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Prevalence and influencing factors 
of lower urinary tract symptoms in 
female nurses: a cross-sectional 
study based on TARGET
Xinyue Zhang 1, Mengli Li 1, Wenshuo Dong 1, Xiaoyan Lv 2,3, Li Li 2,3, 
Xiaorong Yang 4 and Yingjuan Cao 1,2,3*
1 School of Nursing and Rehabilitation, Shandong University, Jinan, Shandong, China, 2 Department of 
Nursing, Qilu Hospital of Shandong University, Shandong, Jinan, China, 3 Nursing Theory and Practice 
Innovation Research Center, Shandong University, Jinan, Shandong, China, 4 Clinical Epidemiology Unit, 
Qilu Hospital of Shandong University, Jinan, Shandong, China

Background: Even though occupational women have a high incidence of 
lower urinary tract symptoms (LUTS), which seriously affect their daily work life, 
few large scale sample studies have provided empirical evidence to support 
this phenomenon among female nurses in China. Consequently, this article 
investigated female nurses who was presupposed to have a high prevalence 
of LUTS, which adversely exposes their health and patient safety to these risks. 
Additionally, it is considered important to explore the factors associated with 
LUTS in female nurses for patient care safety and nurse bladder health practice.

Objectives: The purpose of this study was to assess the incidence of LUTS and 
symptoms-related risk factors among female nurses, to provide evidence for the 
prevention and control of LUTS.

Methods: An online survey recruiting 23,066 participants was carried out in a 
multicenter cross-sectional study in 42 hospitals from December 2020 to 
November 2022. Stepwise multivariate logistic regression analysis and nomogram 
were used to identify the factors associated with lower urinary tract symptoms. 
Besides, SPSS version 26.0, R version 4.2.2, and GraphPad Prism Version 8.3 
software packages were used for statistical analysis.

Results: Based on the completion rate of the questionnaire which was 84.1% 
(n = 19,393), it was found that among 19,393 female nurses, the prevalence of 
LUTS was 67.71% and this rate was influenced by age, Body Mass Index (BMI), 
marital status, years of working, menstrual status, mode of delivery, history 
of breastfeeding, history of miscarriage, history of alcohol and coffee or tea 
consumption (p < 0.05). Interestingly, we also find that in addition to the above 
mentioned factors, anxiety, depression, and perceived stress were also related to 
LUTS in female nurses (p < 0.05).

Conclusion: Given the high prevalence of LUTS among female nurses and their 
potential influencing factors, female nurses should focus on their reproductive 
health and develop good lifestyle habits. Thus, nursing managers should provide a 
warm and harmonious work environment and sensitize female nurses to increase 
their awareness about the importance of drinking clean water and urinating 
during work in a hygienic environment.

KEYWORDS

lower urinary tract symptoms, female nurses, risk factors, prevalence, cross-sectional 
study
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1. Introduction

Lower urinary tract symptoms (LUTS) have been defined by the 
International Continence Society (ICS) as three primary symptom 
groups: storage, voiding, and postmicturition symptoms (1). 
Unambiguously, based on the findings of numerous scientific and 
empirical studies, women are more susceptible to LUTS than men—
due to the anatomy and physiology of the female genitourinary system 
(2). Similarly, women’s hormonal environmental experiences and 
gender-centered social experiences during pregnancy and childbirth 
(3), can be associated with this health issue (4–6). LUTS have greatly 
and adversely impacted women’s physical, mental, and sexual health 
(7) and also reducing their quality of life (8). Thus, LUTS unwittingly 
impact women’s productivity at work (9), as well as lead to social 
isolation and shame, which concomitantly increases the risk of 
depression and anxiety (10), in addition to elevating the financial 
burden caused by treatment (11).

That said, the findings of some previous studies have indicated 
that there was a bi-directional relationship between LUTS and work 
(12). On top of that, since nurses comprise the largest proportion of 
healthcare occupations throughout the world, with women making up 
at least 90 percent of this occupational group (13, 14), investigating 
the effect of LUTS on their work patterns is important. Over and 
beyond, heavy workloads, long shifts, insufficient breaks, delayed 
voiding, and limited fluid intake are common unhealthy behaviors 
affecting nurses’ bladders (15), which epitomizes a global nursing 
occupational problem (16). Correspondingly, this recognizable 
characteristic of the nurses’ profession is an issue that contributes to 
their vulnerability to LUTS (17), so it attracts the extensive attention 
of researchers.

Furthermore, given that the incidence of LUTS in the female 
nursing workforce is considerably higher than that in the general 
population (18, 19), it is an issue of great concern to health 
practitioners globally. The prevalence of at least one type of LUTS 
is estimated to be 43% (20) to 97% (2) among female nurses. Apart 
from that, China’s huge population of over 1.4 billion, evokes 
some critical issues of diversity in the LUTS faced by female 
nurses generating an unstable development trend, and diseases 
related factors are complicated and diverse (21). Numerous studies 
have shown female nurses with LUTS have been diagnosed to 
often have co-occurring psychological, physical, and social needs 
(17, 22–27). Analogously, the effect of work-related factors on 
LUTS has been generally ignored (2), accentuating the impact of 
years of working, shift patterns, fluid intake during work, etc., on 
the severity of this scourge on health-related work productivity is 
vital. Evidentially, LUTS is therefore more common in female 
nurses when compared to other medical staff populations (18). 
Consequently, it is essential to study the influence factors in this 
diseased population to shed more light on the condition of LUTS 
among female nurses.

Contemporaneously, the identification of individual, behavioral, 
and environmental associated with LUTS, as well as occupational 
factors among female nurses might considerably increase the level of 
awareness of the importance of preventing lower urinary tract 
symptoms in nurses. Hence, this study aims to assess the prevalence 
of LUTS and symptom-related risk factors among female nurses in 
China based on TARGET (28) study, to provide substantial evidence 
for the prevention and control of LUTS nationwide.

2. Methods and material

2.1. Design, setting, and participants

In this study, the baseline data elicited from the Nurses’ Health 
Cohort Study of Shandong [registration number: ChiCTR2100043202] 
conducted between December 2020 to November 2022 was used. In 
addition, the dataset was organized using a multi-center cross-
sectional study technique and data were collected from nurses in 42 
hospitals and 16 cities in the Shandong Province of China. The 
inclusion criteria included all registered nurses with nursing 
qualification certificates who volunteered to participate in the study 
within the enumeration areas. More so, the exclusion criteria were 
comprised of [a] retired, refresher, and student nurses, [b] nurses who 
suffered from severe mental illness or took psychotropic drugs; [c] 
nurses who had been working for <6 months; and [d] nurses who were 
on leave during the investigation.

2.2. Measures

The questionnaire contained socio-demographic information, 
International Consultation on Incontinence Questionnaire-Female 
Lower Urinary Tract Symptoms, ICIQ-FLUTS [Chinese version], 
Generalized Anxiety Disorder-7 [GAD-7], Patient Health 
Questionnaire-9 [PHQ-9], and Perceived Stress Scale [PSS], which 
were distributed among Chinese female nurses.

Additionally, demographic variables included: [1] Age, 
educational background, marital status, and Body Mass Index 
(BMI);[2] Work-related variables such as professional title, monthly 
income, working years, shift mode, and shift working years; [3] Living 
habits variables which encompassed smoking, drinking frequency, 
drinking coffee or tea during work, fluid intake during work; and [4] 
Female health variables such as regular menstruation, pregnant times, 
parturition times, delivery mode, lactation history, as well as 
abortion history.

The LUTS of female nurses was measured by the Chinese version 
of the International Consultation on Incontinence Questionnaire-
Female Lower Urinary Tract Symptoms, ICIQ-FLUTS, which was 
translated by Huang et al. (29). The questionnaire included 12 items 
in 4 dimensions, including urinary storage symptoms, voiding 
symptoms, incontinence symptoms and the degree of influence of 
each symptom on daily life. The 5-level scoring method was used: 
never, occasionally, sometimes, most of the time, and always. The 
higher the score, the more serious the symptoms. According to the 
definition of lower urinary tract symptoms by the International 
Continence Society in 2012 and the specific items of the ICIQ-FLUTS 
scale, this study classified the symptoms of storage period [nocturia, 
urinary urgency, bladder discomfort, frequent urination], urination 
period [urination hesitation, urination difficulty, urinary flow 
interruption], incontinence symptoms [urgent urinary incontinence, 
frequent urinary leakage, stress urinary incontinence, enuresis, 
nocturnal enuresis] as LUTS, that is, the subjects with any one of the 
above symptoms can be diagnosed as LUTS (30). The LUTS distress 
score is 0 for no distress, 1–4 for mild distress, 5–7 for moderate 
distress, and 8–10 for severe distress. If the research object chooses 
more than 1 point for any symptom, it is necessary to describe the 
degree of influence of symptoms on their daily life, and the score range 
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is 0–10 [no influence-extreme influence]. The Cronbach’s α for the 
LUTS score in this study was 0.811, and the Cronbach’s α for the 
degree of symptom distress was 0.954.

The Generalized Anxiety Disorder 7-Item Scale [GAD-7], 
designed by Spitzer et  al., with a pretest reliability of 0.830 and a 
Cronbach’s α of 0.920, indicates good reliability and validity, and has 
been widely used to screen for the presence and severity of anxiety 
(31). The total GAD-7 score ranges from 0 to 21 points scoring from 
zero [not at all] to three (nearly every day) such that 0–4, 5–9, 10–14, 
and 15–21 scores represent normal, mild, moderate, and severe 
anxiety, respectively (31). He et al. (32) validated the reliability and 
validity of the Chinese version of the GAD-7, the test–retest reliability 
was 0.856 and the Cronbach’s α was 0.898. The Cronbach’s α of the 
GAD-7 was 0.962 in this study.

