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Abstract

Objective This study aimed to determine the relationship between occupational noise,
shift work, and nonalcoholic fatty liver disease(NAFLD) in male workers in the

automobile manufacturing industry.

Design Cross-sectional study.

Setting This study was carried out Guangzhou Twelfth People's Hospital, using data
from April to September 2022.

Participants A total of 4672 eligible participants were included in the study.

Primary and secondary outcome measures Diagnosis of NAFLD was made using
ultrasound. Noise was detected according to the Measurement of Physical Factors in
the Workplace-Part 8: Noise. Environmental noise intensity was assessed using an
EDGE personal noise dosimeter manufactured by CASELLA (UK). The working
status of workers were investigated by questionnaire.

Results The OR of NAFLD was 1.39(95%CI: 1.02-1.88) in CNE>95 group compared
to CNE<85 group. Improved risk of NAFLD in workers with shift work compared to
those without shift work (OR=1.36, 95%CI: 1.10-1.69). As stratified analyses showed,
the ORs of NAFLD prevalence related to occupational noise and shift work exposure
appears to be increased in young workers. Combined effects analysis revealed that the
ORs of NAFLD was 2.02(95%CI: 1.35-3.01) in CNE>95 and cumulative length of
night shifts work>2920 hours.

Conclusion Occupational noise exposure may be an independent risk factor for
NAFLD. And it may synergistically affect disease when combined with night shift
work, particularly among younger workers. These findings underscore the importance
for companies to prioritize the management and training of younger workers, along
with targeted occupational health education initiatives, as crucial measures for

reducing the incidence of NAFLD.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

® This study contributes to a relatively uncommon exploration of the association between
occupational noise exposure, shift work, and their combined effect on NAFLD among male
workers in the automotive manufacturing industry. Based on the study findings, we propose
several recommendations for management departments.

® Questionnaire may make it difficult to accurately assess hours worked.

® Due to the cross-sectional survey, causal relationships cannot be elucidated.

1 Introduction

In the last decades, there has been a progressive increase in the incidence of NAFLD,
leading to a significant burden of morbidity and mortality associated with liver-related
disorders! 2. Anticipating future trends, researchers project a continued rise in the
prevalence of NAFLD, while expecting a stable or possibly decreasing prevalence of
other chronic liver diseases’. In China, the prevalence of NAFLD has experienced a
notable increase in the past decade, rising from 18% to 29.2%. Industrialization and
changes in lifestyle have contributed to this rise, leading to a 10% increase in national
incidence*. Recent studies have highlighted the rapid increase in NAFLD prevalence
among adolescents °.

The development of non-alcoholic fatty liver disease (NAFLD) is influenced by
various factors, including age, gender, type 2 diabetes, metabolic syndrome, its
components, and family history of fatty liver®!?. Age and gender also play significant
roles in the onset of NAFLD. The increasing prevalence of NAFLD can be attributed
to population aging, where age-related visceral fat accumulation may contribute to the
secretion of inflammatory factors’ 8. Unhealthy dietary habits, including high-fat diets,
and unhealthy lifestyles such as late-night activities have also been associated with an
increased risk of NAFLD!!"13, Furthermore, occupational factors in the workplace,
such as noise exposure and shift work, may influence the risk of NAFLD. Previous
research has demonstrated a significant dose-response relationship between
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cumulative noise exposure (CNE) and the detection rates of fatty liver, lending
support to the notion that noise may act as a risk factor for fatty liver'#. Shift work is a
prevalent practice in various industries, including manufacturing, pharmaceutical, and
service sectors. It not only directly disrupts normal circadian rhythms, but is also
closely linked to sleep disorders, leading to insulin resistance and stress reactions,
causing physiological disruptions and harm to health!>!7. These disturbances can
disrupt glucose and lipid metabolism, which is a significant contributing factor in
elevating the risk of NAFLD!S,

Workers in the automotive manufacturing industry frequently endure prolonged
occupational noise exposure while may be required to engage in shift work. Despite
this, there is a paucity of investigations specifically examining the impact of shift
work and noise on NAFLD within the context of this workforce. Consequently, our
study aims to investigate the effects of occupational noise exposure and shift work on
NAFLD among male workers in the automotive manufacturing industry. By focusing
on this specific population, the study intends to provide a theoretical foundation for
the implementation of measures to protect against occupational hazards.

2 Materials and methods
2.1 Study design and population

From April to September 2022, a cross-sectional study was conducted among
male workers at an automobile manufacturing company in Guangzhou for
occupational health examination. Participants with incomplete medical examination
and questionnaire data, female workers, individuals taking antiretroviral drugs, and
those with a history of cancer, excessive alcohol intake, hepatobiliary disease, blood
system diseases, or renal failure were excluded. Ultimately, a total of 4672 eligible
participants were included in the study. This study was reviewed and approved by the
Ethics Committee of Guangzhou Twelfth People's Hospital (N0.2021008) and all
procedures involving participants were conducted in accordance with the ethical
standards of the Institutional Research Board and the 1964 Declaration of Helsinki,

and all study participants gave informed consent.
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2.2 NAFLD diagnosis and collection of information on covariates

The occupational health examination was conducted in accordance with a
standardized protocol by trained physicians. Diagnosis of NAFLD was made using
the criteria proposed by FARRELL et al'®. Blood was drawn from the fasting subjects
to measure hemoglobin(HGB), and fasting plasma glucose(FPG) levels. Blood
pressure was measured by the omron HEM-7071 electronic blood pressure monitor
three times, each time at an interval of 1 min, and the average of the three
measurements was taken as the individual blood pressure(BP) value. BP was
classified according to 2018 Chinese Guidelines for Prevention and Treatment of
Hypertension. FPG normal range is 3.9-6.Immol/L. According to the Guidelines for
the Prevention and Control of Overweight and Obesity in Chinese Adults, our study
the inclusion of BMI<24kg/m? and BMI >24kg/m? as dichotomous variables in the
multivariate logistic regression model. Long working hours are defined as working
more than 40 hours per week?°. High-salt foods mainly include pickled vegetables,
ham and bacon, etc?! 22, High-fat foods including chips, chocolate, animal offal and
fried foods etc. Late evening snack is defined as an additional meal arranged after
21:00. Smoking is defined as a consistent consumption of at least 1 cigarette per day
for a duration of more than 6 months. Alcohol consumption is defined as a regular
pattern of drinking at least once a week for a period of 1 year or longer.
2.3 Noise exposure assessment Our study was carried out in accordance with the
"Measurement of Physical Factors in the Workplace-Part 8: Noise" (GBZ/T189.8-
2007) for noise detection. Environmental noise intensity was assessed using an EDGE
personal noise dosimeter manufactured by CASELLA (UK). Each monitoring point
was measured three times and the average value was taken as the measurement result.
In this study, noise exposure was evaluated using the normalization of continuous A-
weighted sound pressure level equivalent to an 8h per day (LAeq, 8h), and work
exposed to noise is defined as those operations involving the presence of hearing-
impairing, health-hazardous or otherwise hazardous sound, and LAeq,8h >80 dB(A)
for at least one year. Meanwhile, Cumulative noise exposure (CNE) was used to
quantify the noise exposure level of the study participants and it is calculated as:
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CNE=Lcq, snt10logT, where T indicates years of noise exposure and the CNE unit is:
dB(A)-year.

2.4 Assessment of shift work The International Labour Organization defines shift
work as the working day is extended to 24 hours by alternating between different
workers and/or teams?® 2%, And the night shift work is from 0:00 to 5:00 am?* 25,
Calculating cumulative length of night shift work in hours in data processing. In this
study, the two main types of shift patterns for workers are two shifts system and three
shifts system.

2.5 Statistical analyses Daily data verification by subject staff to ensure unique ID
codes for each individual and timely identification of missing key data and logical
error. R (version 4.2.1) was used for all statistical analyses. Continuous variables that
followed normal distribution are presented as mean #standard deviation(SD), and
were compared by t-test. Mann-Whitney U test was used to compare continuous
variables with skewed distribution in the form of median with interquartile ranges.
The y? test was used to compare categorical variables, which have been expressed as
numbers (percentages). The relationship between shift work, occupational noise and
NAFLD was analysed using a multivariate logistic regression model, with night shift
hours and CNE included in the regression model as categorical variables respectively
as well as the joint effect of both was analysed in relation to NAFLD. Referring to the
national criteria (GBZT229.4-2012), CNE is divided into four groups <85, 85~, 90~
and 95~. Cumulative length of night shift work are grouped by quartiles, using the
first quartile as a reference. Previous studies have considered adolescents and young
adults (AY As) to be the group aged 15 years and older, with the cut-offs at 24, 29 and
39 years being difficult to determine and some studies considering 18-24 years as late
adolescence®. We stratified the age into two groups <29 and >30 for analysis. To
provide more clarity on the effect of CNE on the illness of workers in different age
groups, we further divided the youths at <29 into two groups for analysis(<24 and 25-
29 years old)?’ 28. All test were two-sided, and a=0.05 was considered statistically

significant.
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3 Results

3.1 Basic information about the study population. A total of 5928 questionnaires
were distributed, out of which 4791 valid questionnaires were returned, resulting in a
valid response rate of 80.8%. After excluding individuals who did not meet the study's
inclusion criteria, and those with incomplete occupational health screening results
(n=119), the final sample size included for analysis was determined. Overall, 4672
workers with complete information on occupational health examination and
questionnaires were included in the study according to the inclusion and exclusion
criteria. The mean age of the study population was (26.8 £ 5.0), with different
prevalence rates for workers in the <29 and >30 years age groups (P<0.001), with a
total of 1363 workers with NAFLD and a prevalence of 29.2%. There were 3658
(78.3%) shift workers, with different prevalence of NAFLD in different shift work
situations (P<0.001). Meanwhile, 2965(63.5%) noise workers had a statistically
significant difference in prevalence in different noise exposure scenarios (P<0.05).
Cumulative length of night shift work and CNE vary by disease state (p<0.05, Tablel

and Supplementary Table 1).

Table 1 Occupational characteristics of population in different disease states (n, %)

Page 8 of 23
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NAFLD
Characteristics Total (N=4672)  P-value
No (N=3309) Yes (N=1363)
Importance of noise
protection equipment, n 0.451
(%)
Unimportant 63 (1.9) 24 (1.8%) 87 (1.9)
Unknown 72 (2.2) 20 (1.5%) 92 (2.0)
General 1718 (51.9) 714 (52.4%) 2432 (52.1)
Extremely 1456 (44.0) 605 (44.4%) 2061 (44.1)
Long working hours <0.001
No 1375 (41.6) 685 (50.3) 2060 (44.1)
Yes 1934 (58.4) 678 (49.7) 2612 (55.9)
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Tablel continued
NAFLD
Characteristics Total (N=4672)  P-value
No (N=3309) Yes (N=1363)
Dust 0.015
No 2990 (90.4) 1262 (92.6) 4252 (91.0)
Yes 319 (9.6) 101 (7.4) 420 (9.0)
Aromatic hydrocarbons 0.020
No 2828 (85.5) 1200 (88.0) 4028 (86.2)
Yes 481 (14.5) 163 (12.0) 644 (13.8)
Shift work <0.001
No 808 (24.4) 206 (15.1) 1014 (21.7)
Yes 2501 (75.6) 1157 (84.9) 3658 (78.3)
Work exposed to noise 0.045
No 1239 (37.4) 468 (34.3) 1707 (36.5)
Yes 2070 (62.6) 895 (65.7) 2965 (63.5)
Cumulative length of night
shift work (hours) <0001
<730 1321 (39.9) 312 (22.9) 1633 (35.0)
730~ 771 (23.3) 240 (17.6) 1011 (21.6)
1460~ 678 (20.5) 290 (21.3) 968 (20.7)
2920~ 539 (16.3) 521 (38.2) 1060 (22.7)
CNE [dB(A)-year] <0.001
<85 1277 (38.6) 330 (24.2) 1607 (34.4)
85~ 992 (30.0) 364 (26.7) 1356 (29.0)
90~ 771 (23.3) 439 (32.2) 1210 (25.9)
95~ 269 (8.1) 230 (16.9) 499 (10.7)
Seniority in shift work 6.0(3.0,
3.0(1.5,6.5) 4.0(2.0, 8.0) <0.001
(year), median (IQR) 12.0)
Seniority in work exposed
7.90(2.8,13.
to noise(year), median 3.0(1.3, 7.0) 5) 3.8(1.5,8.3) <0.001

(IQR)
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3.2 The relationship between occupational noise exposure and NAFLD. The
impact of work exposed to noise on NAFLD was demonstrated in Table 2. Compared
with those did not, no statistically significant relationship between work exposed to
noise and NAFLD (OR=0.92, 95%CI: 0.78-1.09). Supplementary Table 2 presented
the odds ratios (ORs) and 95% confidence intervals (Cls) for the effect of
occupational noise exposure on NAFLD. By reference to CNE<85, the OR of
NAFLD was 1.39(95%CI: 1.02-1.88) in CNE>95 group. Stratified analysis indicated
that the association between CNE and NAFLD was not statistically significant in both
those aged <29 and >30 years; Table 3 shows further stratification by age, among
those <24 years of age, the OR of NAFLD in the CNE >95 group was 2.95 (95%CI:

1.17-6.91).
Table 2 Association of work exposed to noise with NAFLD
work exposed to noise Model 1 Model 2
(Yes or No) OR 95%CI P OR 95%CI P
Total
No Ref
Yes 0.97(0.83, 1.15) 0.732 0.92(0.78, 1.09) 0.333
Age Group, y
<29
No Ref
Yes 1.07(0.87, 1.31) 0.529 0.98(0.79, 1.21) 0.828
>30
No Ref
Yes 0.83(0.62, 1.10) 0.196 0.83(0.62, 1.10) 0.197

Model 1: Adjust for smoking and drinking status, fruit and vegetable, high-salt foods, high-fat
foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB;
Model 2: Based on model 1, adjust for importance of noise protection equipment, long
working hours, dust, aromatic hydrocarbons, shift work.

