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ABSTRACT

Objective A huge percentage of the Chinese occupational population are becoming at risk of 

noise-induced hearing loss (NIHL). However, there is a limited number of literature reviews on 

occupational NIHL in China. This study aimed to analyze the prevalence and characteristics of 

occupational NIHL in the Chinese population using data from relevant studies.

Design A systematic review and meta-analysis.

Methods We searched the literature for studies on NIHL in China published between 1993 and 

2019 and analyzed the correlation between NIHL and occupational exposure to noise, including 

exposure to complex noise and co-exposure to noise and chemicals.

Results A total of 71,865 workers aged 33.5±8.7 years with an average exposure duration of 

9.9±8.4 years in the transportation, mining, and typical manufacturing industries were 

occupationally exposed to 98.6±7.2 dB(A) (A-weighted decibels) noise on average. The 

prevalence of occupational NIHL in China was 21.3%, of which 30.2% was related to 

high-frequency noise-induced hearing loss (HFNIHL), 9.0% to speech-frequency noise-induced 

hearing loss (SFNIHL), and 5.8% to noise-induced deafness (NID). Among manufacturing 

workers, complex noise contributed to greater hearing loss than Gaussian noise (overall weighted 

odds ratio [OR]=2.88). Co-exposure to noise and chemicals such as organic solvents, welding 

fumes, carbon monoxide, and hydrogen sulfide led to greater hearing loss than noise exposure 

alone (overall weighted OR=2.36). Male workers were more likely to experience NIHL than 

female workers (overall weighted OR=2.26). There were significant linear regression relationships 

between HFNIHL prevalence and noise level or exposure duration (P<0.05).

Conclusions The high prevalence of occupational NIHL in China was related to the wide 
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distribution of noise in different industries as well as high-level and long-term noise exposure. The 

prevalence was further aggravated by exposure to complex noise or co-exposure to noise and 

specific chemicals. Additional efforts are needed to reduce occupational noise exposure in China.

Keywords Noise; Occupational exposure; Hearing loss; Workplace; Review
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Strengths and limitations of this study

 The study attempts to addresses the limited number of literature reviews on occupational 

noise-induced hearing loss in China.

 A very large sample of workers with harmful exposure to occupational noise were included 

in the study.

 Our findings could provide a basis for the early prevention and control of occupational 

noise-induced hearing loss and the implementation of hearing protection programs in China 

and other developing countries.

 The number of Chinese studies focusing on speech-frequency noise-induced hearing loss 

and deafness was limited, resulting in an insufficient sample in these categories.

 There were no well-designed prospective studies on noise, and there were insufficient 

cohort studies on the topic.

Page 5 of 53

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

5

INTRODUCTION

Hearing loss is the most prevalent sensory disability worldwide, and noise-induced hearing loss 

(NIHL) has been a global public health problem. NIHL is a type of progressive sensorineural 

hearing loss caused by noise exposure. With the rapid development of industrialization, people are 

increasingly becoming at risk of NIHL. The World Health Organization estimated that 10% of the 

global population are exposed to noise pollution, of whom 5.3% experience NIHL.[1-2]

Approximately 16% of adult hearing loss cases are associated with exposure to noise in the 

workplace.[3] Occupational NIHL is the most prevalent occupational disease worldwide, with 

>10% of workers in developed countries having NIHL.[4] About 600 million workers are exposed 

to harmful levels of noise globally.[5] Each year, about 22 million workers are exposed to harmful 

levels of noise in the United States,[6] while about 1.7 million workers are exposed to >85 dB(A) 

(A-weighted decibels) of noise in Britain.[7] Occupational noise-induced deafness (NID) accounts 

for >60% of all occupational diseases reported in Norway.[8] From 2002 to 2005, 16.2%-22.9% 

of Korean workers were exposed to workplace noise exceeding 85 dB(A), and 4,483 workers had 

NID.[9] In China, >10 million workers are exposed to harmful noise.[10] In recent years, China 

has been facing a change in the spectrum of occupational diseases, i.e., NID followed by 

pneumoconiosis has replaced occupational poisoning as the second most common occupational 

disease, with an annual increase of 20%.[11] The prevalence of occupational NIHL in China is 

estimated to be >20%.[12] In some developing countries, workers exposed to noise in the 

transportation and manufacturing industries account for a high prevalence of NIHL, ranging from 

18% to 67%.[13-14]

Industrial noise may consist of steady noise (Gaussian noise) or complex noise 
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(non-Gaussian noise), with the latter being the dominant type in the workplace. Complex noise is 

composed of transient high-energy impulsive noise superimposed on stationary (Gaussian) 

background noise.[15] Animal experiments and a few epidemiological surveys revealed that 

exposure to complex noise could lead to greater hearing damage and is not only associated with 

noise energy but also with its complex temporal structure.[16] These findings have challenged the 

appropriateness of the international noise exposure standard (ISO-1999, 2013)[17, 18] and the 

safety of the occupational exposure limit of noise (e.g., 85 dB(A)), in which the measurement of 

noise energy (the equivalent sound level) serves as the sole method for evaluating noise based on 

the “equal energy hypothesis.”[19-21] Currently, kurtosis is considered a good parameter for 

reflecting the temporal structure and impulsiveness of noise, and its combination with energy is an 

effective indicator for evaluating hearing loss caused by complex noise.[22, 23] In addition, 

combined exposure to noise and chemicals may exacerbate hearing loss.[10, 24-27] 

Epidemiological studies have shown that exposure to mixed organic solvents is associated with an 

excessive risk of developing hearing loss, with or without concurrent noise exposure, in humans. 

Workers from a wide range of industrial sectors, whose jobs involve the use of paints, thinners, 

lacquers, and printing inks, are usually exposed to mixtures of xylene, toluene, benzene, methyl 

ethyl ketone, etc.

Although a large number of workers in China are reported to be at high risk of developing 

NIHL, the epidemiological characteristics and prevalence of NIHL are not well understood, and 

there is a limited number of literature reviews on the topic. This study therefore aimed to review 

the literature regarding NIHL in the Chinese occupational population and analyze the data to 

understand the prevalence and characteristics of NIHL in the workplace, including exposure to 
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different types of noise or co-exposure to noise and chemicals. Our findings could provide a basis 

for the early prevention and control of occupational NIHL and the implementation of hearing 

protection programs in China and other developing countries.

METHODS

Literature retrieval

We used English literature databases such as the Web of Science, PubMed, MEDLINE, and 

Scopus. We also searched Chinese literature databases including the China National Knowledge 

Internet, Chinese Sci-Tech Journal Database (weip.com), WanFang Database, and China United 

Library Database. The keywords searched were “noise-induced hearing loss,” “noise and hearing 

loss,” “noise-induced deafness,” “NIHL,” “hearing threshold shift,” “complex noise,” 

“co-exposure,” and “noise and chemical exposure.”

Inclusion and exclusion criteria

We included studies on overt hearing loss associated with occupational exposure to noise in 

Chinese populations published in Chinese and English journals from 1993 to 2019. The inclusion 

criteria were as follows: (1) studies with Chinese subjects, (2) studies whose subjects had a clear 

history of occupational exposure to noise, and (3) studies in accordance with an occupational 

health standard in China (e.g., Diagnosis of Occupational Noise-Induced Deafness, GBZ 

49-2014).[28] High-frequency noise-induced hearing loss (HFNIHL) was defined as an average 

hearing threshold of ≥40 dB for binaural high-frequency sound (3, 4, and 6 kHz) or an average 

hearing threshold in either ear of ≥30 dB at 3, 4, and 6 kHz. Speech-frequency noise-induced 
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hearing loss (SFNIHL) was defined as an average hearing threshold of ≥26 dB in the better ear at 

speech frequencies of 500, 1000, and 2000 Hz. Meanwhile, NID was defined according to the 

average hearing threshold for high-frequency and speech-frequency sounds, progressive hearing 

loss, tinnitus and other symptoms, and pure-tone audiometry results for sensorineural deafness.

The exclusion criteria were as follows: (1) studies on hearing loss or deafness that was not 

associated with occupational exposure to noise; (2) studies on noise exposure not associated with 

the auditory system; (3) studies on the clinical treatment of NIHL or NID; (4) studies on the 

clinical diagnosis of NIHL or NID; (5) studies on animal experiments investigating NIHL or NID; 

(6) studies on noise in cells and genetics; (7) studies on noise with unclear or incomplete results or 

unclear description of subjects; or (8) books, conferences, and news articles on noise exposure.

Data analysis and extraction

EndNote software was used to screen and extract the relevant literature. Information regarding the 

study design, type of industry, noise level, and hearing loss and general information about the 

target population were extracted from each study for meta-analysis. A meta-analysis is a research 

study that synthesizes and analyzes statistical data from multiple independent studies.[29] Briefly, 

after relevant questions were formed, the criteria for collecting and selecting literature data were 

established based on the research purpose. The collected literature data were then characterized 

and classified. Finally, comprehensive weighted average statistics (e.g., overall weighted odds 

ratios [ORs]) were calculated based on the characteristics of the studies.

A total of 594 articles were retrieved. Among them, 476 were excluded after examining the 

title or abstract based on the exclusion criteria. Of the 118 articles, 30 were further excluded after 
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reviewing the full text. The remaining 88 articles, which consisted of cross-sectional studies 

(79.5%), cohort studies (3.4%), and hot-spot studies (17.1%) on exposure to complex noise and 

co-exposure to noise and chemicals, were included in the meta-analysis (Figure 1).

RESULTS

Cross-sectional studies on NIHL prevalence

Appendix table 1 describe five studies on occupational NIHL in the transportation industry (e.g., 

ship, railway, and air transportation), with a total sample size of 5,810 workers. For this sector, the 

maximum level of noise in the workplace was reported to be 97.1 dB(A). The prevalence of 

HFNIHL, SFNIHL, and NID among the workers was 11.6%, 5.6%, and 5.9%, respectively.

Appendix table 2 show five studies on noise in the mining industry, with a total sample size 

of 2,245 workers. Among the studies, the average maximum level of noise reported in the 

workplace was 106.2 dB(A). The prevalence of HFNIHL, SFNIHL, and NID among the workers 

was 65.1%, 7.0%, and 10.3%, respectively.

Appendix table 3 show a total of 34 studies with a total sample size of 34,656 workers in the 

manufacturing industries were analyzed. The most common manufacturing industries associated 

with high noise exposure were typical enterprises, such as automobile manufacturing, air 

conditioning manufacturing, and the textile industry, whose workers were mainly young male 

adults. The average noise level in these workplaces was 96.2±5.1 dB(A). The prevalence of 

HFNIHL, SFNIHL, and NID was 30.9%, 8.5%, and 7.1%, respectively.

Cross-sectional studies with references to NIHL prevalence

Appendix table 4 show a total of 27 cross-sectional studies with references to occupational NIHL. 
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There were 18,319 workers in the exposed groups with average noise levels of 102.2±7.2 dB(A) 

and 7,399 controls with average noise levels of 63.5±3.8 dB(A). The prevalence of HFNIHL 

among the exposed workers was 28.7%, which was significantly higher than that (9.9%) in the 

controls. The prevalence of SFNIHL was also significantly higher in the exposed groups than in 

the control groups. The fixed-effects model of the meta-analysis showed that the overall weighted 

OR for noise exposure as a risk factor for HFNIHL was 5.63 (95% confidence interval [CI], 

4.03-7.88).

Typical cohort studies on NIHL incidence

Only three cohort studies dynamically investigated hearing loss in 2,999 workers from the oil 

field, electrolytic aluminum, and automobile manufacturing industries (table 1). The results 

showed that the incidence of HFNIHL and SFNIHL in these sectors was 22.1% and 8.1%, 

respectively. Moreover, cumulative noise exposure (CNE) was shown to aggravate hearing loss, 

and the length of service was positively correlated with the incidence of hearing loss.

Table 1 Meta-analysis of typical cohort studies on NIHL incidence

Population NIHL incidence (%)

Author
Type of 

factory N

Exposure 

duration 

(years)

Study 

duration

Years 

of 

follow

-up

Noise level 

(max or 

mean) 

[dB(A)]

HFNIHL SFNIHL Average

Jin[60] Oil field 673 1.0-30.0 2006-2010 5 106.8 30.6 3.7 17.2

Xu[61]
Electrolytic 

aluminum
1929 1.0-30.0 2008-2012 5 87.1±2.2 16.6 10.9 13.8

He[62] Automobile 397 8.8±8.7 2014-2016 3 101.3 34.3 2.3 18.3

Total - 2999 8.8±8.7 2006-2016 - 98.4±7.2 22.1 8.1 15.1

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing 

loss; SFNIHL, speech-frequency noise-induced hearing loss.
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Hot-spot research on noise exposure and NIHL

NIHL associated with complex noise

Seven studies were about NIHL associated with complex noise vs. Gaussian noise. There were no 

significant differences in CNE, noise level, age, or sex between the Gaussian noise groups and 

complex noise groups (P>0.05) (table 2). The kurtosis of complex noise (33.0±51.7) was 

significantly higher than that of Gaussian noise (3.3±0.3). In the fixed-effects model of the 

meta-analysis, the prevalence of HFNIHL in the complex noise groups was 34.5%, which was 

significantly higher than that (25.6%) in the Gaussian noise groups. The overall weighted OR for 

complex noise affecting HFNIHL prevalence was 2.88 (P<0.05).
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Table 2 Prevalence of NIHL associated with complex noise vs. Gaussian noise

Population NIHL (%) HFNIHL prevalence

Author Group
Type of 

factory N
Age 

(years)

Exposure 

duration (years)

Male 

(%)

Noise level (max 

or mean) 

[dB(A)]

CNE 

[dB(A)·year]

Kurtosis 

(mean±SD) HFNIHL SFNIHL NID OR 95% CI

Gaussian Clothing 1421 32.8±6.9 3.6±2.1 79.9 93.4±5.0 99.1±8.2 - 9.2 - 6.8
Liu[63]

Complex Hardware 957 32.5±8.3 4.1±1.8 78.0 93.1±4.2 99.0±7.8 - 7.7 - 6.3
0.83 0.61-1.11

Gaussian Textile 26 35.7±8.2 9.8±5.9 76.9 95.1±1.3 104.0±4.4 - 38.5 7.7 -
Xie[64]

Complex Rolling 98 37.4±6.5 9.9±7.4 84.7 94.9±4.0 103.5±6.3 - 61.2 17.4 -
2.53 1.04-6.14

Gaussian Machinery 399 33.6±9.9 11.6±8.6 70.2 100.0 96.8±6.0 - 56.6 25.8 -
Zheng[65]

Complex Machinery 271 30.6±8.8 10.1±8.2 86.7 102.1 104.8±5.0 - 79.3 39.1 -
82.3 20.16-335.83

Gaussian Machinery 202 - - 100.0 93.4±1.5 - - 13.4 - 0.5
Zhang[66]

Complex Machinery 212 - - 100.0 92.7±1.0 - - 58.5 - 6.1
9.13 5.60-14.89

Gaussian Textile 163 31.5±8.7 12.7±8.4 100.0 99.9±4.2 110.6±6.0 3.3±0.3 64.4 - -
Zhao[67]

Complex Metal 32 35.1±7.2 12.3±7.1 37.5 95.2±3.1 103.2±4.2 40.0±44.0 65.6 - -
1.06 0.48-2.34

Gaussian Textile 163 31.7±8.7 12.7±8.4 49.7 101.2±4.7 110.3±6.1 3.2±0.3 64.4 - -
Xie[68]

Complex Steel 178 38.1±7.6 13.0±8.0 100 93.6±5.7 103.6±7.2 37.1±52.9 57.3 - -
0.74 0.48-1.15

Gaussian
Pharmaceut

ical
62 36.8±6.6 - 66.1 92.2±5.3 97.6±5.5 - 32.3 - -

Zhang[69]

Complex Forging 38 32.9±5.5 - 100.0 95.2±3.9 97.0±6.4 - 55.3 - -

2.59 1.13-5.96

Gaussian - 2436 32.9±7.9 6.5±6.6 92.1 96.3±6.1 101.9±8.8 3.3±0.3 25.6 24.7 6.1Total

Complex - 1786 33.2±8.5 6.7±6.1 67.8 94.0±4.8 103.3±6.5 33.0±51.7 34.5 33.3 6.2
2.88 1.06-7.84

CNE, cumulative noise exposure; dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency 

noise-induced hearing loss; NID, noise-induced deafness; OR, odds ratio; CI, confidence interval.
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NIHL associated with co-exposure to noise and chemicals

Table 3 shows eight studies regarding NIHL associated with co-exposure to noise and chemicals 

