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Association between residential
noise exposure and burnout among
healthcare workers in Taiwan: a
cross-sectional study
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Few studies have explored the association between residential noise exposure and burnout. In this
study, we investigated the association between residential noise exposure and burnout prevalence
among 5416 health-care workers in Taiwan from 2012 to 2017. Burnout was evaluated using the
Mandarin version of the Copenhagen Burnout Inventory by considering both continuous and binary
measures. We applied ordinary Kriging models to calculate the annual average residential noise
exposure at an individual level. Multivariable linear regression models and logistic regression models
were employed. Restricted cubic splines were used to explore dose-response relationships. The median
age of the health-care workers was 31.5 years. In the multivariable linear regression models, exposure
to residential noise (per 1 dBA) was associated with increases in personal burnout and work-related
burnout scores by 1.59 + 0.25 and 1.38 + 0.20, respectively. In the multivariable logistic regression
models, the adjusted odds ratios were 1.24 (95% confidence interval [CI]: 1.16, 1.32) for personal
burnout and 1.19 (95% Cl: 1.13, 1.26) for work-related burnout per 1-dBA increase in residential noise
exposure. Linear dose-response associations of burnout with residential noise level were detected. Our
findings suggest that exposure to residential noise may increase the risk of burnout among health-care
workers.

Keywords Burnout, Cross-sectional study, Healthcare workers, Mediation analysis, Residential noise
exposure

Noise exposure is a pervasive public health hazard that can cause not only hearing disorders! but also sleep
disorders, cardiovascular disease, and impaired cognitive function?>. Researchers have extended their focus
from occupational noise to environmental noise!*~%. A study conducted in six European countries revealed that
traffic noise was the leading cause of disease burden, second only to fine particulate air pollution'. A European
environment agency reported that more than 100 million people in Europe are exposed to harmful levels of
noise pollution in their environment, with 22 million individuals experiencing chronic high annoyance and
6.5 million enduring chronic high sleep disturbance!!.

A growing body of evidence has indicated that environmental noise exposure is linked to mental health
problems such as annoyance and disturbed sleep’!%. Affecting approximately 16% of the global population,
psychiatric disorders constitute a formidable public health challenge!®. Burnout, particularly that affecting
health-care workers, has been recognized as a major mental health concern'*!°. Shanafelt et al. reported that more
than half of U.S. physicians experience symptoms of burnout'®. A stress response characterized by emotional
exhaustion, physical fatigue, and cognitive wariness, burnout is associated with declines in the physical and
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mental health of health-care workers, which may in turn compromise quality of care and patient safety'®!”. A
prospective longitudinal study detected a significant association between a high level of burnout and an increase
in self-perceived major medical errors'®. To develop effective strategies for preventing burnout, modifiable risk
factors must be identified.

Several epidemiological studies have reported the positive associations of occupational noise with burnout,
stress, and annoyance among nurses'®"2>. By contrast, few studies have examined the effect of occupational
noise exposure on the risk of burnout among other types of health-care workers, such as physicians or medical
technicians. Furthermore, epidemiological studies have indicated that compared with daytime noise exposure,
nighttime noise exposure has stronger associations with sleep and cardiovascular disease?*?°. This implies the
potential adverse role of residential noise in the development of burnout. Long-term residential noise exposure
can also lead to poor sleep, resulting in increased burnout"?%. Compared with hospital environmental noise
(caused by the use of medical equipment and alarms), residential environmental noise is more likely to be
controlled by policy-based environmental noise control strategies. Therefore, we conducted a cross-sectional
study to systematically investigate the association of burnout with annual average exposure to residential noise
exposure among health-care workers.