The Patient Health Questionnaire [PHQ-9] which contains nine 
items has been widely used to measure depression symptoms (33). 
Kroenke et al. examined the reliability and validity of the PHQ-9 and 
found the retest reliability to be 0.840 and the Cronbach’s α of the 
questionnaire to be 0.890. The total PHQ-9 score ranges from 0 to 27 
points, scoring from zero [not at all] to three [nearly every day] such 
that 0–4, 5–9, 10–14, 15–19, and 20–27 points represent normal, mild, 
moderate, moderately severe, and severe depression, respectively (34). 
Wang et al. validated the reliability and validity of the Chinese version 
of the PHQ-9 (35), the test–retest reliability was 0.860 and the 
Cronbach’s α was 0.860. The Cronbach’s α of the PHQ-9 was 0.954 in 
this study.

The perceived stress scale which contains 10 items was used to 
assess nurses’ perceptions of stress (36). The Chinese version of the 
perceived pressure scale used in this study has been verified to have 
good reliability and validity (37). The coefficient alpha values for the 
positive and negative subscales were 0.83 and 0.76 for PSS-10, 
respectively. Each item is measured on a 5-point Likert scale from 0 
[never] to 4 [always], and the perceived stress level was divided into 
three categories: low [0–13], medium [14–27], and high [28–40]. The 
total PSS-10 score ranges from 0–40 points scoring from zero [never] 
to four [always] such that 0–13, 14–27, and 28–40 points represent low 
[0–13], medium [14–27], and high [28–40] perceived stress, 
respectively. The Cronbach’s α of the scale in this study was 0.932.

2.3. Data collection

Nurses who met the inclusion criteria and agreed to volunteer to 
enroll in the study, after signing an informed consent form, were duly 
recruited to complete the questionnaire. The recruitment of all the 
respondents was carried out through a combination of online and 
on-site recruitment methods. Online recruitment was carried out via 
the dissemination of recruitment information through the WeChat 
instant messaging and social media platform, hospital website, and 
text messaging. However, on-site recruitment was carried out through 
presentations, seminars, and via the use of recruitment posters in 
collaboration with the selected hospitals’ senior administrators such 
as directors and/or chief nurses of the nursing department of the 
participating hospital (28).

Thanks to the support of the Shandong Provincial Health and 
Wellness Commission and the National Institute of Health Care Data, 
the research team signed a research project cooperation agreement 
with the participating hospitals and obtained informed consent from 

each participant. In this online questionnaire, participants first 
registered their personal information using the official WeChat 
account of the Shandong Nurses Health Cohort Study. Then, they 
completed an electronic questionnaire sent by the official WeChat 
account. The survey questionnaire took about 10 to 15 min to 
complete. During the data collection process, the research team set up 
a separate cloud server and a MySQL database cluster (28).

Data managers have access to the data platform of the Nurse 
Health Cohort Study through an authentication mechanism for data 
interface calls, data maintenance, and data status monitoring. Only 
professionals who have signed a confidentiality agreement have direct 
access to this data. To ensure data quality, the questions and data logic 
control design required for electronic questionnaires were used (28).

2.4. Data analysis

The descriptive statistics were used to assess continuous variables 
[i.e., mean (M) ± standard deviation (SD)] and categorical variables 
[such as frequencies and percentages (%)]. One-way analysis of 
variance (ANOVA) was performed to examine the difference in 
continuous variables, and the significance of the difference in 
categorical variables was assessed via chi-squared testing. 
Furthermore, variables that were statistically significant in the 
univariate analysis were considered for inclusion in the backward 
stepwise multivariate logistic regression analysis to identify the main 
factors associated with LUTS, and to estimate the adjusted odds ratio 
(AOR) and 95% confidence interval (CI). Thereafter, the final logistic 
regression model was determined by the Akaike Information Criterion 
(AIC) minimization, and variables in the final model were indicated 
as statistically significant differences at p < 0.05.

The independent influence variables screened by logistic regression 
analysis were imported into the software. The “rms package” in R 
version 4.2.2 was used to build the nomogram model, and the receiver-
operating characteristic (ROC) curves, calibration curves and Precision-
Recall (Pr) curves were also plotted to evaluate the prediction capability 
of the model capability. Other data analyses were performed using the 
SPSS version 26.0. Drawing forest map with GraphPad Prism Version 
8.3. The level of significance was set at p < 0.05.

3. Results

3.1. Prevalence and characteristics of LUTS 
in female nurses

Table 1 shows the distribution of LUTS symptoms among female 
nurses and the impact on daily life. A total of 23,066 nurses clicked on 
the questionnaire web link, and 19,393 female nurses completed the 
questionnaire, indicating an overall response rate of 84.1%. It was 
observed that the prevalence of LUTS among participating female 
nurses was high at approximately 67.71%. While, the prevalence of 
storage symptoms, urination symptoms, and incontinence symptoms 
were 32.15, 12.95, and 56.80%, respectively. Notably, the prevalence of 
stress urinary incontinence (SUI) was the highest at 50.47%, just as the 
probability of frequent urination is lowest at 1.62%. Similarly, 
incontinence symptoms had the greatest degree of impact on the daily 
life of female nurses, with 1,444 (i.e., 15.32%) being severely influenced 
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by stress urinary incontinence (SUI) and 1,028 (i.e., 13.12%) being 
severely affected by leakage of urine (Figure 1).

Table 2 shows that the mean age of the 19,393 participants was 
34.64 (SD = 7.095) years. While the mean working years for nurses was 
26.65 (SD = 7.495) years. Likewise, the mean BMI of nurses was 22.59 
(SD = 3.152). Approximately 91.4% of participants had bachelor’s 
degrees, 79.0% were married, and 50.5% had a primary title. 
Additionally, approximately half of the participants with an average 
monthly income of less than or equal to 6,000 Chinese Yuan (CNY). 

Interestingly, over half of the participants (i.e., 63.3%) have been 
working in shifts, while nearly half (i.e., 46.3%) had worked in shifts 
for more than 5 years.

When considering women’s health, it was found that 
approximately one-third of participants experienced irregular 
menstruation. Over and above that, about 70% of them have the 
experience of gravidity, with 68.3% having given birth at least once, 
40.7% having a history of vaginal delivery, 65.0% having a history of 
lactation, and just as 32.0% had a history of abortion. Moreover, it 

TABLE 1 Distribution of symptoms of LUTS and its impact on daily life among female nurses.

Symptoms N (%)

ICIQ-FLUTS

Impact of daily 
life (M ± SD)

Degree stratification/N (%)

Mild Moderate Severe

Urinary storage symptoms 6,235 (32.15%) 6.33 ± 8.12 — — —

Nocturia 3,209 (16.55%) 1.66 ± 2.31 6,913 (70.33%) 2,312 (23.52%) 605 (6.15%)

Urinary urgency 3,326 (17.15%) 1.77 ± 2.39 7,006 (69.02%) 2,428 (23.92%) 716 (7.05%)

Bladder discomfort 1,534 (7.91%) 1.45 ± 2.33 5,327 (66.86%) 1991 (24.99%) 649 (8.15%)

Frequent urination 315 (1.62%) 1.46 ± 2.20 6,107 (71.06%) 2024 (23.55%) 463 (5.39%)

Voiding symptoms 2,511 (12.95%) 3.36 ± 5.74 — — —

Hesitation in urination 1,543 (7.96%) 1.17 ± 2.02 5,283 (73.01%) 1,612 (22.28%) 341 (4.71%)

Stressful urination 902 (4.65%) 1.15 ± 2.11 4,569 (69.28%) 1,572 (23.84%) 454 (6.88%)

Interruption of urination 1,047 (5.40%) 1.05 ± 1.99 4,586 (71.87%) 1,430 (22.41%) 365 (5.72%)

Incontinence symptoms 11,016 (56.80%) 7.08 ± 10.92 — — —

UUI 7,973 (41.13%) 1.64 ± 2.56 5,293 (63.52%) 2054 (24.65%) 986 (11.83%)

Frequency of urine leakage 7,313 (37.71%) 1.56 ± 2.58 4,936 (63.02%) 1869 (23.86%) 1,028 (13.12%)

SUI 9,788 (50.47%) 1.96 ± 2.82 5,723 (60.70%) 2,261 (23.98%) 1,444 (15.32%)

Enuresis 3,515 (18.13%) 1.14 ± 2.30 3,549 (62.02%) 1,461(25.53%) 712 (12.44%)

Nocturnal enuresis 1,498 (7.72%) 0.78 ± 1.91 2,797 (65.75%) 1,074 (25.25%) 383 (9.00%)

(N = 19,393).
UUI, urgent urinary incontinence; SUI, stress urinary incontinence.

FIGURE 1

Symptoms-specific bother and extent of individual lower urinary tract symptoms. (A) Nocturia; (B) Urinary urgency; (C) Discomfort in the bladder area; 
(D) Frequent urination; (E) hesitation in urination; (F) Stressful urination; (G) Interruption of urination; (H) UUI; (I) Frequency of urine leakage; (J) SUI; 
(K) Enuresis; (L) Normal enuresis.
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TABLE 2 Descriptive statistics and univariate analysis of variables related to lower urinary tract symptoms in female nurses.