9
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Table 3 The relationship between CNE and NAFLD in different age groups

Model 1 Model 2
CNE [dB(A)-year]
OR 95%CI P OR 95%CI P

Age Group, y
<24

<85 Ref

85~ 1.07(0.77, 1.48)  0.683  0.96(0.68, 1.34) 0.792

90~ 1.00(0.64,1.53) 0997  0.87(0.54, 1.35) 0.532

95~ 3.17(1.28,7.28)  0.009  2.95(1.17, 6.91) 0.016
25~29

<85 Ref

85~ 1.14(0.80, 1.62)  0.474  1.14(0.78, 1.66) 0.497

90~ 1.11(0.75,1.61)  0.606  1.08(0.73, 1.62) 0.692

95~ 1.02(0.55,1.81)  0.957  1.07(0.58, 1.96) 0.819

Model 1: Adjust for smoking and drinking status, fruit and vegetable, high-salt foods, high-fat

foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB;

Model 2: Based on model 1, adjust for importance of noise protection equipment, long

working hours, dust, aromatic hydrocarbons, shift work.

3.3 The relationship between shift work and NAFLD. The effect of shift work on

NAFLD is shown in the Fig 1. Compared to those without shift work, the OR of

NAFLD among workers with shift work was 1.36(95%CI: 1.10-1.69). Stratified

analysis showed that shift work was a risk factor for NAFLD among those aged <29

years (OR=1.46, 95%CI: 1.15-1.87). Similarly, in comparison with cumulative length

of night shift work <730h, rising cumulative length of night shift work were

associated with a higher risk of NAFLD, with ORs(95%ClIs) of 1.44(1.15-1.81),

1.45(1.15-1.83) and 1.65(1.24, 2.18), respectively. Among those aged <29 years,

increased cumulative length of night shift work were also a risk factor for NAFLD,

with ORs(95%Cls) of 1.66(1.30, 2.12), 1.53(1.17, 1.99) and 2.43(1.50, 3.86),

respectively.
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3.4 The combined effect of occupational noise and cumulative length of night
shift work in association with NAFLD. The combined effect of occupational noise
and cumulative length of night work on NAFLD was shown in Tables 4. After
adjusting for variables, the association with NAFLD was statistically significant for
all groups at cumulative length of night shift work >2920h and CNE>85, when
compared with CNE<85 and cumulative length of night shift work <730h. The OR of
NAFLD was greatest at 2.02 (95%CI: 1.35, 3.01) when cumulative length of night
shift work >2920h and CNE>95.

Table 4 Association of CNE and cumulative length of night shift work with NAFLD

CNE Cumulative length of night shift work (hours)
[dB(A)-years] <730 730~ 1460~ 2920~
<85 Ref 1.51(1.05,2.14)  1.28(0.82,1.96) 1.37(0.65, 2.84)
85~ 0.87(0.60, 1.26)  1.45(1.05,1.99) 1.61(1.14,2.27) 2.00(1.30, 3.09)
90~ 1.25(0.77,1.99)  1.33(0.86,2.01) 1.42(1.01,1.99) 1.54(1.08,2.21)
95~ 1.96(0.88,4.23) 1.60(0.71,3.47) 1.68(0.96,2.89) 2.02(1.35, 3.01)

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat
foods, late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB,

importance of noise protection equipment, long working hours, dust, aromatic hydrocarbons.

4 Discussion

To summarize, our study included a total of 4672 male workers in the
automotive manufacturing industry to investigate the impact of occupational noise
and shift work on non-alcoholic fatty liver disease (NAFLD) through a cross-sectional
survey. The majority of the company's employees are subjected to a high workload,
with 63.5% working in noise and 78.3% working in shifts, which is significantly
higher compared to other occupations such as teachers and white-collar workers?’.
Night work has been categorized by the International Agency for Research on Cancer
as "possibly carcinogenic to humans" (Group 2A)°, prompting growing concerns
about its adverse effects on health. The prevalence of NAFLD in this survey was
29.2%, a rate close to the combined prevalence estimate of NAFLD reported by Fan
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et al'! 3133 Among those who work exposed to noise and those who did not, the
prevalence of NAFLD is 30.2% and 27.4%, respectively. After adjusting for relevant
variables, multifactorial logistic regression analysis revealed that increased CNE was
the significant risk factor associated with NAFLD. This may be because the biological
effects of noise are cumulative and the effects of a single noise exposure are not
sufficient to cause health damage to the organism. However, the more repeated
exposures and the longer the exposure period, the more pronounced the cumulative
effects will be when the effects are not eliminated3* 33. Associations between CNE and
NAFLD vary across age groups. The increase in CNE is a risk factor for NAFLD
among workers aged <24 years. This suggests that short-term exposure to high-
intensity noise may contribute to the development of NAFLD in this population.
Possible factors that may contribute to this association include the inadequate use of
noise protective equipment among young workers or exposure to noise outside of the
occupational setting. The effect of noise on NAFLD in younger workers should be
further explored, indicating that enterprises should strengthen training and
occupational health education for young workers, which is important to reduce the
occurrence of NAFLD. Shins, Saecha et al. have shown that chronic exposure to road
traffic noise was associated with increased incidence of diabetes and hypertension in
Toronto*®. Du et al. found that noise exposure could lead to disorders of glucolipid
metabolism in mice through inhibition of the AKT pathway mediated by the
biological clock gene BMALI137. The experiment by Evans et al. also demonstrated
significant changes in serum ALT levels across test groups, suggesting that noise can
lead to liver dysfunction?®. It can be seen that noise may be the basis for the formation
of NAFLD by promoting insulin resistance and disorders of glucolipid metabolism in
the body, resulting in metabolic abnormalities in the body, and these studies also
indirectly support our findings. In this study, the prevalence of NAFLD was 20.3%
and 31.6% among auto manufacturing workers not involved in shift work and those
who did, respectively, with a higher prevalence among workers in shift work, similar
to the findings of Golabi et al'l. We observed that shift work and an increase in
cumulative length of night shift work were all identified as risk factors for NAFLD.
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We also examined the relationship between shift work and NAFLD across different
age groups. Specifically, among workers below 29 years of age, engaging in shift
work was found to significantly increase the risk of NAFLD. This indicates the
presence of specific physiological adaptations that contribute to this heightened risk.
Similarly, we found that an extended cumulative length of night shift work was a
significant risk factor for NAFLD in workers below 29 years of age. These findings
emphasize the importance of appropriate management strategies to mitigate the
adverse effects of shift work on NAFLD among younger workers. Previous
epidemiological studies have consistently demonstrated a link between shift work and
NAFLD. For instance, a 4-year cohort study conducted among Chinese railway
workers reported a higher incidence of NAFLD in individuals engaged in shift
work!!. Similarly, a cross-sectional survey involving male steelworkers found that
night shift workers had an increased risk of NAFLD compared to those working day
shifts’>. Wang et al. further supported the association between night shifts and
NAFLD by demonstrating the impact of disrupted circadian rhythms, due to delayed
sleep, on the incidence of NAFLD?3°. These findings are in line with our results. Sun et
al. also highlighted the association between sleep deprivation, increased cortisol
levels, and insulin resistance, further highlighting the possible mechanisms underlying
the relationship between sleep disruption and NAFLD#. Our study identified a
significant association between occupational noise exposure, shift work, and an
increased risk of developing NAFLD among workers. This association may be
explained by the potential mechanisms through which both noise exposure and shift
work contribute to the development of insulin resistance, a key factor in the
pathogenesis of NAFLD. Insulin resistance disrupts lipid metabolism, leading to
elevated lipase activity and subsequent overproduction of triglycerides and free fatty
acids. Consequently, an excessive amount of free fatty acids enters the liver,
promoting increased lipid synthesis and deposition within hepatic cells. This lipid
accumulation interferes with hepatocyte transport capacity, resulting in hepatocyte
apoptosis and the accumulation of fat, ultimately leading to NAFLD development.
This study contributes to a relatively uncommon and innovative exploration of
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the association between occupational noise exposure, shift work, and their combined
effect on NAFLD among male workers in the automotive manufacturing industry.
Based on the study findings, we propose several recommendations for relevant
management departments. It is advised to scientifically and reasonably organize the
working system, promote the implementation of flexible working arrangements, and
minimize the cumulative length of night work. Furthermore, improving the production
process to control or eliminate noise sources, such as installing sound insulation and
vibration dampers, is recommended. Additionally, establishing and enhancing
occupational health supervision, strengthening the management of occupational
health, and facilitating regular occupational health check-ups for workers are crucial
measures to safeguard worker health. These recommendations hold significant
practical importance in protecting the health of workers.

However, it is worth to acknowledge the limitations of our study. Due to the
cross-sectional nature of the survey, we were unable to establish a causal relationship
between occupational noise exposure, shift work, and the development of illness. To
address these limitations, we are in the process of establishing a cohort study among
workers in the automotive manufacturing industry. In future studies, we plan to utilize
individual noise dosimeters to more accurately measure workers' noise exposure,
enabling a more robust analysis of the association between these occupational factors

and disease outcomes.

Acknowledgements We wish to thank the timely help given by workers who
participated in this program. we are deeply grateful for Guangzhou Twelfth People’s
Hospital for their support for collecting data.

Fundings This work was supported by the
Key Research and Development Programme of Guangzhou Science and Technology
Project (Project Number: 202206010061); Guangzhou Key Medical Discipline(2021-
2023); The Science and Technology Program of Guangzhou (Project Number:
2023A03J0502, 202201010816, 2023A03J0979); The Medical Science and
Technology Research Fund Project of Guangdong (Project Number: B2023347,

14

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

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

A2023406, A2023396); The Science and Technology Project of Guangzhou
Municipal Health Commission (Project Number: 20221A011060, 20211A010041,
20211A010039).

Ethical statements

Patient consent for publication

Consent obtained directly from patient(s).

Ethics approval

The study was approved by Guangzhou Twelfth People’s Hospital ethics committee
(No0.2021008), and all procedures involving participants were conducted in
accordance with the ethical standards of the Institutional Research Committee and the
1964 Helsinki Declaration. Participants gave informed consent to participate in the
study before taking part.

Data availability statement

Data are available upon reasonable request.

Contflicts of interest

The authors declare that they have no competing interests

Patient and Public Involvement

The study was approved by Guangzhou Twelfth Peoples Hospital ethics committee.
The committee believed that the design and plan of the study fully takes into account
the principles of safety and fairness, and its research content did not cause any harm
to the participants. The recruitment of participants was based on the principle of
voluntary and informed consent. The project team protected the rights and privacy of
participants in accordance with relevant national regulations, and there was no

conflict of interest between the research content and the research results.

15

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

Page 16 of 23

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

Page 17 of 23

oNOYTULT D WN =

BMJ Open

References

1. Notarnicola M, Osella AR, Caruso MG, et al. Nonalcoholic Fatty Liver Disease: Focus on New
Biomarkers and Lifestyle Interventions. /nt J Mol Sci 2021;22(8) doi: 10.3390/ijms22083899.

2. Masoodi M, Gastaldelli A, Hyotylainen T, et al. Metabolomics and lipidomics in NAFLD:
biomarkers and non-invasive diagnostic tests. Nat Rev Gastroenterol Hepatol
2021;18(12):835-56. doi: 10.1038/s41575-021-00502-9.

3. Younossi ZM, Stepanova M, Afendy M, et al. The changing face of chronic liver disease (CLD) in
the United States: The rising epidemic of non-alcoholic fatty liver disease (NAFLD). J
Hepatol 2011;54. doi: 10.1016/S0168-8278(11)60018-4.

4. Younossi Z, Tacke F, Arrese M, et al. Global Perspectives on Nonalcoholic Fatty Liver Disease and
Nonalcoholic Steatohepatitis. Hepatology 2019;69(6):2672-82. doi: 10.1002/hep.30251.

5. Lin G, Xinhe Z, Haoyu T, et al. Epidemiology and lifestyle survey of non-alcoholic fatty liver
disease in school-age children and adolescents in Shenyang, Liaoning. BMC Pediatr
2022;22(1):286. doi: 10.1186/s12887-022-03351-w.

6. Younossi ZM, Golabi P, de Avila L, et al. The global epidemiology of NAFLD and NASH in
patients with type 2 diabetes: A systematic review and meta-analysis. J Hepatol
2019;71(4):793-801. doi: 10.1016/j.jhep.2019.06.021.

7. Kim H, Kisseleva T, Brenner DA. Aging and liver disease. Current opinion in gastroenterology
2015;31(3):184-91. doi: 10.1097/MOG.0000000000000176.

8. Barzilai N, Huffman DM, Muzumdar RH, et al. The critical role of metabolic pathways in aging.
Diabetes 2012;61(6):1315-22. doi: 10.2337/db11-1300.

9. Wong VW, Chu WC, Wong GL, et al. Prevalence of non-alcoholic fatty liver disease and advanced
fibrosis in Hong Kong Chinese: a population study using proton-magnetic resonance
spectroscopy and transient elastography. Gut 2012;61(3):409-15. doi: 10.1136/gutjnl-2011-
300342.

10. Wang J, Tang Y, Peng K, et al. Development and validation of a nomogram for predicting
nonalcoholic fatty liver disease in the non-obese Chinese population. 4m J Trans! Res
2020;12(10):6149-59.

11. XuJ, Ni S, Wang Y, et al. Shift work and nonalcoholic fatty liver disease incidence among Chinese
rail workers: a 4-year longitudinal cohort study. Int Arch Occup Environ Health
2023;96(1):179-90. doi: 10.1007/s00420-022-01913-0.

12. Takahashi A, Anzai Y, Kuroda M, et al. Effects of sleep quality on non-alcoholic fatty liver
disease: a cross-sectional survey. BMJ Open 2020;10(10):¢039947. doi: 10.1136/bmjopen-
2020-039947.

