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Abstract 

Background  The impact of occupational noise exposure on various diseases, including ear and cardiovascular 
diseases, has been studied extensively. Nevertheless, the connection between osteoarthritis (OA) and rheumatoid 
arthritis (RA) and occupational noise exposure remains largely unexplored in real-world scenarios. This study assessed 
the association between occupational noise exposure and the prevalence of two types of arthritis.

Methods  This study used database data from 2005 to 2012 and 2015–March 2020 from the prepandemic National 
Health and Nutrition Examination Survey (NHANES) related to occupational noise exposure and arthritis. Multivariate 
logistic regression analysis was used to estimate the association between occupational noise exposure and RA/OA, 
adjusting for age, gender, race, education level, marital status, the ratio of family income to poverty, trouble sleeping, 
smoking status, alcohol consumption, diabetes, hypertension, body mass index (BMI), metabolic equivalents (METs), 
and thyroid disease.

Results  This study included 11,053 participants. Multivariate logistic regression analysis demonstrated that previous 
exposure to occupational noise was positively associated with self-reported RA (OR = 1.43, 95% CI = 1.18–1.73) and OA 
(OR = 1.25, 95% CI = 1.07–1.46). Compared to individuals without a history of occupational noise exposure, those 
with an exposure duration of 1 year or greater exhibited higher odds of prevalent RA, though there was no apparent 
exposure response relationship for noise exposure durations longer than 1 year. The results of our subgroup analyses 
showed a significant interaction between age and occupational noise exposure on the odds of self-reported preva-
lent OA.

Conclusions  Our findings suggest an association between occupational noise exposure and the prevalence of RA 
and OA. Nevertheless, further clinical and basic research is warranted to better explore their associations.
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Introduction
Osteoarthritis (OA) and rheumatoid arthritis (RA) are 
prevailing inflammatory joint disorders that have a 
considerable impact on the population and are mainly 
characterized by joint dysfunction, ache, and restricted 
physical activity [1, 2]; extensive research has revealed 
numerous risk factors associated with the development 
of these conditions [3, 4]. Currently, the role of occupa-
tional exposure (radiation, nanomaterials, lead exposure, 
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etc.) in the risk of OA and RA is widely recognized [5, 6], 
yet insufficient attention has been given to occupational 
noise, which is one of the most common exposures at the 
workplace [7]. Many studies have firmly established the 
link between occupational noise and the onset of detri-
mental auditory health effects [7–9], as well as nonaudi-
tory health implications [6, 10–12]. However, there is still 
uncertainty about whether OA and RA are associated 
with occupational noise exposure.

Although we proposed an underlying mechanistic 
hypothesis in this study, there is little evidence to directly 
suggest risks associated with occupational noise expo-
sure and arthritis, and there is no consensus on this issue. 
A study among Brazilian individuals using the National 
Survey on Health showed that exposure to noise in the 
workplace contributed 2.16 times to the threat of muscu-
loskeletal disorders (95% CI: 1.68–2.77) [13]. The scien-
tific validity of the above study was further supported by 
the findings of an animal study indicating that prolonged 
noise stress increases both the incidence and early sever-
ity of collagen-related arthritis in rats [14]. A previous 
investigation based on the 2011–2012 cycle sample of 
the National Health and Nutrition Examination Survey 
(NHANES) revealed a significant association between 
prolonged exposure to intense noise and self-reported 
RA [15]. In contrast, certain studies demonstrated no 
significant increase in the prevalence of arthritis among 
respondents exposed to noise [16]. Moreover, the previ-
ous studies used data that were somewhat outdated or 
not conducted in the United States, so whether their con-
clusions can be generalized to Americans is debatable.

Several studies have suggested that noise might, 
through the neural pathway, induce oxidative stress and 
the production of inflammatory factors [17, 18], poten-
tially leading to inflammation [19, 20], which could be 
a common mechanism for the development of OA and 
RA. Since both types of arthritis mentioned above are 
common in noise-exposed occupations and because 
their underlying pathogenic mechanisms are related, we 
wanted to study these two diseases together and ana-
lyse the impact of occupational noise exposure on them. 
Therefore, we assessed the association between occupa-
tional noise exposure and two subtypes of arthritis, OA 
and RA, in this study using a comprehensive fraction of 
individuals from the NHANES. It was hypothesized that 
occupational noise exposure is significantly associated 
with an increase in the prevalence of both RA and OA 
within the general US population.

Materials and methods
Study design
The NHANES was initiated in the early 1960s and has 
been continuously conducted. The NHANES is a yearly 

examination of a sample of approximately 10,000 indi-
viduals, representing the noninstitutionalized popula-
tion of the United States and excluding active military 
personnel, incarcerated individuals, and people in group 
homes. The data collected through NHANES interviews 
provide comprehensive information on various aspects, 
such as socioeconomic status, demographic characteris-
tics, dietary habits, and health issues. The wealth of data 
provided by the NHANES has led to the publication of 
numerous research articles [21–23], contributing to a 
better comprehension of various health issues and their 
determinants in the population.

Study population
Two cohorts were included in this study; the first cohort 
was constructed to explore the association between pres-
ence or absence of occupational noise exposure and RA/
OA, while second cohort was constructed to examine 
whether duration of noise exposure in years impacted 
observed associations. The first cohort consisted of indi-
viduals sourced from the prepandemic 2005–2012 and 
2015-March 2020 NHANES cycles (left panel of Fig. 1). 
Participants with missing occupational noise exposure 
information (n = 47,396), missing arthritis information 
(n = 5852), missing thyroid problem information (n = 28), 
missing diabetes information (n = 4), a history of cancer 
or malignancy, as well as those with missing answers 
regarding this issue (n = 1563), participants whose dias-
tolic blood pressure was 0 (n = 30), or participants cat-
egorized as “other races” (n = 395), were excluded from 
this study. Following the necessary exclusions, the final 
analysis included a total of 11,053 participants. Spe-
cifically, tumour patients were excluded because cohort 
studies have shown a strong association between cancer 
and inflammatory arthritis [24]. In addition, data related 
to occupational noise exposure from 2013 to 2014 were 
not published in the NHANES; therefore, this research 
used data from 2005 to 2012 and 2015 onwards rather 
than continuous data.

Given that occupational noise exposure duration data 
were only reported by the NHANES after 2011, the sec-
ond cohort was a sub-set of the first cohort, focusing on 
respondents from 2011 to 2012 and 2015-March 2020 
to explore the association between occupational noise 
exposure duration and arthritis. We excluded partici-
pants from 2005 to 2009 as well as six respondents with 
missing exposure duration data, resulting in a total of 
9,683 participants (right panel of Fig. 1). Written consent 
was received from all respondents prior to questionnaire 
collection. The NHANES protocols were reviewed and 
approved by the ethics review boards of the NCHS and 
CDC (https://​www.​cdc.​gov/​nchs/​nhanes/​irba98.​htm).

https://www.cdc.gov/nchs/nhanes/irba98.htm
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Variables
The exposure variables in this study included ever hav-
ing had occupational exposure to loud noise and the 
duration of exposure to loud noise. Exposure to loud 
noise at work was defined as having ever had a job or 
a combination of jobs that exposed someone to loud 
noise for four or more hours a day, several days a week. 
Loud noise meant that a participant needed to raise the 
volume of their voice to be heard by others. Partici-
pants who reported ‘No’ or ‘Never worked’ were cat-
egorized as controls, and those who reported ‘Yes’ were 
categorized as having occupational noise exposure. The 
duration of occupational noise exposure referred to 
the number of months or years participants had been 
exposed to high-volume or noisy conditions at work for 
at least four hours per day, several days per week. Based 
on the duration of occupational noise exposure, we 
classified individuals into five categories: no exposure 
to occupational noise, less than 1 year, 1–4 years, 5–14 
years, and 15 years or more. Computer-assisted per-
sonal interviews (CAPIs) were used to obtain detailed 
self-reported data.