Results

Study population characteristics

The characteristics of the 5416 individuals enrolled in the present study are summarized in Table 1. The medians
(Q1, Q3) of age and body mass index (BMI) were 31.5 (26.0, 38.8) years and 22 (19.9, 24.9), respectively. The
medians (Q1, Q3) for weekly working hours and daily sleeping hours were 42 (40, 48) hours and 7 (6, 7) hours,
respectively (Table 1). The men-to-women ratio was approximately 1:3. The prevalence of smoking, alcohol
consumption, hypertension, and diabetes mellitus were 6.1%, 31.7%, 4.0%, and 1.3%, respectively (Table 1).
The median (QI, Q3) of personal burnout score was 45.8 (33.3, 58.3), and 32.7% of the study population was
classified as having moderate-to-high burnout. The median (Q1, Q3) of the work-related burnout score was
46.4 (35.7, 53.6), and 50.1% of the study population was classified as having moderate-to-high burnout (Table
1). Residential noise level ranged from 53.16 to 67.52 dBA, with the median (Q1, Q3) being 63.48 (62.93, 64.12)
dBA (Table S1).

<63 dB Lden > 63 dB Lden

Characteristics Available N | Overall (N=1748) (N=3668) P-value
Age (Year), median (Q1, Q3) 5416 31.5(26.0, 38.8) | 28.6 (24.7, 35.5) | 32.8 (26.9, 40.0) | <0.001
Female, n (%) 5416 4103 (75.8) 1326 (75.9) 2777 (75.1) 0.905
Smoking, n (%) 5197 318 (6.1) 113 (6.64) 205 (5.86) 0.271
Alcohol consumption, n (%) 2943 933 (31.7) 334 (32.8) 599 (31.1) 0.348
Body mass index, (kg/m?), median (Q1, Q3) 4999 22.0 (19.9,24.9) | 21.8 (19.6,24.7) | 22.1 (20.0, 25.1) | <0.001
Working hours (hours), median (Q1, Q3) 2242 42.0 (40.0, 48.0) | 40.0 (40.0, 48.0) | 42.3 (40.0, 48.0) 0.570
Sleep hours (hours), median (Q1, Q3) 2242 7.0 (6.0,7.0) 7.0 (6.0, 7.0) 6.5 (6.0, 7.0) 0.027
Hypertension, n (%) 5416 218 (4.0) 54 (3.1) 164 (4.5) 0.016
Diabetes mellitus, n 5416 68 (1.3) 13 (0.7) 55 (1.5) 0.020
Job type, n (%) <0.001
Physician group 5416 475 (8.8) 158 (9.0) 317 (8.6)
Nursing group 5416 1393 (25.7) 523 (29.9) 870 (23.7)
Administration group 5416 630 (11.6) 203 (11.6) 427 (11.6)
Medical technician group 5416 500 (9.2) 162 (9.3) 338(9.2)
Unknown 5416 2418 (44.7) 702 (40.2) 1716 (46.8)
Burnout, personal (score), median (Q1, Q3) 5416 45.8 (33.3,58.3) | 45.8 (33.3,54.2) | 45.8 (33.3,58.3) | <0.001
Categorical, n (%)
Level: low (<50) 5416 3644 (67.3) 1252 (71.6) 2392 (65.2) <0.001
Level: moderate (51-69) 5416 1010 (18.7) 287 (16.4) 723 (19.7)
Level: high (>70) 5416 762 (14.1) 209 (12.0) 553 (15.1)
Burnout, work-related (score), median (Q1, Q3) | 5416 46.4 (35.7,53.6) | 42.9 (35.7,53.6) | 46.4 (35.7, 53.6) 0.001
Categorical, n (%)

Level: low (<45) 5416 2700 (49.9) 930 (53.2) 1770 (48.3) 0.001
Level: moderate (46-59) 5416 1817 (33.6) 565 (32.3) 1252 (34.1)
Level: high (> 60) 5416 899 (16.6) 253 (14.5) 646 (17.6)

Table 1. Characteristics of healthcare workers by median level of residential noise pollution. QI first quartile,
Q3third quartile.
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Crude model Model 1° Model 2