Characteristics Total LUTS, n (%) χ2/F p value

No Yes

Personal traits

Age 3.873 0.049

34.64 ± 7.095 32.70 ± 6.859 35.56 ± 7.019

BMI 16.251 <0.001

22.59 ± 3.152 21.99 ± 3.033 22.88 ± 3.168

Education 83.397 <0.001

Secondary vocational degree 46 (0.2%) 14 (0.2%) 32 (0.2%)

Associate’s degree 1,321 (6.8%) 576 (9.2%) 745 (5.7%)

Bachelor’s degree 17,724 (91.4%) 5,582 (89.1%) 12,142 (92.5%)

Master’s degree 302 (1.6%) 90 (1.4%) 212 (1.6%)

Marital status 974.392 <0.001

Unmarried 3,636 (18.7%) 1,964 (31.4%) 1,672 (12.7%)

Married 15,317 (79.0%) 4,155 (66.4%) 11,162 (85.0%)

Widowhood/divorce 356 (1.8%) 122 (1.9%) 234 (1.8%)

Others 84 (0.4%) 21 (0.3%) 63 (0.5%)

Work-related factors

Years of working 748.582 <0.001

26.65 ± 7.495 24.82 ± 6.105 27.52 ± 7.926

Professional title 495.497 <0.001

Primary 9,794 (50.5%) 3,883 (62.0%) 5,911 (45.0%)

Medium 8,173 (42.1%) 2,063 (32.9%) 6,110 (46.5%)

Senior 1,409 (7.3%) 311 (5.0%) 1,098 (8.4%)

Others 17 (0.1%) 5 (0.1%) 12 (0.1%)

Monthly income/CNY 160.286 <0.001

<3,000 1,287 (6.6%) 552 (8.8%) 735 (5.6%)

3,000–6,000 9,663 (49.8%) 3,342 (53.4%) 6,321 (48.1%)

6,001–9,000 5,845 (30.1%) 1,652 (26.4%) 4,193 (31.9%)

9,001–1,2000 1,841 (9.5%) 497 (7.9%) 1,344 (10.2%)

>1,2000 757 (3.9%) 219 (3.5%) 538 (4.1%)

Scheduling mode 32.440 <0.001

Day shift 7,006 (36.1%) 2,087 (33.3%) 4,919 (37.5%)

Small night shift 29 (0.1%) 11 (0.2%) 18 (0.1%)

Big night shift 78 (0.4%) 30 (0.5%) 48 (0.4%)

Work in shifts 12,280 (63.3%) 4,134 (66.0%) 8,146 (62.0%)

Shift work experience/Years

0–5 years 10,418 (53.7%) 3,757 (60.2%) 6,651(50.7%) 215.237 <0.001

6–10 years 4,691 (24.2%) 1,463 (23.4%) 3,228 (24.6%)

11–15 years 3,157 (16.3%) 802 (12.8%) 2,355 (17.9%)

16–20 years 842 (4.3%) 170 (2.7%) 672 (5.1%)

>20 years 285 (1.5%) 60 (1.0%) 225 (1.7%)

Female physiological factor

Menstrual regularity 168.909 <0.001

Extremely regular 3,075 (15.9%) 1,226 (19.6%) 1,849 (14.1%)

(Continued)
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TABLE 2 (Continued)

Characteristics Total LUTS, n (%) χ2/F p value

No Yes

Very regular 6,113 (31.5%) 2,038 (32.5%) 4,075 (31.0%)

Regular 4,177 (21.5%) 1,303 (20.8%) 2,874 (21.9%)

Most of the time earlier than expected 877 (4.5%) 251 (4.0%) 626 (4.8%)

Most of the time later than expected 1817 (9.4%) 573 (9.2%) 11,244 (9.5%)

Uncertain, sooner or later 1,651 (8.5%) 490 (7.8%) 1,161 (8.8%)

No menstruation 1,683 (8.7%) 381 (6.1%) 1,302 (9.9%)

Number of Gravidity 957.574 <0.001

0 5,720 (29.5%) 2,719 (43.4%) 3,001 (22.9%)

1 ~ 2 9,322 (48.1%) 2,664 (42.5%) 6,658 (50.7%)

≥3 4,351 (22.4%) 879 (14.0%) 3,472 (26.4%)

Number of production 859.609 <0.001

0 6,147 (31.7%) 2,873 (45.9%) 3,274 (24.9%)

1 ~ 2 13,076 (67.4%) 3,349 (53.5%) 9,727 (74.1%)

≥3 170 (0.9%) 40 (0.6%) 130 (1.0%)

Obstetric mode of delivery 993.096 <0.001

Vaginal delivery 7,897 (40.7%) 1715 (27.4%) 6,182 (47.1%)

Cesarean section 5,349 (27.6%) 1,674 (26.7%) 3,675 (28.0%)

Not delivered 6,147 (31.7%) 2,873 (45.9%) 3,274 (24.9%)

History of lactation 888.534 <0.001

No 6,789 (35.0%) 3,118 (49.8%) 3,671 (28.0%)

Yes 12,604 (65.0%) 3,144 (50.2%) 9,460 (72.0%)

History of abortion 469.642 <0.001

No 13,196 (68.0%) 4,919 (78.6%) 8,277 (63.0%)

Yes 6,197 (32.0%) 1,343 (21.4%) 4,854 (37.0%)

Life behavioral factors

Smoking 4.034 0.401

Never smoke 19,332 (99.7%) 6,243 (99.7%) 13,089 (99.7%)

Used to smoke (Cumulative ≤5 packs) 35 (0.2%) 12 (0.2%) 23 (0.2%)

Used to smoke(Cumulative >5 packs) 7 (0.0%) 0 (0.0%) 7 (0.1%)

Still smoking now(Cumulative≤5 packs) 9 (0.0%) 4 (0.1%) 5 (0.0%)

Still smoking now(Cumulative>5 packs) 10 (0.1%) 3 (0.0%) 7 (0.1%)

Drinking 123.465 <0.001

Never 14,861 (76.6%) 5,103 (81.5%) 9,758 (74.3%)

Occasionally 4,133 (21.3%) 1,067 (17.0%) 3,066 (23.3%)

Sometimes 350 (1.8%) 82 (1.3%) 268 (2.0%)

Often 49 (0.3%) 10 (0.2%) 39 (0.3%)

Coffee or tea 79.470 <0.001

No 13,027 (67.2%) 4,479 (71.5%) 8,548 (65.1%)

Yes 6,366 (32.8%) 1,783 (28.5%) 4,583 (34.9%)

Liquid intake during work 9.200 0.101

<500 mL 9,704 (50.0%) 3,054 (48.8%) 6,650 (50.6%)

500-1,000 mL 7,375 (38.0%) 2,432 (38.8%) 4,943 (37.6%)

1,001-1,500 mL 1,477 (7.6%) 491 (7.8%) 986 (7.5%)

(Continued)
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should be noted that 99.7% of participants reported never smoking, 
76.6% reported never drinking alcohol, and 32.8% reported drinking 
coffee or tea, while half of the participants reported consuming less 
than 500 mL of fluid during work.

Furthermore, with regards to mental health, it was found that 
nurses with LUTS (n = 13,131), 62.1% (n = 8,150) experienced some 
level of anxiety (where, mild = 44.2%, moderate = 12.0%, 
severe = 5.9%), while 65.1% (n = 8,620) experienced some level of 
depression (where, mild = 42.6%, moderate =10.2%, moderately 
severe = 8.0%, severe = 4.1%), and 93.2% (n = 12,329) experienced 
some level of perceived stress (where, medium = 83.2%, high = 9.9%).

3.2. The univariate analysis of factors 
associated with LUTS

Table 2 also shows all the respondents’ univariate analysis of LUTS 
from work-related characteristics, female health characteristics, 
dietary characteristics, and mental health characteristics. It was 
thereafter established that there were significant differences in 
distribution patterns between the group with LUTS and the group 
without it (p < 0.05). It was uncovered that these differences can 
be  grouped by respondents’ age, education, marital status, BMI, 
professional title, monthly income, years of work, scheduling mode, 
shift work experience, menstrual regularity, gravidity, production, 
obstetric mode of delivery, history of lactation, history of abortion, 
drinking alcohol, consuming coffee or tea, as well as anxiety, 
depression, and perceived stress rating levels.

3.3. Stepwise multivariate logistic 
regression analysis of factors associated 
with LUTS

Table 3 shows the results of the backward stepwise multivariate 
logistic regression model with an adjusted odds ratio (AOR) and 
95% CI and the main variables including demographic factors, 
work-related factors, living habits factors, female health factors, and 
psychological factors. With regards to demographic and work-
related factors (Figure 2), it was found that among female nurses, 
each 1-unit increase in BMI was associated with a 6.2% increase in 
the odds of female nurses suffering from LUTS in this study. 
Relatedly, the odds of having LUTS increased by either 1.7% or 3.4% 
for every 1-year increase in age or working years among female 
nurses, respectively. Comparatively, when unmarried nurses were 
compared to those who were married, nurses who were married 
were significantly more likely to experience LUTS (AOR = 1.539, 
95% CI: 1.355–1.748). Besides, relative to nurses who had 0–5 years 
of shift work experience, those who had between 11–15 years and 
16–20 years were significantly more likely to experience LUTS than 
those at the early stage of their career (AOR = 1.177, 95% CI: 1.066–
1.300; AOR = 1.388, 95% CI: 1.156–1.674). With regards to living 
habits (Figure 2), it was found that when nurses who never drank 
alcohol were compared to those who drink occasionally, those who 
drank alcohol occasionally (AOR =1.158, 95% CI: 1.059–1.268) were 
significantly more likely to experience LUTS. Nevertheless, drinking 
coffee or tea was also associated with LUTS among female nurses 
(AOR = 1.097, 95% CI: 1.016–1.184).