The outcome variable was the presence of OA or RA. 
The questions for outcome variables included “Has a 
doctor ever said you had arthritis?” and “Which type of 
arthritis was it?”. Participants who answered “yes” to the 
first question were asked to answer a question about the 
type of arthritis, and the responses might include “Osteo-
arthritis or degenerative arthritis”, “Rheumatoid arthritis”, 
“Psoriatic arthritis”, “other” or “Refuse to answer/Do not 
know”. CAPIs were also used for quality control. More 
detailed information can be found at https://​wwwn.​cdc.​
gov/​Nchs/​Nhanes/​2015-​2016/​MCQ_I.​htm.

Potential confounders and effect modifiers were iden-
tified from the literature [4, 25–27], and directed acyclic 
graphs (DAGs) were drawn using the R package DAGitty 
to guide model construction [28] (Fig.  2). The categori-
cal variables included gender, race, marital status, edu-
cation level, alcohol consumption, cigarette smoking 
status, trouble sleeping, hypertension, thyroid problems 
and diabetes. The continuous variables included age, 
the ratio of family income to poverty, metabolic equiva-
lents (METs) and body mass index (BMI). Respondents 
were categorized into four distinct groups based on their 

Fig. 1  Flow chart of sample selection from the NHANES 2005–2012, 2015-March 2020 Pre-pandemic

https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/MCQ_I.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/MCQ_I.htm
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ethnicity (Latino, Non-Hispanic white, African Ameri-
can, Asian), with “Latino” including those of Mexican 
heritage and other Hispanic individuals [29]. Marital 
status was grouped into “married or living with partner” 
and “unmarried” (widowed, divorced, separated, or never 
married). There were two answer options for education: 
“less than high school” included those with a below grade 
12 education and grade 12 without a diploma, while “high 
school or above” included those who had graduated from 
high school or above [30]. Hypertension, as measured 
in the NHANES, was defined as the average blood pres-
sure derived from three or four measurements, with val-
ues equal to or exceeding 140 mm Hg for systolic blood 
pressure or 90 mm Hg for diastolic blood pressure [31]. 
Participants’ smoking status was assessed by calculating 
their cumulative consumption of 100 or more cigarettes. 
Similarly, those who reported consuming 12 or more 
alcoholic beverages annually were classified as consum-
ing alcohol. To facilitate subgroup analysis, we catego-
rized continuous variables based on insights from prior 
studies. Age was divided into three brackets: younger 
than 40 years, between 40 and 60 years, and older than 
60 years [32, 33]. BMI was classified as normal (< 25.0 kg/

m2), overweight (25.0-29.9  kg/m2), or obese (≥ 30.0  kg/
m2) [34, 35]. Physical activity levels were evaluated 
by calculating questionnaire-based MET scores and 
grouped into low (< 600 MET-minutes/week), moderate 
(600–2999 MET-minutes/week), and high (≥ 3000 MET-
minutes/week) levels [36]. Further guidance regarding 
the variables can be accessed on the NHANES website.

Statistical analysis
To clarify the possible association between occupational 
noise exposure and two subtypes of arthritis, OA and 
RA, this study employed various statistical methods. 
The NHANES database employs a complex probability 
sampling design, which necessitates weighting the sam-
ple to minimize selection bias among age, gender, and 
race subgroups. Although we screened the data, the dis-
tribution of the number of people corresponding to the 
variables was altered. Therefore, in reference to previous 
studies [37–39], unweighted estimates were used in this 
study to explore the relationship between occupational 
noise exposure and arthritis by incorporating the vari-
ables used to calculate sample weights into the adjusted 
model instead of using weights. Continuous variables 

Fig. 2  Directed Acyclic Graph (DAG). DAG plot shows the effects of confounding on the primary exposures and outcomes. Red circles 
represent ancestors of the exposure and outcome (i.e., confounders); Blue circles represent ancestors of the outcome (i.e., causal determinants 
of the outcome); Circle with a triangle represent primary exposure; Circle with a “I” represent primary outcome; Green lines represent causal paths, 
and pink lines represent biasing paths. The final minimally sufficient adjustment set comprised Gender, Age, Race, The ratio of family income 
to poverty, Education Level and Marital Status. MET, metabolic equivalent; BMI, body mass index; RA, Rheumatoid arthritis; OA, Osteoarthritis
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are presented as the means and standard deviations, and 
categorical variables are presented as percentages. The 
chi-square test was used for categorical variables, and the 
two-sample t-test was used for continuous variables to 
compare differences in baseline characteristics between 
the control and occupational noise-exposed groups. 
We performed the variance inflation factor (VIF) test 
on covariables to check for multicollinearity, with a VIF 
value less than 5 indicating no collinearity [40]. Addition-
ally, a multivariate logistic regression model was used 
to examine the association between occupational noise 
exposure and OA/RA, considering potential confounding 
factors. The unadjusted model (Model 1) did not adjust 
for any covariates; the minimally adjusted model (Model 
2) adjusted for gender, age, race, education level, marital 
status, and the ratio of family income to poverty; and the 
fully adjusted model (Model 3) adjusted for age, gender, 
race, education level, marital status, the ratio of fam-
ily income to poverty, trouble sleeping, smoking status, 
alcohol consumption, BMI, diabetes, METs, thyroid dis-
ease, and hypertension. The model results were evaluated 
using odds ratios (ORs) and 95% confidence intervals 
(CIs). To investigate the relationship between occupa-
tional noise exposure and arthritis in different subgroups, 
subgroup analysis was carried out. Stratification factors 
included gender (male/female), age (< 40/<60, ≥ 40/≥60 
years), race (Latino/Non-Hispanic white/African Ameri-
can/Asian), METs (low/moderate/high) and BMI (nor-
mal/overweight/obese). Interaction analysis was used to 
evaluate the heterogeneity of the associations between 
the subgroups.

All the abovementioned statistical analyses were con-
ducted using EmpowerStats software (version 2.0) and 
the R project (version 3.2.3) for statistical calculations. 
P < 0.05 indicated statistical significance.

Results
The two cohorts included in this study explored the rela-
tionship between the presence or absence of occupa-
tional noise exposure and the duration of occupational 
noise exposure and arthritis; these included 11,053 and 
9,683 participants aged ≥ 20 years, respectively. The base-
line characteristics of the participants according to occu-
pational noise exposure, as a column-stratified variable, 
are shown in Table  1 and Supplementary Table  1. The 
VIFs for all covariates ranged from 1.044 to 1.201, which 
are less than 5; therefore, we detected no covariate col-
linearity (as shown in Supplementary Table 2). Compared 
with those in the control group, the respondents exposed 
to occupational noise tended to be older; male; Non-
Hispanic white; married or living with a partner; have a 
lower education level; low income; have a high BMI; have 
trouble sleeping; less likely to report thyroid problems; 

high METs; have diabetes; smoke and consume alcohol; 
and have RA. In the first cohort, the prevalence of self-
reported RA and OA among participants exposed to 
occupational noise was 6.62% and 10.80%, respectively, 
whereas it was 4.38% and 9.93%, respectively, in the con-
trol group. The details of the prevalence across different 
age groups are shown in Supplementary Table 3. The sta-
tistical results of the prevalence of OA and RA and the 
number of individuals among the respondents with dif-
ferent occupational noise exposure durations are shown 
in Supplementary Table 4.