13. Semmler G, Datz C, Reiberger T, et al. Diet and exercise in NAFLD/NASH: Beyond the obvious.
Liver Int 2021;41(10):2249-68. doi: 10.1111/1iv.15024.

14. Guangping B, Huilin Y, Quanzhi Y. Relationship Between Occupational Noise Expose and the
Fatty Liver. HEBEI MEDICINE 2009;15(01):59-62.

15. Zhang S, Wang Y, Wang Z, et al. Rotating night shift work and non-alcoholic fatty liver disease
among steelworkers in China: a cross-sectional survey. Occup Environ Med 2020;77(5):333-
39. doi: 10.1136/0emed-2019-106220.

16

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

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

BMJ Open

Attarchi M, Dehghan F, Safakhah F, et al. Effect of exposure to occupational noise and shift
working on blood pressure in rubber manufacturing company workers. Ind Health
2012;50(3):205-13. doi: 10.2486/indhealth.ms1321.

Dong H, Zhang Q, Zhang Z, et al. Association of sleep disturbance with shift work, occupational
stress, and musculoskeletal pain in Chinese public hospital emergency workers: A multicentre
cross-sectional study. Chronobiol Int 2022;39(6):886-94. doi:
10.1080/07420528.2022.2048662.

Boivin DB, Boudreau P, Kosmadopoulos A. Disturbance of the Circadian System in Shift Work
and Its Health Impact. J Biol Rhythms 2022;37(1):3-28. doi: 10.1177/07487304211064218.

Farrell GC, Chitturi S, Lau GK, et al. Guidelines for the assessment and management of non-
alcoholic fatty liver disease in the Asia—Pacific region: Executive summary. J Gastroenterol
Hepatol 2007;22(6):775-77. doi: 10.1111/§.1440-1746.2007.05002.x.

Pega F, Nafradi B, Momen NC, et al. Global, regional, and national burdens of ischemic heart
disease and stroke attributable to exposure to long working hours for 194 countries, 2000-
2016: A systematic analysis from the WHO/ILO Joint Estimates of the Work-related Burden
of Disease and Injury. Environ Int 2021;154:106595. doi: 10.1016/j.envint.2021.106595.

Webster JL, Dunford EK, Neal BC. A systematic survey of the sodium contents of processed foods.
Am J Clin Nutr 2010;91(2):413-20. doi: 10.3945/ajcn.2009.28688.

Ni Mhurchu C, Capelin C, Dunford EK, et al. Sodium content of processed foods in the United
Kingdom: analysis of 44,000 foods purchased by 21,000 households. Am J Clin Nutr
2011;93(3):594-600. doi: 10.3945/ajcn.110.004481.

International Labour Organization. C171-Night Work Convention, 1990(No.171) [Available from:
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_INSTRUM
ENT 1D:312316.

World Health Organization. IARC Monographs Volume 124: Night Shift Work [Available from:
https://www.iarc.who.int/news-events/iarc-monographs-volume-124-night-shift-work/.

Molzof HE, Peterson CM, Thomas SJ, et al. Nightshift Work and Nighttime Eating Are Associated
With Higher Insulin and Leptin Levels in Hospital Nurses. Front Endocrinol 2022;13:876752.
doi: 10.3389/fend0.2022.876752.

Arshad T, Paik JM, Biswas R, et al. Nonalcoholic Fatty Liver Disease Prevalence Trends Among
Adolescents and Young Adults in the United States, 2007-2016. Hepatol Commun
2021;5(10):1676-88. doi: 10.1002/hep4.1760.

Paik JM, Kabbara K, Eberly KE, et al. Global burden of NAFLD and chronic liver disease among
adolescents and young adults. Hepatology 2022;75(5):1204-17. doi: 10.1002/hep.32228.

Zhang X, Wu M, Liu Z, et al. Increasing prevalence of NAFLD/NASH among children,
adolescents and young adults from 1990 to 2017: a population-based observational study.
BMJ Open 2021;11(5):e042843. doi: 10.1136/bmjopen-2020-042843.

Wang D, Chen H, Chen D, et al. Shift work disorder and related influential factors among shift
workers in China. Sleep Medicine 2021;81:451-56. doi: 10.1016/j.sleep.2021.03.008.

Cancer IAfRo. IARC Monographs on the Identification of Carcinogenic Hazards to Humans. Night
Shift Work. Lyon (FR): International Agency for Research on Cancer 2020.

Li H, Wang YJ, Tan K, et al. Prevalence and risk factors of fatty liver disease in Chengdu,
Southwest China. Hepatobiliary Pancreat Dis Int 2009;8(4):377-82.

17

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

Page 18 of 23

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug

e


https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_INSTRUMENT_ID:312316
https://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:12100:0::NO::P12100_INSTRUMENT_ID:312316
https://www.iarc.who.int/news-events/iarc-monographs-volume-124-night-shift-work/
http://bmjopen.bmj.com/

Page 19 of 23

oNOYTULT D WN =

32.

33.

34.

35.

36.

37.

38.

39.

40.

BMJ Open

Golabi P, Paik JM, AlQahtani S, et al. Burden of non-alcoholic fatty liver disease in Asia, the
Middle East and North Africa: Data from Global Burden of Disease 2009-2019. J Hepatol
2021;75(4):795-809. doi: 10.1016/j.jhep.2021.05.022.

Younossi ZM. Non-alcoholic fatty liver disease-A global public health perspective. J Hepatol
2019;70(3):531-44. doi: 10.1016/j.jhep.2018.10.033.

Ising H, Kruppa B. Health effects caused by noise: evidence in the literature from the past 25 years.
Noise Health 2004;6(22):5-13.

Cui B, Li K, Gai Z, et al. Chronic noise exposure acts cumulatively to exacerbate Alzheimer’s
disease-like amyloid-p pathology and neuroinflammation in the rat hippocampus. Sci Rep-Uk
2015;5(1):12943. doi: 10.1038/srep12943.

Shin S, Bai L, Oiamo TH, et al. Association Between Road Traffic Noise and Incidence of Diabetes
Mellitus and Hypertension in Toronto, Canada: A Population-Based Cohort Study. J Am
Heart Assoc 2020;9(6):¢013021. doi: 10.1161/jaha.119.013021.

Wen-jing D, Zhi-dan W, Xiang-bin Z, et al. Effects and mechanism of short-term day and night
noise exposure on glucose and lipid metabolism in mice. Modern Preventive Medicine
2022;49(20):3678-84. doi: 10.20043/j.cnki. MPM.202205073.

Evans GW, Lercher P, Meis M, et al. Community noise exposure and stress in children. J Acoust
Soc Am 2001;109(3):1023-7. doi: 10.1121/1.1340642.

Wang H, Gu Y, Zheng L, et al. Association between bedtime and the prevalence of newly
diagnosed non-alcoholic fatty liver disease in adults. Liver Int 2018;38(12):2277-86. doi:
10.1111/1iv.13896.

Sun M, Feng W, Wang F, et al. Meta-analysis on shift work and risks of specific obesity types.
Obes Rev 2018;19(1):28-40. doi: 10.1111/0br.12621.

18

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

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

Characteristic Stratified
Shift work yes
yes
yes

Cumulative length 730~

of night shift work
730~

730~

1460~
1460~
1460~
2920~
2920~
2920~

BMJ Open

Group  §230 <29 jtotal

OR 95%
1.36(1.10, 1.69)
1.46(1.15, 1.87)

|1

0.84(0.49, 1.44)  emmpmmmmmn

1.44(1.15,1.81)
1.66(1.30, 2.12)
0.31(0.13, 0.69) e
1.45(1.15, 1.83)
1.53(1.17, 1.99)

Ak

0.75(0.43,1.33) et

1.65(1.24, 2.18)
2.43(1.50, 3.86)

0.77(0.46, 1.28) e

P values
0.005
0.002
0.527
0.002

<0.001
0.005
0.002
0.002
0.330

<0.001
<0.001
0.318

1

OR 95%Cl

Fig 1. The relationship between shift work and NAFLD. Adjust for smoking and

drinking status, fruit and vegetable, high-salt foods, high-fat foods, Late evening

snack, BMI, Sleep duration, Physical activity, BP, ECG, FPG, HGB, importance of

noise protection equipment, long working hours, dust, aromatic hydrocarbons, work
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Table 1 Basic characteristics of population in different disease states (n, %)

NAFLD Total
Characteristics P
No (N=3309)  Yes (N=1363) (N=4672)
Age (years), n (%) <0.001
<29 2649 (80.1) 698 (51.2) 3347 (71.6)
>30 660 (19.9) 665 (48.8) 1325 (28.4)
Education, n (%) 0.009
Senior secondary and below 1888 (57.1) 720 (52.8) 2608 (55.8)
Higher education 1421 (42.9) 643 (47.2) 2064 (44.2)
Smoking status (cigarettes per day), n (%) <0.001
Nonsmokers 1741 (52.6) 729 (53.5) 2470 (52.9)
1~5 618 (18.7) 198 (14.5) 816 (17.5)
6~10 599 (18.1) 239 (17.5) 838 (17.9)
>10 351 (10.6) 197 (14.5) 548 (11.7)
Drinking status (times/week), n (%) 0.382
Nondrinkers 2124 (64.2) 838 (61.5) 2962 (63.4)
1~2 1091 (33.0) 484 (35.5) 1575 (33.7)
3~4 65 (2.0) 28 (2.1) 93 (2.0)
>4 29 (0.9) 13 (1.0) 42 (0.9)
Fruit and vegetable (times/week), n (%) 0.002
Seldom 262 (7.9) 89 (6.5) 351 (7.5)
1~2 1961 (59.3) 752 (55.2) 2713 (58.1)
3~4 653 (19.7) 297 (21.8) 950 (20.3)
>4 433 (13.1) 225 (16.5) 658 (14.1)
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Table 1 Continued
NAFLD Total
Characteristics P
No (N=3309)  Yes (N=1363) (N=4672)
High-salt foods
0.135
(times/week), n (%)
Seldom 1367 (41.3) 540 (39.6) 1907 (40.8)
1~2 1749 (52.9) 724 (53.1) 2473 (52.9)
3~4 144 (4.4) 67 (4.9) 211 (4.5)
>4 49 (1.5) 32 (2.3) 81 (1.7)
High-fat foods
0.121
(times/week), n (%)
Seldom 984 (29.7) 367 (26.9) 1351 (28.9)
1~2 2138 (64.6) 901 (66.1) 3039 (65.0)
3~4 152 (4.6) 76 (5.6) 228 (4.9)
>4 35(1.1) 19 (1.4) 54 (1.2)
Late evening snack (times/week), n (%) 0.024
Seldom 747 (22.6) 361 (26.5) 1108 (23.7)
1~2 1863 (56.3) 735 (53.9) 2598 (55.6)
3~4 386 (11.7) 137 (10.1) 523 (11.2)
>4 313 (9.5) 130 (9.5) 443 (9.5)
BMI (kg/m2), n (%) <0.001
<24 3001 (90.7) 555 (40.7) 3556 (76.1)
>24 308 (9.3) 808 (59.3) 1116 (23.9)
Sleep duration (hours),
<0.001
n (%)
<6 592 (17.9) 303 (22.2) 895 (19.2)
6~8 2574 (77.8) 1023 (75.1) 3597 (77.0)
>8 143 (4.3) 37 (2.7) 180 (3.9)
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NAFLD
No (N=3309)

Yes (N=1363)

Total

(N=4672)

9  Physical activity (times/week), n (%)
11 Never
13 1~2
15 >3
17 BP (mmHg), n (%)
19 Normal
21 High-normal
23 Hypertension
25 ECG, n (%)
57 Normal
29 Abnormal
FPG (mmol/L), n (%)
Normal
Abnormal
3% HGB (g/L), n (%)
Normal

Abnormal

871 (26.3)
2187 (66.1)
251 (7.6)

1374 (41.5)
1890 (57.1)
45 (1.4)

1392 (42.1)
1917 (57.9)

2887 (87.2)
422 (12.8)

2586 (78.2)
723 (21.8)

359 (26.3)
915 (67.1)
89 (6.5)

306 (22.5)
963 (70.7)
94 (6.9)

824 (60.5)
539 (39.5)

1001 (73.4)
362 (26.6)

1013 (74.3)
350 (25.7)

1230 (26.3)
3102 (66.4)
340 (7.3)

1680 (36.0)
2853 (61.1)
139 (3.0)

2216 (47.4)
2456 (52.6)

3888 (83.2)
784 (16.8)

3599 (77.0)
1073 (23.0)

0.441

<0.001

<0.001

<0.001

0.005
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Table2 Association of CNE with NAFLD

Model 1 Model 2
CNE[dB(A)-year]
OR 95%CI P OR 95%CI P

Total

<85 Ref

85~ 1.20(0.97, 1.47) 0.091 1.11(0.89, 1.39) 0.337

90~ 1.16(0.93, 1.45) 0.190 1.08(0.85, 1.36) 0.543

95~ 1.48(1.10, 1.98) 0.009 1.39(1.02, 1.88) 0.034
Age Group, y
<29

<85 Ref

85~ 1.21(0.96, 1.53) 0.101 1.10(0.86, 1.41) 0.441

90~ 1.19(0.90, 1.55) 0.215 1.05(0.79, 1.40) 0.730

95~ 1.68(1.04, 2.66) 0.029 1.52(0.93, 2.44) 0.088
>30

<85 Ref

85~ 1.03(0.57, 1.88) 0914 1.02(0.56, 1.86) 0.954

90~ 0.99(0.57, 1.75) 0.977 0.96(0.55, 1.71) 0.895

95~ 1.25(0.70, 2.25) 0.458 1.23(0.68, 2.23) 0.490

Model 1: Adjust for smoking and drinking status, fruit and vegetable, high-salt foods, high-fat

foods, Late evening snack, BMI, Sleep duration, Physical activity, BP, ECG, FPG, HGB;

Model 2: Based on model 1, adjust for importance of noise protection equipment, long

working hours, dust, aromatic hydrocarbons, shift work.
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Abstract

Objective This study aimed to determine the relationship between occupational noise,
shift work, and nonalcoholic fatty liver disease(NAFLD) in male workers in the
automobile manufacturing industry.