(e.g., dust, benzene, welding fumes, n-hexane, hydrogen, carbon, ethylbenzene) vs. exposure to 

noise alone. There were no significant differences in noise level, age, or sex between the noise 

groups and co-exposure groups (P>0.05). The fixed-effects model of the meta-analysis showed 

that the prevalence of co-exposure to noise and chemicals was 54.2%, which was significantly 

higher than the prevalence of exposure to noise alone (30.3%). The overall weighted OR for 

complex noise affecting HFNIHL prevalence was 2.36 (P<0.05).
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Table 3 NIHL associated with co-exposure to noise and specific chemicals

Population NIHL (%)
HFNIHL 

prevalence

Author Group Type of factory

N
Age 

(years)

Exposure 

duration 

(years)

Male 

(%)

Noise level 

(max or 

mean) 

[dB(A)]
HFNIHL SFNIHL NID OR 95% CI

Noise Automobile 1604 33.8±3.5 - - 86.9 25.4 2.6 -
Zhang[70]

Co-exposure to welding fumes and noise Tires 202 33.8±3.5 - - 95.9 41.6 5.9 -
2.09 1.54-2.83

Noise 169 - - - 85 40.8 10.7 -
Song[71]

Co-exposure to benzene and noise
Pharmaceutical

103 - 5.0-10.0 - 85 59.2 17.5 -
2.11 1.28-3.47

Noise 59 33.8±5.6 13.6±5.2 - 94.0 29.2 - -
Chen[72]

Co-exposure to welding fumes and noise

Metal 

components 65 33.7±5.2 13.6±5.7 - 100.0 61.5 - -
3.89 1.75-8.63

Noise Technological 45 36.8±10.6 12.6±11.4 - 87.2 33.3 13.3 -
Xiong[73]

Co-exposure to n-hexane and noise Printing 105 36.9±10.2 14.1±10.7 - 86.4 51.4 21.0 -
2.12 1.02-4.39

Noise 52 30.0±4.0 14.7±6.2 - 81.6 24.0 - -

Wu[74] Co-exposure to hydrogen sulfide and 

noise

Petrochemical 

plants 73 29.8±4.1 14.3±6.0 - 85.5 31.5 - -
1.45 0.82-2.57

Noise 59 33.7±5.6 14.0±4.8 84.7 92.0 28.1 11.5 -
Wu[75]

Co-exposure to welding fumes and noise
Steel

65 33.7±5.2 13.6±5.7 87.7 92.0 60.0 35.4 -
3.83 2.18-6.76

Noise 106 29.3±5.5 11.2±9.0 69.8 103.0 17.9 - 0.0

Wang[76] Co-exposure to carbon monoxide and 

noise

Chemical 

products 427 30.3±8.5 9.9±6.8 89.0 104.0 29.0 - 2.3
1.87 1.09-3.21

Noise Power stations 290 - - 100 84.3 56.9 - -

Zhang[77]
Co-exposure to ethylbenzene and noise

Petrochemical 

plants
553 - - 100 83.1 79.4 - -

2.92 2.14-3.98
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Population NIHL (%)
HFNIHL 

prevalence

Author Group Type of factory

N
Age 

(years)

Exposure 

duration 

(years)

Male 

(%)

Noise level 

(max or 

mean) 

[dB(A)]
HFNIHL SFNIHL NID OR 95% CI

Noise - 3001 33.6±4.1 12.9±7.9 77.6 89.3±6.4 30.3 3.9 0.0
Total

Co-exposure - 3612 33.3±5.2 11.6±7.5 90.5 91.5±7.3 54.2 15.8 2.3
2.36 1.92-2.92

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, 

noise-induced deafness; OR, odds ratio; CI, confidence interval.
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Summary of the epidemiological characteristics of occupational NIHL

A total of 71,865 workers (males, 82.7%) aged 33.5±8.7 years, who had an average noise 

exposure duration of 9.9±8.4 years, were included in this study (Table 4). Their average levels of 

noise exposure were 98.6±7.2 dB(A), and most of them were from the transportation, mining, and 

manufacturing industries. Combining all the data, we found that the general prevalence of 

occupational NIHL during the past 26 years in China was 21.3%, of which 30.2%, 9.0%, and 

5.8% accounted for the prevalence of HFNIHL, SFNIHL, and NID, respectively. Moreover, 

HFNIHL prevalence was strongly correlated with noise level (i.e., the linear regression equation 

was HFNIHL%=6.417LAeq+23.707) and exposure duration (i.e., HFNIHL%=9.850ED+14.867) 

(Figure 2). The overall weighted ORs for noise, complex noise, co-exposure to noise and specific 

chemicals, male sex, age, and exposure duration were 5.63, 2.88, 2.36, 2.26, 0.81, and 1.75, 

respectively (Table 5).
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Table 4 Summary of the epidemiological characteristics of occupational NIHL in China

Population NIHL (%)

Group Type of industry
N Age (years)

Exposure duration 

(years)

Male 

(%)

Noise level (max or 

mean) [dB(A)] HFNIHL SFNIHL NID Average

Cross-sectional study[78-82] Transportation 5810 39.9±6.8 17.9±10.6 93.0 93.0 11.6 5.6 5.9 8.9

Cross-sectional study[83-86] Mining 2245 34.4±9.3 8.0±4.0 100.0 106.2 65.1 7.0 10.3 34.2

Cross-sectional 

study[87-120]
Manufacturing 34,656 32.6±8.9 7.9±6.3 81.6 96.2±5.1 30.9 8.5 7.1 23.1

Cross-sectional study with 

references[121-147]
Manufacturing 18,319 33.9±9.4 12.6±9.8 81.4 102.2±7.2 28.7 10.0 2.3 19.6

Complex noise[63-69] Manufacturing 4222 33.0±8.2 6.6±6.4 81.8 95.2±5.6 29.4 28.7 6.2 21.0

Co-exposure[70-77] Manufacturing 6613 33.4±4.7 12.0±7.6 84.0 90.4±7.0 39.9 6.3 1.9 25.4

Total - 71,865 33.5±8.7 9.9±8.4 82.7 98.6±7.2 30.2 9.0 5.8 21.3

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, 

noise-induced deafness.
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Table 5 Odds ratios for key factors influencing HFNIHL prevalence

No. Factor Group HFNIHL (%)
Overall weighted OR for 

HFNIHL
95% CI

Noise 28.7
1 Noise

Control 9.9
5.63 4.03-7.88

Complex noise 34.5
2

Complex 

noise Gaussian noise 25.6
2.88 1.06-7.84

Co-exposure 54.2
3 Co-exposure

Noise 30.3
2.36 1.92-2.92

Male 17.5
4 Sex

Female 7.2
2.26 1.62-3.19

Age≤33 years 29.8
5 Age

Age>33 years 23.9
0.81 0.78-0.84

≤10 years 25.1
6

Exposure 

duration >10 years 37.0
1.75 1.64-1.87

HFNIHL, high-frequency noise-induced hearing loss; OR, odds ratio; CI, confidence interval.

DISCUSSION

This study reviewed and analyzed literature data on occupational NIHL in China in the past 26 

years. The results showed that workers with NIHL were mainly from typical manufacturing 

industries (e.g., textile, automobile manufacturing, metal processing).[30, 31] Our findings are 

consistent with those in other countries. In the United States, workers at risk of occupational 

NIHL include those employed in construction, manufacturing, mining, agriculture, utilities, 

transportation, and the military, as well as musicians,[32] with approximately 82% of workers 

with hearing loss coming from the manufacturing industries.[33] In Asia, sources of noise 

pollution mainly comprise the manufacturing, transportation, mining, and agricultural 

industries.[13, 34] In this study, we found that the average noise level for Chinese workers from 

these industries was 98.6±7.2 dB(A), which exceeds the occupational exposure limit of 85 dB(A). 

Noise intensity was positively correlated with the prevalence of hearing loss (overall weighted 
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OR=5.63). The general prevalence of NIHL in China was 21.3%, of which 30.2% is related to 

high-frequency hearing loss. These findings suggest that the wide distribution of noise in different 

industries, high levels of noise exposure, and long-term exposure to noise in the workplace were 

the main risk factors for the high prevalence of NIHL in China.

Our findings on the prevalence and characteristics of noise exposure and NIHL in China are 

similar to those in other countries. For instance, Soltanzadeh et al. reported that the occupational 

noise level in Iran reached 90.29 dB(A), while the overall hearing threshold was 26.44±8.09 

dB.[34] Kim et al. also reported that >90% of the workplace noise levels in South Korea exceeded 

the occupational exposure limit, and 92.9% of suspected occupational diseases were occupational 

NID.[35] The Centers for Disease Control and Prevention estimate that about 9 million workers 

are exposed to daily average sound levels of ≥85 dB(A) and about 26 million Americans 

experience NIHL, with a prevalence of 15%.[36, 37] Rubak et al. also found a dose-response 

relationship between NIHL and noise intensity among workers in Denmark, i.e., a higher noise 

level was associated with a higher prevalence of NIHL.[38]

The occurrence of NIHL is usually affected by individual factors such as sex and age. In this 

study, the average age of the workers was 33.5±8.7 years, but there was no significant association 

between age and HFNIHL prevalence (overall weighted OR=0.81). Meanwhile, sex was a risk 

factor for HFNIHL, with its prevalence being significantly higher in men than in women. These 

findings are consistent with those of other studies. Most cases of occupational NID in developed 

areas of China occurred in young adults, with an average age of 40 years.[39, 40] Some studies 

also showed that the prevalence of NIHL in workers with high noise exposure was significantly 

higher in men than in women, and the workers with NIHL comprised young and middle-aged 
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people.[41-43] The lack of relationship between age and NIHL in this study could be attributed to 

the fact that the hearing threshold was already adjusted for age; this finding agrees with those of 

other reports.[39, 44]

In this review, the average duration of noise exposure among Chinese workers was 9.9±8.4 

years, which could be a significant contributing factor to the prevalence of high-frequency hearing 

loss (overall weighted OR=1.75). NIHL can result from the cumulative effects of increased 

durations and levels of noise exposure. High noise levels can damage the outer hair cells, but with 

continuous noise exposure, the damage can extend to the inner hair cells, supporting cells, 

cochlear vascularis, and spiral ganglion cells.[40] Results of previous studies have shown that the 

general prevalence of NIHL increased with exposure duration, with the disease developing rapidly 

during the first 10 years of exposure, reaching a peak in 10-15 years, and then entering a plateau 

after 15 years.[45, 46, 112]

This study also showed that exposure to complex noise among workers led to a greater risk of 

hearing loss than exposure to Gaussian noise did. The kurtosis for the complex noise group was 

higher than that for the Gaussian noise group, and there were no significant differences in noise 

energy levels between both groups. The overall weighted OR for complex noise was 2.88. These 

findings indicate that the temporal structure of complex noise was a new determinant for NIHL. 

Animal experiments have shown that complex noise was more destructive to the hearing of 

chinchillas than Gaussian noise, and these studies have recommended that the kurtosis reflecting 

the temporal structure of complex noise is a good parameter for classifying the effects of complex 

noise vs. Gaussian noise.[15, 16] Several epidemiological studies have also demonstrated that 

exposure to complex noise could lead to greater hearing loss than exposure to Gaussian noise and 
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that the standard noise limit recommended by ISO-1999 was not within the safe threshold.[47, 48] 

A typical impulse noise was also reported to cause more hearing damage than continuous 

noise.[49] Moreover, cross-sectional studies considered the kurtosis metric combined with noise 

energy as a good parameter for determining and preventing the hazards to hearing posed by 

industrial environments with high noise levels.[50-52]

In addition to noise, other occupational hazards might affect the hearing of workers. This 

study showed that combined exposure to noise and specific chemicals (e.g., organic solvents, 

welding fumes, carbon monoxide, and hydrogen sulfide) aggravated hearing loss (overall 

weighted OR=2.36). The combined effects might be related to auditory neurotoxicity induced by 

these chemicals. Animal experiments have demonstrated that solvents such as toluene, styrene, 

xylene, and ethyl benzene could affect the auditory function through their toxic action on the 

organ of Corti, the auditory pathways, and the middle-ear reflex.[53] Li et al. reported that styrene 

might have an effect on the auditory system, and the combined effects of toluene, xylene, and 

noise could lead to a significant increase in the hearing threshold.[54] Campo et al. found that the 

temporal structure of noise was able to modify the ototoxicity of styrene in experimental animals 

and a moderate level of styrene enhanced the cochlear damage caused by impulse noise. A pilot 

study showed that workers exposed to non-Gaussian noise and solvents presented a significantly 

worse hearing threshold than those exposed only to non-Gaussian noise.[55] A meta-analysis also 

showed that among 7,530 industrial workers, those exposed to both noise and organic solvents had 

a significantly greater risk of hearing loss than those exposed to noise alone.[56] Furthermore, as 

previously mentioned, several epidemiological studies have shown that exposure to various 

organic solvents was associated with an excessive risk of developing hearing loss, with or without 
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concurrent noise exposure, in humans.[57-59]

This study has several limitations. The number of Chinese studies focusing on SFNIHL and 

deafness was limited, resulting in an insufficient sample in these categories. There was also a lack 

of well-designed prospective studies on noise, which made it impossible to determine the 

incidence of NIHL in China. Moreover, only four cohort studies, with 2,999 subjects, were 

included in this study.

CONCLUSIONS

Based on the above findings, the following conclusions could be drawn: (1) In China, a large 

proportion of the population exposed to occupational noise comprised young male manufacturing 

workers, and the average duration of exposure to harmful noise levels was >9.0 years. The general 

prevalence of occupational NIHL in China was 21.3%, and among the types of NIHL, HFNIHL 

had the highest prevalence. (2) The prevalence of HFNIHL increased with higher noise levels and 

higher duration of exposure and was affected by individual factors such as age and sex. (3) 

Exposure to complex noise and co-exposure to noise and specific chemicals could increase the 

risk of occupational NIHL. (4) Finally, the high prevalence of occupational NIHL in China was 

related to the wide distribution of noise in different industries as well as high-level and long-term 

noise exposure.

Our findings suggest the need for additional efforts to reduce noise exposure among Chinese 

workers, which are made possible by carrying out industrial noise monitoring and risk assessment 

of hearing loss, further strengthening the implementation of hearing protection programs for 

workers, and conducting well-designed epidemiological studies on industrial noise, complex 
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noise, and co-exposure to noise and chemicals.
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FIGURE LEGENDS

Figure 1 Flowchart of the selection of articles for meta-analysis. NIHL, noise-induced hearing loss; 

NID, noise-induced deafness.