The results of the multivariate logistic regression analy-
sis between occupational noise exposure and arthritis are 
displayed in Table  2. Participants who were exposed to 
occupational noise were more likely to have self-reported 
RA in the unadjusted model (OR = 1.55, 95% CI = 1.30–
1.84), the minimally adjusted model (OR = 1.59, 95% 
CI: 1.32–1.93), and the fully adjusted model (OR = 1.43, 
95% CI: 1.18–1.73). The unadjusted model showed there 
was no association between occupational noise expo-
sure and self-reported OA, yet the minimally adjusted 
model (OR = 1.41, 95% CI: 1.22–1.64) and the fully 
adjusted model (OR = 1.25, 95% CI: 1.07–1.46) did show 
an association. To better identify the differences between 
the results of the fully adjusted model overall and the 
results of the stratified models, the ORs with confi-
dence intervals for the covariates in the adjusted mod-
els presented are shown in Supplementary Table  5. As 
shown in Table 3, this study did not find an association 
between OA and duration of occupational noise expo-
sure, whereas RA was revealed to be positively associated 
with duration of occupational noise exposure. Partici-
pants with noise exposure durations of 1 year or longer 
had elevated odds of reporting prevalent RA [1 to 4 years: 
OR = 1.64, 95% CI = 1.17–2.28; 5 to 14 years: OR = 1.42, 
95% CI = 1.02–1.97; 15 years or more: OR = 1.56, 95% 
CI = 1.15–2.10] compared to those with no history of 
occupational noise exposure. Since the noise exposure 
duration categories of 1 year and greater had overlapping 
confidence intervals, we did not observe dose effects on 
the association among the participants with exposure 
durations longer than 1 years.

Subgroup analysis was performed to evaluate the 
robustness of the association between occupational 
noise exposure and arthritis. We also tested the interac-
tions with gender, age, race, BMI, and METs. However, 
the interaction tests revealed no statistically significant 
differences between strata for the association between 
occupational noise exposure and RA, suggesting that 
age, gender, race, BMI, and METs did not significantly 
influence this positive association (P for interac-
tion ≥ 0.05). Our findings indicated a consistent posi-
tive association between occupational noise exposure 
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Table 1  The characteristics of participants from the first cohort

Mean ± SD for continuous variables: P value was calculated by the t-test; % for categorical variables, P value was calculated by the chi-square test

MET Metabolic equivalent
* Significant at the P < 0.05 level

Control Group (n = 7425) Occupational Noise Exposure 
(n = 3628)

 P Value

Osteoarthrosis 0.152

  Yes 9.93% 10.80%

  No 90.07% 89.20%

Rheumatoid arthritis < 0.001*

  Yes 4.38% 6.62%

  No 95.62% 93.38%

  Age (year) 50.21 ± 18.87 51.98 ± 18.43 < 0.001*

Gender < 0.001*

  Male 37.87% 70.31%

  Female 62.13% 29.69%

Race < 0.001*

  Latino 24.79% 26.85%

  Non-Hispanic white 34.81% 43.33%

  African American 23.96% 24.64%

  Asian 16.43% 5.18%

Education level < 0.001*

  Less than high school 20.26% 27.45%

  High school or above 79.74% 72.55%

Marital status 0.004*

  Married/Living with Partner 56.79% 59.70%

  Unmarried 43.21% 40.30%

  Body mass index (kg/m2) 28.80 ± 6.76 29.60 ± 6.40 < 0.001*

  Ratio of family income to poverty 2.53 ± 1.56 2.21 ± 1.42 < 0.001*

Hypertension 0.013*

  Yes 12.36% 13.18%

  No 40.79% 42.83%

  Missing 46.95% 43.99%

Diabetes < 0.001*

  Yes 12.28% 16.43%

  No 87.72% 83.57%

Thyroid problem < 0.001*

  Yes 11.15% 8.88%

  No 88.85% 91.12%

Sleep trouble < 0.001*

  Yes 22.87% 26.93%

  No 77.13% 73.07%

Smoke < 0.001*

  Yes 35.42% 54.80%

  No 64.58% 45.20%

Alcohol < 0.001*

  Yes 51.70% 65.46%

  No 29.51% 21.28%

  Missing 18.79% 13.26%

METs 2542.60 ± 4810.05 5133.10 ± 7807.57 < 0.001*



Page 7 of 13Wu et al. BMC Public Health          (2024) 24:371 	

and RA across diverse demographic factors, including 
gender, age, race, BMI, and METs, suggesting its appli-
cability in various population settings. However, age 
emerged as a potential factor affecting this association 
in the stratified analysis between occupational noise 
exposure and OA (P for interaction < 0.05). An asso-
ciation between OA and occupational noise exposure 
existed for individuals aged between 40 and 60 years 
(OR = 1.35, 95% CI = 1.01–1.80) and those under the 
age of 40 (OR = 2.36, 95% CI = 1.32–4.22). The detailed 

results of the above subgroup analysis stratified by age, 
race, gender, BMI, and METs are shown in Table 4.

Discussion
Our study assessed the association between occupational 
noise exposure and arthritis among adults in the United 
States utilizing nationally representative data. The odds 
of self-reported RA was 43% higher among those with 
a history of occupational noise exposure compared to 
those with no history of occupational noise exposure, 

Table 2  Association between occupational noise exposure and rheumatoid arthritis and osteoarthritis

The data: OR (95% CI) P value. Unadjusted model (Model 1): no covariates were adjusted; Minimally adjusted model (Model 2): gender, age, race, education level, 
marital status, ratio of family income to poverty were adjusted; Fully adjusted model (Model 3): age, BMI, alcohol, gender, race, education level, marital status, 
hypertension, diabetes, ratio of family income to poverty, sleep trouble, smoke, METs, thyroid disease were adjusted

OR Odds ratio, MET Metabolic equivalent, BMI Body mass index, RA Rheumatoid arthritis, OA Osteoarthritis
* Significant at the P < 0.05 level

Model 1 Model 2 Model 3

Control (reference) 1.0 1.0 1.0

Occupational noise exposure
  Self-Reported RA
    OR (95% CI) 1.55 (1.30, 1.84) 1.59 (1.32, 1.93) 1.43 (1.18, 1.73)

    P value < 0.001* < 0.001* < 0.001*

  Self-Reported OA
    OR (95% CI) 1.10 (0.97, 1.25) 1.41 (1.22, 1.64) 1.25 (1.07, 1.46)

    P value 0.152 < 0.001* 0.004*

Table 3  Association between duration of occupational noise exposure and rheumatoid arthritis and osteoarthritis

The data: OR (95% CI) P value. Age, BMI, alcohol, gender, race, education level, marital status, hypertension, diabetes, ratio of family income to poverty, sleep trouble, 
smoke, METs, thyroid disease were adjusted

OR Odds ratio, MET Metabolic equivalent, BMI Body mass index, RA Rheumatoid arthritis, OA Osteoarthritis
* Significant at the P < 0.05 level

Model 1 Model 2 Model 3

Variables OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Rheumatoid arthritis
  Control (reference) 1.0 1.0 1.0

  Duration of noise exposure
      Less than 1 year 0.77 (0.46, 1.28) 0.313 1.04 (0.61, 1.76) 0.890 0.95 (0.56, 1.62) 0.858

      1 to 4 years 1.57 (1.15, 2.15) 0.004* 1.82 (1.31, 2.52) < 0.001* 1.64 (1.17, 2.28) 0.003*

      5 to 14 years 1.62 (1.20, 2.20) 0.002* 1.62 (1.18, 2.24) 0.003* 1.42 (1.02, 1.97) 0.036*

      15 or more years 2.49 (1.90, 3.27) < 0.001* 1.72 (1.28, 2.32) < 0.001* 1.56 (1.15, 2.10) 0.004*

Osteoarthritis
  Control (reference) 1.0 1.0 1.0

  Duration of noise exposure
      Less than 1 year 0.78 (0.55, 1.09) 0.147 1.36 (0.94, 1.96) 0.101 1.29 (0.89, 1.87) 0.183

      1 to 4 years 1.02 (0.79, 1.30) 0.900 1.47 (1.12, 1.92) 0.006* 1.29 (0.97, 1.70) 0.078

      5 to 14 years 1.12 (0.88, 1.42) 0.351 1.34 (1.03, 1.74) 0.028* 1.13 (0.86, 1.48) 0.371

      15 or more years 1.68 (1.35, 2.08) < 0.001* 1.30 (1.02, 1.65) 0.036* 1.17 (0.91, 1.50) 0.215
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Table 4  Subgroup analyses for the association between occupational noise exposure and rheumatoid arthritis/osteoarthritis