Design Cross-sectional study.

Setting This study was carried out Guangzhou Twelfth People's Hospital, using data
from April to September 2022.

Participants A total of 4672 eligible participants were included in the study.

Primary and secondary outcome measures Diagnosis of NAFLD was made using
ultrasound. Noise was detected according to the Measurement of Physical Factors in
the Workplace-Part 8: Noise. Environmental noise intensity was assessed using an
EDGE personal noise dosimeter manufactured by CASELLA (UK). The working status
of workers were investigated by questionnaire.

Results The OR of NAFLD was 1.39 (1.03, 1.88) in CNE >95 group compared to CNE
<85 group. Improved risk of NAFLD in workers with shift work compared to those
without shift work (OR=1.35, 95%CI: 1.09-1.68). As stratified analyses showed, the
ORs of NAFLD prevalence related to occupational noise and shift work exposure
appears to be increased in young workers. When both shift work and noise exposure
work are present simultaneously, the synergy index (SI) between them was 0.47
(95%CI: 0.25 to 0.89). Combined effects analysis revealed that the ORs of NAFLD was
2.02 (95%CI: 1.34-2.99) in CNE >95 and cumulative length of night shifts work >2920
hours.

Conclusion Occupational noise exposure may be an independent risk factor for
NAFLD. And it may synergistically affect disease when combined with night shift work,
particularly among younger workers. These findings underscore the importance for
companies to prioritize the management and training of younger workers, along with
targeted occupational health education initiatives, as crucial measures for reducing the

incidence of NAFLD.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= In this study, a relatively large sample was used to analyse the association between
occupational noise exposure, shift work, and their combined effect on NAFLD using
male workers in the automobile manufacturing industry as the study population.

= The questionnaire items on working hours, lifestyle, diet and so on, were designed
simplistically and may be difficult to assess comprehensively.

= Due to the cross-sectional survey, there may be observational bias and causality

cannot be elucidated either.

Introduction
In recent decades, there has been a progressive increase in the incidence of NAFLD,
leading to a significant burden of morbidity and mortality associated with liver-related
disorders' 2. Anticipating future trends, researchers project a continued rise in the
prevalence of NAFLD, while expecting a stable or possibly decreasing prevalence of
other chronic liver diseases?. In China, the prevalence of NAFLD has notably increased
in the past decade, rising from 18% to 29.2%. Industrialization and changes in lifestyle
have contributed to this rise, resulting in a 10% increase in national incidence*. Recent
studies have highlighted the rapid increase in NAFLD prevalence among adolescents>.
The development of non-alcoholic fatty liver disease (NAFLD) is influenced by
various factors, including age, gender, type 2 diabetes, metabolic syndrome, its
components, and family history of fatty liver®!?. Age and gender also play significant
roles in the onset of NAFLD. The increasing prevalence of NAFLD can be attributed
to population aging, where age-related visceral fat accumulation may contribute to the
secretion of inflammatory factors’ 8. Unhealthy dietary habits, including high-fat diets,
and unhealthy lifestyles such as late-night activities have also been associated with an
increased risk of NAFLD!!-13, Furthermore, occupational factors in the workplace, such
as noise exposure and shift work, may influence the risk of NAFLD. Previous research
has demonstrated a significant dose-response relationship between cumulative noise
exposure (CNE) and the detection rates of fatty liver, lending support to the notion that

noise may act as a risk factor for fatty liver'4. Shift work is a prevalent practice in
3
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various industries, including manufacturing, pharmaceutical, and service sectors. It not
only disrupts normal circadian rhythms directly but is also closely linked to sleep
disorders, leading to insulin resistance and stress reactions, causing physiological
disruptions and harm to health!>!'7. These disturbances can disrupt glucose and lipid
metabolism, which is a significant contributing factor in elevating the risk of NAFLD!®,
Workers in the automotive manufacturing industry frequently endure prolonged
occupational noise exposure and may also be required to engage in shift work. Despite
this, few investigations have specifically examined the impact of shift work and noise
on NAFLD within the context of this workforce. Consequently, our study aims to
investigate the effects of occupational noise exposure and shift work on NAFLD among
male workers in the automotive manufacturing industry. By focusing on this specific
population, the study intends to provide a theoretical foundation to implement measures
to protect against occupational hazards.
Methods
Study design and population
From April to September 2022, a cross-sectional study was conducted among male
workers at an automobile manufacturing company in Guangzhou for an occupational
health examination. Participants with incomplete medical examination or questionnaire
data, female workers, individuals taking antiretroviral drugs, and those with a history
of cancer, excessive alcohol intake, hepatobiliary disease, blood system diseases, or
renal failure were excluded. Ultimately, a total of 4672 eligible participants were
included in the study. This study was reviewed and approved by the Ethics Committee
of Guangzhou Twelfth People's Hospital (N0.2021008) and all procedures involving
participants were conducted in accordance with the ethical standards of the Institutional
Research Board and the 1964 Declaration of Helsinki. All study participants gave
informed consent.
NAFLD diagnosis and collection of information on covariates
Trained physicians conducted the occupational health examination in accordance with
a standardized protocol. Diagnosis of NAFLD was made using the criteria proposed by

FARRELL et al'®. Blood was drawn from the fasting subjects to measure
4
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hemoglobin(HGB) and fasting plasma glucose(FPG) levels. Blood pressure was
measured by the omron HEM-7071 electronic blood pressure monitor three times, each
time at an interval of 1 min, and the average of the three measurements was taken as
the individual blood pressure (BP) value. BP was classified according to 2018 Chinese
Guidelines for Prevention and Treatment of Hypertension. FPG normal range is 3.9-
6.Immol/L. According to the Guidelines for the Prevention and Control of Overweight
and Obesity in Chinese Adults, our study the included BMI<24kg/m? and BMI
>24kg/m? as dichotomous variables in the multivariate logistic regression model.
Referring to previous research and consulting multiple experts in the field of
occupational health to revise and improve it continuously, we used a self-designed
questionnaire to investigate?’. The questionnaires were administered face to face by
trained investigators to acquire participants’ information, including dietary habits,
lifestyle, occupational information and past medical history. Finally, investigators
checked the completed questionnaires to detect errors promptly. We investigated the
average number of working days per week for workers to assess working hours and
determine whether it is considered as long working hours. Long working hours are
defined as working more than 40 hours per week?!. Simultaneously, we made inquiries
regarding the exposure statuses of other occupational hazard factors, so as to guarantee
that the exposures to other occupational factors like dust and benzene series (mainly
refers to benzene, toluene and xylene) were beneath the occupational exposure limits
(OELs) stipulated in “Occupational exposure limits for hazardous agents in the
workplace-Part 1: Chemical hazardous agents” (GBZ 2.1-2019). Classification of
dietary habits: high-salt foods mainly include pickled vegetables, ham and bacon, and
so on?? 23; high-fat foods including chips, chocolate, animal offal and fried foods; late
evening snack is defined as an additional meal arranged after 21:00. According to the
frequency of eating within a week, they are divided into four groups: seldom, 1~2 times
per week, 3~4 times per week, and >4 times per week. Smoking is defined as a
consistent consumption of at least 1 cigarette per day for a duration of more than 6
months. Alcohol consumption is defined as a regular pattern of drinking at least once a

week for a period of 1 year or longer. According to the duration of sleep, they were
5
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divided into three groups: < 6h (short sleep duration), 6~8 h (moderate sleep duration),
and >8h (long-sleep duration)?.
Noise exposure assessment
Our study followed the “Measurement of Physical Factors in the Workplace - Part 8:
Noise” (GBZ/T189.8-2007) for noise detection. Environmental noise intensity was
assessed using an EDGE personal noise dosimeter manufactured by CASELLA (UK).
Each monitoring point was measured three times and the average value was taken as
the measurement result. In this study, noise exposure was evaluated using the
normalization of continuous A-weighted sound pressure level equivalent to an 8h per
day (LAeq, 8h), and work exposed to noise is defined as those operations involving the
presence of hearing-impairing, health-hazardous or otherwise hazardous sound, and
LAeq,8h >80 dB(A) for at least one year. Meanwhile, Cumulative noise exposure (CNE)
was used to quantify the noise exposure level of the study participants and it is
calculated as: CNE=L 4 snt10logT, where T indicates years of noise exposure and the
CNE unit is: dB(A)-year.
Assessment of shift work
The International Labour Organization defines shift work as extending the working day
to 24 hours by alternating between different workers and/or teams? 26, Night shift work
is defined as work occurring between 0:00 and 5:00 am?°?’. The cumulative length of
night shift work was calculated in hours during data processing. In this study, the two
main types of shift patterns for workers are two shifts system and three shifts system.
In addition, according to the sampling methods and technical requirements in
“Specifications of air sampling for hazardous substances monitoring in the workplace”
(GBZ 159-2004), collect samples of dust, benzene, toluene, and xylene in the air of
workplaces. In accordance with the requirements of “Determination of dust in the air
of workplace Part 1: Total dust concentration” (GBZ 192.1-2007) and “Occupational
exposure limits for hazardous agents in the workplace-Part 1: Chemical hazardous
agents” (GBZ 2.1-2019), we conduct fixed-point sampling and detection on
representative operating posts for dust, benzene, toluene, and xylene in the air.

Statistical analyses
6
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Subject staff verified data daily to ensure unique ID codes for each individual and
timely identification of missing key data and logical error. R (version 4.2.1) was used
for all statistical analyses. Continuous variables that followed normal distribution were
presented as mean +standard deviation (SD), and were compared by t-test. Mann-
Whitney U test was used to compare continuous variables with skewed distribution in
the form of median with interquartile ranges. The x> test was used to compare
categorical variables, which have been expressed as numbers (percentages). The
relationship between shift work, occupational noise and NAFLD was analyzed using a
multivariate logistic regression model, with night shift hours and CNE included in the
regression model as categorical variables respectively as well as the joint effect of both
was analysed in relation to NAFLD. Referring to the national criteria (GBZT229.4-
2012), CNE is divided into four groups <85, 85~, 90~ and 95~. Cumulative length of
night shift work are grouped by quartiles, using the first quartile as a reference. Previous
studies have considered adolescents and young adults (AYAs) to be the group aged 15
years and older, with the cut-offs at 24, 29 and 39 years being difficult to determine and
some studies considering 18-24 years as late adolescence?®. We stratified the age into
two groups <29 and >30 for analysis. To provide more clarity on the effect of CNE on
the illness of workers in different age groups, we subdivided younger workers at age
29 into two groups (<24 and 25-29 years old)?®3°. All test were two-sided, and 0=0.05
was considered statistically significant.

Patient and public involvement

Patients and the public were not involved in the design, or conduct, or reporting, or
dissemination plans of this research.

Results

Basic information about the study population

A total of 5928 questionnaires were distributed, out of which 4791 valid questionnaires
were returned, resulting in a valid response rate of 80.8%. After excluding individuals
who did not meet the study’s inclusion criteria, and those with incomplete occupational
health screening results (n=119), the final sample size included for analysis was

determined. Overall, 4672 workers with complete information on occupational health

7
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examination and questionnaires were included in the study according to the inclusion

and exclusion criteria. The mean age of the study population was (26.8+5.0), with

different prevalence rates for workers in the <29 and >30 years age groups (P<0.001),

with a total of 1363 workers with NAFLD and a prevalence of 29.2%. There were 3658

(78.3%) shift workers, with different prevalence of NAFLD in different shift work

situations (P<0.001). Meanwhile, 2965 (63.5%) noise workers had a statistically

significant difference in prevalence in different noise exposure scenarios (P<0.05).

Cumulative length of night shift work and CNE vary by disease state (all p<0.05). A

summary of the sample characteristics is presented in Table 1. The results of univariate

analysis of drinking status, high-salt foods, high-fat foods, physical activity and

importance of noise protection equipment are presented in Supplementary Table 1.