Figure 2 Linear regression relationships between (a) HFNIHL prevalence and noise level and (b) 

HFNIHL prevalence and exposure duration. HFNIHL, high-frequency noise-induced hearing loss.
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Supplementary material：More than two pages of tables in the article and

a plethora of other tables

Appendix

Table 1 Prevalence of NIHL among workers in the transportation industry

Author
Type of

transportation

Population
Noise level

(max)

[dB(A)]

NIHL (%)

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Hu[60] Air 1498 29.7 - 73.0 - 6.1 4 -

Rong[61] Railway 2045 39.9±6.8 18.0±11.0 100.0 97.1 13.1 - 5.9

Ge[62] Ship 1000 20.0-60.0 - 100.0 - 15.6 - -

Xu[63] Ship 53 17.0-42.0 - 100.0 - 60.4 - -

Peng[64] Railway 1214 23.0-58.0 17.7±10.0 100.0 - 10.3 5.8 -

Total - 5810 17.0-60.0 17.9±10.6 93.0 97.1 11.6 5.6 5.9

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 2 Prevalence of NIHL among workers in the mining industry

Author
Type of

mining

Population
Noise level

(max)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Zhang[65] Mining 389 24-53 - 100.0 - 73.5 13.1 -

Yuan[66] Oil field 211 31.8±8.4 10.6±6.8 100.0 94.0 24.6 5.2 -

Zhao[67] Coal mining 1137 29.6±2.4 9.2±0.8 100.0 117.0 80.8 - 10.1

Zhang[68] Mining 508 46.4±8.5 4.1±4.0 - 107.5 40.3 3.1 10.6

Total - 2245 34.4±9.3 8.0±4.0 100.0 106.2±11.6 65.1 7.0 10.3

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 3 Prevalence of noise exposure and NIHL among manufacturing workers

Author Type of factory

Population
Noise level

(max or mean)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Chen[69]
Sports

equipment
247 34.0±6.5 - 89.9 - 17.0 - 4.9

Gao[70] Rolling mills 629 40.0±7.0 1-41 83.5 118.0 25.6 - 4.3

Gao[71] - 1023 17-55 5.1 74.2 95.8 11.3 4.8 -

Gao[72] Toys 720 31.8±3.7 - 56.4 - 10.4 - -

Jiao[73] - 520 21-58 15.2 60.8 101.5 - - 12.8

Li[74] Aviation 1197 - 10.2±7.9 - 102.5 43.5 - -

Lin[75] - 386 26.6±6.3 3.4±2.3 79.5 89.9 74.1 50.5 -

Liu[76] Oxygen mills 333 20-59 14.0 68.5 103.0 11.1 3.0 -

Lv[77] Airport 290 33.4±10.3 14.5±11.2 - 98.8 48.6 6.6 -

Wang[78] - 512 - - - 91.6 81.3 21.3 -

Wang[79] Textile 1001 38.1±3.0 16.5±4.5 18.7 - 65.1 3.0 -

Yan[80] Tank 406 18-32 - 100.0 - 34.5 23.2 -

Yan[81] - 528 - - - 115.0 83.7 23.0 -

Guo[82] Textile 60 25.8±8.4 3.6±3.1 16.7 100.5 28.3 - -

Nie[83] Shipbuilding 3260 40.4±8.8 7.7±3.8 90.2 112.1 11.8 3.4 -

Wang[84] Textile 1156 30.7±5.6 11.9±5.3 - 93.7 33.3 17.3 -

Zhang[85] Textile 481 18-58 1-33 25.4 98.4 11.9 - -

Ni[86] Textile 618 35.8±6.1 10.6±7.6 - 113.5 23.6 0.8 -

Xie[87] Steel 98 37.0 - 84.7 134.5 61.2 17.3 -

Chen[88] Automotive 6557 27.0 3.5 96.4 119.1 28.8 - -

Ning[89] Manufacturing 1439 20-55 1-5 77.5 100.0 33.6 5.4 -

Xu[90] Forging 272 33.7 4.2 - 129 26.1 - -

Liu[91] Manufacturing 3432 32.7±7.4 3.8±2.5 81.2 92.1±4.9 37.1 3.9 -

Peng[92] Automotive 706 35.5±7.6 11.1±7.8 65.7 99.3 59.8 9.1 -

Huang[93] Electronics 172 28.3 4.3 66.3 100.0 36.0 15.1 -

Li[94] Steel pipes 106 29.8±2.4 7.6 - 89.6±9.7 28.3 - -

Chen[95] Tires 953 37.9±8.6 11.8±7.1 90.3 91.2 10.5 - -
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Author Type of factory

Population
Noise level

(max or mean)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Bao[96] Automotive 3411 22.4±3.0 4.3±3.0 100.0 86.9 15.7 - -

You[97] Textile 1000 33.1±8.0 11.1±8.2 0.0 90.8±7.6 42.6 - -

Chen[98] Bottled drinks 154 29.9±5.5 5.3±3.7 - 89.6 20.8 - 3.3

Zhang[99]
Metal

processing
965 27.4±6.5 5.6±2.3 90.6 88.2±3.5 27.5 - -

Zhou[100] Welding 924 32.4±7.5 10.0±6.5 94.5 100.7 48.3 11.6 -

Wang[101] Steel rolling 120 25-55 2-39 - 99.3 75.8 15.0 -

Qian[102] Welding 980 32.0±7.0 9.6±6.3 91.8 84.1±12.7 33.7 - -

Total - 34,656 32.6±8.9 7.9±6.3 81.6 96.2±5.1 30.9 8.5 7.1

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 4Meta-analysis of cross-sectional studies with references to NIHL among manufacturing workers

Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Luo[103]
Exposure

Petrochemicals
908 - 20.1±9.1 - 91.8 38.3 - 0.6

4.78 3.04-7.53
Control 200 - 23.3±9.0 - - 11.5 - -

Pan[104]
Exposure

Shipbuilding
1000 - - - 110.0 69.1 10.9 -

7.16 5.87-8.73
Control 1000 - - - - 23.8 1.3 -

Yang[105]
Exposure

Furniture
345 31.6±7.4 15.3±12.2 75.7 - 32.2 - 0.9

3.95 2.21-7.07
Control 140 43.4±8.2 20.2±10.1 71.4 - 10.7 - -

Yu[106]
Exposure

Cooking
116 - - - 90.0 15.5 9.5 -

4.59 1.50-14.05
Control 104 - - - - 3.8 4.8 -

Zu[107]
Exposure Metal

processing

570 - 2.8±2.9 59.3 96.6 44.0 - 1.8
8.84 5.24-14.91

Control 208 - 2.6±2.5 54.3 71.1 8.2 - -

Yuan[108]
Exposure

Forging
88 36.5±9.4 19.1±8.7 - 109.0 61.4 26.1 -

13.24 5.87-29.86
Control 84 37.2±8.6 20.3±7.7 - 58.0 10.5 1.2 -

Hu[109]
Exposure

Tubes
123 32.6±3.9 12.2±2.5 - 109.0 68.3 35.5 -

27.14 10.12-72.79
Control 68 34.6±4.5 13.2±3.5 - - 7.4 - -

Li[110]
Exposure

Manufacturing
4908 33.7±9.2 - 95.8 115.7 17.3 12.5 -

3.83 2.75-5.33
Control 753 35.1±10.6 - 96.7 - 5.2 3.3 -

Wang[111]
Exposure Gem

processing

381 39.4±9.1 10.7±5.1 43.8 102.3 15.8 3.4 -
5.42 1.29-22.79

Control 60 45.4±10.5 13.4±11.1 35.0 - 3.3 1.7 -

Ni[112]
Exposure

Boilers
105 42.9±8.5 17.6±11.9 91.4 123.8 58.1 8.6 -

2.05 1.19-3.53
Control 109 41.8±6.0 18.7±10.3 89.0 82.0 40.4 1.8 -
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Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Liu[113]
Exposure

Tobacco
1314 36.7±8.0 17.3±9.6 54.5 82.1 22.1 2.4 -

4.01 1.84-8.72
Control 106 37.3±6.7 18.4±6.6 56.6 51.5 6.6 0.9 -

Chang[114]
Exposure Liquefied

petroleum gas

37 46.7±7.6 12.7±7.4 - 79.1±5.1 56.8 - -
48.56 6.01-392.64

Control 38 38.3±5.7 7.3±3.1 - 55.4±4.4 2.6 - -

Liu[115]
Exposure

Coal processing
360 43.5±6.4 - 68.1 - 30.8 12.8 -

1.21 0.88-1.66
Control 378 42.8±6.9 - 65.9 - 27.0 7.4 -

Zhang[116]
Exposure

Electronics
495 26.3±3.6 5.0±3.0 73.5 86.6±2.6 30.7 14.9 -

3.71 2.14-6.45
Control 150 26.5±3.7 5.0±3.4 80.0 - 10.7 1.3 -

Chen[117]
Exposure

Electronics
1012 44.5±6.8 21.5±8.3 74.0 86.9±12.9 14.3 - -

2.26 1.36-3.76
Control 261 43.7±8.7 - 75.9 61.3±3.4 6.9 - -

Li[118]
Exposure

Boilers
120 32.6±9.7 4.8±2.8 - 108.0 59.2 15.0 -

4.71 1.45-15.30
Control 17 34.1±9.6 4.2±2.3 - - 23.5 0.0 -

Li[119]
Exposure Manufacturing

in general

170 34.1±10.0 10.5±6.2 - 98.5 24.7 - -
3.23 1.62-6.42

Control 130 35.6±8.7 12.1±6.9 - - 9.2 - -

Yang[120]
Exposure Sheet metals 63 31.3±6.9 7.8±7.1 87.3 125.0 57.1 - 27.0

9.70 4.34-21.67
Control - 91 33.5±8.2 9.1±7.5 86.8 - 12.1 - 7.7

Fu[121]
Exposure Chemical

plants

153 34.5 9.1 71.2 86.8 44.4 15.7 -
5.37 2.28-12.64

Control 54 29.5 6.8 55.6 - 13.0 1.9 -

Liu[122]
Exposure Mechanical

processing

404 36.2 11.7 97.3 106.4 22.0 - -
6.43 3.05-13.55

Control 190 37.2 10.8 67.9 - 4.2 - -

Li[123]
Exposure Gem

processing

890 23.9±3.9 2.7±2.1 96.4 89.2±2.8 34.3 - -
3.65 2.24-5.95

Control 160 24.7±4.1 2.9±1.9 96.9 - 12.5 - -
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Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Wu[124]
Exposure

Shoes
320 31.0 8.0 0.0 96.0 17.8 2.8 -

30.13 7.28-124.64
Control 280 33.0 10.3 0.0 - 0.7 0.4 -

Tang[125]
Exposure

Manufacturing
726 38.2±8.2 23.0±9.2 - 88.3±16.1 12.5 1.8 3.4

5.08 2.99-8.63
Control 620 30.6±7.5 16.5±8.4 - - 2.7 0.6 1.1

Tang[126]
Exposure

Manufacturing
1200 22-55 9.3±7.1 100.0 85.6±1.9 57.5 - -

30.86 22.20-42.90
Control 1000 22-55 9.4±7.0 100.0 43.9±1.0 4.2 - -

Chen[127]
Exposure

Textile
294 22.8±5.3 7.2±5.2 0.0 98.0 23.5 3.4 -

7.05 3.73-13.35
Control 288 23.5±6.2 - 0.0 - 4.2 0.7 -

Xie[128]
Exposure

Paper industry
1717 31.2±4.8 9.5±4.7 99.4 104.0 22.6 12.3 -

3.13 2.17-4.50
Control 410 35.8±6.9 10.2±5.8 98.5 73.4 8.5 4.6 -

Lin[129]
Exposure

Machinery
500 28.8 - 56.0 104.5 19.8 2.6 -

5.63 3.45-9.19
Control 500 27.2 - 57.6 - 4.2 0.0 -

Total
Exposure

-
18,319 33.9±9.4 12.6±9.8 81.4 102.2±7.2 28.7 10.0 2.3

5.63 4.03-7.88
Control 7399 34.9±10.1 12.0±9.1 73.4 63.5±3.8 9.9 2.1 2.0

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID,

noise-induced deafness; OR, odds ratio; CI, confidence interval.
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Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number. 

2, 3

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known. 5
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS). 
7

METHODS 

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number. 

None
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None
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7

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated. 

None

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

7

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

9

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 
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reporting within studies). 
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Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified. 
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each stage, ideally with a flow diagram. 

9
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ABSTRACT

Objective Most of the Chinese occupational population are becoming at risk of noise-induced 

hearing loss (NIHL). However, there is a limited number of literature reviews on occupational 

NIHL in China. This study aimed to analyze the prevalence and characteristics of occupational 

NIHL in the Chinese population using data from relevant studies.

Design Systematic review and meta-analysis.

Methods From December 2019 to February 2020, we searched the literature for studies on NIHL 

in China published in 1993-2019 and analyzed the correlation between NIHL and occupational 

exposure to noise, including exposure to complex noise and co-exposure to noise and chemicals.

Results A total of 71,865 workers aged 33.5±8.7 years were occupationally exposed to 98.6±7.2 

dB(A) (A-weighted decibels) noise for a duration of 9.9±8.4 years in the transportation, mining, 

and typical manufacturing industries. The prevalence of occupational NIHL in China was 21.3%, 

of which 30.2% was related to high-frequency noise-induced hearing loss (HFNIHL), 9.0% to 

speech-frequency noise-induced hearing loss (SFNIHL), and 5.8% to noise-induced deafness 

(NID). Among manufacturing workers, complex noise contributed to greater HFNIHL than 

Gaussian noise (overall weighted odds ratio [OR]=1.95). Co-exposure to noise and chemicals such 

as organic solvents, welding fumes, carbon monoxide, and hydrogen sulfide led to greater 

HFNIHL than noise exposure alone (overall weighted OR=2.36). Male workers were more likely 

to experience HFNIHL than female workers (overall weighted OR=2.26). Age, noise level, and 

exposure duration were also risk factors for HFNIHL (overall weighted OR=1.35, 5.63, and 1.75, 

respectively).

Conclusions The high prevalence of occupational NIHL in China was related to the wide 
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distribution of noise in different industries as well as high-level and long-term noise exposure. The 

prevalence was further aggravated by exposure to complex noise or co-exposure to noise and 

specific chemicals. Additional efforts are needed to reduce occupational noise exposure in China.

Keywords Noise; Occupational exposure; Hearing loss; Workplace; Review
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Strengths and limitations of this study

 The study attempts to addresses the limited number of literature reviews on occupational 

noise-induced hearing loss in China.

 A very large sample of workers with harmful exposure to occupational noise were included 

in the study.

 Our findings could provide a basis for the early prevention and control of occupational 

noise-induced hearing loss and the implementation of hearing protection programs in China 

and other developing countries.

 The number of Chinese studies focusing on speech-frequency noise-induced hearing loss 

and deafness was limited, resulting in an insufficient sample in these categories.

 There were no well-designed prospective studies on noise, and there were insufficient 

cohort studies on the topic.

Page 5 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

5

INTRODUCTION

Hearing loss is the most prevalent sensory disability worldwide, and noise-induced hearing loss 

(NIHL) has been a global public health problem. NIHL is a type of progressive sensorineural 

hearing loss caused by noise exposure. With the rapid development of industrialization, people are 

increasingly becoming at risk of NIHL. The World Health Organization estimated that 10% of the 

global population are exposed to noise pollution, of whom 5.3% experience NIHL.[1-2]

Approximately 16% of adult hearing loss cases are associated with exposure to noise in the 

workplace.[3] Occupational NIHL is the most prevalent occupational disease worldwide, with 

>10% of workers in developed countries having NIHL.[4] About 600 million workers are exposed 

to harmful levels of noise globally.[5] Each year, about 22 million workers are exposed to harmful 

levels of noise in the United States,[6] while about 1.7 million workers are exposed to >85 dB(A) 

(A-weighted decibels) of noise in Britain.[7] Occupational noise-induced deafness (NID) accounts 

for >60% of all occupational diseases reported in Norway.[8] From 2002 to 2005, 16.2%-22.9% 

of Korean workers were exposed to workplace noise exceeding 85 dB(A), and 4,483 workers had 

NID.[9] In China, >10 million workers are exposed to harmful noise.[10] In recent years, China 

has been facing a change in the spectrum of occupational diseases, i.e., NID followed by 

pneumoconiosis has replaced occupational poisoning as the second most common occupational 

disease, with an annual increase of 20%.[11] The prevalence of occupational NIHL in China is 

estimated to be >20%.[12] In some developing countries, workers exposed to noise in the 

transportation and manufacturing industries account for a high prevalence of NIHL, ranging from 

18% to 67%.[13-14]

Industrial noise may consist of steady noise (Gaussian noise) or complex noise 
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(non-Gaussian noise), with the latter being the dominant type in the workplace. Complex noise is 

composed of transient high-energy impulsive noise superimposed on stationary (Gaussian) 

background noise.[15] Animal experiments and a few epidemiological surveys revealed that 

exposure to complex noise could lead to greater hearing damage and is not only associated with 

noise energy but also with its complex temporal structure.[16] These findings have challenged the 

appropriateness of the international noise exposure standard (ISO-1999, 2013)[17, 18] and the 

safety of the occupational exposure limit of noise (e.g., 85 dB(A)), in which the measurement of 

noise energy (the equivalent sound level) serves as the sole method for evaluating noise based on 

the “equal energy hypothesis.”[19-21] Currently, kurtosis is considered a good parameter for 

reflecting the temporal structure and impulsiveness of noise, and its combination with energy is an 

effective indicator for evaluating hearing loss caused by complex noise.[22, 23] In addition, 

combined exposure to noise and chemicals may exacerbate hearing loss.[10, 24-27] 

Epidemiological studies have shown that exposure to mixed organic solvents is associated with an 

excessive risk of developing hearing loss, with or without concurrent noise exposure, in humans. 

Workers from a wide range of industrial sectors, whose jobs involve the use of paints, thinners, 

lacquers, and printing inks, are usually exposed to mixtures of xylene, toluene, benzene, methyl 

ethyl ketone, etc.

Although a large number of workers in China are reported to be at high risk of developing 

NIHL, the epidemiological characteristics and prevalence of NIHL are not well understood, and 

there is a limited number of literature reviews on the topic. This study therefore aimed to review 

the literature regarding NIHL in the Chinese occupational population and analyze the data to 

understand the prevalence and characteristics of NIHL in the workplace, including exposure to 
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different types of noise or co-exposure to noise and chemicals. Our findings could provide a basis 

for the early prevention and control of occupational NIHL and the implementation of hearing 

protection programs in China and other developing countries.