B(SD) |Pvalue [B(SD) [Pvalue [B(SD) [Pvalue

Personal burnout

Noise exposure

Per 1 dBA 1 1.43 (0.24) | <0.001 | 1.60 (0.25) | <0.001 | 1.59(0.25) | <0.001

<63 dBA Reference Reference Reference

>63 dBA 2.29(0.53) | <0.001 |2.48(0.54) | <0.001 | 2.36 (0.54) | <0.001

Work-related burnout

Noise exposure

Per 1 dBA 1 1.10 (0.20) | <0.001 | 1.38 (0.20) | <0.001 | 1.38(0.20) | <0.001

<63 dBA Reference Reference Reference

>63 dBA 1.51 (0.44) | <0.001 | 1.97 (0.4) | <0.001 | 1.87 (0.44) | <0.001

Table 2. Estimated associations of average annual residential noise exposure with burnout score between 2012
and 2018. BMI body mass index, SD standard deviation. *Adjusted for age, sex, BMI, smoking status, alcohol
consumption, hypertension, diabetes mellitus, working hours, and sleeping hours. *Adjusted for age, sex, BMI,
smoking status, alcohol consumption, hypertension, diabetes mellitus, working hours, sleeping hours, and job

type.

Crude Model | Model 1* Model 2°
OR (95% CI) OR (95% CI) OR (95% CI)

Personal burnout (low vs. moderate and high level)

Noise exposure
Per 1 dBA 1 | 1.22 (1.15-1.29) | 1.24 (1.16-1.32) | 1.24 (1.16-1.32)
<63 dBA 1.00 (reference) | 1.00 (reference) | 1.00 (reference)
>63 dBA 1.35(1.19-1.52) | 1.37 (1.20-1.55) | 1.36 (1.19-1.54)

Work-related burnout (low vs. moderate and high level)

Noise exposure
Per 1dBA 1 | 1.14 (1.08-1.21) | 1.19 (1.13-1.26) | 1.19 (1.13-1.26)
<63 dBA 1.00 (reference) | 1.00 (reference) | 1.00 (reference)
>63 dBA 1.22 (1.09-1.37) | 1.30 (1.16-1.47) | 1.29 (1.15-1.46)

Table 3. Association of average annual residential noise exposure and burnout status between 2012 and
2018. BMI body mass index, OR odd ratio. *Adjusted for age, sex, BMI, smoking status, alcohol consumption,
hypertension, diabetes mellitus, working hours, and sleeping hours. "Adjusted for age, sex, BMI, smoking
status, alcohol consumption, hypertension, diabetes mellitus, working hours, sleeping hours, and job type.

Residential noise exposure-burnout association

In the linear regression model, for each 1-dBA increase in the annual average residential noise level, personal and
work-related burnout scores increased by 1.43 +0.24 and 1.10+0.20 in the crude model, respectively (Table 2).
Burnout score was significantly associated with noise exposure after adjustment for age, sex, BMI, smoking
status, working hours, sleeping hours, hypertension, diabetes mellitus, and job type (P <0.001; Table 2, model 2).
The scores of individuals exposed to a noise level of > 63 dBA were significantly higher—specifically, 2.36 +0.54
higher for personal burnout and 1.87 +-0.44 higher for work-related burnout—than those of individuals exposed
to a noise level of <63 dBA (P<0.001; Table 2, model 2).

In the logistic regression model, each 1-dBA increase in residential noise level was associated with a 24%
(95% confidence interval [CI]: 16%, 32%) increase in the risk of moderate or high personal burnout and a
19% (95% CI: 13%, 26%) increase in the risk of moderate or high work-related burnout (Table 3, model 2).
Compared with individuals with an annual average residential noise exposure of < 63 dBA, those with an annual
average exposure of >63 dBA had a 36% (95% CI: 19%, 54%) higher risk of personal burnout and a 29% (95%
CI: 15%, 46%) higher risk of work-related burnout (Table 3, model 2). A positive association was identified
between residential noise exposure and burnout, and this correlation increased in magnitude with the level of
exposure to noise hazards (Fig. 1). When noise exposure surpassed 67 dBA, the risk of both personal fatigue and
work-related exhaustion increased by more than fivefold (Fig. 1). In the subgroup analysis, we observed that the
associations between residential noise exposure and personal burnout were significantly modified by job type (P
for interaction=0.01, Fig. 2).

