Anxiety, KRW: Korean won
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insomnia in the high-income group (24.3%, 25.5%, 23.8% at 
Lden<50 dB, Lden=50–59 dB, Lden ≥60 dB, respectively; χ2=0.005, 
p=0.945). Furthermore, no significant correlation was observed 
between noise level and depression/anxiety when partici-
pants were divided according to income level (Table 3).

Multilevel logistic regression analysis of insomnia risk 
factors 

Multilevel logistic regression analysis was performed to 
compare the influence of each variable on insomnia. Our anal-
ysis revealed that increased noise exposure was associated 
with an increased risk of insomnia in the low-income group, 
although no significant difference was observed between noise 
exposure at Lden<50 dB and Lden=50–59 dB. When analyses 
were adjusted for auditory acuity, noise sensitivity, anxiety, and 
depression (Model 1), the risk of insomnia increased 1.79-
fold for Lden ≥60 dB, relative to that observed for noise levels 
of less than 50 dB (OR 1.79, CI 1.00–3.20). The risk of insom-
nia still increased after correction for socioeconomic variables 
(Model 2; OR 1.83, CI 1.01–3.31) but no significant differ-
ences were observed after correction for medical illnesses and 
lifestyle habits (Model 3; OR 1.50, CI 0.81–2.79). In the low-
income group, depression did not increase the risk of insom-
nia in any of the three models (Model 1: OR 1.40, CI 0.42–
4.67; Model 2: OR 1.67, CI 0.47–5.90; Model 3: OR 2.16, CI 
0.60–7.76), in the high-income group, however, the risk of 
insomnia was lower in current smoker (OR 0.37, CI 0.14–0.94). 
Although the risk of insomnia was not influenced by noise, 
an increased risk of insomnia was observed in participants 
with depression (Model 1: OR 17.11, CI 3.95–74.10; Model 2: 
OR 16.16, CI 3.60–72.89; Model 3: OR 16.29, CI 3.38–78.44) 
and in those who are divorced, separated, or bereaved com-
pared to those who are married (Model 2: OR 4.45, CI 1.50–
13.21; Model 3: OR 5.12, CI 1.65–15.87). Auditory acuity and 
noise sensitivity were not significantly associated with an in-
creased risk of insomnia, except for second model in the low-
income group (OR 1.12, CI 1.01–1.24) (Table 4). 

Discussion

The purpose of the present study was to determine the cor-
relation between environmental noise and insomnia based 
on factors associated with the residential environment and 
socioeconomic status. We observed no significant relations 
in the prevalence of insomnia according to increases in the 
level of noise exposure. When divided according to income 
level, increases in insomnia were observed as noise levels in-
creased in the low-income group, although no correlation was 
observed between the level of noise exposure and insomnia 
in the high-income group. In low-income group, after correct-

ing for existing factors that may influence insomnia (e.g., anxi-
ety, depression, noise sensitivity), the risk of insomnia in-
creased 1.83-fold in individuals exposed to noise at 60 dB or 
higher, relative to that observed in individuals exposed to 
noise levels under 50 dB. This result was similar after adjust-
ing sociodemographic factors. However, after lifestyle-related 
factors and physical illnesses were corrected, the effects of 
noise on insomnia was not significant statistically (Table 4). 
Nonetheless, these results indicate that income levels influ-
ence the correlation between noise exposure and insomnia. 