METHODS

Literature retrieval

We used English literature databases such as the Web of Science, PubMed, MEDLINE, and 

Scopus. We also searched Chinese literature databases including the China National Knowledge 

Internet, Chinese Sci-Tech Journal Database (weip.com), WanFang Database, and China United 

Library Database. The keywords searched were “noise-induced hearing loss,” “noise and hearing 

loss,” “noise-induced deafness,” “NIHL,” “hearing threshold shift,” “complex noise,” 

“co-exposure,” and “noise and chemical exposure.” The date of search was between 

December 2019 and February 2020.

Inclusion and exclusion criteria

We included studies on overt hearing loss associated with occupational exposure to noise in 

Chinese populations published in Chinese and English journals from 1993 to 2019. The inclusion 

criteria were as follows: (1) studies with Chinese subjects, (2) studies whose subjects had a clear 

history of occupational exposure to noise, and (3) studies in accordance with an occupational 

health standard in China (e.g., Diagnosis of Occupational Noise-Induced Deafness, GBZ 

49-2014).[28] High-frequency noise-induced hearing loss (HFNIHL) was defined as an average 

hearing threshold of ≥40 dB for binaural high-frequency sound (3, 4, and 6 kHz) or an average 

hearing threshold in either ear of ≥30 dB at 3, 4, and 6 kHz. Speech-frequency noise-induced 

Page 8 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

8

hearing loss (SFNIHL) was defined as an average hearing threshold of ≥26 dB in the better ear at 

speech frequencies of 500, 1000, and 2000 Hz. Meanwhile, NID was defined according to the 

average hearing threshold for high-frequency and speech-frequency sounds, progressive hearing 

loss, tinnitus and other symptoms, and pure-tone audiometry results for sensorineural deafness.

The exclusion criteria were as follows: (1) studies on hearing loss or deafness that was not 

associated with occupational exposure to noise; (2) studies on noise exposure not associated with 

the auditory system; (3) studies on the clinical treatment of NIHL or NID; (4) studies on the 

clinical diagnosis of NIHL or NID; (5) studies on animal experiments investigating NIHL or NID; 

(6) studies on noise in cells and genetics; (7) studies on noise with unclear or incomplete results or 

unclear description of subjects; or (8) books, conferences, and news articles on noise exposure.

Data analysis and extraction

EndNote software was used to screen and extract the relevant literature. Information 

regarding the study design, type of industry, noise level, and hearing loss and general information 

about the target population were extracted from each study for systematic review and 

meta-analysis. A meta-analysis is a research study that synthesizes and analyzes statistical data 

from multiple independent studies.[29] Briefly, after relevant questions were formed, the criteria 

for collecting and selecting literature data were established based on the research purpose. The 

collected literature data were then characterized and classified. Finally, comprehensive weighted 

average statistics (e.g., overall weighted odds ratios [ORs]) were calculated based on the 

characteristics of the studies, including the subject characteristics (e.g., sex, age, and exposure 

duration), type of noise (complex noise vs. Gaussian noise), and exposure characteristics (noise 
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exposure vs. no noise exposure, co-exposure to noise and chemicals vs. noise exposure).

A total of 594 articles were retrieved. Among them, 476 were excluded after examining the 

title or abstract based on the exclusion criteria. Of the 118 articles, 30 were further excluded after 

reviewing the full text. The remaining 88 articles, which consisted of cross-sectional studies 

(79.5%), cohort studies (3.4%), and hot-spot studies (17.1%) on exposure to complex noise and 

co-exposure to noise and chemicals, were included in the systematic review and meta-analysis 

(figure 1).

Patient and public involvement

No patient involved in the sutdy.

RESULTS

Cross-sectional studies on NIHL prevalence

Appendix table 1 describes five studies on occupational NIHL in the transportation industry (e.g., 

ship, railway, and air transportation), with a total sample size of 5,810 workers. For this sector, the 

maximum level of noise in the workplace was reported to be 97.1 dB(A). The prevalence of 

HFNIHL, SFNIHL, and NID among the workers was 11.6%, 5.6%, and 5.9%, respectively.

Appendix table 2 shows five studies on noise in the mining industry, with a total sample size 

of 2,245 workers. Among the studies, the average maximum level of noise reported in the 

workplace was 106.2 dB(A). The prevalence of HFNIHL, SFNIHL, and NID among the workers 

was 65.1%, 7.0%, and 10.3%, respectively.

Appendix table 3 shows a total of 34 studies with a total sample size of 34,656 workers in the 

manufacturing industries were analyzed. The most common manufacturing industries associated 
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with high noise exposure were typical enterprises, such as automobile manufacturing, air 

conditioning manufacturing, and the textile industry, whose workers were mainly young male 

adults. The average noise level in these workplaces was 96.2±5.1 dB(A). The prevalence of 

HFNIHL, SFNIHL, and NID was 30.9%, 8.5%, and 7.1%, respectively.

Cross-sectional studies with references to NIHL prevalence

Appendix table 4 shows a total of 27 cross-sectional studies with references to occupational 

NIHL. There were 18,319 workers in the exposed groups with average noise levels of 102.2±7.2 

dB(A) and 7,399 controls with average noise levels of 63.5±3.8 dB(A). The prevalence of 

HFNIHL among the exposed workers was 28.7%, which was significantly higher than that (9.9%) 

in the controls. The prevalence of SFNIHL was also significantly higher in the exposed groups 

than in the control groups. The fixed-effects model of the meta-analysis showed that the overall 

weighted OR for noise exposure as a risk factor for HFNIHL was 5.63 (95% confidence interval 

[CI], 4.03-7.88). Moreover, the forest plot (figure 2) displayed the magnitude and uncertainty of 

the 95% CI of OR in each effect size in the dataset. The 95% CI of OR in each study was >1.

Typical cohort studies on NIHL incidence

Only three cohort studies dynamically investigated hearing loss in 2,999 workers from the oil 

field, electrolytic aluminum, and automobile manufacturing industries (table 1). The results 

showed that the incidence of HFNIHL and SFNIHL in these sectors was 22.1% and 8.1%, 

respectively. Moreover, cumulative noise exposure (CNE) was shown to aggravate hearing loss, 

and the length of service was positively correlated with the incidence of hearing loss.
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Table 1 Meta-analysis of typical cohort studies on NIHL incidence

Population NIHL incidence (%)

Author
Type of 

factory N

Exposure 

duration 

(years)

Study 

duration

Years 

of 

follow

-up

Noise level 

(max or 

mean) 

[dB(A)]

HFNIHL SFNIHL Average

Jing[30] Oil field 673 1.0-30.0 2006-2010 5 106.8 30.6 3.7 17.2

Xu[31]
Electrolytic 

aluminum
1929 1.0-30.0 2008-2012 5 87.1±2.2 16.6 10.9 13.8

He[32] Automobile 397 8.8±8.7 2014-2016 3 101.3 34.3 2.3 18.3

Total - 2999 8.8±8.7 2006-2016 - 98.4±7.2 22.1 8.1 15.1

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing 

loss; SFNIHL, speech-frequency noise-induced hearing loss.

Hot-spot research on noise exposure and NIHL

NIHL associated with complex noise

Seven studies were about NIHL associated with complex noise vs. Gaussian noise. There were no 

significant differences in CNE, noise level, age, or sex between the Gaussian noise groups and 

complex noise groups (P>0.05) (table 2). The kurtosis of complex noise (33.0±51.7) was 

significantly higher than that of Gaussian noise (3.3±0.3). The prevalence of HFNIHL in the 

complex noise groups was 34.5%, which was significantly higher than that (25.6%) in the 

Gaussian noise groups (chi-square test, P<0.01). The fixed-effects model of the meta-analysis 

showed that the overall weighted OR for complex noise affecting HFNIHL prevalence was 1.95.
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Table 2 Prevalence of NIHL associated with complex noise vs. Gaussian noise

Population NIHL (%) HFNIHL prevalence

Author Group
Type of 

factory N
Age 

(years)

Exposure 

duration (years)

Male 

(%)

Noise level (max 

or mean) 

[dB(A)]

CNE 

[dB(A)·year]

Kurtosis 

(mean±SD) HFNIHL SFNIHL NID OR 95% CI

Gaussian Clothing 1421 32.8±6.9 3.6±2.1 79.9 93.4±5.0 99.1±8.2 - 9.2 - 6.8
Liu[33]

Complex Hardware 957 32.5±8.3 4.1±1.8 78.0 93.1±4.2 99.0±7.8 - 7.7 - 6.3
0.83 0.61-1.11

Gaussian Textile 26 35.7±8.2 9.8±5.9 76.9 95.1±1.3 104.0±4.4 - 38.5 7.7 -
Xie[34]

Complex Rolling 98 37.4±6.5 9.9±7.4 84.7 94.9±4.0 103.5±6.3 - 61.2 17.4 -
2.53 1.04-6.14

Gaussian Machinery 399 33.6±9.9 11.6±8.6 70.2 100.0 96.8±6.0 - 56.6 25.8 -
Zheng[35]

Complex Machinery 271 30.6±8.8 10.1±8.2 86.7 102.1 104.8±5.0 - 79.3 39.1 -
2.94 2.06-4.19

Gaussian Machinery 202 - - 100.0 93.4±1.5 - - 13.4 - 0.5
Zhang[36]

Complex Machinery 212 - - 100.0 92.7±1.0 - - 58.5 - 6.1
9.13 5.60-14.89

Gaussian Textile 163 31.5±8.7 12.7±8.4 100.0 99.9±4.2 110.6±6.0 3.3±0.3 64.4 - -
Zhao[37]

Complex Metal 32 35.1±7.2 12.3±7.1 37.5 95.2±3.1 103.2±4.2 40.0±44.0 65.6 - -
1.06 0.48-2.34

Gaussian Textile 163 31.7±8.7 12.7±8.4 49.7 101.2±4.7 110.3±6.1 3.2±0.3 64.4 - -
Xie[38]

Complex Steel 178 38.1±7.6 13.0±8.0 100 93.6±5.7 103.6±7.2 37.1±52.9 57.3 - -
0.74 0.48-1.15

Gaussian
Pharmaceut

ical
62 36.8±6.6 - 66.1 92.2±5.3 97.6±5.5 - 32.3 - -

Zhang[39]

Complex Forging 38 32.9±5.5 - 100.0 95.2±3.9 97.0±6.4 - 55.3 - -

2.59 1.13-5.96

Gaussian - 2436 32.9±7.9 6.5±6.6 92.1 96.3±6.1 101.9±8.8 3.3±0.3 25.6 24.7 6.1Total

Complex - 1786 33.2±8.5 6.7±6.1 67.8 94.0±4.8 103.3±6.5 33.0±51.7 34.5 33.3 6.2
1.95 0.93-4.09

CNE, cumulative noise exposure; dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency 

noise-induced hearing loss; NID, noise-induced deafness; OR, odds ratio; CI, confidence interval.
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NIHL associated with co-exposure to noise and chemicals

Table 3 shows eight studies regarding NIHL associated with co-exposure to noise and chemicals 

(e.g., dust, benzene, welding fumes, n-hexane, hydrogen, carbon, ethylbenzene) vs. exposure to 

noise alone. There were no significant differences in noise level, age, or sex between the noise 

groups and co-exposure groups (P>0.05). Moreover, the prevalence of co-exposure to noise and 

chemicals was 54.2%, which was significantly higher than that of exposure to noise alone (30.3%) 

(chi-square test, P<0.01). The fixed-effects model of the meta-analysis showed that the overall 

weighted OR for co-exposure to noise and chemicals was 2.36.
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Table 3 NIHL associated with co-exposure to noise and specific chemicals

Population NIHL (%)
HFNIHL 

prevalence

Author Group Type of factory

N
Age 

(years)

Exposure 

duration 

(years)

Male 

(%)

Noise level 

(max or 

mean) 

[dB(A)]
HFNIHL SFNIHL NID OR 95% CI

Noise Automobile 1604 33.8±3.5 - - 86.9 25.4 2.6 -
Zhang[40]

Co-exposure to welding fumes and noise Tires 202 33.8±3.5 - - 95.9 41.6 5.9 -
2.09 1.54-2.83

Noise 169 - - - 85 40.8 10.7 -
Song[41]

Co-exposure to benzene and noise
Pharmaceutical

103 - 5.0-10.0 - 85 59.2 17.5 -
2.11 1.28-3.47

Noise 59 33.8±5.6 13.6±5.2 - 94.0 29.2 - -
Chen[42]

Co-exposure to welding fumes and noise

Metal 

components 65 33.7±5.2 13.6±5.7 - 100.0 61.5 - -
3.89 1.75-8.63

Noise Technological 45 36.8±10.6 12.6±11.4 - 87.2 33.3 13.3 -
Xiong[43]

Co-exposure to n-hexane and noise Printing 105 36.9±10.2 14.1±10.7 - 86.4 51.4 21.0 -
2.12 1.02-4.39

Noise 52 30.0±4.0 14.7±6.2 - 81.6 24.0 - -

Wu[44] Co-exposure to hydrogen sulfide and 

noise

Petrochemical 

plants 73 29.8±4.1 14.3±6.0 - 85.5 31.5 - -
1.45 0.82-2.57

Noise 59 33.7±5.6 14.0±4.8 84.7 92.0 28.1 11.5 -
Wu[45]

Co-exposure to welding fumes and noise
Steel

65 33.7±5.2 13.6±5.7 87.7 92.0 60.0 35.4 -
3.83 2.18-6.76

Noise 106 29.3±5.5 11.2±9.0 69.8 103.0 17.9 - 0.0

Wang[46] Co-exposure to carbon monoxide and 

noise

Chemical 

products 427 30.3±8.5 9.9±6.8 89.0 104.0 29.0 - 2.3
1.87 1.09-3.21

Noise Power stations 290 - - 100 84.3 56.9 - -

Zhang[47]
Co-exposure to ethylbenzene and noise

Petrochemical 

plants
553 - - 100 83.1 79.4 - -

2.92 2.14-3.98

Page 15 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

15

Population NIHL (%)
HFNIHL 

prevalence

Author Group Type of factory

N
Age 

(years)

Exposure 

duration 

(years)

Male 

(%)

Noise level 

(max or 

mean) 

[dB(A)]
HFNIHL SFNIHL NID OR 95% CI

Noise - 3001 33.6±4.1 12.9±7.9 77.6 89.3±6.4 30.3 3.9 0.0
Total

Co-exposure - 3612 33.3±5.2 11.6±7.5 90.5 91.5±7.3 54.2 15.8 2.3
2.36 1.92-2.92

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, 

noise-induced deafness; OR, odds ratio; CI, confidence interval.
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Summary of the epidemiological characteristics of occupational NIHL

A total of 71,865 workers (males, 82.7%) aged 33.5±8.7 years, who had an average noise 

exposure duration of 9.9±8.4 years, were included in this study (table 4). Their average levels of 

noise exposure were 98.6±7.2 dB(A), and most of them were from the transportation, mining, and 

manufacturing industries. Combining all the data, we found that the general prevalence of 

occupational NIHL during the past 26 years in China was 21.3%, of which 30.2%, 9.0%, and 

5.8% accounted for the prevalence of HFNIHL, SFNIHL, and NID, respectively. The overall 

weighted ORs for noise, complex noise, co-exposure to noise and specific chemicals, male sex, 

age, and exposure duration were 5.63, 1.95, 2.36, 2.26, 1.35, and 1.75, respectively (table 5).
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Table 4 Summary of the epidemiological characteristics of occupational NIHL in China

Population NIHL (%)

Group Type of industry
N Age (years)

Exposure duration 

(years)

Male 

(%)

Noise level (max or 

mean) [dB(A)] HFNIHL SFNIHL NID Average

Cross-sectional study[48-52] Transportation 5810 39.9±6.8 17.9±10.6 93.0 93.0 11.6 5.6 5.9 8.9

Cross-sectional study[53-56] Mining 2245 34.4±9.3 8.0±4.0 100.0 106.2 65.1 7.0 10.3 34.2

Cross-sectional study[57-90] Manufacturing 34,656 32.6±8.9 7.9±6.3 81.6 96.2±5.1 30.9 8.5 7.1 23.1

Cross-sectional study with 

references[91-117]
Manufacturing 18,319 33.9±9.4 12.6±9.8 81.4 102.2±7.2 28.7 10.0 2.3 19.6

Complex noise[33-39] Manufacturing 4222 33.0±8.2 6.6±6.4 81.8 95.2±5.6 29.4 28.7 6.2 21.0

Co-exposure[40-47] Manufacturing 6613 33.4±4.7 12.0±7.6 84.0 90.4±7.0 39.9 6.3 1.9 25.4

Total - 71,865 33.5±8.7 9.9±8.4 82.7 98.6±7.2 30.2 9.0 5.8 21.3

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, 

noise-induced deafness.
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Table 5 Odds ratios for key factors influencing HFNIHL prevalence

No. Factor Group HFNIHL (%)
Overall weighted OR for 

HFNIHL
95% CI

Noise 28.7
1 Noise

Control 9.9
5.63 4.03-7.88

Complex noise 34.5
2

Complex 

noise Gaussian noise 25.6
1.95 1.06-7.84

Co-exposure 54.2
3 Co-exposure

Noise 30.3
2.36 1.92-2.92

Male 17.5
4 Sex

Female 7.2
2.26 1.62-3.19

Age>33 years 29.8
5 Age

Age≤33 years 23.9
1.35 1.30-1.40

≤10 years 25.1
6

Exposure 

duration >10 years 37.0
1.75 1.64-1.87

HFNIHL, high-frequency noise-induced hearing loss; OR, odds ratio; CI, confidence interval.