In sensitivity analyses, significantly positive associations were noted under various burnout score thresholds
(low or moderate vs. high; Table S2) and under various combinations of confounders (Tables $3,54). The natural
direct effect of residential noise exposure on personal and work-related burnout was 36% and 30% higher,
respectively, in cases with high levels of residential noise exposure (>63 dBA) than in cases with low levels of
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Fig. 1. Adjusted odds ratios (ORs) for burnout status according to the annual average noise levels (dBA). Solid
lines represent adjusted ORs based on restricted cubic splines for each variability scale with knots at the 10th
(as a reference), 50th and 90th percentiles. Shaded areas represent 95% confidence intervals (CIs).
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Fig. 2. Association between residential noise exposure and personal- and work-related burnout in stratified

analyses.

p for interaction

residential noise exposure (<63 dBA). The natural indirect effect was increased by 1% for both personal and
work-related burnout (Table S5). Our mediation analysis revealed that the proportion of mediation in the total
effect ranged from 1.9 to 2.9% (Table S5).

Discussion

In the present study, annual average residential noise exposure was positively associated with burnout in health-
care workers. Higher burnout risks associated with noise exposure were observed among physicians, nursing
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staff, and medical technicians than among administrators. Our findings also indicate different dose-response
associations between residential noise exposure and burnout. When a noise exposure level of 63 dBA was used
as areference, the odds ratio (OR) for the risk of burnout doubled with a noise exposure of 65 dBA and increased
by fivefold with a noise exposure of 67 dBA. To the best of our knowledge, we are the first to examine the
direct and indirect effects (mediated by sleep deprivation) of residential noise on risk burnout. We discover that
the association between residential noise exposure and burnout was partially mediated by sleep deprivation,
suggesting the significant roles of pathways other than sleep.

Although epidemiological studies have reported associations between residential noise exposure and mental
health?’-%, the evidence on the effect of noise exposure on burnout is limited!*?":?>31:32, For noise exposure,
previous studies have mostly relied on self-reported data instead of environmental noise measurements in the
field!*212331:32 Among these studies, three reported an association between noise exposure and burnout!*1:31,
whereas two did not identify such an association?*2. McCullagh et al. (2022) identified the associations of noise
exposure with greater stress and burnout scores in a study of 3818 nurses in the United States!. In a cross-
sectional study of 151 nurses in Iran, Alidosti et al. (2016) discovered that higher exposure to environmental
noise was associated with a higher risk of burnout!®. Koch et al. (2015) reported that among childcare workers,
the third tertile of subjective noise was associated with a 4.4 times higher risk of personal burnout relative to
the lowest tertile®!. However, Merces et al. (2020) conducted a cross-sectional study of 1125 primary health-care
nursing professionals in Brazil and reported no significant association between noise exposure (negligible vs.
unbearable) and burnout®. Terzi et al. (2019) conducted a cross-sectional study to assess the association of noise
exposure, measured with a hand-held sound level meter at intensive care units, with burnout in 150 nurses?.
No significant association between noise levels (<60.99 dBA; 61-70.99 dBA; > 71 dBA) and burnout (P> 0.05)
was detected. The conflicting findings of the studies on the association between noise exposure and burnout
may be explained by the discrepancies in the assessment of noise exposure between studies. Furthermore, most
studies used a single-variable approach, with only Koch et al. (2015) adjusting for potential confounders such as
workplace-related stresses, working hours, and psychosocial situations®!. Additionally, the subjective perception
of noise (measured using questionnaires) and objective noise exposure (measured using instruments) can both
influence the effects of noise on clinical health outcomes®. Therefore, further studies involving the simultaneous
use of multiple noise metrics are required to evaluate the association between noise and burnout.