TABLE 2 (Continued)

Characteristics Total LUTS, n (%) χ2/F p value

No Yes

1,501-2000 mL 601 (3.1%) 198 (3.2%) 403 (3.1%)

2001-2,500 mL 153 (0.8%) 52 (0.8%) 101 (0.8%)

>2,500 mL 83 (0.4%) 35 (0.6%) 48 (0.4%)

Psychological factors

Anxiety rating 780.340 <0.001

Normal 8,638 (44.5%) 3,657 (58.4%) 4,981 (37.9%)

Mild 7,873 (40.6%) 2,075 (33.1%) 5,798 (44.2%)

Moderate 1,942 (10.0%) 361 (5.8%) 1,581 (12.0%)

Severe 940 (4.8%) 169 (2.7%) 771 (5.9%)

Depression rating 876.467 <0.001

Normal 8,149 (42.0%) 3,537 (56.5%) 4,612 (35.1%)

Mild 7,661 (39.5%) 2,065 (33.0%) 5,596 (42.6%)

Moderate 1,643 (8.5%) 301 (4.8%) 1,342 (10.2%)

Moderately severe 1,297 (6.7%) 250 (4.0%) 1,047 (8.0%)

Severe 643 (3.3%) 109 (1.7%) 534 (4.1%)

Perceived stress rating 204.584 <0.001

Low 1,468 (7.6%) 565 (9.0%) 903 (6.9%)

Moderate 16,362 (84.4%) 5,435 (86.8%) 10,927 (83.2%)

High 1,563 (8.1%) 262 (4.2%) 1,301 (9.9%)

Bold value for p < 0.05. (N = 19,393).
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In terms of female health factors (Figure  3), nurses whose 
menstruation was very regular, regular, and most of the time earlier 
than expected, as well as those whose menstruation was most of the 
time later than expected, uncertain, sooner or later, and with no 
menstruation were significantly more likely to experience LUTS than 
those who had extremely regular menstruation (AOR = 1.269, 95% CI: 
1.151–1.398; AOR = 1.405, 95% CI: 1.264–1.562; AOR = 1.374, 95% CI: 
1.153–1.641; AOR = 1.343, 95% CI: 1.176–1.535; AOR = 1.467, 95% CI: 
1.276–1.687; and AOR = 2.178, 95% CI:1.854–2.561), respectively. 
Additionally, female nurses who experienced lactation (AOR =1.534, 
95% CI: 1.321–1.779) or experienced abortion (AOR = 1.144, 95% CI: 
1.029–1.273) were more likely to develop LUTS than nurses who did 
not have such experience. Interestingly, nurses who went through 
cesarean section delivery or have not delivered (AOR = 0.572, 95% CI: 
0.526–0.622; AOR = 0.647, 95% CI: 0.513–0.819) were less likely to 
develop LUTS than those who had a vaginal delivery.

Figure 4 reveals that mental health factors were also found to 
be associated with LUTS. When nurses who reported a normal level 
of anxiety were compared to those who reported a mild or moderate 
level of anxiety, nurses who reported mild or moderate levels of 
anxiety were significantly more likely to experience LUTS, with an 
AOR of 1.345 (95% CI: 1.223–1.480) and AOR of 1.677 (95% CI: 
1.406–2.004), respectively. Similarly, nurses who reported mild, 
moderate, moderately severe, or severe levels of depression were 
significantly more likely to experience LUTS, with AOR of 1.548 (95% 
CI: 1.406–1.704), 2.069 (95% CI: 1.751–2.451), 1.829 (95% CI: 

TABLE 3 Backward stepwise multivariate logistic regression analysis of 
factors associated with lower urinary tract symptoms in female nurses.

Variables Adjusted 
OR

95% CI p value

Personal traits

Age 1.017 (1.010–1.024) <0.001

BMI 1.062 (1.050–1.074) <0.001

Marital status

Unmarried 1.00 (Ref.)

Married 1.539 (1.355–1.748) <0.001

Widowhood/divorce 1.072 (0.824–1.398) 0.608

Others 1.698 (1.002–2.980) 0.056

Work-related factors

Years of working 1.034 (1.028–1.039) <0.001

Shift work experience/years

0–5 1.00 (Ref.)

6–10 1.083 (0.996–1.177) 0.061

11–15 1.177 (1.066–1.300) 0.001

16–20 1.388 (1.156–1.674) <0.001

>20 1.108 (0.819–1.520) 0.513

Female physiological factors

Menstrual regularity

Extremely regular very regular 1.00 (Ref.)

Very Regular 1.269 (1.151–1.398) <0.001

Regular 1.405 (1.264–1.562) <0.001

Most of the time earlier than 

expected
1.374 (1.153–1.641) <0.001

Most of the time later than 

expected
1.343 (1.176–1.535) <0.001

Uncertain, sooner or later 1.467 (1.276–1.687) <0.001

No menstruation 2.178 (1.854–2.561) <0.001

Gravidity/frequency

0 1.00 (Ref.)

1–2 0.870 (0.686–1.106) 0.253

>2 1.096 (0.831–1.446) 0.518

Obstetric mode of delivery

Vaginal delivery 1.00 (Ref.)

Cesarean section 0.572 (0.526–0.622) <0.001

Not delivered 0.647 (0.513–0.819) <0.001

History of lactation

No 1.00 (Ref.)

Yes 1.534 (1.321–1.779) <0.001

History of abortion

No 1.00 (Ref.)

Yes 1.144 (1.029–1.273) 0.013

Life behavioral factors

Drinking

(Continued)

TABLE 3 (Continued)

Never 1.00 (Ref.)

Occasionally 1.158 (1.059–1.268) <0.001

Sometimes 1.210 (0.927–1.595) 0.167

often 1.450 (0.719–3.188) 0.324

Coffee or tea

No 1.00 (Ref.)

Yes 1.097 (1.016–1.184) 0.018

Psychological factors

Anxiety rating

Normal 1.00 (Ref.)

Mild 1.345 (1.223–1.480) <0.001

Moderate 1.677 (1.406–2.004) <0.001

Severe 1.303 (0.995–1.714) 0.056

Depression rating

Normal 1.00 (Ref.)

Mild 1.548 (1.406–1.704) <0.001

Moderate 2.069 (1.751–2.451) <0.001

Moderately severe 1.829 (1.488–2.252) <0.001

Severe 2.050 (1.470–2.866) <0.001

Perceived stress rating

Low 1.00 (Ref.)

Moderate 0.971 (0.858–1.099) 0.644

High 1.254 (1.007–1.565) 0.044

Bold value for p < 0.05. (N = 16,262).
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1.488–2.252), and 2.050 (95% CI: 1.470–2.866), respectively. Likewise, 
a perceived high-stress level had a statistically significant association 
with LUTS when compared to a perceived normal-stress level, with an 
AOR of 1.254 (95% CI: 1.007–1.565).

3.4. Nomogram model of LUTS in female 
nurses

Next, the performance of the model empirically was evaluated 
before analyzing its predictors. The results indicated in Figure 5 showed 
that the predictive efficiency of the logistic regression model was 
adequate (sensitivity = 0.688, specificity = 0.665, accuracy = 0.681, and 
area under the receiver operating characteristic curve [AUROC] = 0.733 
(95% CI: 0.725–0.740)). The calibration curves (Figure 6) were close to 
the ideal prediction with a mean absolute error (MAE) of 0.005 after 

1,000 bootstrap self-sampling. Furthermore, The Precision-Recall (Pr) 
curves were depicted in Figure  7. Consequently, the predictive 
performance of the models that were adopted in this study was 
guaranteed. The column line graph model (Figure 8) was constructed 
using 14 risk predictors, which can personalize the calculation of the 
score corresponding to each independent influencing factor, as well as 
count the total score and show the predicted value corresponding to the 
total score which can predict the probability of occurrence of LUTS.

4. Discussion

4.1. Prevalence of LUTS in female nurses

The study was conducted to assess the prevalence and risk factors 
of LUTS among Chinese female nurses. The result of this study 

FIGURE 2

Demographic and work-related factors.

FIGURE 3

Female health factors.
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showed that the prevalence of LUTS among 19,393 female nurses from 
Shandong, China was 67.71%. This estimate is higher than the rate of 
prevalence of LUTS in Turkey (20), which stands at 44.5%, but lower 
than the reported 97.36% prevalence rate of LUTS in Iran (2), in 
comparison to the 89.63% prevalence rate of LUTS among female 
nurses in Beijing, China (38). An analysis of data obtained from the 
pilot study carried out by The Taiwan Nurse Bladder Survey (TNBS) 
revealed that there was a 65% prevalence rate of LUTS among female 
nurses in Taipei (17), Taiwan which is roughly consistent with the 
current findings (67.71%). However, this figure is significantly higher 
than the prevalence rate of LUTS among the adult female population 
in China, which stands at 55.5% (39). This result indicated that female 
nurses might considerably suffer from the impact of LUTS in China. 
Moreover, increased LUTS prevalence could lead to reduced work 
efficiency or even unemployment, as well as affect their lifelong 
physical and mental health later in life. Accordingly, the inconsistencies 
emanating from the different prevalence rates of LUTS in similar 
studies can be linked to the time frame of prior studies, the research 

and analysis methods employed, as well as the diverse composition of 
the studied population, which can be limited to the entire population, 
age group, and/or ethnicity (40). Therefore, it is hoped that a large 
scale epidemiological survey of female nurses will be conducted in all 
countries, using the same questionnaire, to reveal the bladder health 
status of female nurses worldwide.