DISCUSSION

This study reviewed and analyzed literature data on occupational NIHL in China in the past 26 

years. The results showed that workers with NIHL were mainly from typical manufacturing 

industries (e.g., textile, automobile manufacturing, metal processing).[118, 119] Our findings are 

consistent with those in other countries. In the United States, workers at risk of occupational 

NIHL include those employed in construction, manufacturing, mining, agriculture, utilities, 

transportation, and the military, as well as musicians,[120] with approximately 82% of workers 

with hearing loss coming from the manufacturing industries.[121] In Asia, sources of noise 

pollution mainly comprise the manufacturing, transportation, mining, and agricultural 

industries.[13, 122] In this study, we found that the average noise level for Chinese workers from 

these industries was 98.6±7.2 dB(A), which exceeds the occupational exposure limit of 85 dB(A). 

Noise intensity was positively correlated with the prevalence of hearing loss (overall weighted 
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OR=5.63). The general prevalence of NIHL in China was 21.3%, of which 30.2% is related to 

high-frequency hearing loss. These findings suggest that the wide distribution of noise in different 

industries, high levels of noise exposure, and long-term exposure to noise in the workplace were 

the main risk factors for the high prevalence of NIHL in China.

Our findings on the prevalence and characteristics of noise exposure and NIHL in China are 

similar to those in other countries. For instance, Soltanzadeh et al. reported that the occupational 

noise level in Iran reached 90.29 dB(A), while the overall hearing threshold was 26.44±8.09 

dB.[34] Kim et al. also reported that >90% of the workplace noise levels in South Korea exceeded 

the occupational exposure limit, and 92.9% of suspected occupational diseases were occupational 

NID.[123] The Centers for Disease Control and Prevention estimate that about 9 million workers 

are exposed to daily average sound levels of ≥85 dB(A) and about 26 million Americans 

experience NIHL, with a prevalence of 15%.[124, 125] Rubak et al. also found a dose-response 

relationship between NIHL and noise intensity among workers in Denmark, i.e., a higher noise 

level was associated with a higher prevalence of NIHL.[126]

The occurrence of NIHL is usually affected by individual factors such as sex and age. In this 

study, the average age of the workers was 33.5±8.7 years, and the risk of HFNIHL increased with 

age. Meanwhile, sex was risk factor for HFNIHL, with its prevalence being significantly higher in 

men than in women. These findings are consistent with those of other studies. Most cases of 

occupational NID in developed areas of China occurred in young adults, with an average age of 40 

years.[127, 128] Some studies also showed that the prevalence of NIHL in workers with high 

noise exposure was significantly higher in men than in women, and the workers with NIHL 

comprised young and middle-aged people.[129-131] Although the hearing threshold was already 
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adjusted for age in most studies, age might still influence the occurrence of HFNIHL.[130, 132]

In this review, the average duration of noise exposure among Chinese workers was 9.9±8.4 

years, which could be a significant contributing factor to the prevalence of high-frequency hearing 

loss (overall weighted OR=1.75). NIHL can result from the cumulative effects of increased 

durations and levels of noise exposure. High noise levels can damage the outer hair cells, but with 

continuous noise exposure, the damage can extend to the inner hair cells, supporting cells, 

cochlear vascularis, and spiral ganglion cells.[128] Results of previous studies have shown that the 

general prevalence of NIHL increased with exposure duration, with the disease developing rapidly 

during the first 10 years of exposure, reaching a peak in 10-15 years, and then entering a plateau 

after 15 years.[82, 133, 134]

This study also showed that exposure to complex noise among workers led to a greater risk of 

hearing loss than exposure to Gaussian noise did. The kurtosis for the complex noise group was 

higher than that for the Gaussian noise group, and there were no significant differences in noise 

energy levels between both groups. The overall weighted OR for complex noise was 1.95. These 

findings indicate that the temporal structure of complex noise was a new determinant for NIHL. 

Moreover, the ORs in the machinery subgroups were 9.13 and 2.94, which were relatively higher 

than those in other subgroups. The reason might be related to the complexity of the temporal 

structure of noise generated from mechanical processes, making complex noise from the 

machinery industry a greater contributor to HFNIHL than complex noise from other 

industries.[15, 135] Animal experiments have shown that complex noise was more destructive to 

the hearing of chinchillas than Gaussian noise, and these studies have recommended that the 

kurtosis reflecting the temporal structure of complex noise is a good parameter for classifying the 
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effects of complex noise vs. Gaussian noise.[15, 16] Several epidemiological studies have also 

demonstrated that exposure to complex noise could lead to greater hearing loss than exposure to 

Gaussian noise and that the standard noise limit recommended by ISO-1999 was not within the 

safe threshold.[136, 137] A typical impulse noise was also reported to cause more hearing damage 

than continuous noise.[138] Moreover, cross-sectional studies considered the kurtosis metric 

combined with noise energy as a good parameter for determining and preventing the hazards to 

hearing posed by industrial environments with high noise levels.[135, 139-140]

In addition to noise, other occupational hazards might affect the hearing of workers. This 

study showed that combined exposure to noise and specific chemicals (e.g., organic solvents, 

welding fumes, carbon monoxide, and hydrogen sulfide) aggravated hearing loss (overall 

weighted OR=2.36). The combined effects might be related to auditory neurotoxicity induced by 

these chemicals. Animal experiments have demonstrated that solvents such as toluene, styrene, 

xylene, and ethyl benzene could affect the auditory function through their toxic action on the 

organ of Corti, the auditory pathways, and the middle-ear reflex.[141] Li et al. reported that 

styrene might have an effect on the auditory system, and the combined effects of toluene, xylene, 

and noise could lead to a significant increase in the hearing threshold.[142] Campo et al. found 

that the temporal structure of noise was able to modify the ototoxicity of styrene in experimental 

animals and a moderate level of styrene enhanced the cochlear damage caused by impulse noise. 

A pilot study showed that workers exposed to non-Gaussian noise and solvents presented a 

significantly worse hearing threshold than those exposed only to non-Gaussian noise.[143] A 

meta-analysis also showed that among 7,530 industrial workers, those exposed to both noise and 

organic solvents had a significantly greater risk of hearing loss than those exposed to noise 
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alone.[144] Furthermore, as previously mentioned, several epidemiological studies have shown 

that exposure to various organic solvents was associated with an excessive risk of developing 

hearing loss, with or without concurrent noise exposure, in humans.[145-147]

This study has several limitations. The number of Chinese studies focusing on SFNIHL and 

deafness was limited, resulting in an insufficient sample in these categories. There was also a lack 

of well-designed prospective studies on noise, which made it impossible to determine the 

incidence of NIHL in China. Only three cohort studies with 2,999 subjects were included in this 

study, and the rest were mainly cross-sectional studies; therefore, the determination of correlation 

between occupational exposure factors and NIHL was limited.

CONCLUSIONS

Based on the above findings, the following conclusions could be drawn: (1) In China, a large 

proportion of the population exposed to occupational noise comprised young male manufacturing 

workers, and the average duration of exposure to harmful noise levels was >9.0 years. The general 

prevalence of occupational NIHL in China was 21.3%, and among the types of NIHL, HFNIHL 

had the highest prevalence. (2) The prevalence of HFNIHL increased with higher noise levels and 

higher duration of exposure and was affected by individual factors such as age and sex. (3) 

Exposure to complex noise and co-exposure to noise and specific chemicals could increase the 

risk of occupational NIHL. (4) Finally, the high prevalence of occupational NIHL in China was 

related to the wide distribution of noise in different industries as well as high-level and long-term 

noise exposure.

Our findings suggest the need for additional efforts to reduce noise exposure among Chinese 
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workers, which are made possible by carrying out industrial noise monitoring and risk assessment 

of hearing loss, further strengthening the implementation of hearing protection programs for 

workers, and conducting well-designed epidemiological studies on industrial noise, complex 

noise, and co-exposure to noise and chemicals.
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FIGURE LEGENDS

Figure 1 Flowchart of the selection of articles for meta-analysis.

Figure 2 Forest plots of cross-sectional studies.
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Supplementary material：More than two pages of tables in the article and

a plethora of other tables

Appendix

Table 1 Prevalence of NIHL among workers in the transportation industry

Author
Type of

transportation

Population
Noise level

(max)

[dB(A)]

NIHL (%)

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Hu[48] Air 1498 29.7 - 73.0 - 6.1 4 -

Rong[49] Railway 2045 39.9±6.8 18.0±11.0 100.0 97.1 13.1 - 5.9

Ge[50] Ship 1000 20.0-60.0 - 100.0 - 15.6 - -

Xu[51] Ship 53 17.0-42.0 - 100.0 - 60.4 - -

Peng[52] Railway 1214 23.0-58.0 17.7±10.0 100.0 - 10.3 5.8 -

Total - 5810 17.0-60.0 17.9±10.6 93.0 97.1 11.6 5.6 5.9

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 2 Prevalence of NIHL among workers in the mining industry

Author
Type of

mining

Population
Noise level

(max)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Zhang[53] Mining 389 24-53 - 100.0 - 73.5 13.1 -

Yuan[54] Oil field 211 31.8±8.4 10.6±6.8 100.0 94.0 24.6 5.2 -

Zhao[55] Coal mining 1137 29.6±2.4 9.2±0.8 100.0 117.0 80.8 - 10.1

Zhang[56] Mining 508 46.4±8.5 4.1±4.0 - 107.5 40.3 3.1 10.6

Total - 2245 34.4±9.3 8.0±4.0 100.0 106.2±11.6 65.1 7.0 10.3

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 3 Prevalence of noise exposure and NIHL among manufacturing workers

Author Type of factory

Population
Noise level

(max or mean)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Chen[57]
Sports

equipment
247 34.0±6.5 - 89.9 - 17.0 - 4.9

Gao[58] Rolling mills 629 40.0±7.0 1-41 83.5 118.0 25.6 - 4.3

Gao[59] - 1023 17-55 5.1 74.2 95.8 11.3 4.8 -

Gao[60] Toys 720 31.8±3.7 - 56.4 - 10.4 - -

Jiao[61] - 520 21-58 15.2 60.8 101.5 - - 12.8

Li[62] Aviation 1197 - 10.2±7.9 - 102.5 43.5 - -

Lin[63] - 386 26.6±6.3 3.4±2.3 79.5 89.9 74.1 50.5 -

Liu[64] Oxygen mills 333 20-59 14.0 68.5 103.0 11.1 3.0 -

Lv[65] Airport 290 33.4±10.3 14.5±11.2 - 98.8 48.6 6.6 -

Wang[66] - 512 - - - 91.6 81.3 21.3 -

Wang[67] Textile 1001 38.1±3.0 16.5±4.5 18.7 - 65.1 3.0 -

Yan[68] Tank 406 18-32 - 100.0 - 34.5 23.2 -

Yan[69] - 528 - - - 115.0 83.7 23.0 -

Guo[70] Textile 60 25.8±8.4 3.6±3.1 16.7 100.5 28.3 - -

Nie[71] Shipbuilding 3260 40.4±8.8 7.7±3.8 90.2 112.1 11.8 3.4 -

Wang[72] Textile 1156 30.7±5.6 11.9±5.3 - 93.7 33.3 17.3 -

Zhang[73] Textile 481 18-58 1-33 25.4 98.4 11.9 - -

Ni[74] Textile 618 35.8±6.1 10.6±7.6 - 113.5 23.6 0.8 -

Xie[75] Steel 98 37.0 - 84.7 134.5 61.2 17.3 -

Chen[76] Automotive 6557 27.0 3.5 96.4 119.1 28.8 - -

Ning[77] Manufacturing 1439 20-55 1-5 77.5 100.0 33.6 5.4 -

Xu[78] Forging 272 33.7 4.2 - 129 26.1 - -

Liu[79] Manufacturing 3432 32.7±7.4 3.8±2.5 81.2 92.1±4.9 37.1 3.9 -

Peng[80] Automotive 706 35.5±7.6 11.1±7.8 65.7 99.3 59.8 9.1 -

Huang[81] Electronics 172 28.3 4.3 66.3 100.0 36.0 15.1 -

Li[82] Steel pipes 106 29.8±2.4 7.6 - 89.6±9.7 28.3 - -

Chen[83] Tires 953 37.9±8.6 11.8±7.1 90.3 91.2 10.5 - -
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Author Type of factory

Population
Noise level

(max or mean)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Bao[84] Automotive 3411 22.4±3.0 4.3±3.0 100.0 86.9 15.7 - -

You[85] Textile 1000 33.1±8.0 11.1±8.2 0.0 90.8±7.6 42.6 - -

Chen[86] Bottled drinks 154 29.9±5.5 5.3±3.7 - 89.6 20.8 - 3.3

Zhang[87]
Metal

processing
965 27.4±6.5 5.6±2.3 90.6 88.2±3.5 27.5 - -

Zhou[88] Welding 924 32.4±7.5 10.0±6.5 94.5 100.7 48.3 11.6 -

Wang[89] Steel rolling 120 25-55 2-39 - 99.3 75.8 15.0 -

Qian[90] Welding 980 32.0±7.0 9.6±6.3 91.8 84.1±12.7 33.7 - -

Total - 34,656 32.6±8.9 7.9±6.3 81.6 96.2±5.1 30.9 8.5 7.1

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 4Meta-analysis of cross-sectional studies with references to NIHL among manufacturing workers

Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Luo[91]
Exposure

Petrochemicals
908 - 20.1±9.1 - 91.8 38.3 - 0.6

4.78 3.04-7.53
Control 200 - 23.3±9.0 - - 11.5 - -

Pan[92]
Exposure

Shipbuilding
1000 - - - 110.0 69.1 10.9 -

7.16 5.87-8.73
Control 1000 - - - - 23.8 1.3 -

Yang[93]
Exposure

Furniture
345 31.6±7.4 15.3±12.2 75.7 - 32.2 - 0.9

3.95 2.21-7.07
Control 140 43.4±8.2 20.2±10.1 71.4 - 10.7 - -

Yu[94]
Exposure

Cooking
116 - - - 90.0 15.5 9.5 -

4.59 1.50-14.05
Control 104 - - - - 3.8 4.8 -

Zu[95]
Exposure Metal

processing

570 - 2.8±2.9 59.3 96.6 44.0 - 1.8
8.84 5.24-14.91

Control 208 - 2.6±2.5 54.3 71.1 8.2 - -

Yuan[96]
Exposure

Forging
88 36.5±9.4 19.1±8.7 - 109.0 61.4 26.1 -

13.24 5.87-29.86
Control 84 37.2±8.6 20.3±7.7 - 58.0 10.5 1.2 -

Hu[97]
Exposure

Tubes
123 32.6±3.9 12.2±2.5 - 109.0 68.3 35.5 -

27.14 10.12-72.79
Control 68 34.6±4.5 13.2±3.5 - - 7.4 - -

Li[98]
Exposure

Manufacturing
4908 33.7±9.2 - 95.8 115.7 17.3 12.5 -

3.83 2.75-5.33
Control 753 35.1±10.6 - 96.7 - 5.2 3.3 -

Wang[99]
Exposure Gem

processing

381 39.4±9.1 10.7±5.1 43.8 102.3 15.8 3.4 -
5.42 1.29-22.79

Control 60 45.4±10.5 13.4±11.1 35.0 - 3.3 1.7 -

Ni[100]
Exposure

Boilers
105 42.9±8.5 17.6±11.9 91.4 123.8 58.1 8.6 -

2.05 1.19-3.53
Control 109 41.8±6.0 18.7±10.3 89.0 82.0 40.4 1.8 -
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Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Liu[101]
Exposure