Table 1 Basic characteristics of population in different disease states (n, %)

- NAFLD Total
Characteristics » P
No (N=3309)  Yes (N=1363)  (N=4672)
Age (years), n (%) <0.001
<29 2649 (80.1) 698 (51.2) 3347 (71.6)
>30 660 (19.9) 665 (48.8) 1325 (28.4)
Education, n (%) 0.009
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1

2

3 Senior secondary and below 1888 (57.1) 720 (52.8) 2608 (55.8)

4 Higher education 1421 (42.9) 643 (47.2) 2064 (44.2)

Z Smoking status (cigarettes per day), n (%) <0.001

- Nonsmokers 1741 (52.6) 729(53.5) 2470 (52.9)

8 1~5 618 (18.7) 198 (14.5) 816 (17.5)

9 6~10 599 (18.1) 239 (17.5) 838 (17.9)

10 >10 351 (10.6) 197 (14.5) 548 (11.7)

n Fruit and vegetable (times per week), n (%) 0.002

12 Seldom 262 (7.9) 89 (6.5) 351 (7.5)

12 1~2 1961 (59.3) 752(552) 2713 (58.1)

. 3~4 653 (19.7) 297 (21.8) 950 (20.3)

16 >4 433 (13.1) 225 (16.5) 658 (14.1)

17 Late evening snack (times per week), n (%) 0.024

18 Seldom 747 (22.6) 361 (26.5) 1108 (23.7)

19 1~2 1863 (56.3) 735(53.9) 2598 (55.6)

20 34 386 (11.7) 137 (10.1) 523 (11.2)

21 >4 313 (9.5) 130 (9.5) 443 (9.5)

;g BMI (kg/m2), n (%) <0.001

2 <24 3001 (90.7) 555(40.7) 3556 (76.1)

25 >24 308 (9.3) 808(59.3) 1116 (23.9)

26 Sleep duration (hours),n (%) <0.001

27 <6 592 (17.9) 303 (22.2) 895 (19.2)

28 6~8 2574 (77.8) 1023 (75.1) 3597 (77.0)

29 >8 143 (4.3) 37 (2.7) 180 (3.9)

30 BP (mmHg), n (%) <0.001

g; Normal 1374 (41.5) 306 (22.5) 1680 (36.0)

33 High-normal 1890 (57.1) 963 (70.7) 2853 (61.1)

34 Hypertension 45 (1.4) 94 (6.9) 139 (3.0)

35 ECG, n (%) <0.001

36 Normal 1392 (42.1) 824 (60.5) 2216 (47.4)

37 Abnormal 1917 (57.9) 539(39.5) 2456 (52.6)

38 FPG (mmol/L), n (%) <0.001

39 Normal 2887 (87.2) 1001 (73.4) 3888 (83.2)

j? Abnormal 422 (12.8) 362(26.6) 784 (16.8)

42

43

44

45

46

47

48

49

50

51

52 Table 1 Continued

>3 . NAFLD

g;‘ Characteristics No (N=3300) Yes (N=1363) Total (N=4672) P

56 HGB (g/L), n (%) 0.005

57 Normal 2586 (78.2) 1013 (74.3) 3599 (77.0)

58 Abnormal 723 (21.8) 350 (25.7) 1073 (23.0)

Zg Long working hours <0.001
9
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No
Yes
Dust
No
Yes
Benzene series
No
Yes
Shift work
No
Yes
Work exposed to noise
No
Yes
Cumulative length of night shift
work (hours)
CNE [dB(A)-year]
Seniority in shift work (year),
median (IQR)
Seniority in work exposed to
noise (year), median (IQR)

BMJ Open

1375 (41.55)
1934 (58.45)

2990 (90.36)
319 (9.64)

2828 (85.46)
481 (14.54)

808 (24.42)
2501 (75.58)

1239 (37.44)

2070 (62.56)
1100 (511-2560)
86.9 (83.1-91.1)
3.0 (1.50, 6.50)

3.00 (1.30, 7.00)

685 (50.26)
678 (49.74)

1262 (92.60)
101 (7.41)

1200 (88.04)
163 (11.96)

206 (15.11)
1157 (84.89)

468 (34.34)
895 (65.66)

2190 (1090-4380)
89.8 (85.2-93.3)
6.0 (3.95, 12.0)

7.90 (2.75,13.50)

2060 (44.09)
2612 (55.91)

4252 (91.01)
420 (8.99)

4028 (86.22)
644 (13.78)

1014 (21.70)
3658 (78.30)

1707 (36.54)
2965 (63.46)

1460 (730-2920)
87.8 (83.6-91.9)

4.0 (2.0, 8.0)

3.8 (1.50, 8.33)

0.015

0.02

<0.001

0.045

<0.001
<0.001
<0.001
<0.001

The relationship between occupational noise exposure and NAFLD

The impact of work exposed to noise on NAFLD was demonstrated in Table 2.

Compared with those did not, no statistically significant relationship between work

exposed to noise and NAFLD (OR=0.92, 95%CI: 0.78-1.09). Table 3 and

Supplementary Table 2 presented the odds ratios (ORs) and 95% confidence intervals

(CIs) for the effect of occupational noise exposure on NAFLD. Stratified analysis

indicated that the association between CNE and NAFLD was not statistically

significant in both those aged <29 and >30 years (see supplemental Table 1); By

reference to CNE<85, the OR of NAFLD was 1.39 (95%CI: 1.03, 1.88) in CNE>95

group. Table 3 shows further stratification by age, among those <24 years of age, the

OR of NAFLD in the CNE >95 group was 2.97 (95%CI: 1.18-6.95).

Table 2 Association of work exposed to noise with NAFLD

work exposed to Model 1 Model 2
noise (Yes or No) OR 95%CI OR 95%CI P
Total
No Ref
Yes 0.97 (0.83, 1.15) 0.754  0.92(0.78,1.09)  0.356

10
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Age

<29 yr
No Ref
Yes 1.07 (0.87, 1.31) 0.537  0.98(0.79,1.21)  0.826

>30 yr
No Ref
Yes 0.84 (0.63,1.11)  0.212 0.83(0.63, 1.11) 0.212

Model 1: Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat foods,
Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB;
Model 2: Based on model 1, adjust for importance of noise protection equipment, long working hours,

dust, benzene series, shift work.

Table 3 The relationship between CNE and NAFLD in different age groups

Model 1 Model 2
NE [dB(A)-
CNE [dB(A) year] OR 95%CI P OR 95%CI P
Total
<85
85~ 1.20 (0.97, 1.48) 0.087 1.12 (0.90, 1.39) 0.320
90~ 1.16 (0.93, 1.45) 0.191 1.08 (0.85, 1.36) 0.536
95~ 1.48 (1.10, 1.99) 0.009 1.39 (1.03, 1.88) 0.033
Age
<24 yr
<85 Ref
85~ 1.07 (0.77, 1.48) 0.676 0.96 (0.68, 1.35) 0.810
90~ 1.00 (0.64, 1.52) 0.988 0.86 (0.54, 1.34) 0.512
95~ 3.18 (1.29, 7.31) 0.008 2.97 (1.18, 6.95) 0.015
25~29 yr
<85 Ref
85~ 1.14 (0.80, 1.62) 0.480 1.14 (0.78, 1.66) 0.505
90~ 1.11 (0.76, 1.62) 0.603 1.08 (0.73, 1.62) 0.690
95~ 1.01 (0.55, 1.81) 0.963 1.07 (0.57, 1.95) 0.825

Model 1: Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat
foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB;

Model 2: Based on model 1, adjust for importance of noise protection equipment, long working
hours, dust, benzene series, shift work.

The relationship between shift work and NAFLD
The effect of shift work on NAFLD is shown in the Figure 1. Compared to those without
shift work, the OR of NAFLD among workers with shift work was 1.35 (95%CI: 1.09-

1.68). Stratified analysis showed that shift work was a risk factor for NAFLD among

11
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those aged <29 years (OR=1.46, 95%CI: 1.15-1.87). Similarly, in comparison with
cumulative length of night shift work <730h, rising cumulative length of night shift
work were associated with a higher risk of NAFLD, with ORs (95%Cls) of 1.43 (1.14,
1.79), 1.44 (1.15,1.81) and 1.64 (1.23, 2.17), respectively. Among those aged <29 years,
increased cumulative length of night shift work were also a risk factor for NAFLD, with

ORs (95%Cls) of 1.66 (1.30,2.11), 1.52 (1.17, 1.98) and 2.41 (1.50, 3.84) respectively.

The relationship between the interaction of work exposed to noise and shift work
and NAFLD

To further explore the combined effects of noise exposure work and shift work, we
analyzed the interaction between them. The results were shown in Table 4. When both
shift work and noise exposure work are present simultaneously, the excess relative risk
of relative excess risk due to interaction (RERI) was -0.43 (95%CI: -1.00 to 0.14), the
attributable proportion due to interaction (AP) was -0.31 (-0.69 to 0.07), and the

synergy index (SI) between them was 0.47 (95%CI: 0.25 to 0.89).

Table 4 The relationship between the interaction of work exposed to noise and shift work and
NAFLD

Page 14 of 29

work exposed  shift work Total
to noise (Yes or .
(Yes orNo)  No) OR 95%CI RERI AP SI Pirieraction
No No Ref -0.43 -0.31 0.47

0.112

(-1.00, 0.14)  (-0.69, 0.07)  (0.25, 0.89)
Yes 1.60 (1.19, 2.17)
Yes No 1.21 (0.83, 1.75)
Yes 1.38 (1.05, 1.83)

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat foods, late
evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB, importance of noise

protection equipment, long working hours, dust, benzene series.

The combined effect of occupational noise and shift work in association with
NAFLD

The combined effect of occupational noise and cumulative length of night work on
NAFLD was shown in Table 5. After adjusting for variables, the association with

NAFLD was statistically significant for all groups at cumulative length of night shift

12
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work >2920h and CNE>85, when compared with CNE<85 and cumulative length of
night shift work <730h. The OR of NAFLD was greatest at 2.01 (95%CI: 1.34 to 2.99)
when cumulative length of night shift work >2920h and CNE >95. Furthermore, we
analyzed the relationships between occupational noise, shift work and NAFLD in

different states of benzene series exposure as well (see Supplementary Table 3 ).

Table 5 Association of CNE and cumulative length of night shift work with NAFLD

Cumulative length of night shift work (hours)

[Cdl;g‘? A)-years] <730 730~ 1460~ 2920~
Y OR 95%CI OR 95%CI OR 95%CI OR 95%CI
<85 Ref 1.49 (1.04,2.12)*  127(0.82,1.94)  1.34 (0.64,2.76)
85~ 0.88(0.6,1.27)  1.45(1.05,1.99)*  1.61 (1.14,2.26)**  1.99 (1.29, 3.07)**
90~ 1.24(0.76,1.97) 1.31(0.85,1.99)  1.41(1.00,1.98) *  1.54 (1.08, 2.21)*
95~ 1.98 (0.89,4.26) 1.61(0.72,3.48)  1.67(0.95,2.88)  2.01 (1.34, 2.99)%**

*p<0.05, **p<0.01, ***p<0.001.

Bold values are p<0.05.

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat foods, late
evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB, importance of noise

protection equipment, long working hours, dust, benzene series.

Discussion

To summarize, our study included a total of 4672 male workers in the automotive
manufacturing industry, investigating the impact of occupational noise and shift work
on non-alcoholic fatty liver disease (NAFLD) through a cross-sectional survey. The
majority of the company's employees are subjected to a high workload, with 63.5%
working in noise and 78.3% working in shifts, which is significantly higher compared
to other occupations such as teachers and white-collar workers3!. Night work has been
categorized by the International Agency for Research on Cancer as "possibly
carcinogenic to humans" (Group 2A)32, prompting growing concerns about its adverse
effects on health. The prevalence of NAFLD in this survey was 29.2%, a rate close to
the combined prevalence estimate of NAFLD reported by Fan et al!! 3-35. Among those
exposed to noise and those not exposed, the prevalence of NAFLD is 30.2% and 27.4%,
respectively. After adjusting for relevant variables, multifactorial logistic regression
analysis revealed that increased CNE was the significant risk factor associated with

NAFLD. This may be because the biological effects of noise are cumulative and the
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effects of a single noise exposure are not sufficient to cause health damage to the
organism. However, the more repeated exposures and the longer the exposure period,
the more pronounced the cumulative effects will be when the effects are not
eliminated3® 37. Associations between CNE and NAFLD vary across age groups. An
increase in CNE is a risk factor for NAFLD among workers under 24 years of age. This
suggests that short-term exposure to high-intensity noise may contribute to the
development of NAFLD in this population. Possible factors that may contribute to this
association include the inadequate use of noise protective equipment among young
workers or exposure to noise outside of the occupational setting. The effect of noise on
NAFLD in younger workers should be further explored. This indicates that enterprises
should strengthen training and occupational health education for young workers, which
is important to reduce the occurrence of NAFLD. Shins, Sacha et al. have shown that
chronic exposure to road traffic noise was associated with an increased incidence of
diabetes and hypertension in Toronto®. Du et al. found that noise exposure could lead
to disorders of glucolipid metabolism in mice through inhibition of the AKT pathway
mediated by the biological clock gene BMAL1%. The experiment by Evans et al. also
demonstrated significant changes in serum ALT levels across test groups, suggesting
that noise can lead to liver dysfunction®. It can be seen that noise may be the basis for
the formation of NAFLD by promoting insulin resistance and disorders of glucolipid
metabolism in the body, resulting in metabolic abnormalities in the body. These studies
also indirectly support our findings. In this study, the prevalence of NAFLD was 20.3%
and 31.6% among auto manufacturing workers not involved in shift work and those
who did, respectively, with a higher prevalence among workers in shift work, similar
to the findings of Golabi et al''!. We observed that shift work and an increase in
cumulative length of night shift work were identified as risk factors for NAFLD. We
also examined the relationship between shift work and NAFLD across different age
groups. Specifically, among workers below 29 years of age, engaging in shift work was
found to significantly increase the risk of NAFLD. This indicates the presence of
specific physiological adaptations that contribute to this heightened risk. Similarly, we

found that an extended cumulative length of night shift work was a significant risk
14
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factor for NAFLD in workers below 29 years of age. These findings emphasize the
importance of appropriate management strategies to mitigate the adverse effects of shift
work on NAFLD among younger workers. Previous epidemiological studies have
consistently demonstrated a link between shift work and NAFLD. For instance, a 4-
year cohort study conducted among Chinese railway workers reported a higher
incidence of NAFLD in individuals engaged among shift work!!. Similarly, a cross-
sectional survey involving male steelworkers found that night shift workers had an
increased risk of NAFLD compared to those working day shifts!>. Wang et al. further
supported the association between night shifts and NAFLD by demonstrating the
impact of disrupted circadian rhythms, due to delayed sleep, on the incidence of
NAFLD*!. These findings are in line with our results. Sun et al. also revealed the
association between sleep deprivation, increased cortisol levels, and insulin resistance,
further highlighting the possible mechanisms underlying the relationship between sleep
disruption and NAFLD*. Our study identified a significant association between
occupational noise exposure, shift work, and an increased risk of developing NAFLD
among workers. This association may be explained by the potential mechanisms
through which both noise exposure and shift work contribute to the development of
insulin resistance, a key factor in the pathogenesis of NAFLD. Insulin resistance
disrupts lipid metabolism, leading to elevated lipase activity and subsequent
overproduction of triglycerides and free fatty acids. Consequently, an excessive amount
of free fatty acids enters the liver, promoting increased lipid synthesis and deposition
within hepatic cells. This lipid accumulation interferes with hepatocyte transport
capacity, resulting in hepatocyte apoptosis and the accumulation of fat, ultimately
leading to NAFLD development.