We discovered that high proportions of health-care workers experienced personal burnout (30.1%) and work-
related burnout (50.1%). Comparatively, a systematic review conducted in Taiwan, which reviewed 15 studies
that used the Copenhagen Burnout Inventory (CBI) to assess physician burnout, reported average personal
burnout scores ranging from 43.3 to 57.0 and work-related burnout scores from 39.9 to 57.0°*. Our study’s
scores of 48.2 for personal burnout and 46.8 for work-related burnout align with these ranges. Furthermore,
two systematic reviews that investigated burnout among health-care workers in various countries—including
Australia, Egypt, Malaysia, Saudi Arabia, South Africa, and the United States—revealed that personal
burnout prevalence and work-related burnout prevalence ranged from 38.3 to 75% and from 30.1 to 75.1%,
respectively>>*. This variability in burnout prevalence may be attributed to differences in study populations,
as well as national and workplace environments. More research is required to assess whether the effect of noise
exposure remains significant across regions with varying prevalence rates of burnout.

In the subgroup analysis, we discovered that non-smokers had a higher risk of noise-related burnout
compared with smokers (P-value for interaction=0.05). A previous cross-sectional study on hospital workers
in Taiwan reported that smokers had lower burnout scores relative to non-smokers>’. One explanation could be
that smoking activates the mesolimbic dopaminergic pathways, thereby enabling smokers to resist the negative
effects of environmental noise exposure®. Additionally, smoking may impair the oxygen supply to the basal
end of the cochlea, leading to increased auditory thresholds and consequently altered perceptions of noise®**°.

The biological mechanisms underlying the association between residential noise exposure and burnout
remain unclear. A study suggested that long-term exposure to aircraft noise leads to hypothalamic-pituitary-
adrenal (HPA) axis dysregulation and a flattened cortisol rhythm characterized by a small morning-evening
difference**2. Flattened diurnal cortisol profiles have been reported to be associated with fatigue, burnout, and
vital exhaustion®3-%>. However, large-scale prospective investigations are required to evaluate the role of HPA
axis dysregulation in the association between environmental noise exposure and burnout.

The present study has several strengths. First, the large study population provided adequate statistical
power for assessing the association between residential noise exposure and burnout. Second, to the best of our
knowledge, we are the first to explore the relationship between residential noise and burnout, along with the role
of sleep in this relationship. The limitations of the present study are as follows. First, regardless of the consistency
of the dose-response association between residential noise exposure and burnout, the cross-sectional nature of
this investigation precluded causal inference. Second, we cannot completely exclude the possibility of residual
confounding. The examination of various factors, such as occupational noise exposure (including music or other
forms of noise from the headphones or earbuds of people in the vicinity), individual perceptions of noise, and
psychosocial risk factors (e.g., stress, workload, shift work, family situation, interpersonal conflict, or lack of
organizational justice), were not within the scope of the present study. However, given that we examined the
data of health-care workers from a single hospital, the effects of organization-level variance on our findings were
not considered. Furthermore, our results remained robust after we adjusted for average weekly working hours
and job title in the model as proxies for work stress, shift work type, and workload. In our subgroup analysis,
significant and positive associations were identified between noise exposure and burnout among physicians,
nurses, and medical technicians (Table S6). Third, in our assessment of noise exposure, our use of a relatively
large spatial resolution (1 km X 1 km) could have influenced individual estimates. However, because of the
sparse distribution of noise stations, selecting a smaller grid resulted in higher root mean square error values.
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Fourth, given the healthy-worker effect, the association between residential noise exposure and burnout could
have been underestimated.