Tobacco
1314 36.7±8.0 17.3±9.6 54.5 82.1 22.1 2.4 -

4.01 1.84-8.72
Control 106 37.3±6.7 18.4±6.6 56.6 51.5 6.6 0.9 -

Chang[102]
Exposure Liquefied

petroleum gas

37 46.7±7.6 12.7±7.4 - 79.1±5.1 56.8 - -
48.56 6.01-392.64

Control 38 38.3±5.7 7.3±3.1 - 55.4±4.4 2.6 - -

Liu[103]
Exposure

Coal processing
360 43.5±6.4 - 68.1 - 30.8 12.8 -

1.21 0.88-1.66
Control 378 42.8±6.9 - 65.9 - 27.0 7.4 -

Zhang[104]
Exposure

Electronics
495 26.3±3.6 5.0±3.0 73.5 86.6±2.6 30.7 14.9 -

3.71 2.14-6.45
Control 150 26.5±3.7 5.0±3.4 80.0 - 10.7 1.3 -

Chen[105]
Exposure

Electronics
1012 44.5±6.8 21.5±8.3 74.0 86.9±12.9 14.3 - -

2.26 1.36-3.76
Control 261 43.7±8.7 - 75.9 61.3±3.4 6.9 - -

Li[106]
Exposure

Boilers
120 32.6±9.7 4.8±2.8 - 108.0 59.2 15.0 -

4.71 1.45-15.30
Control 17 34.1±9.6 4.2±2.3 - - 23.5 0.0 -

Li[107]
Exposure Manufacturing

in general

170 34.1±10.0 10.5±6.2 - 98.5 24.7 - -
3.23 1.62-6.42

Control 130 35.6±8.7 12.1±6.9 - - 9.2 - -

Yang[108]
Exposure Sheet metals 63 31.3±6.9 7.8±7.1 87.3 125.0 57.1 - 27.0

9.70 4.34-21.67
Control - 91 33.5±8.2 9.1±7.5 86.8 - 12.1 - 7.7

Fu[109]
Exposure Chemical

plants

153 34.5 9.1 71.2 86.8 44.4 15.7 -
5.37 2.28-12.64

Control 54 29.5 6.8 55.6 - 13.0 1.9 -

Liu[110]
Exposure Mechanical

processing

404 36.2 11.7 97.3 106.4 22.0 - -
6.43 3.05-13.55

Control 190 37.2 10.8 67.9 - 4.2 - -

Li[111]
Exposure Gem

processing

890 23.9±3.9 2.7±2.1 96.4 89.2±2.8 34.3 - -
3.65 2.24-5.95

Control 160 24.7±4.1 2.9±1.9 96.9 - 12.5 - -
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Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Wu[112]
Exposure

Shoes
320 31.0 8.0 0.0 96.0 17.8 2.8 -

30.13 7.28-124.64
Control 280 33.0 10.3 0.0 - 0.7 0.4 -

Tang[113]
Exposure

Manufacturing
726 38.2±8.2 23.0±9.2 - 88.3±16.1 12.5 1.8 3.4

5.08 2.99-8.63
Control 620 30.6±7.5 16.5±8.4 - - 2.7 0.6 1.1

Tang[114]
Exposure

Manufacturing
1200 22-55 9.3±7.1 100.0 85.6±1.9 57.5 - -

30.86 22.20-42.90
Control 1000 22-55 9.4±7.0 100.0 43.9±1.0 4.2 - -

Chen[115]
Exposure

Textile
294 22.8±5.3 7.2±5.2 0.0 98.0 23.5 3.4 -

7.05 3.73-13.35
Control 288 23.5±6.2 - 0.0 - 4.2 0.7 -

Xie[116]
Exposure

Paper industry
1717 31.2±4.8 9.5±4.7 99.4 104.0 22.6 12.3 -

3.13 2.17-4.50
Control 410 35.8±6.9 10.2±5.8 98.5 73.4 8.5 4.6 -

Lin[117]
Exposure

Machinery
500 28.8 - 56.0 104.5 19.8 2.6 -

5.63 3.45-9.19
Control 500 27.2 - 57.6 - 4.2 0.0 -

Total
Exposure

-
18,319 33.9±9.4 12.6±9.8 81.4 102.2±7.2 28.7 10.0 2.3

5.63 4.03-7.88
Control 7399 34.9±10.1 12.0±9.1 73.4 63.5±3.8 9.9 2.1 2.0

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID,

noise-induced deafness; OR, odds ratio; CI, confidence interval.
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ABSTRACT

Objective Most of the Chinese occupational population are becoming at risk of noise-induced 

hearing loss (NIHL). However, there is a limited number of literature reviews on occupational 

NIHL in China. This study aimed to analyze the prevalence and characteristics of occupational 

NIHL in the Chinese population using data from relevant studies.

Design Systematic review and meta-analysis.

Methods From December 2019 to February 2020, we searched the literature through databases, 

including Web of Science, PubMed, MEDLINE, Scopus, the China National Knowledge Internet, 

Chinese Sci-Tech Journal Database (weip.com), WanFang Database, and China United Library 

Database, for studies on NIHL in China published in 1993-2019 and analyzed the correlation 

between NIHL and occupational exposure to noise, including exposure to complex noise and 

co-exposure to noise and chemicals.

Results A total of 71,865 workers aged 33.5±8.7 years were occupationally exposed to 98.6±7.2 

dB(A) (A-weighted decibels) noise for a duration of 9.9±8.4 years in the transportation, mining, 

and typical manufacturing industries. The prevalence of occupational NIHL in China was 21.3%, 

of which 30.2% was related to high-frequency noise-induced hearing loss (HFNIHL), 9.0% to 

speech-frequency noise-induced hearing loss (SFNIHL), and 5.8% to noise-induced deafness 

(NID). Among manufacturing workers, complex noise contributed to greater HFNIHL than 

Gaussian noise (overall weighted odds ratio [OR]=1.95). Co-exposure to noise and chemicals such 

as organic solvents, welding fumes, carbon monoxide, and hydrogen sulfide led to greater 

HFNIHL than noise exposure alone (overall weighted OR=2.36). Male workers were more likely 

to experience HFNIHL than female workers (overall weighted OR=2.26). Age, noise level, and 
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exposure duration were also risk factors for HFNIHL (overall weighted OR=1.35, 5.63, and 1.75, 

respectively).

Conclusions The high prevalence of occupational NIHL in China was related to the wide 

distribution of noise in different industries as well as high-level and long-term noise exposure. The 

prevalence was further aggravated by exposure to complex noise or co-exposure to noise and 

specific chemicals. Additional efforts are needed to reduce occupational noise exposure in China.

Keywords Noise; Occupational exposure; Hearing loss; Workplace; Systematic review
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Strengths and limitations of this study

 The study attempts to addresses the limited number of literature reviews on occupational 

noise-induced hearing loss in China.

 A very large sample of workers with harmful exposure to occupational noise were included 

in the study.

 Our findings could provide a basis for the early prevention and control of occupational 

noise-induced hearing loss and the implementation of hearing protection programs in China 

and other developing countries.

 The number of Chinese studies focusing on speech-frequency noise-induced hearing loss 

and deafness was limited, resulting in an insufficient sample in these categories.

 There were no well-designed prospective studies on noise, and there were insufficient 

cohort studies on the topic.
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INTRODUCTION

Hearing loss is the most prevalent sensory disability worldwide, and noise-induced hearing loss 

(NIHL) has been a global public health problem. NIHL is a type of progressive sensorineural 

hearing loss caused by noise exposure. With the rapid development of industrialization, people are 

increasingly becoming at risk of NIHL. The World Health Organization estimated that 10% of the 

global population are exposed to noise pollution, of whom 5.3% experience NIHL.[1-2]

Approximately 16% of adult hearing loss cases are associated with exposure to noise in the 

workplace.[3] Occupational NIHL is the most prevalent occupational disease worldwide, with 

>10% of workers in developed countries having NIHL.[4] About 600 million workers are exposed 

to harmful levels of noise globally.[5] Each year, about 22 million workers are exposed to harmful 

levels of noise in the United States,[6] while about 1.7 million workers are exposed to >85 dB(A) 

(A-weighted decibels) of noise in Britain.[7] Occupational noise-induced deafness (NID) accounts 

for >60% of all occupational diseases reported in Norway.[8] From 2002 to 2005, 16.2%-22.9% 

of Korean workers were exposed to workplace noise exceeding 85 dB(A), and 4,483 workers had 

NID.[9] In China, >10 million workers are exposed to harmful noise.[10] In recent years, China 

has been facing a change in the spectrum of occupational diseases, i.e., NID followed by 

pneumoconiosis has replaced occupational poisoning as the second most common occupational 

disease, with an annual increase of 20%.[11] The prevalence of occupational NIHL in China is 

estimated to be >20%.[12] In some developing countries, workers exposed to noise in the 

transportation and manufacturing industries account for a high prevalence of NIHL, ranging from 

18% to 67%.[13-14]

Industrial noise may consist of steady noise (Gaussian noise) or complex noise 
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(non-Gaussian noise), with the latter being the dominant type in the workplace. Complex noise is 

composed of transient high-energy impulsive noise superimposed on stationary (Gaussian) 

background noise.[15] Animal experiments and a few epidemiological surveys revealed that 

exposure to complex noise could lead to greater hearing damage and is not only associated with 

noise energy but also with its complex temporal structure.[16] These findings have challenged the 

appropriateness of the international noise exposure standard (ISO-1999, 2013)[17, 18] and the 

safety of the occupational exposure limit of noise (e.g., 85 dB(A)), in which the measurement of 

noise energy (the equivalent sound level) serves as the sole method for evaluating noise based on 

the “equal energy hypothesis.”[19-21] Currently, kurtosis is considered a good parameter for 

reflecting the temporal structure and impulsiveness of noise, and its combination with energy is an 

effective indicator for evaluating hearing loss caused by complex noise.[22, 23] In addition, 

combined exposure to noise and chemicals may exacerbate hearing loss.[10, 24-27] 

Epidemiological studies have shown that exposure to mixed organic solvents is associated with an 

excessive risk of developing hearing loss, with or without concurrent noise exposure, in humans. 

Workers from a wide range of industrial sectors, whose jobs involve the use of paints, thinners, 

lacquers, and printing inks, are usually exposed to mixtures of xylene, toluene, benzene, methyl 

ethyl ketone, etc.

Although a large number of workers in China are reported to be at high risk of developing 

NIHL, the epidemiological characteristics and prevalence of NIHL are not well understood, and 

there is a limited number of literature reviews on the topic. This study therefore aimed to review 

the literature regarding NIHL in the Chinese occupational population and analyze the data to 

understand the prevalence and characteristics of NIHL in the workplace, including exposure to 
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different types of noise or co-exposure to noise and chemicals. Our findings could provide a basis 

for the early prevention and control of occupational NIHL and the implementation of hearing 

protection programs in China and other developing countries.

METHODS

Literature retrieval

We used English literature databases such as the Web of Science, PubMed, MEDLINE, and 

Scopus. We also searched Chinese literature databases including the China National Knowledge 

Internet, Chinese Sci-Tech Journal Database (weip.com), WanFang Database, and China United 

Library Database. The keywords searched were “noise-induced hearing loss,” “noise and hearing 

loss,” “noise-induced deafness,” “NIHL,” “hearing threshold shift,” “complex noise,” 

“co-exposure,” and “noise and chemical exposure.” The date of search was between 

December 2019 and February 2020.

Inclusion and exclusion criteria

We included studies on overt hearing loss associated with occupational exposure to noise in 

Chinese populations published in Chinese and English journals from 1993 to 2019. The inclusion 

criteria were as follows: (1) studies with Chinese subjects, (2) studies whose subjects had a clear 

history of occupational exposure to noise, and (3) studies in accordance with an occupational 

health standard in China (e.g., Diagnosis of Occupational Noise-Induced Deafness, GBZ 

49-2014).[28] High-frequency noise-induced hearing loss (HFNIHL) was defined as an average 

hearing threshold of ≥40 dB for binaural high-frequency sound (3, 4, and 6 kHz) or an average 

hearing threshold in either ear of ≥30 dB at 3, 4, and 6 kHz. Speech-frequency noise-induced 
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hearing loss (SFNIHL) was defined as an average hearing threshold of ≥26 dB in the better ear at 

speech frequencies of 500, 1000, and 2000 Hz. Meanwhile, NID was defined according to the 

average hearing threshold for high-frequency and speech-frequency sounds, progressive hearing 

loss, tinnitus and other symptoms, and pure-tone audiometry results for sensorineural deafness.

The exclusion criteria were as follows: (1) studies on hearing loss or deafness that was not 

associated with occupational exposure to noise; (2) studies on noise exposure not associated with 

the auditory system; (3) studies on the clinical treatment of NIHL or NID; (4) studies on the 

clinical diagnosis of NIHL or NID; (5) studies on animal experiments investigating NIHL or NID; 

(6) studies on noise in cells and genetics; (7) studies on noise with unclear or incomplete results or 

unclear description of subjects; or (8) books, conferences, and news articles on noise exposure.

Data analysis and extraction

EndNote software was used to screen and extract the relevant literature. Information 

regarding the study design, type of industry, noise level, and hearing loss and general information 

about the target population were extracted from each study for systematic review and 

meta-analysis. A meta-analysis is a research study that synthesizes and analyzes statistical data 

from multiple independent studies.[29] Briefly, after relevant questions were formed, the criteria 

for collecting and selecting literature data were established based on the research purpose. The 

collected literature data were then characterized and classified. Finally, comprehensive weighted 

average statistics (e.g., overall weighted odds ratios [ORs]) were calculated based on the 

characteristics of the studies, including the subject characteristics (e.g., sex, age, and exposure 

duration), type of noise (complex noise vs. Gaussian noise), and exposure characteristics (noise 
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exposure vs. no noise exposure, co-exposure to noise and chemicals vs. noise exposure).

A total of 594 articles were retrieved. Among them, 476 were excluded after examining the 

title or abstract based on the exclusion criteria. Of the 118 articles, 30 were further excluded after 

reviewing the full text. The remaining 88 articles, which consisted of cross-sectional studies 

(79.5%), cohort studies (3.4%), and hot-spot studies (17.1%) on exposure to complex noise and 

co-exposure to noise and chemicals, were included in the systematic review and meta-analysis 

(figure 1).

Patient and public involvement

No patient involved in the sutdy.

RESULTS

Cross-sectional studies on NIHL prevalence

Appendix table 1 describes five studies on occupational NIHL in the transportation industry (e.g., 

ship, railway, and air transportation), with a total sample size of 5,810 workers. For this sector, the 

maximum level of noise in the workplace was reported to be 97.1 dB(A). The prevalence of 

HFNIHL, SFNIHL, and NID among the workers was 11.6%, 5.6%, and 5.9%, respectively.

Appendix table 2 shows five studies on noise in the mining industry, with a total sample size 

of 2,245 workers. Among the studies, the average maximum level of noise reported in the 

workplace was 106.2 dB(A). The prevalence of HFNIHL, SFNIHL, and NID among the workers 

was 65.1%, 7.0%, and 10.3%, respectively.

Appendix table 3 shows a total of 34 studies with a total sample size of 34,656 workers in the 

manufacturing industries were analyzed. The most common manufacturing industries associated 
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with high noise exposure were typical enterprises, such as automobile manufacturing, air 

conditioning manufacturing, and the textile industry, whose workers were mainly young male 

adults. The average noise level in these workplaces was 96.2±5.1 dB(A). The prevalence of 

HFNIHL, SFNIHL, and NID was 30.9%, 8.5%, and 7.1%, respectively.

Cross-sectional studies with references to NIHL prevalence

Appendix table 4 shows a total of 27 cross-sectional studies with references to occupational 

NIHL. There were 18,319 workers in the exposed groups with average noise levels of 102.2±7.2 

dB(A) and 7,399 controls with average noise levels of 63.5±3.8 dB(A). The prevalence of 

HFNIHL among the exposed workers was 28.7%, which was significantly higher than that (9.9%) 

in the controls. The prevalence of SFNIHL was also significantly higher in the exposed groups 

than in the control groups. The fixed-effects model of the meta-analysis showed that the overall 

weighted OR for noise exposure as a risk factor for HFNIHL was 5.63 (95% confidence interval 

[CI], 4.03-7.88). Moreover, the forest plot (figure 2) displayed the magnitude and uncertainty of 

the 95% CI of OR in each effect size in the dataset. The 95% CI of OR in each study was >1.