It should be noted that some participants in this study were simultaneously
exposed to benzene series (mainly benzene, toluene, and xylene). The study by Yun -
Hee Cho et al. showed that exposure to chemicals such as benzene, toluene, and xylene
could significantly increase the risk of NAFLD* %4, In obese populations, benzene
exposure is positively correlated with liver injury, and systemic inflammation increases

with the exposure to benzene and toluene, indicating that benzene and toluene exposure
15
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have certain potential impacts on steatohepatitis®>. These effects may result from the
activation of cell death, the induction of oxidative and endoplasmic reticulum stress,
and the disruption of metabolism, which are caused by the dysfunction of xenobiotic
and endobiotic receptors*®. After detection, we found that the concentrations of benzene
series in the researchers' workplaces were all lower than the occupational exposure
limits (OELs) stipulated in “Occupational exposure limits for hazardous agents in the
workplace - Part 1: Chemical hazardous agents”. To ensure the reliability of the results,
we also analyzed the relationships between occupational noise, shift work and NAFLD
under different benzene series exposure conditions. The results showed that in the
absence of benzene series exposure, occupational noise exposure and shift work were
still risk factors for NAFLD.

This study contributes to a relatively uncommon and innovative exploration of the
association between occupational noise exposure, shift work, and their combined effect
on NAFLD among male workers in the automotive manufacturing industry. Based on
the study findings, we propose several recommendations for relevant management
departments. It is advised to scientifically and reasonably organize the working system,
promote the implementation of flexible working arrangements, and minimize the
cumulative length of night work. Furthermore, improving the production process to
control or eliminate noise sources, such as installing sound insulation and vibration
dampers, is recommended. Additionally, establishing and enhancing occupational
health supervision, strengthening the management of occupational health, and
facilitating regular occupational health check-ups for workers are crucial measures to
safeguard worker health. These recommendations hold significant practical importance
in protecting the health of workers.

However, it has to acknowledge the limitations of our study. Due to the cross-
sectional nature of the survey, there may be observational bias and causality cannot be
elucidated either. To address these limitations, we are in the process of establishing a
cohort study among workers in the automotive manufacturing industry. In future studies,
we plan to utilize individual noise dosimeters to more accurately measure workers'

noise exposure, enabling a more robust analysis of the association between these
16
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occupational factors and disease outcomes.
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Figure Legends

Figure 1. The relationship between shift work and NAFLD.

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-
fat foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG,
HGB, importance of noise protection equipment, long working hours, dust,

benzene series, work exposed to noise.
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Supplementary
Table 1 Basic characteristics of population in different disease states (n, %)
o NAFLD Total
Characteristics P
No (N=3309) Yes (N=1363) (N=4672)

Drinking status (times per week), n (%) 0.382

Nondrinkers 2124 (64.2) 838 (61.5) 2962 (63.4)

1~2 1091 (33.0) 484 (35.5) 1575 (33.7)

3~4 65 (2.0) 28 (2.1) 93 (2.0)

>4 29 (0.9) 13 (1.0) 42 (0.9)
High-salt foods (times per week), n (%) 0.135

Seldom 1367 (41.3) 540 (39.6) 1907 (40.8)

1~2 1749 (52.9) 724 (53.1) 2473 (52.9)

3~4 144 (4.4) 67 (4.9) 211 (4.5)

>4 49 (1.5) 32(2.3) 81 (1.7)
High-fat foods (times per week), n (%) 0.121

Seldom 984 (29.7) 367 (26.9) 1351 (28.9)

1~2 2138 (64.6) 901 (66.1) 3039 (65.0)

3~4 152 (4.6) 76 (5.6) 228 (4.9)

>4 35(1.1) 19 (1.4) 54(1.2)
Physical activity (times per week), n (%) 0.441

Never 871 (26.3) 359 (26.3) 1230 (26.3)

1~2 2187 (66.1) 915 (67.1) 3102 (66.4)

>3 251 (7.6) 89 (6.5) 340 (7.3)
Importance of noise protection 0.451
equipment, n (%)

Unimportant 63 (1.90) 24 (1.76) 87 (1.86)

Unknown 72 (2.18) 20(1.47) 92 (1.97)

General 1718(51.92) 714 (52.38)  2432(52.05)

Extremely 1456(44.00) 605 (44.39)  2061(44.11)
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Model 1 Model 2
CNE [dB(A)-year]
OR 95%CI P OR 95%CI P

Age
<29 yr

<85 Ref

85~ 1.21(0.96, 1.53) 0.103 1.10 (0.86, 1.41) 0.443

90~ 1.19(0.91, 1.56) 0.209 1.05 (0.79, 1.40) 0.728

95~ 1.68(1.04, 2.66) 0.029 1.52(0.93, 2.44) 0.088
>30 yr

<85 Ref

85~ 1.07 (0.59, 1.94) 0.824 1.05 (0.58, 1.93) 0.863

90~ 1.03 (0.59, 1.82) 0.906 1.00 (0.57, 1.78) 0.989

95~ 1.29(0.72, 2.33) 0.389 1.28 (0.71, 2.31) 0.419

Model 1: Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods,
high-fat foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG,

HGB;

Model 2: Based on model 1, adjust for importance of noise protection equipment, long

working hours, dust, benzene series, shift work.
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under different benzene series exposure states

The relationship between occupational noise exposure, shift work and NAFLD

Benzene series (Yes or No)

Variable No Yes
OR 95%CI P OR 95%CI P

Work exposed to noise
(Yes or No)

No Ref

Yes 0.96 (0.80, 1.16) 0.695 0.71 (0.43, 1.17) 0.182
CNE [dB(A)-year]

<85 Ref

85~ 1.19 (0.94, 1.52) 0.147 0.78 (0.42, 1.42) 0.419

90~ 1.14 (0.88, 1.48) 0.304 0.84 (0.42, 1.67) 0.624

95~ 1.44 (1.04, 2.00) 0.029 1.64 (0.66, 3.98) 0.279
Shift work (Yes or No)

No Ref

Yes 1.42 (1.13, 1.79) 0.003 1.07 (0.59, 2) 0.820
Cumulative length of
night shift work (hours)

<730 Ref

730~ 1.43 (1.12, 1.84) 0.004 1.37 (0.73, 2.56) 0.323

1460~ 1.55(1.21,1.98)  <0.001 0.94 (0.46, 1.88) 0.852

2920~ 1.74 (1.29,2.35)  <0.001 1.24 (0.45, 3.28) 0.675

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat
foods, late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB,
importance of noise protection equipment, long working hours, dust, shift work/ work

exposed to noise.
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Abstract

Objective This study aimed to determine the relationship between occupational noise,
shift work, and nonalcoholic fatty liver disease(NAFLD) in male workers in the
automobile manufacturing industry.

Design Cross-sectional study.

Setting This study was carried out Guangzhou Twelfth People's Hospital, using data
from April to September 2022.

Participants A total of 4672 eligible participants were included in the study.

Primary and secondary outcome measures Diagnosis of NAFLD was made using
ultrasound. Noise was detected according to the Measurement of Physical Factors in
the Workplace-Part 8: Noise. Environmental noise intensity was assessed using an
EDGE personal noise dosimeter manufactured by CASELLA (UK). The working status
of workers were investigated by questionnaire.

Results The OR of NAFLD was 1.39 (1.03, 1.88) in CNE >95 group compared to CNE
<85 group. Improved risk of NAFLD in workers with shift work compared to those
without shift work (OR=1.35, 95%CI: 1.09-1.68). As stratified analyses showed, the
ORs of NAFLD prevalence related to occupational noise and shift work exposure
appears to be increased in young workers. When both shift work and noise exposure
work are present simultaneously, the synergy index (SI) between them was 0.47
(95%CI: 0.25 to 0.89). Combined effects analysis revealed that the ORs of NAFLD was
2.02 (95%CI: 1.34-2.99) in CNE >95 and cumulative length of night shifts work >2920
hours.

Conclusion Occupational noise exposure may be an independent risk factor for
NAFLD. And it may synergistically affect disease when combined with night shift work,
particularly among younger workers. These findings underscore the importance for
companies to prioritize the management and training of younger workers, along with
targeted occupational health education initiatives, as crucial measures for reducing the

incidence of NAFLD.

2
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= In this study, a cross-sectional survey was used to analyze the effects of occupational
noise exposure and shift work on NAFLD. Data were collected by trained investigators,
and health examinations were provided to the participants by professional physicians.
= The questionnaire items on working hours, lifestyle, diet and so on, were designed
simplistically and may be difficult to assess comprehensively.

= Due to the cross-sectional survey, there may be observational bias and causality

cannot be elucidated either.

Introduction
In recent decades, there has been a progressive increase in the incidence of NAFLD,
leading to a significant burden of morbidity and mortality associated with liver-related
disorders' 2. Anticipating future trends, researchers project a continued rise in the
prevalence of NAFLD, while expecting a stable or possibly decreasing prevalence of
other chronic liver diseases?. In China, the prevalence of NAFLD has notably increased
in the past decade, rising from 18% to 29.2%. Industrialization and changes in lifestyle
have contributed to this rise, resulting in a 10% increase in national incidence*. Recent
studies have highlighted the rapid increase in NAFLD prevalence among adolescents>.
The development of non-alcoholic fatty liver disease (NAFLD) is influenced by
various factors, including age, gender, type 2 diabetes, metabolic syndrome, its
components, and family history of fatty liver®!?. Age and gender also play significant
roles in the onset of NAFLD. The increasing prevalence of NAFLD can be attributed
to population aging, where age-related visceral fat accumulation may contribute to the
secretion of inflammatory factors’ 8. Unhealthy dietary habits, including high-fat diets,
and unhealthy lifestyles such as late-night activities have also been associated with an
increased risk of NAFLD!!-13, Furthermore, occupational factors in the workplace, such
as noise exposure and shift work, may influence the risk of NAFLD. Previous research
has demonstrated a significant dose-response relationship between cumulative noise
exposure (CNE) and the detection rates of fatty liver, lending support to the notion that

noise may act as a risk factor for fatty liver'4. Shift work is a prevalent practice in
3
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various industries, including manufacturing, pharmaceutical, and service sectors. It not
only disrupts normal circadian rhythms directly but is also closely linked to sleep
disorders, leading to insulin resistance and stress reactions, causing physiological
disruptions and harm to health!>!'7. These disturbances can disrupt glucose and lipid
metabolism, which is a significant contributing factor in elevating the risk of NAFLD!®,
Workers in the automotive manufacturing industry frequently endure prolonged
occupational noise exposure and may also be required to engage in shift work. Despite
this, few investigations have specifically examined the impact of shift work and noise
on NAFLD within the context of this workforce. Consequently, our study aims to
investigate the effects of occupational noise exposure and shift work on NAFLD among
male workers in the automotive manufacturing industry. By focusing on this specific
population, the study intends to provide a theoretical foundation to implement measures
to protect against occupational hazards.
Methods
Study design and population
From April to September 2022, a cross-sectional study was conducted among male
workers at an automobile manufacturing company in Guangzhou for an occupational
health examination. Participants with incomplete medical examination or questionnaire
data, female workers, individuals taking antiretroviral drugs, and those with a history
of cancer, excessive alcohol intake, hepatobiliary disease, blood system diseases, or
renal failure were excluded. Ultimately, a total of 4672 eligible participants were
included in the study. This study was reviewed and approved by the Ethics Committee
of Guangzhou Twelfth People's Hospital (N0.2021008) and all procedures involving
participants were conducted in accordance with the ethical standards of the Institutional
Research Board and the 1964 Declaration of Helsinki. All study participants gave
informed consent.
NAFLD diagnosis and collection of information on covariates
Trained physicians conducted the occupational health examination in accordance with
a standardized protocol. Diagnosis of NAFLD was made using the criteria proposed by

FARRELL et al'®. Blood was drawn from the fasting subjects to measure
4
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hemoglobin(HGB) and fasting plasma glucose(FPG) levels. Blood pressure was
measured by the omron HEM-7071 electronic blood pressure monitor three times, each
time at an interval of 1 min, and the average of the three measurements was taken as
the individual blood pressure (BP) value. BP was classified according to 2018 Chinese
Guidelines for Prevention and Treatment of Hypertension. FPG normal range is 3.9-
6.Immol/L. According to the Guidelines for the Prevention and Control of Overweight
and Obesity in Chinese Adults, our study the included BMI<24kg/m? and BMI
>24kg/m? as dichotomous variables in the multivariate logistic regression model.
Referring to previous research and consulting multiple experts in the field of
occupational health to revise and improve it continuously, we used a self-designed
questionnaire to investigate?’. The questionnaires were administered face to face by
trained investigators to acquire participants’ information, including dietary habits,
lifestyle, occupational information and past medical history. Finally, investigators
checked the completed questionnaires to detect errors promptly. We investigated the
average number of working days per week for workers to assess working hours and
determine whether it is considered as long working hours. Long working hours are
defined as working more than 40 hours per week?!. Simultaneously, we made inquiries
regarding the exposure statuses of other occupational hazard factors, so as to guarantee
that the exposures to other occupational factors like dust and benzene series (mainly
refers to benzene, toluene and xylene) were beneath the occupational exposure limits
(OELs) stipulated in “Occupational exposure limits for hazardous agents in the
workplace-Part 1: Chemical hazardous agents” (GBZ 2.1-2019). Classification of
dietary habits: high-salt foods mainly include pickled vegetables, ham and bacon, and
so on?? 23; high-fat foods including chips, chocolate, animal offal and fried foods; late
evening snack is defined as an additional meal arranged after 21:00. According to the
frequency of eating within a week, they are divided into four groups: seldom, 1~2 times
per week, 3~4 times per week, and >4 times per week. Smoking is defined as a
consistent consumption of at least 1 cigarette per day for a duration of more than 6
months. Alcohol consumption is defined as a regular pattern of drinking at least once a

week for a period of 1 year or longer. According to the duration of sleep, they were
5
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divided into three groups: < 6h (short sleep duration), 6~8 h (moderate sleep duration),
and >8h (long-sleep duration)?.
Noise exposure assessment
Our study followed the “Measurement of Physical Factors in the Workplace - Part 8:
Noise” (GBZ/T189.8-2007) for noise detection. Environmental noise intensity was
assessed using an EDGE personal noise dosimeter manufactured by CASELLA (UK).
Each monitoring point was measured three times and the average value was taken as
the measurement result. In this study, noise exposure was evaluated using the
normalization of continuous A-weighted sound pressure level equivalent to an 8h per
day (LAeq, 8h), and work exposed to noise is defined as those operations involving the
presence of hearing-impairing, health-hazardous or otherwise hazardous sound, and
LAeq,8h >80 dB(A) for at least one year. Meanwhile, Cumulative noise exposure (CNE)
was used to quantify the noise exposure level of the study participants and it is
calculated as: CNE=L 4 snt10logT, where T indicates years of noise exposure and the
CNE unit is: dB(A)-year.
Assessment of shift work
The International Labour Organization defines shift work as extending the working day
to 24 hours by alternating between different workers and/or teams? 26, Night shift work
is defined as work occurring between 0:00 and 5:00 am?°?’. The cumulative length of
night shift work was calculated in hours during data processing. In this study, the two
main types of shift patterns for workers are two shifts system and three shifts system.
In addition, according to the sampling methods and technical requirements in
“Specifications of air sampling for hazardous substances monitoring in the workplace”
(GBZ 159-2004), collect samples of dust, benzene, toluene, and xylene in the air of
workplaces. In accordance with the requirements of “Determination of dust in the air
of workplace Part 1: Total dust concentration” (GBZ 192.1-2007) and “Occupational
exposure limits for hazardous agents in the workplace-Part 1: Chemical hazardous
agents” (GBZ 2.1-2019), we conduct fixed-point sampling and detection on
representative operating posts for dust, benzene, toluene, and xylene in the air.