In conclusion, residential noise exposure was associated with burnout among health-care workers. Although
residential noise exposure may be considered for policy interventions aimed at burnout prevention, further
studies, particularly large-scale prospective studies, are should be conducted to corroborate our findings.

Methods

Data source and study population

The data analyzed in our study were obtained from the Clinical Research Data Repository through the iHi
platform operated by China Medical University Hospital (CMUH) in Taichung, Taiwan. Established in 2017
by the Big Data Center and the Office of Information Technology of CMUH, this integrated database contains
information on approximately 2.8 million patients who sought care at CMUH between January 1, 2003, and
December 31, 2018%.

We conducted a cross-sectional study of various health-care workers at CMUH, namely administrators,
medical technicians, nurses, and physicians. In the context of our study, the term “administrators” refers to
non-medical personnel working within the hospital, including general office staff, researchers, and assistants.
When undergoing their mandatory annual medical check-up, these employees are required to complete a
burnout questionnaire. Personal information, lifestyle, and risk factors related to burnout were obtained from
questionnaire records or electronic medical records. Because the questionnaire data were first made electronically
available in 2012, we examined data on 5697 health-care workers for the period from January 1, 2012, to
December 31, 2017. After excluding 279 individuals without available noise exposure data because of incomplete
address information, the dataset comprising 5416 health-care workers were subjected to further analysis. Our
study was approved by the Big Data Center of CMUH and the Research Ethical Committee/Institutional Review
Board of CMUH, which waived the requirement for informed consent. Additionally, our study was conducted
in accordance with the ethical guidelines outlined in the Declaration of Helsinki.

Outcome definition

Burnout status was defined on the basis of the Chinese version of the CBI (C-CBI), which consists of two
subscales that assess work-related burnout and personal burnout?’. The C-CBI was validated and demonstrated
to have high internal consistency in a Taiwanese study (Cronbach’s alpha>0.86) and correlations with other
burnout-related factors*’. Items in the C-CBI are scored on a Likert scale, with scores of 0, 25, 50, 75, and 100
corresponding to “never;” “seldom,” “sometimes,” “often,” and “always” responses, respectively. The total burnout
score is calculated from the mean score of each question. Six questions are used to assess personal burnout (e.g.,
“How often do you feel emotionally exhausted?”), and seven questions are used to measure work-related burnout
(e.g., “Is your work emotionally exhausting?”). In our study, personal burnout and work-related burnout were
classified as low (average scores of <50 for personal burnout and <45 for work-related burnout), moderate
(average scores of 50-70 for personal burnout and 45-60 for work-related burnout), and high (average scores
of >70 for personal burnout and > 60 for work-related burnout) in accordance with the recommendations of
the Council of Labor Affairs, Executive Yuan, Taiwan®. In subsequent analyses, we treated burnout as both a
continuous variable and a binary variable (low vs. moderate or high)*.

Residential noise exposure assessment

We estimated residential noise exposure from 2003 to 2017 by analyzing data collected by environmental noise
stations maintained by the Taiwan Environmental Protection Administration in Taichung (Figs. S1,52). During
the study period, 21 noise stations were operational in 2012, and this number increased to 24 from 2013 to 2017.
Of these 24 stations, half were traffic-related and located near major thoroughfares, whereas the other half were
general environmental stations situated in typical neighborhoods. For each station, we initially calculated the
day-evening-night levels (i.e., weighted equivalents of continuous noise levels; Lden dBA) on the basis of the
number of effective days within each season, after which we estimated the annual average noise level. To estimate
the spatial distribution of noise exposure, we performed ordinary kriging in ArcGIS (ArcMap, version 10.5; ESRI,
Redlands, CA, USA). A widely applied interpolation approach, kriging has been employed to estimate noise
exposure in various studies?~>!. The spatial resolution of the annual noise exposure assessment was defined by
1 km x 1 km grids. The mean of the cross-validation root mean square error of each year was 4.9 +0.8 dBA (Fig.
S$3). To obtain data on individual-level noise exposure, we assigned the annual average noise data for each grid
cell to each individual on the basis of their residential address. In subsequent analyses, we treated noise exposure
as both a continuous variable and a binary variable (based on the median noise level of 63 dBA).