The data: OR (95% CI) P value. Model 1: no variables are adjusted; Model 2: age, race, gender, education level, ratio of family income to poverty, marital status are 
adjusted; Model 3: age, BMI, alcohol, race, education level, marital status, hypertension, diabetes, ratio of family income to poverty, sleep trouble, smoke,

METs Thyroid disease were adjusted, OR Odds ratio, MET Metabolic equivalent, BMI Body mass index, RA Rheumatoid arthritis, OA Osteoarthritis
* Significant at the P < 0.05 level
a Confidence intervals were used with three decimal points to avoid ambiguity

Model 1 Model 2 Model 3  P for interaction

Variables N OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Rheumatoid arthritis
  Gender 0.985

     Male 5363 1.97 (1.51, 2.58) < 0.001* 1.60 (1.22, 2.12) < 0.001* 1.40 (1.05, 1.85) 0.021*

     Female 5690 1.62 (1.26, 2.09) < 0.001* 1.56 (1.20, 2.03) 0.001* 1.42 (1.09, 1.86) 0.010*

   Age 0.896

     < 40 3685 1.61 (0.81, 3.19) 0.176 1.74 (0.84, 3.63) 0.005* 1.35 (0.63, 2.88) 0.437

     ≥ 40, < 60 3327 1.59 (1.15, 2.19) 0.005* 1.66 (1.17, 2.36) 0.005* 1.53 (1.07, 2.20) 0.021*

     ≥ 60 4041 1.42 (1.14, 1.76) 0.002* 1.48 (1.17, 1.88) 0.001* 1.38 (1.08, 1.75) 0.009*

   Race 0.619

     Latino 2815 1.24 (0.89, 1.72) 0.208 1.59 (1.11, 2.28) 0.012* 1.48 (1.02, 2.14) 0.039*

     Non-Hispanic White 4157 1.55 (1.17, 2.06) 0.003* 1.61 (1.17, 2.22) 0.004* 1.43 (1.03, 1.99) 0.031*

     African American 2673 1.43 (1.05, 1.94) 0.022* 1.44 (1.03, 2.02) 0.033* 1.33 (0.94, 1.88) 0.108

     Asian 1408 2.58 (1.06, 6.27) 0.036* 2.00 (0.78, 5.13) 0.151 2.13 (0.78, 5.81) 0.138

   BMI 0.687

     < 25.0 3079 1.64 (1.11, 2.42) 0.013* 1.35 (0.87, 2.10) 0.181 1.27 (0.81, 1.99) 0.303

     25.0-29.9 4092 1.59 (1.21, 2.09) 0.001* 1.75 (1.28, 2.37) < 0.001* 1.63 (1.19, 2.23) 0.002*

     ≥ 30.0 3882 1.37 (1.05, 1.79) 0.021* 1.52 (1.13, 2.03) 0.005* 1.35 (1.002, 1.820)a 0.049*

   METs 0.666

     < 600 4578 1.56 (1.23, 1.99) < 0.001* 1.61 (1.24, 2.10) < 0.001* 1.48 (1.13, 1.94) 0.004*

     600–2999 3244 2.19 (1.54, 3.13) < 0.001* 1.62 (1.09, 2.41) 0.017* 1.48 (0.98, 2.22) 0.060

     ≥ 3000 3231 1.35 (0.95, 1.90) 0.090 1.51 (1.03, 2.22) 0.035* 1.40 (0.95, 2.06) 0.092

Osteoarthritis
   Gender 0.104

     Male 5363 1.88 (1.51, 2.34) < 0.001* 1.62 (1.29, 2.04) < 0.001* 1.48 (1.17, 1.87) 0.001*

     Female 5690 1.20 (0.99, 1.45) 0.057 1.29 (1.06, 1.59) 0.013* 1.12 (0.91, 1.38) 0.287

   Age < 0.001*

     < 40 3685 3.23 (1.94, 5.38) < 0.001* 2.98 (1.71, 5.19) < 0.001* 2.36 (1.32, 4.22) 0.004*

     ≥ 40, < 60 3327 1.36 (1.06, 1.75) 0.016* 1.47 (1.11, 1.93) 0.007* 1.35 (1.01, 1.80) 0.044*

     ≥ 60 4041 0.82 (0.69, 0.96) 0.017* 1.23 (1.02, 1.49) 0.028* 1.14 (0.94, 1.38) 0.190

   Race 0.835

     Latino 2815 1.13 (0.84, 1.54) 0.413 1.39 (0.99, 1.95) 0.057 1.22 (0.86, 1.74) 0.268

     Non-Hispanic White 4157 0.88 (0.74, 1.04) 0.139 1.39 (1.14, 1.71) 0.002* 1.25 (1.01, 1.55) 0.037*

     African American 2673 1.08 (0.81, 1.43) 0.618 1.36 (0.99, 1.86) 0.054 1.21 (0.88, 1.67) 0.248

     Asian 1408 1.59 (0.81, 3.12) 0.181 1.44 (0.69, 2.98) 0.328 1.12 (0.51, 2.42) 0.780

   BMI 0.968

     < 25.0 3079 1.08 (0.79, 1.47) 0.638 1.28 (0.89, 1.84) 0.181 1.17 (0.80, 1.71) 0.414

     25.0-29.9 4092 1.03 (0.83, 1.27) 0.800 1.39 (1.09, 1.78) 0.009* 1.29 (1.004, 1.660)a 0.046*

     ≥ 30.0 3882 1.07 (0.88, 1.30) 0.508 1.39 (1.12, 1.74) 0.003* 1.27 (1.02, 1.60) 0.036*

   METs 0.671

     < 600 4578 1.13 (0.94, 1.37) 0.194 1.42 (1.15, 1.76) 0.001* 1.24 (0.99, 1.54) 0.056

     600–2999 3244 1.37 (1.05, 1.78) 0.019* 1.42 (1.05, 1.92) 0.023* 1.29 (0.94, 1.76) 0.110

     ≥ 3000 3231 1.05 (0.81, 1.36) 0.698 1.34 (1.00, 1.80) 0.051 1.19 (0.88, 1.61) 0.247
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while the odds of self-reported OA was 25% higher. Fur-
thermore, participants with noise exposure durations of 
1 year or longer had elevated odds of reporting preva-
lent RA compared to those with no history of occupa-
tional noise exposure. However, no such association was 
observed for OA. After we adjusted for various covari-
ates and conducted subgroup analyses, we identified age 
as a potential factor influencing the positive association 
between occupational noise exposure and OA.

To our knowledge, this is the first study to simulta-
neously explore the association between occupational 
noise exposure and the prevalence of OA and RA 
among American respondents. A previous study utiliz-
ing the NHANES database to investigate the association 
between occupational noise exposure and the preva-
lence of RA had results similar to ours [15]. Dzhambov 
et  al. reported an increased risk of RA among individ-
uals exposed to occupational noise for more than 15 
years and hypothesized that occupational noise expo-
sure exceeding 85 dB(A) may be a potential risk factor 
for RA. Our findings provide additional evidence for an 
association between occupational noise exposure and 
RA as well as OA. We included all NHANES data report-
ing the duration of occupational noise exposure and 
adjusted for additional potential confounders, revealing 
that individuals exposed to occupational noise for more 
than 1 year had a significantly increased risk of RA. In 
addition, we performed subgroup analyses and explored 
potential mechanisms for the association between noise 
and arthritis below (Details are shown in Fig.  3). Nev-
ertheless, a prior case‒control study examining com-
munity traffic noise failed to establish a significant 
association between RA and noise exposure, possibly 
due to the interference of other risk factors that may be 
more prevalent near roadways [16]. There is currently 
a lack of direct evidence for the impact of occupational 
noise exposure on OA. Some evidence suggests a posi-
tive relationship between tinnitus and OA, and occupa-
tional noise exposure is a proven risk factor for tinnitus 
[41–43], which may explain this relationship.