4.2. Personal traits and work-related 
factors

Age and BMI are well-known risk factors influencing the sufferers 
of LUTS. This assumption is reinforced by the findings of the present 
study. That said, it has been demonstrated in extant studies carried out 
across North America (41) and Asia (25, 42). Nonetheless, overweight 
or obese women with long-term abdominal hypertension may 
experience an increase in bladder pressure and urethral mobility, 
which can lead to pelvic organ prolapse, and an increased burden on 

FIGURE 4

Mental health factors.

FIGURE 5

The receiver operating characteristic (ROC) curves.
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the pelvic floor muscles (43). In addition, constipation might also 
increase abdominal pressure during physical activity or defecation, 
which in turn leads to LUTS (24). Due to a combination of factors and 
reasons, constipation-related issues were not included in this study. 
Hence, it was hoped that related studies will include this variable in 
future research centered on LUTS. In a study by Yuliang et al. in China 
(44) and a systematic review by Sedighe et al. worldwide (24), bare 
that excessive BMI is a negative factor in increasing the incidence of 
LUTS among female nurses. Over and beyond, marriage is also a 
critical risk factor affecting LUTS among female nurses in China, 
when this segment of the population is compared to unmarried 
women, which is consistent with the findings of similar studies (25, 
45). Physiologically, married women begin to experience sexual 
behavior, pregnancies, and even deliveries, and they are easily exposed 
to LUTS. Psychologically, married women have to take on the burden 

of a family and deal with complex interpersonal issues, therefore, 
aggravating stressful conditions may possibly increase the chance 
of LUTS.

In terms of work-related factors, years of working and long shift 
working were significantly associated with LUTS among female 
nurses. Similarly, Zhang’s study (46), revealed that there was a 
statistically significant difference between work experience and the 
probability of LUTS among female nurses. The reason for this 
phenomenon might be the heavy workload, in addition to the high 
level of work stress experienced over the years by these nurses, which 
may negatively affect their bladder function. It was also assumed that 
since the years of work are proportional to age, the relationship 
between years of work and LUTS is not hard to understand. 
Additionally, common work environmental factors associated with 
occupational stress such as high work demand and work overload 

FIGURE 6

The calibration curves.

FIGURE 7

The Precision-Recall (Pr) curves.
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negatively impacted female nurses’ exposure to LUTS in China (47). 
As Hyoungseob et al. discovered that unhealthy toileting behaviors to 
empty their bladders, which mediates the relationship between 
occupational stress and OAB (48), and the most common behavior 
was delayed urination. This Phenomenon illustrates the gravity of 
stress-related issues affecting female nurses in China.

4.3. Life behavioral factors

In this study, drinking alcohol occasionally increased the risk of 
female nurses contracting LUTS when compared to those that never 
attempted to do so. However, drinking alcohol sometimes or often 
drinking alcohol is not associated with LUTS among female nurses. 
Notably, similar results have been reported in previous studies, although 
the findings of these studies were controversial (25, 49). Apart from that, 
light alcohol consumption induces LUTS by increasing sympathetic 
nervous system activity thereby exerting diuretic effects on the 
antidiuretic hormone system (50), while moderate to a high level of 
alcohol consumption appears to reduce the prevalence of LUTS due to 
enhanced estrogen receptor induction (51). Nevertheless, the frequency 
of smoking was empirically proven to be unrelated to LUTS, thereby 
debunking what was put forward by past studies in this area (27, 44). 
Interestingly, this finding is possibly because the population included in 
this study was a group of female nurses with relatively healthy lifestyles.

What’s more, it is found that coffee or tea consumption is a risk 
factor for LUTS among female nurses in China, possibly mediated by 
caffeine effects such as an increase in diuresis, central nervous 
stimulation, and increased contractility of the lower urinary tract 
smooth muscle. Yet, this finding remains disputed, since there is no 
association between coffee consumption and LUTS found in several 
cross-sectional studies (52, 53). Interestingly, in Tomlinson’s study, 
there is an association between a reduction in dietary caffeine intake 
and a reduction in daytime incontinence, although this was not 

proven to be statistically significant in this research (54). Additionally, 
a recent pilot study of 11 women showed an overall reduction in 
bladder symptoms with caffeine-free beverages when compared to 
women that ingested caffeine-containing beverages (55). In like 
manner, the relationship between tea intake and LUTS was 
substantiated in one study which established a positive association 
between women who drank two or more cups of tea per day and 
overactive bladder and nocturia, just as there exists a negative 
association between tea consumption and stress urinary incontinence 
(56). The caffeine content of tea is about one-third of that found in 
coffee (57), suggesting that tea may contain components other than 
caffeine that may also be related to lower urinary tract dysfunction.

4.4. Female physiological factors

The related analysis of physiological factors revealed that female 
nurses were prone to risk factors that trigger LUTS such as irregular 
menstruation, mode of vaginal delivery, history of miscarriage, and 
history of breastfeeding. Apart from that, it has been scientifically proven 
that vaginal delivery and the number of deliveries were among the most 
important risk factors affecting female patients with urinary incontinence 
(58). However, based on the findings of an Indian study, there was no 
association between delivery and urinary incontinence, which is 
inconsistent with the findings of this study (59). Interestingly, hormonal 
effects and mechanical changes are considered to be the main causes of 
LUTS during pregnancy (60). In this study, it was found that a dose–
response effect of pregnancy was critical, just as multiple pregnancies 
were an important risk factor for the development of LUTS, which may 
be the result of repetitive injury to the peripheral pelvic nerves, as well as 
direct injury to the pelvic supporting tissues (61). Similarly, Zhang et al. 
reported that women who underwent vaginal delivery were more likely 
to experience symptoms during the urine storage period (62). It is 
observed that this may be related to peripheral pelvic nerve injury and 

FIGURE 8

The nomogram model.
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direct injury to the intrapelvic fascia. However, cesarean delivery can 
eliminate damage to either the pelvic floor muscle tissue or the public 
nerves during delivery, as well as prevent the development of LUTS 
among female nurses (62).

4.5. Psychological factors

In the current study, it has been proven that negative emotions 
including anxiety, depression, and perceived pressure contribute to the 
development of LUTS among female nurses, which has been reinforced 
by the findings of similar studies (63, 64). It was also envisaged that there 
is a link between psychological dysfunction and bladder function. 
Researchers have suggested that the pro-adrenocorticotropic hormone-
releasing factor is expressed in areas of the central nervous system that 
control voiding and stress responses, while the pro-adrenocorticotropic 
hormone-releasing factor increases in response to anxiety, depression, 
pain, and dysfunction of the pelvic organs (65). We  can therefore 
decisively submit that LUTS are not fatal but do have a serious impact on 
women’s mental health. LUTS can largely interfere with an individual’s 
self-image (66), consequently, the stigma and embarrassment caused by 
LUTS may lead to feelings of anxiety, depression, and stress among 
female nurses in China. This can be linked to the fact that patients with 
LUTS might worry about its development, the possibility of cancer, and 
their sexuality, which can ultimately create a certain amount of stress 
among this segment of the population (67).

4.6. Limitations

To the best of our knowledge, this is one of the largest sample 
studies on the prevalence of LUTS among female nurses in China. 
The large sample size and wide survey area are the main strengths 
of this study. Besides, this study involved hospitals at various levels 
across all the regions of Shandong Province of China which can 
better reflect the reality of the problems. However, the participants 
who did not meet the study requirements were excluded to obtain 
more realistic results. This study also has some limitations. First, 
the survey of the study gathering phase was carried out only within 
Shandong province, therefore, the results obtained cannot 
be  extended to the whole country or even a larger area due to 
regional restrictions and differences. Second, it is a cross-sectional 
study and cannot verify the causal relationship therein, which 
implies that a large sample longitudinal study is required to 
ascertain the causal relationship that exists between factors and 
LUTS among female nurses in China. Third, due to occupational 
specificity, fewer male nurses, and the differences in the way LUTS 
are scored, no male group was included in this study, which is a 
major limitation when measuring the influence of gender on the 
infection rates of LUTS patients. Fourth, this study did not use 
objective indicators to measure LUTS, since the diagnosis we relied 
upon was based on scales rather than clinical criteria, thus, it 
shows the existence of recall bias in current dataset.