Covariates

The following covariates were considered: age at medical examination (continuous), sex (female vs. male), smoking
status (ever vs. never), alcohol consumption (ever vs. never), BMI, diabetes mellitus (yes vs. no), hypertension
(yes vs. no), working hours (continuous), sleeping hours (continuous), and job type (administrators, medical
technicians, nurses, physicians, and others). Working hours were defined as the average number of hours worked
per week in the past month prior to the date of the medical examination. Sleeping hours were defined as the
average number of hours slept per day. Queries regarding working hours and sleeping hours were presented
as open-ended questions. We used International Classification of Diseases, Ninth Revision (ICD-9) diagnoses
and a history of using glucose-lowering or antihypertensive agents to define diabetes mellitus (ICD-9: 250) and
hypertension (ICD-9: 401-405).
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Statistical analysis
Continuous variables are expressed as medians (first quartile [Q1], third quartile [Q3]), and categorical
variables are expressed as frequencies and percentages. To replace missing values for smoking status (4%),
alcohol consumption (46%), BMI (8%), working hours (59%), and sleeping hours (59%), we performed multiple
imputation by using an iterative Markov chain Monte Carlo procedure with 20 imputations and 100 iterations™2.
We employed univariable and multivariable linear regression models (B +standard deviation) and logistic
regression models (OR, 95% CI) to evaluate the associations between noise exposure and burnout. In model
1, adjustments were made for age, sex, BMI, smoking status, alcohol consumption, working hours, sleeping
hours, hypertension, and diabetes mellitus. In model 2 (the full model), adjustments were made for job type.
Burnout status (low vs. moderate or high) was selected as the main outcome for the models in subsequent
analyses because it is more reflective of the effects of noise exposure than burnout score is. Furthermore, a
restricted cubic spline model with three knots located at the 10th, 50th, and 90th percentiles of the overall noise
distribution was employed to characterize the dose-response relationship between noise exposure and burnout.
We performed a subgroup analysis to determine whether the association between noise exposure and burnout
was modified by age (< 45 vs. >45 years), sex (male vs. female), BMI (< 24 vs. >24), smoking (yes vs. no), alcohol
consumption (yes vs. no), and job type (administrators, medical technicians, nurses, physicians, and other). We
included interaction terms for noise exposure and each of these factors to expand our model. Sensitivity analyses
were conducted for various burnout score thresholds (low and moderate vs. high), and additional analyses
were performed with varying combinations of confounders. Given the evidence supporting the associations
between noise and sleep and between sleep deprivation and burnout, we conducted a mediation analysis to
determine whether the association between noise exposure and burnout was mediated through sleep deprivation
(26 h)?65233, The mediation analysis was performed using the SAS PROC CAUSALMED procedure, with the
same control variable as those in the main analyses*’. The CAUSALMED procedure is a statistical procedure that
is based on the counterfactual framework, where regression-based estimation is used to estimate causal effects®0.
The outcome (burnout) and mediator (sleep deprivation) were dichotomized into low vs. moderate or high, and
<6 vs. >6 h, respectively. For exposure (noise), we assessed the effects of both continuous and categorical scales
(<63 vs. >63 dBA), using 1000 bootstrap resamples to compute the Cls for causal mediation effects.

All analyses were performed using the following software: SAS software, Version 9.4, of the SAS System for
Window (SAS Institute, Cary, NC, USA) and R (version 3.2.3; R Foundation for Statistical Computing, Vienna,
Austria). On the basis of a two-sided test, the significance level was set at a=0.05.

Data availability
The corresponding author will on request detail the restrictions and any conditions under which access to some
data may be provided.
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