Mechanistically, exposure to noise disrupts the bal-
ance of the autonomic nervous system, leading to a 
decrease in the release of acetylcholine, thereby caus-
ing an increase in the production of proinflamma-
tory cytokines such as TNF, IL-1 and IL-6 [17–20]. 
Inflammation may be a common mechanistic path-
way involved in RA and OA. During RA progression, 
cytokines such as TNF and IL-1β downregulate DNA 
methyltransferase expression, reducing DNA meth-
ylation and increasing RA-associated gene expres-
sion. This leads to more aggressive fibroblast-like 
synovial cell behaviours, possibly worsening RA [44, 

45]. Additionally, TNF-α, IL-6, and IL-17 activate syn-
ovial fibroblasts, enhancing the production of patho-
genic molecules such as IL-6, GM-CSF, and MMPs 
[46–48] and upregulating RANKL expression, ulti-
mately contributing to joint damage [49, 50]. In addi-
tion to RA, a range of inflammatory factors might 
contribute to the development of OA by promoting the 
degradation of proteoglycans [51, 52] and inhibiting 
collagen synthesis [53–55]. Furthermore, noise expo-
sure could increase the production of reactive oxygen 
species, potentially triggering the production of NF-κB 
and IL-1β and reducing the levels of peroxisome prolif-
erator-activated receptors, possibly further exacerbat-
ing inflammation and accelerating the development of 
OA [56]. The mechanism above is shown in Fig. 3.

Age was identified as a significant risk factor influenc-
ing the relationship between occupational noise and 
OA. The results showed that individuals aged 40 and 
younger who are exposed to noise had higher odds of 
self-reported OA compared to those who are older than 
40 years. The effect of age on the occurrence of OA may 
be related to the appropriate age of individuals in noise-
exposed occupations [57]. Clinically, the onset of OA at 
40 years is considered early [58]. Our study revealed a 
stronger link between occupational noise exposure and 
OA in individuals aged younger than 40 years than in 
those aged 40 years and older. One speculation is that 
the intensity of work in certain roles contributes to a 
predisposition to injuries [59], which might be more 
prevalent in jobs that employ people aged 40 and 
younger [57].

For the noninstitutionalized population of the United 
States, the NHANES includes a large sample from diverse 
ethnic backgrounds, which is an advantage of our study. 
Only one previous study has specifically addressed the 
potential association between RA and occupational noise 
exposure [15], and no reports on OA have been found. 
In comparison with this study [15], our findings add 
more evidence for an association between occupation 
noise exposure and RA and also is the first to report on 
an association between occupation noise exposure and 
OA, filling a gap in the related research. However, certain 
limitations in this study must be acknowledged. First, 
this study identified the association between occupa-
tional noise exposure and OA/RA but could not establish 
causality due to its cross-sectional nature. Second, the 
majority of variables were collected from questionnaire 
responses, which introduced the potential for recall bias 
and limitations in the accuracy of the results due to the 
subjective nature of self-reports, warranting caution in 
the interpretation of the findings. Third, considering the 
absence of specific information regarding the timing of 
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occupational noise exposure and arthritis diagnosis, it is 
possible that noise exposure might have occurred subse-
quent to the diagnosis of RA or OA, potentially affecting 

our conclusions. Fourth, occupational noise exposure 
may serve as a proxy for certain unmeasured variables in 
the workplace that impact the onset of arthritis.

Fig. 3  Potential mechanisms of occupational noise exposure leading to RA and OA. Exposure to noise has been linked to the activation of the SNS 
and the suppression of the PNS, leading to an imbalance in the ANS. This imbalance can influence the activity of α7nAChR receptors found 
in macrophages and FLS. Normally, activation of these receptors by acetylcholine reduces cytokine production. However, in the case of SNS-PNS 
imbalance, there may be a reduction in acetylcholine release, potentially resulting in increased production of pro-inflammatory cytokines like TNF, 
IL-1, and IL-6, which can contribute to persistent joint inflammation. During RA progression, dynamic changes in DNA methylation status are 
observed in patients’ synovial fibroblasts. Certain cytokines, such as TNF and IL-1β, may downregulate DNMT expression, leading to decreased 
DNA methylation and enhanced expression of genes associated with RA. This process can result in more aggressive behaviors in FLS, possibly 
exacerbating RA. Additionally, pro-inflammatory cytokines like TNF, IL-6, and IL-17 can activate synovial fibroblasts to release various pathogenic 
molecules, including IL-6, GM-CSF, and MMP, which further amplify inflammation. These cytokines also stimulate the production of RANKL 
in fibroblasts. IL-17-activated immune cells can further increase RANKL expression in synovial fibroblasts. RANKL interacts with its receptor 
to encourage macrophages to become osteoclasts, potentially leading to bone erosion in RA. In OA inflammatory mediators such as TNF, 
IL-1, and IL-6 are thought to upregulate MMPs and chondro-degradases, contributing to the breakdown of articular cartilage and reducing 
the synthesis of collagen and proteoglycan. PGE2, a key mediator of inflammation in OA, is produced by COX. The same inflammatory cytokines 
activate the p38/NF-kB pathway, which plays a role in inflammation development. In the synovium, IL-1, TNF-α, and other factors may cause 
overexpression of iNOS and its product, NO, in OA chondrocytes. NO can exacerbate OA by increasing proteoglycan degradation and inhibiting 
the synthesis of collagen and proteoglycan in chondrocytes. Moreover, noise exposure can lead to an overproduction of ROS, which are thought 
to be primary factors in noise-induced inflammation. Elevated ROS levels can induce the production of NF-κB and IL-1β, while simultaneously 
downregulating the intracellular peroxisome PPAR. The reduced activity of PPAR may further enhance the production of inflammatory factors, 
contributing to the progression of OA. SNS, sympathetic nervous system; PNS, parasympathetic nervous system; ANS, autonomic nervous 
system; TNF, tumor necrosis factor; IL, interleukin; RA, rheumatoid arthritis; DMNT, DNA methyltransferase; FLS, fibroblast like synoviocytes; MMPs, 
metalloproteinases; GM-CSF, granulocyte-macrophage colony-stimulating factor; RANKL, receptor activator of nuclear factor-κB ligand; OA, 
osteoarthritis; PGE2, prostaglandin E2; COX, cyclooxygenase; iNOS, inducible nitric oxide synthase; NO, nitric oxide; ROS, reactive oxygen species; 
PPAR, proliferator-activated receptor
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Conclusion
In conclusion, this study revealed a positive association 
between occupational noise exposure and the prevalence 
of RA and OA within a diverse cohort of American indi-
viduals aged ≥ 20 years. However, further confirmation 
through prospective cohort studies is necessary. If sub-
stantiated, such an association would carry profound 
implications for public health.

Abbreviations
OA	� Osteoarthritis
RA	� Rheumatoid arthritis
NHANES	� National Health and Nutrition Examination Survey
BMI	� Body mass index
MET	� Metabolic equivalent
IL-17	� Interleukin-17

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​024-​17897-0.

Additional file 1: Supplementary Table 1. The characteristics of 
respondents with occupational noise exposure duration from the 2011-
2012, 2015-March 2020 Pre-pandemic NHANES.

Additional file 2: Supplementary Table 2. Variance Inflation Factor (VIF) 
test for each confounding factors.

Additional file 3: Supplementary Table 3. Prevalence of OA and RA in 
occupational noise-exposed and control populations at different ages.

Additional file 4: Supplementary Table 4. Prevalence of OA and RA in 
respondents with different occupational noise exposure duration.

Additional file 5: Supplementary Table 5. ORs with confidence intervals 
for the confounding factors in the fully adjusted models of Multivariate 
logistic regression.

Acknowledgements
The authors thank Figdraw (www.​figdr​aw.​com) for providing the original 
materials and drawing platform. And authors thank Dr. Jiaoju Wang of the 
School of Mathematical Statistics, Central South University for his evaluation of 
our statistical model.