5. Conclusion

In summary, many of the risk factors associated with LUTS 
can be offset by a healthy lifestyle, proper urinary habits, frequent 

physical activity, and weight control (68). Consequently, for 
female nursing staff, attention needs to be paid to the impact of 
their work environment on their overall well-being, such as 
raising awareness among managers to provide educational 
opportunities for nurses, as well as advocating for the justification 
of the benefits of nurses’ personal health and bladder health 
practices in the workplace. Sadly, the habit among nurses of not 
drinking water or using the toilet in the workplace frequently is a 
hidden nursing workforce crisis that raises the issue of dignity 
and human rights in the healthcare industry. Managers, therefore, 
need to assess nurses’ needs and workplace barriers to healthy 
practices to ensure their water and toilet use is sufficient, as well 
as minimize barriers to work and maximize nurses’ bladder health 
ceteris paribus (69).
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Introduction: Respirators chosen based on their assigned protection factor (APF) 
enable wearers to effectively reduce particulate matter concentrations to safe 
levels when used correctly. As a crucial factor in achieving the intended APF, the 
fit test has become a necessary procedure in respiratory disease protection.

Methods: This study involved 225 participants who underwent a fit test using two 
reusable types of half masks and two types of full masks. Condensation nuclei 
counting (CNC) and controlled negative pressure (CNP) were performed.

Results: The results revealed that the passing rate of full masks was higher compared 
to half masks. Specifically, the passing rate for the half masks and the full masks 
were 84.7 and 91.6%, respectively. Gender exerted a statistically significant effect on 
the passing rate. Nevertheless, age, educational background, and training exhibited 
relatively negligible effects. Certain movements, such as facing forward, were 
identified as key actions with strong correlation. Additionally, talking was considered 
a key action with a high failure rate due to instantaneous leakages. Most participants 
failed at the initial step of CNP, but nearly all of them passed the fit test using CNC.

Discussion: Therefore, putting on full masks, especially for women, provides 
optimal protection during work. Furthermore, attention should be given to the 
displacement and deformation of the respirator during the key actions. When it 
comes to fit test methods, CNC was found to be more practical and comprehensive 
compared to CNP. Moreover, additional physiological characteristics, such as 
double chins, could be explored as potential influential factors.

KEYWORDS

respiratory protective device, mask, quantitative fit test, fit factor, controlled negative 
pressure, condensation nuclei counting

1. Introduction

When considering various occupational hazards, inhalation poses a significant risk, with 
substances such as particulate matter, toxic gases, and vapors being major causes of human 
injury. These hazards can lead to conditions such as pneumoconiosis, occupational poisoning, 
and other occupational diseases (1–4). For instance, the COVID-19 outbreak was primarily 
caused by the virus being carried on particulate matter and transmitted to people through 
contact (5–9). As of the end of 2021, occupational pneumoconiosis cases continued to rank first 
among occupational diseases (10). Despite the presence of engineering protection facilities, the 
concentration of particulate matter in many workplaces cannot be reduced to safe levels on 

OPEN ACCESS

EDITED BY

Sara Rojas,  
University of Granada, Spain

REVIEWED BY

Victor C. W. Hoe,  
University of Malaya, Malaysia  
Brian Crook,  
Health and Safety Laboratory (HSL), 
United Kingdom  
Jong Sung Kim,  
The University of Iowa, United States

*CORRESPONDENCE

Xin Liu  
 liux@jscdc.cn

†These authors have contributed equally to this 
work

RECEIVED 06 May 2023
ACCEPTED 29 June 2023
PUBLISHED 13 July 2023

CITATION

Xu X, Zhao L, Zhu Y, Du B, Zhu B, Zhang H, 
Han L and Liu X (2023) Conducting quantitative 
mask fit tests: application details and affecting 
factors.
Front. Public Health 11:1218191.
doi: 10.3389/fpubh.2023.1218191

COPYRIGHT

© 2023 Xu, Zhao, Zhu, Du, Zhu, Zhang, Han 
and Liu. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not 
comply with these terms.

TYPE Original Research
PUBLISHED 13 July 2023
DOI 10.3389/fpubh.2023.1218191

21

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1218191%EF%BB%BF&domain=pdf&date_stamp=2023-07-13
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1218191/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1218191/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1218191/full
mailto:liux@jscdc.cn
https://doi.org/10.3389/fpubh.2023.1218191
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1218191


Xu et al. 10.3389/fpubh.2023.1218191

Frontiers in Public Health 02 frontiersin.org

certain occasions. Hence, respirators are indispensable in preventing 
harm to workers by respirable gases or particulate matter. A respirator 
worn correctly can trap most particles, thus delivering purified air to 
the wearer (11–14).

There are various types of respiratory protective equipment (RPE). 
The assigned protection factor (APF) serves as the basis for 
determining the level of protection provided by masks, as stipulated 
in the recommended China national standard GB/T 18664-2002, 
“Selection, Use, and Maintenance of Respiratory Protective 
Equipment” (15). The APF refers to “a respiratory protective device or 
class of respirators that, when used correctly, is expected to reduce the 
concentration of air pollutants to an acceptable level” (16–18). The 
Occupational Safety and Health Administration of the United States 
(OSHA) standards explicitly state that “APFs are effective only if the 
employer implements an ongoing respiratory protection program that 
includes training, fit test, maintenance, and usage requirements” (19). 
Therefore, the respirator fit test and proper wearing of RPE are 
prerequisites for achieving the intended APF value.

The fit test for respirators can be  performed using various 
qualitative and quantitative methods (20). Quantitative testing 
methods are often applied to various devices. The respirator fit test 
performed by PortaCount of TSI and MT of SIBATA yielded similar 
results by quantitative methods (21). The relative impact of fit test 
exercises and mask donning on respirator fit was measured using 
controlled negative pressure and an ambient aerosol fit test system. 
Donning was found to have a greater effect on respirator fit compared 
to fit test exercises (22). Recent studies have focused on respirator fit 
tests to evaluate the effects of wearing a breathing apparatus, indicating 
a new trend (23–25). Further research is needed on the fit test 
procedures and application details of various respirators. Thus, this 
article aimed to intensively study the influencing factors of the 
respirator effectiveness and key actions in the fit test through the test 
data of two technological paths.

2. Methods

2.1. Subjects and operators

A total of 225 chemical plant operators and maintenance and 
laboratory personnel were selected as subjects. Each subject could 
perform multiple tests. The gender, age, educational background, and 
training of the subjects were collected. Persons being fit tested were to 
be medically cleared to wear the respirator prior to fit testing, while 
subjects with respiratory diseases were to be excluded. Persons to be fit 
tested were to understand the test procedure and could complete the 
test process independently.

The fit test operators were to be familiar with respirator fit testing, 
inspection, cleaning, maintenance, and storage in the respiratory 
protection program.

2.2. Respirators and testers

In this study, four types of RPE currently produced by MSA 
Safety Incorporated were selected: two half masks (a 410 
air-purifying respirator and 420 air-purifying respirator) and two 
full masks [a 3S air-purifying respirator and Ultra Elite 

self-contained breathing apparatus (SCBA)]. The 3S air-purifying 
respirator includes the 3S (black rubber frame) and 3S economy 
(white frame) types. An air-purifying respirator is designed with a 
filter, cartridge, or canister, which efficiently eliminates specific air 
contaminants by filtering air through a purification element. A self-
contained breathing apparatus is an atmosphere-supplying respirator 
for which the breathing air source is designed to be  carried by 
the user.

The QuantiFit tester by OHD (Hoover, Alabama, United States) 
and PortaCount Pro8038 fitting tester by TSI (Shoreview, Minnesota, 
United  States) were used to perform the test. The testers had 
undergone annual factory calibration authorized service facility.

The QuantiFit functions by creating and maintaining a negative 
pressure in the respirator. Once the adapter valve is closed, sealing the 
respirator, the QuantiFit removes air from the respirator until the 
challenge pressure is reached. During the fit test, the QuantiFit 
measures exactly how much air the instrument removed from the 
respirator after reaching the challenge pressure. Air inhalation or 
exhalation, even slightly, creates dramatic changes within the 
respirator. Actions such as swallowing or opening the mouth can 
adversely affect the pressure sensor and cause tests to fail. Daily 
verification is required for each day of testing. This verification 
measures the leak rate of the leak orifice on the tube assembly at 
various pressure levels and confirms that the diaphragm pump and 
other processes are working correctly. The QuantiFit with respirators 
is displayed in Figure 1.

The PortaCount Pro8038 fitting tester is designed to operate using 
the microscopic particles in the ambient air. It can measure particle 
concentrations and fit factors when generated aerosols (such as corn 
oil, salt, or ambient air) are used; however, these aerosols may cause 
the PortaCount Pro8038 to need more frequent cleaning and 
calibration checks. Instruments with adapters can perform daily 
verification, which determines if the tester is working correctly and if 
the concentration of particles in the ambient air is sufficient to conduct 
fit testing. The effective operation of the instrument is limited by 
aerosol concentrations. Completed daily checks provide confidence 
that the test results are reliable. Moreover, it is very important to 
instruct individuals not to smoke for at least 30 min prior to fit testing. 
The PortaCount Pro8038 with respirators is displayed in Figure 2.

2.3. Test methods

OSHA-accepted quantitative fit tests were used in this study: 
controlled negative pressure (CNP) and condensation nuclei 
counting (CNC).