Typical cohort studies on NIHL incidence

Only three cohort studies dynamically investigated hearing loss in 2,999 workers from the oil 

field, electrolytic aluminum, and automobile manufacturing industries (table 1). The results 

showed that the incidence of HFNIHL and SFNIHL in these sectors was 22.1% and 8.1%, 

respectively. Moreover, cumulative noise exposure (CNE) was shown to aggravate hearing loss, 

and the length of service was positively correlated with the incidence of hearing loss.
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Table 1 Meta-analysis of typical cohort studies on NIHL incidence

Population NIHL incidence (%)

Author
Type of 

factory N

Exposure 

duration 

(years)

Study 

duration

Years 

of 

follow

-up

Noise level 

(max or 

mean) 

[dB(A)]

HFNIHL SFNIHL Average

Jing[30] Oil field 673 1.0-30.0 2006-2010 5 106.8 30.6 3.7 17.2

Xu[31]
Electrolytic 

aluminum
1929 1.0-30.0 2008-2012 5 87.1±2.2 16.6 10.9 13.8

He[32] Automobile 397 8.8±8.7 2014-2016 3 101.3 34.3 2.3 18.3

Total - 2999 8.8±8.7 2006-2016 - 98.4±7.2 22.1 8.1 15.1

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing 

loss; SFNIHL, speech-frequency noise-induced hearing loss.

Hot-spot research on noise exposure and NIHL

NIHL associated with complex noise

Seven studies were about NIHL associated with complex noise vs. Gaussian noise. There were no 

significant differences in CNE, noise level, age, or sex between the Gaussian noise groups and 

complex noise groups (P>0.05) (table 2). The kurtosis of complex noise (33.0±51.7) was 

significantly higher than that of Gaussian noise (3.3±0.3). The prevalence of HFNIHL in the 

complex noise groups was 34.5%, which was significantly higher than that (25.6%) in the 

Gaussian noise groups (chi-square test, P<0.01). The fixed-effects model of the meta-analysis 

showed that the overall weighted OR for complex noise affecting HFNIHL prevalence was 1.95.
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Table 2 Prevalence of NIHL associated with complex noise vs. Gaussian noise

Population NIHL (%) HFNIHL prevalence

Author Group
Type of 

factory N
Age 

(years)

Exposure 

duration (years)

Male 

(%)

Noise level (max 

or mean) 

[dB(A)]

CNE 

[dB(A)·year]

Kurtosis 

(mean±SD) HFNIHL SFNIHL NID OR 95% CI

Gaussian Clothing 1421 32.8±6.9 3.6±2.1 79.9 93.4±5.0 99.1±8.2 - 9.2 - 6.8
Liu[33]

Complex Hardware 957 32.5±8.3 4.1±1.8 78.0 93.1±4.2 99.0±7.8 - 7.7 - 6.3
0.83 0.61-1.11

Gaussian Textile 26 35.7±8.2 9.8±5.9 76.9 95.1±1.3 104.0±4.4 - 38.5 7.7 -
Xie[34]

Complex Rolling 98 37.4±6.5 9.9±7.4 84.7 94.9±4.0 103.5±6.3 - 61.2 17.4 -
2.53 1.04-6.14

Gaussian Machinery 399 33.6±9.9 11.6±8.6 70.2 100.0 96.8±6.0 - 56.6 25.8 -
Zheng[35]

Complex Machinery 271 30.6±8.8 10.1±8.2 86.7 102.1 104.8±5.0 - 79.3 39.1 -
2.94 2.06-4.19

Gaussian Machinery 202 - - 100.0 93.4±1.5 - - 13.4 - 0.5
Zhang[36]

Complex Machinery 212 - - 100.0 92.7±1.0 - - 58.5 - 6.1
9.13 5.60-14.89

Gaussian Textile 163 31.5±8.7 12.7±8.4 100.0 99.9±4.2 110.6±6.0 3.3±0.3 64.4 - -
Zhao[37]

Complex Metal 32 35.1±7.2 12.3±7.1 37.5 95.2±3.1 103.2±4.2 40.0±44.0 65.6 - -
1.06 0.48-2.34

Gaussian Textile 163 31.7±8.7 12.7±8.4 49.7 101.2±4.7 110.3±6.1 3.2±0.3 64.4 - -
Xie[38]

Complex Steel 178 38.1±7.6 13.0±8.0 100 93.6±5.7 103.6±7.2 37.1±52.9 57.3 - -
0.74 0.48-1.15

Gaussian
Pharmaceut

ical
62 36.8±6.6 - 66.1 92.2±5.3 97.6±5.5 - 32.3 - -

Zhang[39]

Complex Forging 38 32.9±5.5 - 100.0 95.2±3.9 97.0±6.4 - 55.3 - -

2.59 1.13-5.96

Gaussian - 2436 32.9±7.9 6.5±6.6 92.1 96.3±6.1 101.9±8.8 3.3±0.3 25.6 24.7 6.1Total

Complex - 1786 33.2±8.5 6.7±6.1 67.8 94.0±4.8 103.3±6.5 33.0±51.7 34.5 33.3 6.2
1.95 0.93-4.09

CNE, cumulative noise exposure; dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency 

noise-induced hearing loss; NID, noise-induced deafness; OR, odds ratio; CI, confidence interval.
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NIHL associated with co-exposure to noise and chemicals

Table 3 shows eight studies regarding NIHL associated with co-exposure to noise and chemicals 

(e.g., dust, benzene, welding fumes, n-hexane, hydrogen, carbon, ethylbenzene) vs. exposure to 

noise alone. There were no significant differences in noise level, age, or sex between the noise 

groups and co-exposure groups (P>0.05). Moreover, the prevalence of co-exposure to noise and 

chemicals was 54.2%, which was significantly higher than that of exposure to noise alone (30.3%) 

(chi-square test, P<0.01). The fixed-effects model of the meta-analysis showed that the overall 

weighted OR for co-exposure to noise and chemicals was 2.36.
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Table 3 NIHL associated with co-exposure to noise and specific chemicals

Population NIHL (%)
HFNIHL 

prevalence

Author Group Type of factory

N
Age 

(years)

Exposure 

duration 

(years)

Male 

(%)

Noise level 

(max or 

mean) 

[dB(A)]
HFNIHL SFNIHL NID OR 95% CI

Noise Automobile 1604 33.8±3.5 - - 86.9 25.4 2.6 -
Zhang[40]

Co-exposure to welding fumes and noise Tires 202 33.8±3.5 - - 95.9 41.6 5.9 -
2.09 1.54-2.83

Noise 169 - - - 85 40.8 10.7 -
Song[41]

Co-exposure to benzene and noise
Pharmaceutical

103 - 5.0-10.0 - 85 59.2 17.5 -
2.11 1.28-3.47

Noise 59 33.8±5.6 13.6±5.2 - 94.0 29.2 - -
Chen[42]

Co-exposure to welding fumes and noise

Metal 

components 65 33.7±5.2 13.6±5.7 - 100.0 61.5 - -
3.89 1.75-8.63

Noise Technological 45 36.8±10.6 12.6±11.4 - 87.2 33.3 13.3 -
Xiong[43]

Co-exposure to n-hexane and noise Printing 105 36.9±10.2 14.1±10.7 - 86.4 51.4 21.0 -
2.12 1.02-4.39

Noise 52 30.0±4.0 14.7±6.2 - 81.6 24.0 - -

Wu[44] Co-exposure to hydrogen sulfide and 

noise

Petrochemical 

plants 73 29.8±4.1 14.3±6.0 - 85.5 31.5 - -
1.45 0.82-2.57

Noise 59 33.7±5.6 14.0±4.8 84.7 92.0 28.1 11.5 -
Wu[45]

Co-exposure to welding fumes and noise
Steel

65 33.7±5.2 13.6±5.7 87.7 92.0 60.0 35.4 -
3.83 2.18-6.76

Noise 106 29.3±5.5 11.2±9.0 69.8 103.0 17.9 - 0.0

Wang[46] Co-exposure to carbon monoxide and 

noise

Chemical 

products 427 30.3±8.5 9.9±6.8 89.0 104.0 29.0 - 2.3
1.87 1.09-3.21

Noise Power stations 290 - - 100 84.3 56.9 - -

Zhang[47]
Co-exposure to ethylbenzene and noise

Petrochemical 

plants
553 - - 100 83.1 79.4 - -

2.92 2.14-3.98
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Population NIHL (%)
HFNIHL 

prevalence

Author Group Type of factory

N
Age 

(years)

Exposure 

duration 

(years)

Male 

(%)

Noise level 

(max or 

mean) 

[dB(A)]
HFNIHL SFNIHL NID OR 95% CI

Noise - 3001 33.6±4.1 12.9±7.9 77.6 89.3±6.4 30.3 3.9 0.0
Total

Co-exposure - 3612 33.3±5.2 11.6±7.5 90.5 91.5±7.3 54.2 15.8 2.3
2.36 1.92-2.92

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, 

noise-induced deafness; OR, odds ratio; CI, confidence interval.
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Summary of the epidemiological characteristics of occupational NIHL

A total of 71,865 workers (males, 82.7%) aged 33.5±8.7 years, who had an average noise 

exposure duration of 9.9±8.4 years, were included in this study (table 4). Their average levels of 

noise exposure were 98.6±7.2 dB(A), and most of them were from the transportation, mining, and 

manufacturing industries. Combining all the data, we found that the general prevalence of 

occupational NIHL during the past 26 years in China was 21.3%, of which 30.2%, 9.0%, and 

5.8% accounted for the prevalence of HFNIHL, SFNIHL, and NID, respectively. The overall 

weighted ORs for noise, complex noise, co-exposure to noise and specific chemicals, male sex, 

age, and exposure duration were 5.63, 1.95, 2.36, 2.26, 1.35, and 1.75, respectively (table 5).
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Table 4 Summary of the epidemiological characteristics of occupational NIHL in China

Population NIHL (%)

Group Type of industry
N Age (years)

Exposure duration 

(years)

Male 

(%)

Noise level (max or 

mean) [dB(A)] HFNIHL SFNIHL NID Average

Cross-sectional study[48-52] Transportation 5810 39.9±6.8 17.9±10.6 93.0 93.0 11.6 5.6 5.9 8.9

Cross-sectional study[53-56] Mining 2245 34.4±9.3 8.0±4.0 100.0 106.2 65.1 7.0 10.3 34.2

Cross-sectional study[57-90] Manufacturing 34,656 32.6±8.9 7.9±6.3 81.6 96.2±5.1 30.9 8.5 7.1 23.1

Cross-sectional study with 

references[91-117]
Manufacturing 18,319 33.9±9.4 12.6±9.8 81.4 102.2±7.2 28.7 10.0 2.3 19.6

Complex noise[33-39] Manufacturing 4222 33.0±8.2 6.6±6.4 81.8 95.2±5.6 29.4 28.7 6.2 21.0

Co-exposure[40-47] Manufacturing 6613 33.4±4.7 12.0±7.6 84.0 90.4±7.0 39.9 6.3 1.9 25.4

Total - 71,865 33.5±8.7 9.9±8.4 82.7 98.6±7.2 30.2 9.0 5.8 21.3

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, 

noise-induced deafness.
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Table 5 Odds ratios for key factors influencing HFNIHL prevalence

No. Factor Group HFNIHL (%)
Overall weighted OR for 

HFNIHL
95% CI

Noise 28.7
1 Noise

Control 9.9
5.63 4.03-7.88

Complex noise 34.5
2

Complex 

noise Gaussian noise 25.6
1.95 1.06-7.84

Co-exposure 54.2
3 Co-exposure

Noise 30.3
2.36 1.92-2.92

Male 17.5
4 Sex

Female 7.2
2.26 1.62-3.19

Age>33 years 29.8
5 Age

Age≤33 years 23.9
1.35 1.30-1.40

≤10 years 25.1
6

Exposure 

duration >10 years 37.0
1.75 1.64-1.87

HFNIHL, high-frequency noise-induced hearing loss; OR, odds ratio; CI, confidence interval.

DISCUSSION

This study reviewed and analyzed literature data on occupational NIHL in China in the past 26 

years. The results showed that workers with NIHL were mainly from typical manufacturing 

industries (e.g., textile, automobile manufacturing, metal processing).[118, 119] Our findings are 

consistent with those in other countries. In the United States, workers at risk of occupational 

NIHL include those employed in construction, manufacturing, mining, agriculture, utilities, 

transportation, and the military, as well as musicians,[120] with approximately 82% of workers 

with hearing loss coming from the manufacturing industries.[121] In Asia, sources of noise 

pollution mainly comprise the manufacturing, transportation, mining, and agricultural 

industries.[13, 122] In this study, we found that the average noise level for Chinese workers from 

these industries was 98.6±7.2 dB(A), which exceeds the occupational exposure limit of 85 dB(A). 

Noise intensity was positively correlated with the prevalence of hearing loss (overall weighted 
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OR=5.63). The general prevalence of NIHL in China was 21.3%, of which 30.2% is related to 

high-frequency hearing loss. These findings suggest that the wide distribution of noise in different 

industries, high levels of noise exposure, and long-term exposure to noise in the workplace were 

the main risk factors for the high prevalence of NIHL in China.

Our findings on the prevalence and characteristics of noise exposure and NIHL in China are 

similar to those in other countries. For instance, Soltanzadeh et al. reported that the occupational 

noise level in Iran reached 90.29 dB(A), while the overall hearing threshold was 26.44±8.09 

dB.[34] Kim et al. also reported that >90% of the workplace noise levels in South Korea exceeded 

the occupational exposure limit, and 92.9% of suspected occupational diseases were occupational 

NID.[123] The Centers for Disease Control and Prevention estimate that about 9 million workers 

are exposed to daily average sound levels of ≥85 dB(A) and about 26 million Americans 

experience NIHL, with a prevalence of 15%.[124, 125] Rubak et al. also found a dose-response 

relationship between NIHL and noise intensity among workers in Denmark, i.e., a higher noise 

level was associated with a higher prevalence of NIHL.[126]

The occurrence of NIHL is usually affected by individual factors such as sex and age. In this 

study, the average age of the workers was 33.5±8.7 years, and the risk of HFNIHL increased with 

age. Meanwhile, sex was risk factor for HFNIHL, with its prevalence being significantly higher in 

men than in women. These findings are consistent with those of other studies. Most cases of 

occupational NID in developed areas of China occurred in young adults, with an average age of 40 

years.[127, 128] Some studies also showed that the prevalence of NIHL in workers with high 

noise exposure was significantly higher in men than in women, and the workers with NIHL 

comprised young and middle-aged people.[129-131] Although the hearing threshold was already 
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adjusted for age in most studies, age might still influence the occurrence of HFNIHL.[130, 132]

In this review, the average duration of noise exposure among Chinese workers was 9.9±8.4 

years, which could be a significant contributing factor to the prevalence of high-frequency hearing 

loss (overall weighted OR=1.75). NIHL can result from the cumulative effects of increased 

durations and levels of noise exposure. High noise levels can damage the outer hair cells, but with 

continuous noise exposure, the damage can extend to the inner hair cells, supporting cells, 

cochlear vascularis, and spiral ganglion cells.[128] Results of previous studies have shown that the 

general prevalence of NIHL increased with exposure duration, with the disease developing rapidly 

during the first 10 years of exposure, reaching a peak in 10-15 years, and then entering a plateau 

after 15 years.[82, 133, 134]

This study also showed that exposure to complex noise among workers led to a greater risk of 

hearing loss than exposure to Gaussian noise did. The kurtosis for the complex noise group was 

higher than that for the Gaussian noise group, and there were no significant differences in noise 

energy levels between both groups. The overall weighted OR for complex noise was 1.95. These 

findings indicate that the temporal structure of complex noise was a new determinant for NIHL. 