Authors’ contributions
JH was responsible for the design of this study and performed the experi-
ments. ZW and YL analyzed/interpreted the results and wrote the manuscript. 
AK revised the English writing. All authors participated in the design of the 
research and the review of the manuscript. The author(s) read and approved 
the final manuscript.

Funding
The Wisdom Accumulation and Talent Cultivation Project of the Third Xiangya 
Hospital of Central South University (YX202209).

Availability of data and materials
The NHANES repository contains the datasets generated and analyzed for the 
current study. This data can be accessed via the link below and is available for 
download: https://​wwwn.​cdc.​gov/​nchs/​nhanes/​Defau​lt.​aspx.

Declarations

Ethics approval and consent to participate
Ethical approval for this study was granted by the ethical review committee of 
the National Center for Health Statistics. Written consent was received from all 
respondents prior to questionnaire collection.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 21 June 2023   Accepted: 26 January 2024

References
	1.	 Katz JN, Arant KR, Loeser RF. Diagnosis and treatment of hip and knee 

osteoarthritis: a review. JAMA. 2021;325(6):568–78. https://​doi.​org/​10.​
1001/​jama.​2020.​22171.

	2.	 Smith MH, Berman JR. What Is Rheumatoid Arthritis? JAMA. 
2022;327(12):1194. https://​doi.​org/​10.​1001/​jama.​2022.​0786.

	3.	 Allen KD, Thoma LM, Golightly YM. Epidemiology of osteoarthritis. Osteo-
arthritis Cartilage. 2022;30(2):184. https://​doi.​org/​10.​1016/j.​joca.​2021.​04.​
020.

	4.	 Finckh A, Gilbert B, Hodkinson B, Bae SC, Thomas R, Deane KD, et al. 
Global epidemiology of rheumatoid arthritis. Nat Rev Rheumatol. 
2022;18(10):591–602. https://​doi.​org/​10.​1038/​s41584-​022-​00827-y.

	5.	 Mehri F, Jenabi E, Bashirian S, Shahna FG, Khazaei S. The association 
between Occupational exposure to silica and risk of developing rheuma-
toid arthritis: a Meta-analysis. Saf Health Work. 2020;11(2):136–42. https://​
doi.​org/​10.​1016/j.​shaw.​2020.​02.​001.

	6.	 Wang D, Xiao Y, Feng X, Wang B, Li W, He M, et al. Association of occupa-
tional noise exposure, bilateral hearing loss with atherosclerotic cardio-
vascular disease risk in Chinese adults. Int J Hyg Environ Health. 2021;235: 
113776. https://​doi.​org/​10.​1016/j.​ijheh.​2021.​113776.

	7.	 Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S, et al. 
Auditory and non-auditory effects of noise on health. Lancet. 
2014;383(9925):1325–32. https://​doi.​org/​10.​1016/​s0140-​6736(13)​61613-x.

	8.	 Li X, Dong Q, Wang B, Song H, Wang S, Zhu B. The influence of occupa-
tional noise exposure on Cardiovascular and hearing conditions among 
Industrial Workers. Sci Rep. 2019;9(1):11524. https://​doi.​org/​10.​1038/​
s41598-​019-​47901-2.

	9.	 Tikka C, Verbeek JH, Kateman E, Morata TC, Dreschler WA, Ferrite S. Inter-
ventions to prevent occupational noise-induced hearing loss. Cochrane 
Database Syst Rev. 2017;7(7):Cd006396. https://​doi.​org/​10.​1002/​14651​
858CD​00639​6pub4.

	10.	 Deal JA, Gross AL, Sharrett AR, Abraham AG, Coresh J, Carlson M, et al. 
Hearing impairment and missing cognitive test scores in a population-
based study of older adults: the atherosclerosis risk in communities 
neurocognitive study. Alzheimers Dement. 2021;17(10):1725–34. https://​
doi.​org/​10.​1002/​alz12​339.

	11.	 Yang Y, Zhang E, Zhang J, Chen S, Yu G, Liu X, et al. Relationship between 
occupational noise exposure and the risk factors of cardiovascular dis-
ease in China: a meta-analysis. Med (Baltim). 2018;97(30):e11720. https://​
doi.​org/​10.​1097/​md.​00000​00000​011720.

	12.	 Yang L, Dai X, Wu L, Xu T, Chen Z, Min Z, et al. Stress hormone biosyn-
thesis-based genes and lifestyle moderated the association of noise 
exposure with blood pressure in a cohort of Chinese tobacco factory 
workers: a cross-sectional analysis. Int J Hyg Environ Health. 2022;239: 
113868. https://​doi.​org/​10.​1016/j.​ijheh.​2021.​113868.

	13.	 Assunção A, Abreu MNS. Factor associated with self-reported work-
related musculoskeletal disorders in Brazilian adults. Rev Saude Publica. 
2017;51(suppl 1):10. https://​doi.​org/​10.​1590/​s1518-​8787.​20170​51000​282.

	14.	 Rogers MP, Trentham DE, Dynesius-Trentham R, Daffner K, Reich P. Exacer-
bation of collagen arthritis by noise stress. J Rheumatol. 1983;10(4):651–4.

	15.	 Dzhambov AM, Dimitrova DD. Lifetime exposure to self-reported occupa-
tional noise and prevalent rheumatoid arthritis in the National Health and 
Nutrition Examination Survey (2011–2012). Int J Occup Environ Health. 
2017;23(3):215–21. https://​doi.​org/​10.​1080/​10773​525.​2018.​14518​09.

	16.	 De Roos AJ, Koehoorn M, Tamburic L, Davies HW, Brauer M. Proximity to 
traffic, ambient air pollution, and community noise in relation to incident 
rheumatoid arthritis. Environ Health Perspect. 2014;122(10):1075–80. 
https://​doi.​org/​10.​1289/​ehp13​07413.

https://doi.org/10.1186/s12889-024-17897-0
https://doi.org/10.1186/s12889-024-17897-0
http://www.figdraw.com
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://doi.org/10.1001/jama.2020.22171
https://doi.org/10.1001/jama.2020.22171
https://doi.org/10.1001/jama.2022.0786
https://doi.org/10.1016/j.joca.2021.04.020
https://doi.org/10.1016/j.joca.2021.04.020
https://doi.org/10.1038/s41584-022-00827-y
https://doi.org/10.1016/j.shaw.2020.02.001
https://doi.org/10.1016/j.shaw.2020.02.001
https://doi.org/10.1016/j.ijheh.2021.113776
https://doi.org/10.1016/s0140-6736(13)61613-x
https://doi.org/10.1038/s41598-019-47901-2
https://doi.org/10.1038/s41598-019-47901-2
https://doi.org/10.1002/14651858CD006396pub4
https://doi.org/10.1002/14651858CD006396pub4
https://doi.org/10.1002/alz12339
https://doi.org/10.1002/alz12339
https://doi.org/10.1097/md.0000000000011720
https://doi.org/10.1097/md.0000000000011720
https://doi.org/10.1016/j.ijheh.2021.113868
https://doi.org/10.1590/s1518-8787.2017051000282
https://doi.org/10.1080/10773525.2018.1451809
https://doi.org/10.1289/ehp1307413


Page 12 of 13Wu et al. BMC Public Health          (2024) 24:371 

	17.	 Babisch W. Stress hormones in the research on cardiovascular effects of 
noise. Noise Health. 2003;5(18):1–11.

	18.	 Koopman FA, van Maanen MA, Vervoordeldonk MJ, Tak PP. Balancing the 
autonomic nervous system to reduce inflammation in rheumatoid arthri-
tis. J Intern Med. 2017;282(1):64–75. https://​doi.​org/​10.​1111/​joim.​12626.

	19.	 Bellocchi C, Carandina A, Montinaro B, Targetti E, Furlan L, Rodrigues GD, 
et al. The interplay between autonomic nervous system and inflamma-
tion across systemic Autoimmune diseases. Int J Mol Sci. 2022;23(5): 2449. 
https://​doi.​org/​10.​3390/​ijms2​30524​49.