Although we observed no increase in the prevalence of in-
somnia according to increases in noise levels across all par-
ticipants of the present study, we observed that the proportion 
of individuals experiencing insomnia increased along with 
increases in noise levels in the low-income group. There might 
be various explanation for this result. First, as we mentioned 
in the introduction, income level can have a significant im-
pact on residential choice. In our study average noise level was 
lower in the low-income group, which means insomnia was 
not simply determined by the magnitude of the noise. In-
stead, low-income housing may be more likely to have features 
such as ineffective insulation and thinner wall, making them 
more vulnerable to environmental noise. In Seoul, although 
high-income populations are more exposed to road traffic 
noise, they prefer apartment which is usually soundproof by 
double- or triple-glazed window. On the other hand, low-in-
come populations have less opportunity to protect themselves 
by equipping their dwelling with soundproof. Second, low in-
come itself can be a risk of insomnia. Previous studies have 
consistently reported an inverse relationship between income 
and insomnia.50-53 A 6-year observational study involving 
3,391 adults between the ages of 35 and 75 in Switzerland re-
vealed that low socioeconomic status (based on income and 
occupation) was associated with lower sleep quality, longer 
sleep latency, and a 1.47-fold increase in the prevalence of in-
somnia, when compared with high socioeconomic status.51 
Furthermore, a 20-year prospective study of nearly 1,000 adults 
in Scotland revealed that low socioeconomic status was asso-
ciated with difficulty falling asleep, and an increased risk of 
insomnia over time.50 

After dividing participants of the present study based on av-
erage monthly household income, we confirmed that differ-
ent factors such as noise, depression, marital status might in-
fluence insomnia according to income level (Table 4). Previous 
research has demonstrated that genetic, neurophysiological, 
cognitive and behavioral factors precipitate and predispose 
individuals to insomnia, and that perpetuation of such factors 
results in chronic insomnia.54 Sleep structure is not only influ-
enced by age and gender,55 but also by chronic stress associat-
ed with daily life, anxiety, and poor sleep hygiene.56 As such, 
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it is difficult to determine the long-term effect of noise on in-
somnia in isolation. The fact that a variety of factors contrib-
ute to chronic insomnia suggests that insomnia represents a 
complex clinical disorder that interacts with and can be per-
petuated by multiple factors.57 Thus, the present study is sig-
nificant in its attempt to examine the association among ob-
jective noise indices, socioeconomic/health factors, and the 
risk of insomnia. 

In the present study, we observed that depression predict-
ed insomnia in the high-income group, although no such cor-
relation was observed in the low-income group. No significant 
influence of anxiety on the risk of insomnia was observed in 
either income group. Insomnia is included among the diag-
nostic criteria for depression, while anxiety has also been re-
garded as a main cause of insomnia.58-60 Previous studies found 
that, although there is an increased risk of chronic insomnia 
in the low socioeconomic group, this risk is relatively low rela-
tive to the influence of underlying mental disorders on insom-
nia.50 Our study findings suggest that mental health status 
predicts the risk of insomnia only in high socioeconomic group. 
However, it is possible that because of the small sample size 
who are classified as depression group, the present study failed 
to reveal a significant difference due to the larger confidence 
interval. Therefore, further studies involving larger numbers 
of participants are required to verify our findings. 

When the regression model was adjusted for lifestyle fac-
tors that can influence sleep hygiene and mental health disor-
ders, no significant increases in the prevalence of insomnia 
were observed (Table 4). Although shift work status, alcohol 
consumption, smoking, caffeine intake, exercise level and 
other such lifestyle habits are closely associated with insom-
nia,61-65 no such associations were observed in the present 
study except for smoking in low-income group. Shift work is 
a major risk factor for insomnia,57 but it was not a significant 
factor in this study. Because ISI measure the sleep distur-
bance of recent 2 weeks,40 more detailed information such as 
information on shift work for the last 2 weeks immediately be-
fore the survey and total sleep time is needed. Unfortunately, 
information on shift work was not available in our studies, we 
could not accurately assess the impact of shift work on sleep. 
Smoking is generally known to be associated with poor sleep 
quality and insomnia,61,66 but we had opposite result in this 
study. This could be as a result of considering only current 
smoking status based on self-report. As recent study empha-
sis longitudinal effect of smoking, it is necessary to review in 
a well-designed study in future. In addition, marital status af-
fected insomnia prevalence in high-income group. Some stud-
ies report that family relationships are more important than 
family types.67 Nevertheless, previous studies show divorce 
and widowhood can increase the risk of insomnia,68,69 which 

is similar to our result. According to the guidelines developed 
by the World Health Organization in 2009, outside noise at 
night (Lnight) should be limited to 40 dB to reduce the influ-
ence of environmental noise on health.11 In 2008, the Korean 
Ministry of Environment inserted a section on noise map cre-
ation as part of the Noise and Vibration Regulation Act, which 
has been used to establish recent regulations regarding noise 
exposure.70,71 Proper management of noise involves the mea-
surement of local noise to inform both research and policy; 
however, such efforts remain in the beginning stages in Ko-
rea. Although some Korean studies have examined the asso-
ciation between noise annoyance and noise map data,72 or 
between aircraft noise and sleep quality,7 no studies have ex-
amined the influence of noise maps on mental health in resi-
dential areas. 