CNP enables the direct measurement of air flow into the mask 
under negative pressure conditions (20), which is applicable only to 
re-usable respirators, such as the four types of masks used in this 
study. The fit test procedure took about 2–3 min and consisted of 
several parts. First, the mask was connected to the QuantiFit tester 
and was put on correctly. Second, the test subjects performed a specific 
movement and then held their breath for 10 s. The fit factor (FF) was 
given by the tester after breath holding (Equation 1). Third, five 
movements were prescribed: facing forward, bending over (stayed), 
shaking the head, wearing of the mask again, and wearing of the mask 
again. Fourth, the fit test was ended, and the mask was taken off. The 
instrument finally presented the overall FF (Equation 2).
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CNC measures the aerosol concentration inside and outside the 
breathing zone of the respirator using a probe (21, 24, 26, 27). The 
aerosols measured inside the respirator are assumed to be the result of 
face seal leakage. Ambient air aerosol was used in this study. The CNC 
test period is longer than that of CNP by about 8–9 min. First, the 
mask was connected to the PortaCount Pro8038 fitting tester and put 
on correctly. Second, the test subjects performed a specified movement 
repeatedly for 60 s. The instrument displayed the FF at the end of 60 s 

(Equation 3). Third, eight movements were prescribed: normal 
breathing, deep breathing, moving the head side to side, moving the 
head up and down, talking, grimacing, bending over (repetitive), and 
normal breathing. In particular, the grimace lasted for 15 s with no 
FF. Fourth, the fit test was ended, and the mask was taken off. Here, to 
assess whether the mask would re-close to the face after leakage, 
we deliberately carried out grimacing to create leaks. However, this 
action would not be  considered in the calculation of the overall 

FIGURE 1

Respirators connected with the QuantiFit. (A) 410 air-purifying respirator; (B) 420 air-purifying respirator; (C) 3S air-purifying respirator—black rubber 
frame; (D) 3S air-purifying respirator—white frame; (E) Ultra Elite self-contained breathing apparatus.

FIGURE 2

Respirators connected with the PortaCount Pro8038. (A) 410 air-purifying respirator; (B) 420 air-purifying respirator; (C) 3S air-purifying respirator—
black rubber frame; (D) 3S air-purifying respirator—white frame; (E) Ultra Elite self-contained breathing apparatus.
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FF. After the remaining seven actions had been completed, the 
instrument showed the overall FF (Equation 2).
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where N is the number of movements and FFn is the fit factor for 
the nth movement.

OSHA requires a fit factor of at least 100 for half masks and 500 
for full masks when using an OSHA-accepted quantitative fit test 
method. If the overall FF of a half mask is ≥100 (required FF, RFF) 
and the overall FF of a full mask is ≥500 (RFF), the respirator fit test 
is considered successful. Consequently, the mask is deemed suitable 
for the wearer; otherwise, it is deemed unsuitable.

2.4. Statistics

The original data from the test software were exported and 
organized using Excel. Statistical analysis was performed using SPSS 
27.0.1. Chi-square test was used to analyze the influencing factors of the 
fit test, while multiple linear regression was employed to analyze the FFs.

3. Results and discussion

3.1. Respirator fit test passing rate

The test categories are displayed in Table 1. The CNP and CNC 
test results for the different respirators were analyzed. The passing 

rates for the half masks and full masks were 84.7 and 91.6%, 
respectively. The overall passing rate followed the order: half masks < 
full masks. The difference was statistically significant (p < 0.05).

Full masks provide better coverage by eliminating exposed areas 
such as the cheekbones and bridge of the nose. Therefore, full masks 
can meet the fitting requirements and achieve the desired APF more 
easily. A worker wearing a half mask will be extremely vulnerable to 
exposure to toxic environments when the mask is put on without a 
fit test.

Those who failed in the first test were asked to participate in the 
second test after receiving intervention. The main interventions 
included re-explaining the test method, a mask-putting-on 
demonstration, and changing the mask size if necessary. In the 
secondary test, eight subjects passed after the intervention. Among 
them, three passed the 420 air-purifying respirator test, two passed the 
3S air-purifying respirator test, and three passed the Ultra Elite SCBA 
test. They increased the passing rate for the half masks and the full 
masks to 86.0 and 93.0%, respectively. The overall passing rate slightly 
increased after the intervention.

3.2. Affecting factors

In this article, the factors of gender (man and woman), age (≤45 
and >45 years old), education background (below high school; high 
school or above), and training (yes or no) were investigated for their 
potential impact on the respirator fit test (Table 2). We only considered 
the assigned gender at birth in this part. A preliminary chi-square test 
was conducted to determine whether it had an effect on the test results 
(Table  3) (28). A chi-square test showed that gender had a p 
value < 0.05.

The results revealed a significant influence of gender on the 
passing rate of the respirator fit test. In this study, we found that the 
passing rate of the men participants was 88.1%, while the passing rate 
of the women was 75.6%. As presented in Table 4, women generally 
exhibited a lower passing rate in the respirator fit test compared to 
men. Some participants tested different types of masks, so the total 
number of tests recorded exceeded the total number of participants. 
Moreover, women tended to choose smaller respirators in the testing 
process. After trying out different sizes of masks, a majority of women 
preferred the S-size. In terms of the low passing rate for women, a 
plausible reason may be the combined effect of having a thin face and 
sharp chin, which finally led to face seal leakage in the respirator fit 

TABLE 1 Passing rate of four respirators.

Respirator Testing 
number* 

(CNP)

Testing 
number* 

(CNC)

Total testing 
number*

Passing 
numbers*

Passing 
rate

Passing 
rate (half 
masks)

Passing 
rate (full 
masks)

410 air-purifying 

respirator

56 31 87 71 81.6% 84.7% –

420 air-purifying 

respirator

109 39 148 128 86.5%

3S air-purifying 

respirator

200 39 239 215 90.0% – 91.6%

Ultra Elite SCBA 97 8 105 100 95.2%

*Cumulative numbers > total number. One run involved multiple tests.
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test. Furthermore, in the CNP test, the subjects must hold their breath 
to maintain the mask’s negative pressure. The women tended to hold 
their breath for a shorter period of time, which was also a reason for 
the low passing rate.

Meanwhile, age, education background, and training 
demonstrated negligible influence on the passing rate. Consequently, 
efforts to improve the protective effectiveness of respirators should 
primarily focus on physiological characteristics, such as gender, facial 
characteristics, and so on.

3.3. Key actions

3.3.1. Key actions with strong correlation
From the introduction of the test methods, it is evident that the 

method consists of several test actions. Each test action is a step in the 
fit test, and it can be considered that a CNP test contains 5 steps, while 
a CNC test contains 8 steps.

There are two kinds of key actions. One key action is strongly 
correlated with the final test result, and it can be  found by the 
correlation between the steps’ FFs and overall FF. In this article, 
we define it as “key actions with strong correlation.” An effective and 
accepted statistical method for analyzing correlations is multiple linear 
regression (29). In consequence, multiple linear regressions for the 
CNP and CNC tests were presented to explore the key actions with 
strong correlation. We  treated the steps’ FFs as the independent 
variables and the overall FF as the dependent variables in multiple 
linear regression, with consideration of the 3S air-purifying respirator 
as an example. In multiple linear regression, the smaller the p value, 
the stronger the correlation between the variables. In this article, a p 
value < 0.001 was considered as the criterion for determining the 
key actions.

Prior to the analysis, necessary regression checks were performed 
on the CNP data. The rules were as follows: Step 1: facing forward; 
Step  2: bending over (stayed); Step  3: shaking the head; Step  4: 
wearing of the mask again; and Step 5: wearing of the mask again.

The collinearity diagnostic criteria show that the greater the 
tolerance of the independent variables, the weaker the multicollinearity 
between the variables. A tolerance greater than 0.1 is acceptable, 
indicating that there is no multicollinearity problem between the 
independent variables (30, 31). As shown in Table 5, the FF tolerance 
values in collinearity statistics were all greater than 0.1, indicating no 
significant multicollinearity issues with FFs. The Durbin–Watson test 
yielded a value of 1.888, indicating that the data residuals can 
be considered independent.

The overall FF increased and decreased according to the steps’ FFs 
in Figure 3, suggesting a simple linear relationship between the steps’ 
FFs and overall FF. The histogram of residuals, as shown in Figure 4, 
demonstrated a normal distribution with an average value of 0 and a 
standard deviation of 1, indicating a good fit to the normal 
distribution. As shown in Figure  5, the regression-standardized 
residuals were distributed around 0, with symmetrical data points 
above and below. Consequently, the data residuals met the assumptions 
of the homogeneity of variance. Based on the above checks, the steps’ 
FFs and overall FF can be analyzed via multiple linear regression.

Similar checks confirmed that CNC also satisfied the conditions 
for multiple linear regression, enabling the identification of key 
actions in CNC. The following rules were applied: Step 1: normal 
breathing; Step 2: deep breathing; Step 3: moving the head side to 
side; Step 4: moving the head up and down; Step 5: talking; Step 6: 
bending over (repetitive); and Step 7: normal breathing. Since the 
grimace step does not have an F value, this step was not included in 
multiple linear regression, and seven steps were listed in the CNC test.

Multiple linear regression analyses were carried out for the CNP 
and CNC data. The results of the multiple linear regression for CNP 
revealed a significant regression equation, with an F value of 123.349 
and p < 0.05. The steps’ FFs can account for 80.7% of the variation in 
the overall FF (Table 6). The p values of the steps indicated that all of 
them had a positive and strong effect on the overall FF. Thus, facing 
forward, bending over (stayed), shaking the head, and wearing of the 
mask again were all key actions with strong correlation.

The results of the multiple linear regression for CNC indicated a 
significant regression equation, with an F value of 9.724 and p < 0.05. 
The steps’ FFs can explain 61.6% of the variation in the overall FF 
(Table 7). Step 4 FF (p < 0.001) had a positive and strong impact on the 
overall FF. During the 60 s up-and-down head movement, the neck 
surface experienced frequent squeezing and stretching, increasing the 
likelihood of gas leakage at the lower end of the mask. Based on this 
finding, only moving the head up and down was considered a key 
action with strong correlation in CNC.