	20.	 Ingegnoli F, Buoli M, Antonucci F, Coletto LA, Esposito CM, Caporali R. 
The Link between Autonomic Nervous System and Rheumatoid Arthritis: 
from bench to Bedside. Front Med (Lausanne). 2020. https://​doi.​org/​10.​
3389/​fmed.​2020.​589079.

	21.	 He J, Li J, Wu S, Wang J, Tang Q. Accumulation of blood chromium and 
cobalt in the participants with metal objects: findings from the 2015 to 
2018 National Health and Nutrition Examination Survey (NHANES). BMC 
Geriatr. 2023;23(1):72. https://​doi.​org/​10.​1186/​s12877-​022-​03710-3.

	22.	 Liu B, Wang J, Li YY, Li KP, Zhang Q. The association between systemic 
immune-inflammation index and rheumatoid arthritis: evidence from 
NHANES 1999–2018. Arthritis Res Ther. 2023;25(1):34. https://​doi.​org/​10.​
1186/​s13075-​023-​03018-6.

	23.	 Yan Y, Zhou L, La R, Jiang M, Jiang D, Huang L, et al. The association 
between triglyceride glucose index and arthritis: a population-based 
study. Lipids Health Dis. 2023;22(1):132. https://​doi.​org/​10.​1186/​
s12944-​023-​01899-9.

	24.	 Love T, Solomon DH. The relationship between cancer and rheumatoid 
arthritis: still a large research agenda. Arthritis Res Ther. 2008;10(3):109. 
https://​doi.​org/​10.​1186/​ar2417.

	25.	 Eng A, t Mannetje A, McLean D, Ellison-Loschmann L, Cheng S, Pearce N. 
Gender differences in occupational exposure patterns. Occup Environ 
Med. 2011;68(12):888–94. https://​doi.​org/​10.​1136/​oem.​2010.​064097.

	26.	 Otón T, Carmona L. The epidemiology of established rheumatoid arthritis. 
Best Pract Res Clin Rheumatol. 2019;33(5): 101477. https://​doi.​org/​10.​
1016/j.​berh.​2019.​101477.

	27.	 Themann CL, Masterson EA. Occupational noise exposure: a review of its 
effects, epidemiology, and impact with recommendations for reducing 
its burden. J Acoust Soc Am. 2019;146(5):3879. https://​doi.​org/​10.​1121/1.​
51344​65.

	28.	 Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GT. Robust 
causal inference using directed acyclic graphs: the R package ‘dagitty.’ Int 
J Epidemiol. 2016;45(6):1887–94. https://​doi.​org/​10.​1093/​ije/​dyw341.

	29.	 Bao J, Li P, Guo Y, Zheng Y, Smolinski M, He J. Caffeine is negatively associ-
ated with depression in patients aged 20 and older. Front Psychiatry. 
2022;13: 1037579. https://​doi.​org/​10.​3389/​fpsyt.​2022.​10375​79.

	30.	 McQuillan J, Andersen JA, Berdahl TA, Willett J. Associations of Rheuma-
toid Arthritis and Depressive Symptoms Over Time: Are There Differences 
by Education, Race/Ethnicity, and Gender? Arthritis Care Res (Hoboken). 
2022;74(12):2050–8. https://​doi.​org/​10.​1002/​acr.​24730.

	31.	 Liang X, Chou OHI, Cheung CL, Cheung BMY. Is hypertension associated 
with arthritis? The United States national health and nutrition examina-
tion survey 1999–2018. Ann Med. 2022;54(1):1767–75. https://​doi.​org/​10.​
1080/​07853​89020​22208​9911.

	32.	 Choi YH, Hu H, Mukherjee B, Miller J, Park SK. Environmental cadmium 
and lead exposures and hearing loss in U.S. adults: the National Health 
and Nutrition Examination Survey, 1999 to 2004. Environ Health Perspect. 
2012;120(11):1544–50. https://​doi.​org/​10.​1289/​ehp11​04863.

	33.	 Lyu Y, Li W, Tang T. Prevalence trends and influencing factors of Post-
stroke Depression: a study based on the National Health and Nutrition 
Examination Survey. Med Sci Monit. 2022;28:e933367. https://​doi.​org/​10.​
12659/​msm.​933367.

	34.	 Centers for Disease Control and Prevention. 2022 [updated 2022]. Avail-
able from:  https://​www.​cdc.​gov/​healt​hywei​ght/​asses​sing/​index.​html. 
Accessed 1 Mar 2023.

	35.	 Palmer MK, Toth PP. Trends in lipids, obesity, metabolic syndrome, and 
diabetes Mellitus in the United States: an NHANES Analysis (2003–2004 to 
2013–2014). Obes (Silver Spring). 2019;27(2):309–14. https://​doi.​org/​10.​
1002/​oby.​22370.

	36.	 Chudasama YV, Khunti KK, Zaccardi F, Rowlands AV, Yates T, Gillies CL, 
et al. Physical activity, multimorbidity, and life expectancy: a UK Biobank 
longitudinal study. BMC Med. 2019;17(1):108. https://​doi.​org/​10.​1186/​
s12916-​019-​1339-0.

	37.	 Zhang Y, Dong T, Hu W, Wang X, Xu B, Lin Z, et al. Association between 
exposure to a mixture of phenols, pesticides, and phthalates and obesity: 
comparison of three statistical models. Environ Int. 2019;123:325–36. 
https://​doi.​org/​10.​1016/j.​envint.​2018.​11.​076.

	38.	 Zhu S, Ji L, He Z, Zhang W, Tong Y, Luo J, et al. Association of smoking 
and osteoarthritis in US (NHANES 1999–2018). Sci Rep. 2023;13(1):3911. 
https://​doi.​org/​10.​1038/​s41598-​023-​30644-6.

	39.	 Tedeschi SK, Frits M, Cui J, Zhang ZZ, Mahmoud T, Iannaccone C, et al. 
Diet and rheumatoid arthritis symptoms: Survey results from a Rheuma-
toid Arthritis Registry. Arthritis Care Res (Hoboken). 2017;69(12):1920–5. 
https://​doi.​org/​10.​1002/​acr.​23225.

	40.	 Bashir T, Obeng-Gyasi E. The Association between Multiple Per- and Poly-
fluoroalkyl Substances’ Serum Levels and Allostatic Load. Int J Environ Res 
Public Health. 2022;19(9): 5455. https://​doi.​org/​10.​3390/​ijerp​h1909​5455.

	41.	 Kim HJ, Lee HJ, An SY, Sim S, Park B, Kim SW, et al. Analysis of the 
prevalence and associated risk factors of tinnitus in adults. PLoS ONE. 
2015;10(5): e0127578. https://​doi.​org/​10.​1371/​journ​al.​pone.​01275​78.

	42.	 Jafari Z, Copps T, Hole G, Nyatepe-Coo F, Kolb BE, Mohajerani MH. Tinni-
tus, sound intolerance, and mental health: the role of long-term occupa-
tional noise exposure. Eur Arch Otorhinolaryngol. 2022;279(11):5161–70. 
https://​doi.​org/​10.​1007/​s00405-​022-​07362-2.

	43.	 Melo JJ, Meneses CL, Marchiori LL. Prevalence of tinnitus in elderly indi-
viduals with and without history of occupational noise exposure. Int Arch 
Otorhinolaryngol. 2012;16(2):222–5. https://​doi.​org/​10.​7162/​s1809-​97772​
01200​02000​11.

	44.	 Karouzakis E, Raza K, Kolling C, Buckley CD, Gay S, Filer A, et al. Analysis of 
early changes in DNA methylation in synovial fibroblasts of RA patients 
before diagnosis. Sci Rep. 2018;8(1):7370. https://​doi.​org/​10.​1038/​
s41598-​018-​24240-2.