However, the inherent limitations of noise maps in deter-
mining noise exposure should also be noted. Because noise 
was measured externally, it is difficult to determine the actual 
influence of the noise indoors.4 Moreover, as no reports have 
discussed the influence of objective noise exposure in the work-
place or personal sleep hygiene on insomnia, caution must 
be taken when interpreting our results. Previous studies have 
also reported that the maximum noise value (Lmax) exerts a 
direct negative impact of the quality of sleep,11 and that the fre-
quency or source of the noise may also be associated with in-
somnia.25 Thus, the information provided by noise maps is 
limited in that it cannot be used to accurately determine an in-
dividual’s response to noise exposure. Research has also indi-
cated that noise influences health in various ways, depending 
on the type and characteristics of the noise, although such dif-
ferences are difficult to measure due to the lack of objective 
assessment methods.6 The cross-sectional design of the pres-
ent study did not allow for inferences regarding the causal 
relationship between noise exposure and sleep. In addition, 
when considering the influence of income level on sleep, it is 
difficult to determine the overall income characteristics of a 
given region based on average income alone. Because the in-
come gap differs greatly among various regions, different re-
sults may be achieved by dividing income into multiple lev-
els.51,52 Moreover, the relationship between mental health 
disorders and income may constitute a feedback loop, influenc-
ing academic achievement or the selection of a workplace,73,74 
rendering it difficult to capture the true dynamics of this in-
teraction.

The strengths of this study are as follows. First, we consid-
ered the comprehensive influence of environmental factors 
such as sociodemographic variables, lifestyle, and medical 
illness in relation to noise and insomnia. Second, this study 
is a large-scale epidemiological study involving more than 700 
people. Third, the present study is the first to examine the as-
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sociation between environmental noise via objective noise maps 
and insomnia in a large sample. Fourth, we used mental health 
assessment tools such as CES-D and STAI, which are widely 
used in epidemiological studies. Previous studies have utilized 
subjective indices such as sensitivity or annoyance to deter-
mine the influence of noise on health.75-77 However, noise an-
noyance is inevitably influenced by an individual’s noise sen-
sitivity, personality and lifestyle habits.78

The results of the present study suggest that income level 
plays an important role in mediating the complex relation-
ship between noise and sleep: Noise exerted a greater influence 
on insomnia in the low-income group than in the high-income 
group, while depression exerted a greater influence on in-
somnia in the high-income group. Thus, the clinical effects of 
noise exposure may differ based on income level, as those with 
higher income may choose to live in residential areas with low 
noise exposure, while differences in mental health may also 
act as protective factors. Such differences may also be associ-
ated with variations in population density, air pollution, edu-
cational facilities,31 and levels of anxiety and depression.50 
Therefore, the degree of noise exposure and income distribu-
tion must be considered when establishing future policies due 
to the need for more practical and inclusive noise provisions.

The present study aimed to examine the potential role of in-
come level in mediating the influence of noise exposure on 
mental health in an urban population. Our findings indicate 
that low income is associated with an increased risk of in-
somnia as noise levels increase, although no such correlation 
was observed for individuals of the high-income group. While 
it is difficult to conclude that noise is a direct cause of insom-
nia due to the influence of various other factors such as life-
style habits, these findings suggest that individuals with low 
income are more vulnerable to the deleterious effects of envi-
ronmental noise. However, caution should be taken when in-
terpreting the findings of the present study, as the influence 
of traffic noise was based on outdoor measurements. As it is 
difficult to verify these findings using more precise values of 
indoor noise exposure, suitable provisions can be established 
for at-risk regions based on income level.
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