Statistical analyses
6
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Subject staff verified data daily to ensure unique ID codes for each individual and
timely identification of missing key data and logical error. R (version 4.2.1) was used
for all statistical analyses. Continuous variables that followed normal distribution were
presented as mean +standard deviation (SD), and were compared by t-test. Mann-
Whitney U test was used to compare continuous variables with skewed distribution in
the form of median with interquartile ranges. The x> test was used to compare
categorical variables, which have been expressed as numbers (percentages). The
relationship between shift work, occupational noise and NAFLD was analyzed using a
multivariate logistic regression model, with night shift hours and CNE included in the
regression model as categorical variables respectively as well as the joint effect of both
was analysed in relation to NAFLD. Referring to the national criteria (GBZT229.4-
2012), CNE is divided into four groups <85, 85~, 90~ and 95~. Cumulative length of
night shift work are grouped by quartiles, using the first quartile as a reference. Previous
studies have considered adolescents and young adults (AYAs) to be the group aged 15
years and older, with the cut-offs at 24, 29 and 39 years being difficult to determine and
some studies considering 18-24 years as late adolescence?®. We stratified the age into
two groups <29 and >30 for analysis. To provide more clarity on the effect of CNE on
the illness of workers in different age groups, we subdivided younger workers at age
29 into two groups (<24 and 25-29 years old)?®3°. All test were two-sided, and 0=0.05
was considered statistically significant.

Patient and public involvement

Patients and the public were not involved in the design, or conduct, or reporting, or
dissemination plans of this research.

Results

Basic information about the study population

A total of 5928 questionnaires were distributed, out of which 4791 valid questionnaires
were returned, resulting in a valid response rate of 80.8%. After excluding individuals
who did not meet the study’s inclusion criteria, and those with incomplete occupational
health screening results (n=119), the final sample size included for analysis was

determined. Overall, 4672 workers with complete information on occupational health

7
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examination and questionnaires were included in the study according to the inclusion

and exclusion criteria. The mean age of the study population was (26.8+5.0), with

different prevalence rates for workers in the <29 and >30 years age groups (P<0.001),

with a total of 1363 workers with NAFLD and a prevalence of 29.2%. There were 3658

(78.3%) shift workers, with different prevalence of NAFLD in different shift work

situations (P<0.001). Meanwhile, 2965 (63.5%) noise workers had a statistically

significant difference in prevalence in different noise exposure scenarios (P<0.05).

Cumulative length of night shift work and CNE vary by disease state (all p<0.05). A

summary of the sample characteristics is presented in Table 1. The results of univariate

analysis of drinking status, high-salt foods, high-fat foods, physical activity and

importance of noise protection equipment are presented in Supplementary Table 1.

Table 1 Basic characteristics of population in different disease states (n, %)

- NAFLD Total
Characteristics » P
No (N=3309)  Yes (N=1363)  (N=4672)
Age (years), n (%) <0.001
<29 2649 (80.1) 698 (51.2) 3347 (71.6)
>30 660 (19.9) 665 (48.8) 1325 (28.4)
Education, n (%) 0.009
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1

2

3 Senior secondary and below 1888 (57.1) 720 (52.8) 2608 (55.8)

4 Higher education 1421 (42.9) 643 (47.2) 2064 (44.2)

Z Smoking status (cigarettes per day), n (%) <0.001

- Nonsmokers 1741 (52.6) 729(53.5) 2470 (52.9)

8 1~5 618 (18.7) 198 (14.5) 816 (17.5)

9 6~10 599 (18.1) 239 (17.5) 838 (17.9)

10 >10 351 (10.6) 197 (14.5) 548 (11.7)

n Fruit and vegetable (times per week), n (%) 0.002

12 Seldom 262 (7.9) 89 (6.5) 351 (7.5)

12 1~2 1961 (59.3) 752(552) 2713 (58.1)

. 3~4 653 (19.7) 297 (21.8) 950 (20.3)

16 >4 433 (13.1) 225 (16.5) 658 (14.1)

17 Late evening snack (times per week), n (%) 0.024

18 Seldom 747 (22.6) 361 (26.5) 1108 (23.7)

19 1~2 1863 (56.3) 735(53.9) 2598 (55.6)

20 34 386 (11.7) 137 (10.1) 523 (11.2)

21 >4 313 (9.5) 130 (9.5) 443 (9.5)

;g BMI (kg/m2), n (%) <0.001

2 <24 3001 (90.7) 555(40.7) 3556 (76.1)

25 >24 308 (9.3) 808(59.3) 1116 (23.9)

26 Sleep duration (hours),n (%) <0.001

27 <6 592 (17.9) 303 (22.2) 895 (19.2)

28 6~8 2574 (77.8) 1023 (75.1) 3597 (77.0)

29 >8 143 (4.3) 37 (2.7) 180 (3.9)

30 BP (mmHg), n (%) <0.001

g; Normal 1374 (41.5) 306 (22.5) 1680 (36.0)

33 High-normal 1890 (57.1) 963 (70.7) 2853 (61.1)

34 Hypertension 45 (1.4) 94 (6.9) 139 (3.0)

35 ECG, n (%) <0.001

36 Normal 1392 (42.1) 824 (60.5) 2216 (47.4)

37 Abnormal 1917 (57.9) 539(39.5) 2456 (52.6)

38 FPG (mmol/L), n (%) <0.001

39 Normal 2887 (87.2) 1001 (73.4) 3888 (83.2)

j? Abnormal 422 (12.8) 362(26.6) 784 (16.8)

42

43

44

45

46

47

48

49

50

51

52 Table 1 Continued

>3 . NAFLD

g;‘ Characteristics No (N=3300) Yes (N=1363) Total (N=4672) P

56 HGB (g/L), n (%) 0.005

57 Normal 2586 (78.2) 1013 (74.3) 3599 (77.0)

58 Abnormal 723 (21.8) 350 (25.7) 1073 (23.0)

Zg Long working hours <0.001
9
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No
Yes
Dust
No
Yes
Benzene series
No
Yes
Shift work
No
Yes
Work exposed to noise
No
Yes
Cumulative length of night shift
work (hours)
CNE [dB(A)-year]
Seniority in shift work (year),
median (IQR)
Seniority in work exposed to
noise (year), median (IQR)

BMJ Open

1375 (41.55)
1934 (58.45)

2990 (90.36)
319 (9.64)

2828 (85.46)
481 (14.54)

808 (24.42)
2501 (75.58)

1239 (37.44)

2070 (62.56)
1100 (511-2560)
86.9 (83.1-91.1)
3.0 (1.50, 6.50)

3.00 (1.30, 7.00)

685 (50.26)
678 (49.74)

1262 (92.60)
101 (7.41)

1200 (88.04)
163 (11.96)

206 (15.11)
1157 (84.89)

468 (34.34)
895 (65.66)

2190 (1090-4380)
89.8 (85.2-93.3)
6.0 (3.95, 12.0)

7.90 (2.75,13.50)

2060 (44.09)
2612 (55.91)

4252 (91.01)
420 (8.99)

4028 (86.22)
644 (13.78)

1014 (21.70)
3658 (78.30)

1707 (36.54)
2965 (63.46)

1460 (730-2920)
87.8 (83.6-91.9)

4.0 (2.0, 8.0)

3.8 (1.50, 8.33)

0.015

0.02

<0.001

0.045

<0.001
<0.001
<0.001
<0.001

The relationship between occupational noise exposure and NAFLD

The impact of work exposed to noise on NAFLD was demonstrated in Table 2.

Compared with those did not, no statistically significant relationship between work

exposed to noise and NAFLD (OR=0.92, 95%CI: 0.78-1.09). Table 3 and

Supplementary Table 2 presented the odds ratios (ORs) and 95% confidence intervals

(CIs) for the effect of occupational noise exposure on NAFLD. Stratified analysis

indicated that the association between CNE and NAFLD was not statistically

significant in both those aged <29 and >30 years (see supplemental Table 1); By

reference to CNE<85, the OR of NAFLD was 1.39 (95%CI: 1.03, 1.88) in CNE>95

group. Table 3 shows further stratification by age, among those <24 years of age, the

OR of NAFLD in the CNE >95 group was 2.97 (95%CI: 1.18-6.95).

Table 2 Association of work exposed to noise with NAFLD

work exposed to Model 1 Model 2
noise (Yes or No) OR 95%CI OR 95%CI P
Total
No Ref
Yes 0.97 (0.83, 1.15) 0.754  0.92(0.78,1.09)  0.356

10
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Age

<29 yr
No Ref
Yes 1.07 (0.87, 1.31) 0.537  0.98(0.79,1.21)  0.826

>30 yr
No Ref
Yes 0.84 (0.63,1.11)  0.212 0.83(0.63, 1.11) 0.212

Model 1: Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat foods,
Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB;
Model 2: Based on model 1, adjust for importance of noise protection equipment, long working hours,

dust, benzene series, shift work.

Table 3 The relationship between CNE and NAFLD in different age groups

Model 1 Model 2
NE [dB(A)-
CNE [dB(A) year] OR 95%CI P OR 95%CI P
Total
<85
85~ 1.20 (0.97, 1.48) 0.087 1.12 (0.90, 1.39) 0.320
90~ 1.16 (0.93, 1.45) 0.191 1.08 (0.85, 1.36) 0.536
95~ 1.48 (1.10, 1.99) 0.009 1.39 (1.03, 1.88) 0.033
Age
<24 yr
<85 Ref
85~ 1.07 (0.77, 1.48) 0.676 0.96 (0.68, 1.35) 0.810
90~ 1.00 (0.64, 1.52) 0.988 0.86 (0.54, 1.34) 0.512
95~ 3.18 (1.29, 7.31) 0.008 2.97 (1.18, 6.95) 0.015
25~29 yr
<85 Ref
85~ 1.14 (0.80, 1.62) 0.480 1.14 (0.78, 1.66) 0.505
90~ 1.11 (0.76, 1.62) 0.603 1.08 (0.73, 1.62) 0.690
95~ 1.01 (0.55, 1.81) 0.963 1.07 (0.57, 1.95) 0.825

Model 1: Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat
foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB;

Model 2: Based on model 1, adjust for importance of noise protection equipment, long working
hours, dust, benzene series, shift work.

The relationship between shift work and NAFLD
The effect of shift work on NAFLD is shown in the Figure 1. Compared to those without
shift work, the OR of NAFLD among workers with shift work was 1.35 (95%CI: 1.09-

1.68). Stratified analysis showed that shift work was a risk factor for NAFLD among

11
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those aged <29 years (OR=1.46, 95%CI: 1.15-1.87). Similarly, in comparison with
cumulative length of night shift work <730h, rising cumulative length of night shift
work were associated with a higher risk of NAFLD, with ORs (95%Cls) of 1.43 (1.14,
1.79), 1.44 (1.15,1.81) and 1.64 (1.23, 2.17), respectively. Among those aged <29 years,
increased cumulative length of night shift work were also a risk factor for NAFLD, with

ORs (95%Cls) of 1.66 (1.30,2.11), 1.52 (1.17, 1.98) and 2.41 (1.50, 3.84) respectively.

The relationship between the interaction of work exposed to noise and shift work
and NAFLD

To further explore the combined effects of noise exposure work and shift work, we
analyzed the interaction between them. The results were shown in Table 4. When both
shift work and noise exposure work are present simultaneously, the excess relative risk
of relative excess risk due to interaction (RERI) was -0.43 (95%CI: -1.00 to 0.14), the
attributable proportion due to interaction (AP) was -0.31 (-0.69 to 0.07), and the

synergy index (SI) between them was 0.47 (95%CI: 0.25 to 0.89).

Table 4 The relationship between the interaction of work exposed to noise and shift work and
NAFLD

Page 14 of 29

work exposed  shift work Total
to noise (Yes or .
(Yes orNo)  No) OR 95%CI RERI AP SI Pirieraction
No No Ref -0.43 -0.31 0.47

0.112

(-1.00, 0.14)  (-0.69, 0.07)  (0.25, 0.89)
Yes 1.60 (1.19, 2.17)
Yes No 1.21 (0.83, 1.75)
Yes 1.38 (1.05, 1.83)

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat foods, late
evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB, importance of noise

protection equipment, long working hours, dust, benzene series.