	45.	 Nakano K, Boyle DL, Firestein GS. Regulation of DNA methylation in rheu-
matoid arthritis synoviocytes. J Immunol. 2013;190(3):1297–303. https://​
doi.​org/​10.​4049/​jimmu​nol.​12025​72.

	46.	 Kondo N, Kuroda T, Kobayashi D. Cytokine networks in the pathogenesis 
of rheumatoid arthritis. Int J Mol Sci. 2021;22(20): 10922. https://​doi.​org/​
10.​3390/​ijms2​22010​922.

	47.	 Schinocca C, Rizzo C, Fasano S, Grasso G, La Barbera L, Ciccia F, et al. Role 
of the IL-23/IL-17 pathway in Rheumatic diseases: an overview. Front 
Immunol. 2021;12: 637829. https://​doi.​org/​10.​3389/​fimmu.​2021.​637829.

	48.	 Loh C, Park SH, Lee A, Yuan R, Ivashkiv LB, Kalliolias GD. TNF-induced 
inflammatory genes escape repression in fibroblast-like syn-
oviocytes: transcriptomic and epigenomic analysis. Ann Rheum Dis. 
2019;78(9):1205–14. https://​doi.​org/​10.​1136/​annrh​eumdis-​2018-​214783.

	49.	 Hashizume M, Hayakawa N, Mihara M. IL-6 trans-signalling directly 
induces RANKL on fibroblast-like synovial cells and is involved in 
RANKL induction by TNF-alpha and IL-17. Rheumatology (Oxford). 
2008;47(11):1635–40. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​ken363.

	50.	 Komatsu N, Takayanagi H. Mechanisms of joint destruction in rheumatoid 
arthritis - immune cell-fibroblast-bone interactions. Nat Rev Rheumatol. 
2022;18(7):415–29. https://​doi.​org/​10.​1038/​s41584-​022-​00793-5.

	51.	 Goldring MB, Marcu KB. Cartilage homeostasis in health and rheumatic 
diseases. Arthritis Res Ther. 2009;11(3):224. https://​doi.​org/​10.​1186/​
ar2592.

	52.	 Kapoor M, Martel-Pelletier J, Lajeunesse D, Pelletier JP, Fahmi H. Role of 
proinflammatory cytokines in the pathophysiology of osteoarthritis. Nat 
Rev Rheumatol. 2011;7(1):33–42. https://​doi.​org/​10.​1038/​nrrhe​um.​2010.​
196.

	53.	 Park JY, Pillinger MH, Abramson SB. Prostaglandin E2 synthesis and 
secretion: the role of PGE2 synthases. Clin Immunol. 2006;119(3):229–40. 
https://​doi.​org/​10.​1016/j.​clim.​2006.​01.​016.

	54.	 Simon LS. Role and regulation of cyclooxygenase-2 during inflammation. 
Am J Med. 1999;106(5b):37s. https://​doi.​org/​10.​1016/​s0002-​9343(99)​
00115-1.

	55.	 Ulivi V, Giannoni P, Gentili C, Cancedda R, Descalzi F. p38/NF-kB-
dependent expression of COX-2 during differentiation and inflammatory 
response of chondrocytes. J Cell Biochem. 2008;104(4):1393–406. https://​
doi.​org/​10.​1002/​jcb.​21717.

	56.	 Paciello F, Pisani A, Rolesi R, Escarrat V, Galli J, Paludetti G, et al. Noise-
Induced Cochlear damage involves PPAR down-regulation through the 
interplay between oxidative stress and inflammation. Antioxid (Basel). 
2021. https://​doi.​org/​10.​3390/​antio​x1008​1188.

https://doi.org/10.1111/joim.12626
https://doi.org/10.3390/ijms23052449
https://doi.org/10.3389/fmed.2020.589079
https://doi.org/10.3389/fmed.2020.589079
https://doi.org/10.1186/s12877-022-03710-3
https://doi.org/10.1186/s13075-023-03018-6
https://doi.org/10.1186/s13075-023-03018-6
https://doi.org/10.1186/s12944-023-01899-9
https://doi.org/10.1186/s12944-023-01899-9
https://doi.org/10.1186/ar2417
https://doi.org/10.1136/oem.2010.064097
https://doi.org/10.1016/j.berh.2019.101477
https://doi.org/10.1016/j.berh.2019.101477
https://doi.org/10.1121/1.5134465
https://doi.org/10.1121/1.5134465
https://doi.org/10.1093/ije/dyw341
https://doi.org/10.3389/fpsyt.2022.1037579
https://doi.org/10.1002/acr.24730
https://doi.org/10.1080/0785389020222089911
https://doi.org/10.1080/0785389020222089911
https://doi.org/10.1289/ehp1104863
https://doi.org/10.12659/msm.933367
https://doi.org/10.12659/msm.933367
https://www.cdc.gov/healthyweight/assessing/index.html
https://doi.org/10.1002/oby.22370
https://doi.org/10.1002/oby.22370
https://doi.org/10.1186/s12916-019-1339-0
https://doi.org/10.1186/s12916-019-1339-0
https://doi.org/10.1016/j.envint.2018.11.076
https://doi.org/10.1038/s41598-023-30644-6
https://doi.org/10.1002/acr.23225
https://doi.org/10.3390/ijerph19095455
https://doi.org/10.1371/journal.pone.0127578
https://doi.org/10.1007/s00405-022-07362-2
https://doi.org/10.7162/s1809-97772012000200011
https://doi.org/10.7162/s1809-97772012000200011
https://doi.org/10.1038/s41598-018-24240-2
https://doi.org/10.1038/s41598-018-24240-2
https://doi.org/10.4049/jimmunol.1202572
https://doi.org/10.4049/jimmunol.1202572
https://doi.org/10.3390/ijms222010922
https://doi.org/10.3390/ijms222010922
https://doi.org/10.3389/fimmu.2021.637829
https://doi.org/10.1136/annrheumdis-2018-214783
https://doi.org/10.1093/rheumatology/ken363
https://doi.org/10.1038/s41584-022-00793-5
https://doi.org/10.1186/ar2592
https://doi.org/10.1186/ar2592
https://doi.org/10.1038/nrrheum.2010.196
https://doi.org/10.1038/nrrheum.2010.196
https://doi.org/10.1016/j.clim.2006.01.016
https://doi.org/10.1016/s0002-9343(99)00115-1
https://doi.org/10.1016/s0002-9343(99)00115-1
https://doi.org/10.1002/jcb.21717
https://doi.org/10.1002/jcb.21717
https://doi.org/10.3390/antiox10081188


Page 13 of 13Wu et al. BMC Public Health          (2024) 24:371 	

	57.	 Zhang L, Chen S, Chen Z, Yin W, Fu W, He F, et al. Relationship between 
occupational noise exposure and hypertension: cross-sectional evidence 
from real-world. Front Public Health. 2022;10: 1037246. https://​doi.​org/​10.​
3389/​fpubh.​2022.​10372​46.

	58.	 Palazzo C, Nguyen C, Lefevre-Colau MM, Rannou F, Poiraudeau S. Risk fac-
tors and burden of osteoarthritis. Ann Phys Rehabil Med. 2016;59(3):134–
8. https://​doi.​org/​10.​1016/j.​rehab.​2016.​01.​006.

	59.	 Ferguson R, Riley ND, Wijendra A, Thurley N, Carr AJ, Bjf D. Wrist pain: a 
systematic review of prevalence and risk factors- what is the role of occu-
pation and activity? BMC Musculoskelet Disord. 2019;20(1):542. https://​
doi.​org/​10.​1186/​s12891-​019-​2902-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3389/fpubh.2022.1037246
https://doi.org/10.3389/fpubh.2022.1037246
https://doi.org/10.1016/j.rehab.2016.01.006
https://doi.org/10.1186/s12891-019-2902-8
https://doi.org/10.1186/s12891-019-2902-8

	Is occupational noise associated with arthritis? Cross-sectional evidence from US population
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design
	Study population
	Variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