Moreover, the ORs in the machinery subgroups were 9.13 and 2.94, which were relatively higher 

than those in other subgroups. The reason might be related to the complexity of the temporal 

structure of noise generated from mechanical processes, making complex noise from the 

machinery industry a greater contributor to HFNIHL than complex noise from other 

industries.[15, 135] Animal experiments have shown that complex noise was more destructive to 

the hearing of chinchillas than Gaussian noise, and these studies have recommended that the 

kurtosis reflecting the temporal structure of complex noise is a good parameter for classifying the 
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effects of complex noise vs. Gaussian noise.[15, 16] Several epidemiological studies have also 

demonstrated that exposure to complex noise could lead to greater hearing loss than exposure to 

Gaussian noise and that the standard noise limit recommended by ISO-1999 was not within the 

safe threshold.[136, 137] A typical impulse noise was also reported to cause more hearing damage 

than continuous noise.[138] Moreover, cross-sectional studies considered the kurtosis metric 

combined with noise energy as a good parameter for determining and preventing the hazards to 

hearing posed by industrial environments with high noise levels.[135, 139-140]

In addition to noise, other occupational hazards might affect the hearing of workers. This 

study showed that combined exposure to noise and specific chemicals (e.g., organic solvents, 

welding fumes, carbon monoxide, and hydrogen sulfide) aggravated hearing loss (overall 

weighted OR=2.36). The combined effects might be related to auditory neurotoxicity induced by 

these chemicals. Animal experiments have demonstrated that solvents such as toluene, styrene, 

xylene, and ethyl benzene could affect the auditory function through their toxic action on the 

organ of Corti, the auditory pathways, and the middle-ear reflex.[141] Li et al. reported that 

styrene might have an effect on the auditory system, and the combined effects of toluene, xylene, 

and noise could lead to a significant increase in the hearing threshold.[142] Campo et al. found 

that the temporal structure of noise was able to modify the ototoxicity of styrene in experimental 

animals and a moderate level of styrene enhanced the cochlear damage caused by impulse noise. 

A pilot study showed that workers exposed to non-Gaussian noise and solvents presented a 

significantly worse hearing threshold than those exposed only to non-Gaussian noise.[143] A 

meta-analysis also showed that among 7,530 industrial workers, those exposed to both noise and 

organic solvents had a significantly greater risk of hearing loss than those exposed to noise 
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alone.[144] Furthermore, as previously mentioned, several epidemiological studies have shown 

that exposure to various organic solvents was associated with an excessive risk of developing 

hearing loss, with or without concurrent noise exposure, in humans.[145-147]

This study has several limitations. The number of Chinese studies focusing on SFNIHL and 

deafness was limited, resulting in an insufficient sample in these categories. There was also a lack 

of well-designed prospective studies on noise, which made it impossible to determine the 

incidence of NIHL in China. Only three cohort studies with 2,999 subjects were included in this 

study, and the rest were mainly cross-sectional studies; therefore, the determination of correlation 

between occupational exposure factors and NIHL was limited.

CONCLUSIONS

Based on the above findings, the following conclusions could be drawn: (1) In China, a large 

proportion of the population exposed to occupational noise comprised young male manufacturing 

workers, and the average duration of exposure to harmful noise levels was >9.0 years. The general 

prevalence of occupational NIHL in China was 21.3%, and among the types of NIHL, HFNIHL 

had the highest prevalence. (2) The prevalence of HFNIHL increased with higher noise levels and 

higher duration of exposure and was affected by individual factors such as age and sex. (3) 

Exposure to complex noise and co-exposure to noise and specific chemicals could increase the 

risk of occupational NIHL. (4) Finally, the high prevalence of occupational NIHL in China was 

related to the wide distribution of noise in different industries as well as high-level and long-term 

noise exposure.

Our findings suggest the need for additional efforts to reduce noise exposure among Chinese 
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workers, which are made possible by carrying out industrial noise monitoring and risk assessment 

of hearing loss, further strengthening the implementation of hearing protection programs for 

workers, and conducting well-designed epidemiological studies on industrial noise, complex 

noise, and co-exposure to noise and chemicals.
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FIGURE LEGENDS

Figure 1 Flowchart of the selection of articles for meta-analysis.

Figure 2 Forest plots of cross-sectional studies.
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Supplementary material：More than two pages of tables in the article and

a plethora of other tables

Appendix

Table 1 Prevalence of NIHL among workers in the transportation industry

Author
Type of

transportation

Population
Noise level

(max)

[dB(A)]

NIHL (%)

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Hu[48] Air 1498 29.7 - 73.0 - 6.1 4 -

Rong[49] Railway 2045 39.9±6.8 18.0±11.0 100.0 97.1 13.1 - 5.9

Ge[50] Ship 1000 20.0-60.0 - 100.0 - 15.6 - -

Xu[51] Ship 53 17.0-42.0 - 100.0 - 60.4 - -

Peng[52] Railway 1214 23.0-58.0 17.7±10.0 100.0 - 10.3 5.8 -

Total - 5810 17.0-60.0 17.9±10.6 93.0 97.1 11.6 5.6 5.9

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 2 Prevalence of NIHL among workers in the mining industry

Author
Type of

mining

Population
Noise level

(max)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Zhang[53] Mining 389 24-53 - 100.0 - 73.5 13.1 -

Yuan[54] Oil field 211 31.8±8.4 10.6±6.8 100.0 94.0 24.6 5.2 -

Zhao[55] Coal mining 1137 29.6±2.4 9.2±0.8 100.0 117.0 80.8 - 10.1

Zhang[56] Mining 508 46.4±8.5 4.1±4.0 - 107.5 40.3 3.1 10.6

Total - 2245 34.4±9.3 8.0±4.0 100.0 106.2±11.6 65.1 7.0 10.3

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.

Page 45 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Table 3 Prevalence of noise exposure and NIHL among manufacturing workers

Author Type of factory

Population
Noise level

(max or mean)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Chen[57]
Sports

equipment
247 34.0±6.5 - 89.9 - 17.0 - 4.9

Gao[58] Rolling mills 629 40.0±7.0 1-41 83.5 118.0 25.6 - 4.3

Gao[59] - 1023 17-55 5.1 74.2 95.8 11.3 4.8 -

Gao[60] Toys 720 31.8±3.7 - 56.4 - 10.4 - -

Jiao[61] - 520 21-58 15.2 60.8 101.5 - - 12.8

Li[62] Aviation 1197 - 10.2±7.9 - 102.5 43.5 - -

Lin[63] - 386 26.6±6.3 3.4±2.3 79.5 89.9 74.1 50.5 -

Liu[64] Oxygen mills 333 20-59 14.0 68.5 103.0 11.1 3.0 -

Lv[65] Airport 290 33.4±10.3 14.5±11.2 - 98.8 48.6 6.6 -

Wang[66] - 512 - - - 91.6 81.3 21.3 -

Wang[67] Textile 1001 38.1±3.0 16.5±4.5 18.7 - 65.1 3.0 -

Yan[68] Tank 406 18-32 - 100.0 - 34.5 23.2 -

Yan[69] - 528 - - - 115.0 83.7 23.0 -

Guo[70] Textile 60 25.8±8.4 3.6±3.1 16.7 100.5 28.3 - -

Nie[71] Shipbuilding 3260 40.4±8.8 7.7±3.8 90.2 112.1 11.8 3.4 -

Wang[72] Textile 1156 30.7±5.6 11.9±5.3 - 93.7 33.3 17.3 -

Zhang[73] Textile 481 18-58 1-33 25.4 98.4 11.9 - -

Ni[74] Textile 618 35.8±6.1 10.6±7.6 - 113.5 23.6 0.8 -

Xie[75] Steel 98 37.0 - 84.7 134.5 61.2 17.3 -

Chen[76] Automotive 6557 27.0 3.5 96.4 119.1 28.8 - -

Ning[77] Manufacturing 1439 20-55 1-5 77.5 100.0 33.6 5.4 -

Xu[78] Forging 272 33.7 4.2 - 129 26.1 - -

Liu[79] Manufacturing 3432 32.7±7.4 3.8±2.5 81.2 92.1±4.9 37.1 3.9 -

Peng[80] Automotive 706 35.5±7.6 11.1±7.8 65.7 99.3 59.8 9.1 -

Huang[81] Electronics 172 28.3 4.3 66.3 100.0 36.0 15.1 -

Li[82] Steel pipes 106 29.8±2.4 7.6 - 89.6±9.7 28.3 - -

Chen[83] Tires 953 37.9±8.6 11.8±7.1 90.3 91.2 10.5 - -
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Author Type of factory

Population
Noise level

(max or mean)

[dB(A)]

NIHL (%)

N
Age

(years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID

Bao[84] Automotive 3411 22.4±3.0 4.3±3.0 100.0 86.9 15.7 - -

You[85] Textile 1000 33.1±8.0 11.1±8.2 0.0 90.8±7.6 42.6 - -

Chen[86] Bottled drinks 154 29.9±5.5 5.3±3.7 - 89.6 20.8 - 3.3

Zhang[87]
Metal

processing
965 27.4±6.5 5.6±2.3 90.6 88.2±3.5 27.5 - -

Zhou[88] Welding 924 32.4±7.5 10.0±6.5 94.5 100.7 48.3 11.6 -

Wang[89] Steel rolling 120 25-55 2-39 - 99.3 75.8 15.0 -

Qian[90] Welding 980 32.0±7.0 9.6±6.3 91.8 84.1±12.7 33.7 - -

Total - 34,656 32.6±8.9 7.9±6.3 81.6 96.2±5.1 30.9 8.5 7.1

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing

loss; SFNIHL, speech-frequency noise-induced hearing loss; NID, noise-induced deafness.
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Table 4Meta-analysis of cross-sectional studies with references to NIHL among manufacturing workers

Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Luo[91]
Exposure

Petrochemicals
908 - 20.1±9.1 - 91.8 38.3 - 0.6

4.78 3.04-7.53
Control 200 - 23.3±9.0 - - 11.5 - -

Pan[92]
Exposure

Shipbuilding
1000 - - - 110.0 69.1 10.9 -

7.16 5.87-8.73
Control 1000 - - - - 23.8 1.3 -

Yang[93]
Exposure

Furniture
345 31.6±7.4 15.3±12.2 75.7 - 32.2 - 0.9

3.95 2.21-7.07
Control 140 43.4±8.2 20.2±10.1 71.4 - 10.7 - -

Yu[94]
Exposure

Cooking
116 - - - 90.0 15.5 9.5 -

4.59 1.50-14.05
Control 104 - - - - 3.8 4.8 -

Zu[95]
Exposure Metal

processing

570 - 2.8±2.9 59.3 96.6 44.0 - 1.8
8.84 5.24-14.91

Control 208 - 2.6±2.5 54.3 71.1 8.2 - -

Yuan[96]
Exposure

Forging
88 36.5±9.4 19.1±8.7 - 109.0 61.4 26.1 -

13.24 5.87-29.86
Control 84 37.2±8.6 20.3±7.7 - 58.0 10.5 1.2 -

Hu[97]
Exposure

Tubes
123 32.6±3.9 12.2±2.5 - 109.0 68.3 35.5 -

27.14 10.12-72.79
Control 68 34.6±4.5 13.2±3.5 - - 7.4 - -

Li[98]
Exposure

Manufacturing
4908 33.7±9.2 - 95.8 115.7 17.3 12.5 -

3.83 2.75-5.33
Control 753 35.1±10.6 - 96.7 - 5.2 3.3 -

Wang[99]
Exposure Gem

processing

381 39.4±9.1 10.7±5.1 43.8 102.3 15.8 3.4 -
5.42 1.29-22.79

Control 60 45.4±10.5 13.4±11.1 35.0 - 3.3 1.7 -

Ni[100]
Exposure

Boilers
105 42.9±8.5 17.6±11.9 91.4 123.8 58.1 8.6 -

2.05 1.19-3.53
Control 109 41.8±6.0 18.7±10.3 89.0 82.0 40.4 1.8 -
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Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Liu[101]
Exposure

Tobacco
1314 36.7±8.0 17.3±9.6 54.5 82.1 22.1 2.4 -

4.01 1.84-8.72
Control 106 37.3±6.7 18.4±6.6 56.6 51.5 6.6 0.9 -

Chang[102]
Exposure Liquefied

petroleum gas

37 46.7±7.6 12.7±7.4 - 79.1±5.1 56.8 - -
48.56 6.01-392.64

Control 38 38.3±5.7 7.3±3.1 - 55.4±4.4 2.6 - -

Liu[103]
Exposure

Coal processing
360 43.5±6.4 - 68.1 - 30.8 12.8 -

1.21 0.88-1.66
Control 378 42.8±6.9 - 65.9 - 27.0 7.4 -

Zhang[104]
Exposure

Electronics
495 26.3±3.6 5.0±3.0 73.5 86.6±2.6 30.7 14.9 -

3.71 2.14-6.45
Control 150 26.5±3.7 5.0±3.4 80.0 - 10.7 1.3 -

Chen[105]
Exposure

Electronics
1012 44.5±6.8 21.5±8.3 74.0 86.9±12.9 14.3 - -

2.26 1.36-3.76
Control 261 43.7±8.7 - 75.9 61.3±3.4 6.9 - -

Li[106]
Exposure

Boilers
120 32.6±9.7 4.8±2.8 - 108.0 59.2 15.0 -

4.71 1.45-15.30
Control 17 34.1±9.6 4.2±2.3 - - 23.5 0.0 -

Li[107]
Exposure Manufacturing

in general

170 34.1±10.0 10.5±6.2 - 98.5 24.7 - -
3.23 1.62-6.42

Control 130 35.6±8.7 12.1±6.9 - - 9.2 - -

Yang[108]
Exposure Sheet metals 63 31.3±6.9 7.8±7.1 87.3 125.0 57.1 - 27.0

9.70 4.34-21.67
Control - 91 33.5±8.2 9.1±7.5 86.8 - 12.1 - 7.7

Fu[109]
Exposure Chemical

plants

153 34.5 9.1 71.2 86.8 44.4 15.7 -
5.37 2.28-12.64

Control 54 29.5 6.8 55.6 - 13.0 1.9 -

Liu[110]
Exposure Mechanical

processing

404 36.2 11.7 97.3 106.4 22.0 - -
6.43 3.05-13.55

Control 190 37.2 10.8 67.9 - 4.2 - -

Li[111]
Exposure Gem

processing

890 23.9±3.9 2.7±2.1 96.4 89.2±2.8 34.3 - -
3.65 2.24-5.95

Control 160 24.7±4.1 2.9±1.9 96.9 - 12.5 - -
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Author Group Type of factory

Population
Noise level (max

or mean)

[dB(A)]

NIHL (%) HFNIHL prevalence

N Age (years)

Exposure

duration

(years)

Male

(%)
HFNIHL SFNIHL NID OR 95% CI

Wu[112]
Exposure

Shoes
320 31.0 8.0 0.0 96.0 17.8 2.8 -

30.13 7.28-124.64
Control 280 33.0 10.3 0.0 - 0.7 0.4 -

Tang[113]
Exposure

Manufacturing
726 38.2±8.2 23.0±9.2 - 88.3±16.1 12.5 1.8 3.4

5.08 2.99-8.63
Control 620 30.6±7.5 16.5±8.4 - - 2.7 0.6 1.1

Tang[114]
Exposure

Manufacturing
1200 22-55 9.3±7.1 100.0 85.6±1.9 57.5 - -

30.86 22.20-42.90
Control 1000 22-55 9.4±7.0 100.0 43.9±1.0 4.2 - -

Chen[115]
Exposure

Textile
294 22.8±5.3 7.2±5.2 0.0 98.0 23.5 3.4 -

7.05 3.73-13.35
Control 288 23.5±6.2 - 0.0 - 4.2 0.7 -

Xie[116]
Exposure

Paper industry
1717 31.2±4.8 9.5±4.7 99.4 104.0 22.6 12.3 -

3.13 2.17-4.50
Control 410 35.8±6.9 10.2±5.8 98.5 73.4 8.5 4.6 -

Lin[117]
Exposure

Machinery
500 28.8 - 56.0 104.5 19.8 2.6 -

5.63 3.45-9.19
Control 500 27.2 - 57.6 - 4.2 0.0 -

Total
Exposure

-
18,319 33.9±9.4 12.6±9.8 81.4 102.2±7.2 28.7 10.0 2.3

5.63 4.03-7.88
Control 7399 34.9±10.1 12.0±9.1 73.4 63.5±3.8 9.9 2.1 2.0

dB(A), A-weighted decibels; NIHL, noise-induced hearing loss; HFNIHL, high-frequency noise-induced hearing loss; SFNIHL, speech-frequency noise-induced hearing loss; NID,

noise-induced deafness; OR, odds ratio; CI, confidence interval.
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Section/topic # Checklist item Reported 
on page # 

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT 

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number. 

2, 3

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known. 5
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS). 
7

METHODS 

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number. 

None

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale. 

None

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

7

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated. 

None

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

7

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

9

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 

7
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Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis. 

None

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 8
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 

(e.g., I2) for each meta-analysis. 
None

Page 1 of 2 

Section/topic # Checklist item Reported 
on page # 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies). 

None

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified. 

None

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram. 

9

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations. 

9-15

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). None
Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
9-15

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 16-18
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). None
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). None
DISCUSSION 

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers). 

18-22
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Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias). 

18-22

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 22

FUNDING 

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review. 

24

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097 

For more information, visit: www.prisma-statement.org. 
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