The combined effect of occupational noise and shift work in association with
NAFLD

The combined effect of occupational noise and cumulative length of night work on
NAFLD was shown in Table 5. After adjusting for variables, the association with

NAFLD was statistically significant for all groups at cumulative length of night shift
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work >2920h and CNE>85, when compared with CNE<85 and cumulative length of
night shift work <730h. The OR of NAFLD was greatest at 2.01 (95%CI: 1.34 to 2.99)
when cumulative length of night shift work >2920h and CNE >95. Furthermore, we
analyzed the relationships between occupational noise, shift work and NAFLD in

different states of benzene series exposure as well (see Supplementary Table 3 ).

Table 5 Association of CNE and cumulative length of night shift work with NAFLD

Cumulative length of night shift work (hours)

[Cdl;g‘? A)-years] <730 730~ 1460~ 2920~
Y OR 95%CI OR 95%CI OR 95%CI OR 95%CI
<85 Ref 1.49 (1.04,2.12)*  127(0.82,1.94)  1.34 (0.64,2.76)
85~ 0.88(0.6,1.27)  1.45(1.05,1.99)*  1.61 (1.14,2.26)**  1.99 (1.29, 3.07)**
90~ 1.24(0.76,1.97) 1.31(0.85,1.99)  1.41(1.00,1.98) *  1.54 (1.08, 2.21)*
95~ 1.98 (0.89,4.26) 1.61(0.72,3.48)  1.67(0.95,2.88)  2.01 (1.34, 2.99)%**

*p<0.05, **p<0.01, ***p<0.001.

Bold values are p<0.05.

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat foods, late
evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB, importance of noise

protection equipment, long working hours, dust, benzene series.

Discussion

To summarize, our study included a total of 4672 male workers in the automotive
manufacturing industry, investigating the impact of occupational noise and shift work
on non-alcoholic fatty liver disease (NAFLD) through a cross-sectional survey. The
majority of the company's employees are subjected to a high workload, with 63.5%
working in noise and 78.3% working in shifts, which is significantly higher compared
to other occupations such as teachers and white-collar workers3!. Night work has been
categorized by the International Agency for Research on Cancer as "possibly
carcinogenic to humans" (Group 2A)32, prompting growing concerns about its adverse
effects on health. The prevalence of NAFLD in this survey was 29.2%, a rate close to
the combined prevalence estimate of NAFLD reported by Fan et al!! 3-35. Among those
exposed to noise and those not exposed, the prevalence of NAFLD is 30.2% and 27.4%,
respectively. After adjusting for relevant variables, multifactorial logistic regression
analysis revealed that increased CNE was the significant risk factor associated with

NAFLD. This may be because the biological effects of noise are cumulative and the
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effects of a single noise exposure are not sufficient to cause health damage to the
organism. However, the more repeated exposures and the longer the exposure period,
the more pronounced the cumulative effects will be when the effects are not
eliminated3® 37. Associations between CNE and NAFLD vary across age groups. An
increase in CNE is a risk factor for NAFLD among workers under 24 years of age. This
suggests that short-term exposure to high-intensity noise may contribute to the
development of NAFLD in this population. Possible factors that may contribute to this
association include the inadequate use of noise protective equipment among young
workers or exposure to noise outside of the occupational setting. The effect of noise on
NAFLD in younger workers should be further explored. This indicates that enterprises
should strengthen training and occupational health education for young workers, which
is important to reduce the occurrence of NAFLD. Shins, Sacha et al. have shown that
chronic exposure to road traffic noise was associated with an increased incidence of
diabetes and hypertension in Toronto®. Du et al. found that noise exposure could lead
to disorders of glucolipid metabolism in mice through inhibition of the AKT pathway
mediated by the biological clock gene BMAL1%. The experiment by Evans et al. also
demonstrated significant changes in serum ALT levels across test groups, suggesting
that noise can lead to liver dysfunction®. It can be seen that noise may be the basis for
the formation of NAFLD by promoting insulin resistance and disorders of glucolipid
metabolism in the body, resulting in metabolic abnormalities in the body. These studies
also indirectly support our findings. In this study, the prevalence of NAFLD was 20.3%
and 31.6% among auto manufacturing workers not involved in shift work and those
who did, respectively, with a higher prevalence among workers in shift work, similar
to the findings of Golabi et al''!. We observed that shift work and an increase in
cumulative length of night shift work were identified as risk factors for NAFLD. We
also examined the relationship between shift work and NAFLD across different age
groups. Specifically, among workers below 29 years of age, engaging in shift work was
found to significantly increase the risk of NAFLD. This indicates the presence of
specific physiological adaptations that contribute to this heightened risk. Similarly, we

found that an extended cumulative length of night shift work was a significant risk
14
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factor for NAFLD in workers below 29 years of age. These findings emphasize the
importance of appropriate management strategies to mitigate the adverse effects of shift
work on NAFLD among younger workers. Previous epidemiological studies have
consistently demonstrated a link between shift work and NAFLD. For instance, a 4-
year cohort study conducted among Chinese railway workers reported a higher
incidence of NAFLD in individuals engaged among shift work!!. Similarly, a cross-
sectional survey involving male steelworkers found that night shift workers had an
increased risk of NAFLD compared to those working day shifts!>. Wang et al. further
supported the association between night shifts and NAFLD by demonstrating the
impact of disrupted circadian rhythms, due to delayed sleep, on the incidence of
NAFLD*!. These findings are in line with our results. Sun et al. also revealed the
association between sleep deprivation, increased cortisol levels, and insulin resistance,
further highlighting the possible mechanisms underlying the relationship between sleep
disruption and NAFLD*. Our study identified a significant association between
occupational noise exposure, shift work, and an increased risk of developing NAFLD
among workers. This association may be explained by the potential mechanisms
through which both noise exposure and shift work contribute to the development of
insulin resistance, a key factor in the pathogenesis of NAFLD. Insulin resistance
disrupts lipid metabolism, leading to elevated lipase activity and subsequent
overproduction of triglycerides and free fatty acids. Consequently, an excessive amount
of free fatty acids enters the liver, promoting increased lipid synthesis and deposition
within hepatic cells. This lipid accumulation interferes with hepatocyte transport
capacity, resulting in hepatocyte apoptosis and the accumulation of fat, ultimately
leading to NAFLD development.

It should be noted that some participants in this study were simultaneously
exposed to benzene series (mainly benzene, toluene, and xylene). The study by Yun -
Hee Cho et al. showed that exposure to chemicals such as benzene, toluene, and xylene
could significantly increase the risk of NAFLD* %4, In obese populations, benzene
exposure is positively correlated with liver injury, and systemic inflammation increases

with the exposure to benzene and toluene, indicating that benzene and toluene exposure
15
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have certain potential impacts on steatohepatitis®>. These effects may result from the
activation of cell death, the induction of oxidative and endoplasmic reticulum stress,
and the disruption of metabolism, which are caused by the dysfunction of xenobiotic
and endobiotic receptors*®. After detection, we found that the concentrations of benzene
series in the researchers' workplaces were all lower than the occupational exposure
limits (OELs) stipulated in “Occupational exposure limits for hazardous agents in the
workplace - Part 1: Chemical hazardous agents”. To ensure the reliability of the results,
we also analyzed the relationships between occupational noise, shift work and NAFLD
under different benzene series exposure conditions. The results showed that in the
absence of benzene series exposure, occupational noise exposure and shift work were
still risk factors for NAFLD.

This study contributes to a relatively uncommon and innovative exploration of the
association between occupational noise exposure, shift work, and their combined effect
on NAFLD among male workers in the automotive manufacturing industry. Based on
the study findings, we propose several recommendations for relevant management
departments. It is advised to scientifically and reasonably organize the working system,
promote the implementation of flexible working arrangements, and minimize the
cumulative length of night work. Furthermore, improving the production process to
control or eliminate noise sources, such as installing sound insulation and vibration
dampers, is recommended. Additionally, establishing and enhancing occupational
health supervision, strengthening the management of occupational health, and
facilitating regular occupational health check-ups for workers are crucial measures to
safeguard worker health. These recommendations hold significant practical importance
in protecting the health of workers.

However, it has to acknowledge the limitations of our study. Due to the cross-
sectional nature of the survey, there may be observational bias and causality cannot be
elucidated either. To address these limitations, we are in the process of establishing a
cohort study among workers in the automotive manufacturing industry. In future studies,
we plan to utilize individual noise dosimeters to more accurately measure workers'

noise exposure, enabling a more robust analysis of the association between these
16
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occupational factors and disease outcomes.
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Figure Legends

Figure 1. The relationship between shift work and NAFLD.

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-
fat foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG,
HGB, importance of noise protection equipment, long working hours, dust,

benzene series, work exposed to noise.
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Subgroup
Shift work (YES)
Age
<29 yr
=30 yr
Total

OR (95%CI)

1.46 (1.15, 1.87)

0.86 (0.50, 1.46)
1.35(1.09, 1.68)

BMJ Open

Cumulative length of night shift work (hours)

730~
Age
=29 yr
=30 yr
Total
1460~
Age
<29 yr
230 yr
Total
2920~
Age
<29 yr
=30 yr
Total

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

1.66 (1.30, 2.11)
0.30(0.13,0.67)
1.43 (1.14, 1.79)

1.52(1.17, 1.98)
0.76 (0.43, 1.35)
1.44 (1.15, 1.81)

2.41 (1.50,3.84)
0.78 (0.47, 1.30)
1.64(1.23,2.17)

p
:

0.002 | ——

0.567 —O+—

0.006 | ——

<0.001 I —@—

0004 +@— |

0.002 ——

0.002 | —

0352 —O——

0.002 | ——

<0.001 !

0.349 —O+—

<0.001 L ——
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Supplementary
Table 1 Basic characteristics of population in different disease states (n, %)
o NAFLD Total
Characteristics P
No (N=3309) Yes (N=1363) (N=4672)

Drinking status (times per week), n (%) 0.382

Nondrinkers 2124 (64.2) 838 (61.5) 2962 (63.4)

1~2 1091 (33.0) 484 (35.5) 1575 (33.7)

3~4 65 (2.0) 28 (2.1) 93 (2.0)

>4 29 (0.9) 13 (1.0) 42 (0.9)
High-salt foods (times per week), n (%) 0.135

Seldom 1367 (41.3) 540 (39.6) 1907 (40.8)

1~2 1749 (52.9) 724 (53.1) 2473 (52.9)

3~4 144 (4.4) 67 (4.9) 211 (4.5)

>4 49 (1.5) 32(2.3) 81 (1.7)
High-fat foods (times per week), n (%) 0.121

Seldom 984 (29.7) 367 (26.9) 1351 (28.9)

1~2 2138 (64.6) 901 (66.1) 3039 (65.0)

3~4 152 (4.6) 76 (5.6) 228 (4.9)

>4 35(1.1) 19 (1.4) 54(1.2)
Physical activity (times per week), n (%) 0.441

Never 871 (26.3) 359 (26.3) 1230 (26.3)

1~2 2187 (66.1) 915 (67.1) 3102 (66.4)

>3 251 (7.6) 89 (6.5) 340 (7.3)
Importance of noise protection 0.451
equipment, n (%)

Unimportant 63 (1.90) 24 (1.76) 87 (1.86)

Unknown 72 (2.18) 20(1.47) 92 (1.97)

General 1718(51.92) 714 (52.38)  2432(52.05)

Extremely 1456(44.00) 605 (44.39)  2061(44.11)
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Table 2 The relationship between CNE and NAFLD in different age groups

BMJ Open

Model 1 Model 2
CNE [dB(A)-year]
OR 95%CI P OR 95%CI P

Age
<29 yr

<85 Ref

85~ 1.21(0.96, 1.53) 0.103 1.10 (0.86, 1.41) 0.443

90~ 1.19(0.91, 1.56) 0.209 1.05 (0.79, 1.40) 0.728

95~ 1.68(1.04, 2.66) 0.029 1.52(0.93, 2.44) 0.088
>30 yr

<85 Ref

85~ 1.07 (0.59, 1.94) 0.824 1.05 (0.58, 1.93) 0.863

90~ 1.03 (0.59, 1.82) 0.906 1.00 (0.57, 1.78) 0.989

95~ 1.29(0.72, 2.33) 0.389 1.28 (0.71, 2.31) 0.419

Model 1: Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods,
high-fat foods, Late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG,

HGB;

Model 2: Based on model 1, adjust for importance of noise protection equipment, long

working hours, dust, benzene series, shift work.

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

Page 30 of 29

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

Page 31 of 29

oNOYTULT D WN =

Table 3

BMJ Open

under different benzene series exposure states

The relationship between occupational noise exposure, shift work and NAFLD

Benzene series (Yes or No)

Variable No Yes
OR 95%CI P OR 95%CI P

Work exposed to noise
(Yes or No)

No Ref

Yes 0.96 (0.80, 1.16) 0.695 0.71 (0.43, 1.17) 0.182
CNE [dB(A)-year]

<85 Ref

85~ 1.19 (0.94, 1.52) 0.147 0.78 (0.42, 1.42) 0.419

90~ 1.14 (0.88, 1.48) 0.304 0.84 (0.42, 1.67) 0.624

95~ 1.44 (1.04, 2.00) 0.029 1.64 (0.66, 3.98) 0.279
Shift work (Yes or No)

No Ref

Yes 1.42 (1.13, 1.79) 0.003 1.07 (0.59, 2) 0.820
Cumulative length of
night shift work (hours)

<730 Ref

730~ 1.43 (1.12, 1.84) 0.004 1.37 (0.73, 2.56) 0.323

1460~ 1.55(1.21,1.98)  <0.001 0.94 (0.46, 1.88) 0.852

2920~ 1.74 (1.29,2.35)  <0.001 1.24 (0.45, 3.28) 0.675

Adjust for age, smoking and drinking status, fruit and vegetable, high-salt foods, high-fat
foods, late evening snack, BMI, sleep duration, physical activity, BP, ECG, FPG, HGB,
importance of noise protection equipment, long working hours, dust, shift work/ work

exposed to noise.
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