Through the multiple linear regression analysis of the CNP and 
CNC test data, we  can conclude that the key actions with strong 
correlation are facing forward, bending over (stayed), shaking the head, 
wearing of the mask again, and moving the head up and down. When 
applying a respirator, these key actions need to be given high attention 
to ensure that the wearer’s breathing environment is sustainable and safe.

3.3.2. Key actions with high failure rate
Another key action has a high failure rate, and we define it as 

“key actions with high failure rate” in this article. There will 

TABLE 2 Numbers of various factors.

Factors Categories Passing 
number*

Failing 
number*

Gender Man 406 55

Woman 31 10

Age ≤45 212 34

>45 225 31

Education 

background

Below high school 42 9

High school or 

above

395 56

Training Yes 404 60

No 33 5

*Cumulative numbers > total number. One run involved multiple tests.

TABLE 3 Effects of factors on respirator fit test.

Factors χ2 p

Gender 5.186 0.023

Age 0.326 0.568

Education background 1.112 0.292

Training 0.002 0.968
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FIGURE 3

Scatter plots of steps’ FFs and overall FF (CNP).

FIGURE 4

Histogram of residuals in CNP.

TABLE 4 Effects of gender on respirator fit test.

Respirator Man Woman

Test number* Pass number* Passing rate Test number* Pass number* Passing rate

Half masks 155 125 80.6% 23 17 73.9%

Full masks 306 281 91.8% 18 14 77.8%

Total 461 406 88.1% 41 31 75.6%

*Cumulative numbers > total number. One run involved multiple tests.

TABLE 5 Check of multiple linear regression (CNP).

Modela Steps Tolerance Durbin–Watson

(Constant) 1.888

Step 1 FF Facing forward 0.919

Step 2 FF Bending over (stayed) 0.833

Step 3 FF Shaking the head 0.867

Step 4 FF Wearing of the mask again 0.791

Step 5 FF Wearing of the mask again 0.840

aDependent variable: overall FF.
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be several instantaneous leakages during key action with a high 
failure rate, which is usually the main reason for the high failure 
rate of the step. Instantaneous leakage refers to temporary air 
leakage that occurs despite resealing, leading to a poor sealing 
situation. In cases where a fit test ultimately passed despite failing 
one or two steps, key actions with high failure rate were observed. 
As shown in Table  8, about one-third of the failure steps can 
be attributed to “Talking.” Talking produces multiple instantaneous 
leakages, which can result in step failure, and is not conducive to 
the effect of respiratory protection. This finding aligns with the 
conclusion drawn by Sietsema M et al., who reported that talking 
can disrupt the fit of a respirator due to facial movements that may 
dislodge the facepiece (26). The high step failure rate attributed to 

instantaneous leakage highlights the significance of considering 
talking as a key action in the fit test.

3.4. Applicability

Among the participants who failed the test in CNP, more than 
half of them discontinued the test at the first step, indicating their 
unsuitability for this particular method (Table  9). This outcome 
highlights the limitations of the CNP test despite its speed and 
accuracy. The test requirements, such as breath holding, pose 
challenges that some individuals are unable to meet. Interestingly, in 
the experiments conducted, the participants who dropped out of the 

FIGURE 5

Scatter plot of residuals in CNP.

TABLE 6 Coefficient of the regression model (CNP).

Modela Steps Beta t P F R2 (adjusted)

(Constant) 3.995 0.000 123.349 0.807

Step 1 FF Facing forward 0.258 6.814 0.000

Step 2 FF Bending over 

(stayed)

0.347 8.715 0.000

Step 3 FF Shaking the head 0.182 4.658 0.000

Step 4 FF Wearing of the mask 

again

0.381 9.337 0.000

Step 5 FF Wearing of the mask 

again

0.242 6.118 0.000

aDependent variable: overall FF.
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CNP test were often able to pass the CNC test easily. However, those 
who failed the CNC test often failed the CNP test as well. In addition, 
the CNC test includes any tight-fitting respirator and a wide variety 
of actions, which is more realistic. This suggests that people generally 
exhibit higher adaptability to the CNC method in actual situations.

4. Conclusion

This study focused on the respirator fit test with four kinds of masks 
using QuantiFit and PortaCount Pro8038. The experiments involved 225 

participants and presented the CNP and CNC test systems. The results 
indicated that putting on full masks had a higher passing rate compared 
to half masks. The passing rates for the 410 air-purifying respirator, 420 
air-purifying respirator, 3S air-purifying respirator, and Ultra Elite SCBA 
were found to be 81.6, 86.5, 90.0, and 95.2%, respectively. Specifically, 
the passing rates for the half masks and the full masks were 84.7 and 
91.6%, respectively. Interventions were shown to slightly improve the 
passing rate. Through chi-square tests, it was determined that gender 
significantly influenced the passing rate. The low passing rate among 
women was attributed to their facial features and shorter breath-holding 
time. Key actions were identified using correlation and step failure rate 

TABLE 8 Subjects’ failure in steps.

Failed steps No. of subjects Proportion

Facing forward (CNP) 0 0%

Bending over (stayed, CNP) 0 0%

Shaking the head (CNP) 0 0%

Wearing the mask again (CNP) 0 0%

Wearing the mask again (step 5, CNP) 1 3.0%

Normal breathing (CNC) 2 6.5%

Deep breathing (CNC) 2 6.5%

Moving the head side to side (CNC) 9 29.0%

Moving the head up and down (CNC) 2 6.5%

Talking (CNC) 11 35.5%

Bending over (repetitive, CNC) 2 6.5%

Normal breathing (CNC) 2 6.5%

Total 31 100%

TABLE 9 Subjects’ terminating steps (CNP).

Terminating steps No. of subjects Proportion

Step 1: Facing forward 48 73.8%

Step 2: Bending over (stayed) 8 12.3%

Step 3: Shaking the head 8 12.3%

Step 4: Wearing the mask again 1 1.6%

Step 5: Wearing the mask again 0 0%

Total 65 100%

TABLE 7 Coefficient of the regression model (CNC).

Modela Steps Beta t p F R2 (adjusted)

(Constant) 2.568 0.015 9.724 0.616

Step 1 FF Normal breathing 0.039 0.290 0.774

Step 2 FF Deep breathing 0.475 2.237 0.033

Step 3 FF Moving the head side to side −0.178 −1.198 0.240

Step 4 FF Moving the head up and down 0.713 4.418 0.000

Step 5 FF Talking 0.144 0.601 0.552

Step 6 FF Bending over (repetitive) −0.553 −1.958 0.059

Step 7 FF Normal breathing 0.249 0.815 0.421

aDependent variable: overall FF.
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analysis. Based on the correlation of the steps’ FFs and overall FF, the key 
actions with strong correlation were identified as facing forward, 
bending over (stayed), shaking the head, wearing the mask again, and 
moving the head up and down. Additionally, talking was considered a 
key action with a high failure rate due to the occurrence of several 
instantaneous leakages. In terms of fit test methods, CNC was found to 
be more practical and comprehensive compared to CNP and should 
be the first choice for occupational safety and health practitioners.

Moreover, the presence of facial hair, such as beards and certain 
hairstyles, can affect the effectiveness of face masks (32, 33). Any 
external objects between the face and the respirator will interfere with 
the tightness, and it is recommended to remove foreign objects and 
keep the face clean and smooth before putting on a mask or performing 
a fit test. When exploring meaningful influencing factors, it is important 
to consider facial features such as the double chin. Furthermore, 
attention should be given to the displacement and deformation of the 
respirator during the key actions. Improper mask wearing can result in 
wearers being exposed to excessive or toxic particulate matter. 
Therefore, regular fit tests and the use of various masks, especially 
smaller sizes for women, are recommended to ensure optimal protection.
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Current status, trends, and 
predictions in the burden of 
silicosis in 204 countries and 
territories from 1990 to 2019
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Background: Silicosis, a severe lung disease caused by inhaling silica dust, 
predominantly affects workers in industries such as mining and construction, 
leading to a significant global public health challenge. The purpose of this study is 
to analyze the current disease burden of silicosis and to predict the development 
trend of silicosis in the future the world by extracting data from the GBD database.

Methods: We extracted and analyzed silicosis prevalence, incidence, mortality, 
and disability-adjusted life years (DALYs) data from the Global Burden of Disease 
2019 program for 204 countries and territories from 1990 to 2019. The association 
between the Sociodemographic Index (SDI) and the burden of age-standardized 
rates (ASRs) of DALYs has been examined at the regional level. Jointpoint 
regression analysis has been also performed to evaluate global burden trends of 
silicosis from 1990 to 2019. Furthermore, Nordpred age-period-cohort analysis 
has also been projected to predict future the burden of silicosis from 2019 to 
2044.

Results: In 2019, global ASRs for silicosis prevalence, incidence, mortality, and 
DALYs were 5.383, 1.650, 0.161, and 7.872%, respectively which are lower than 
that in 1990. The populations of 45–59 age group were more susceptible to 
silicosis, while those aged 80 or above suffered from higher mortality and DALY 
risks. In 2019, the most impacted nations by the burden of silicosis included 
China, the Democratic People’s Republic of Korea, and Chile. From 1990 to 2019, 
most regions observed a declining burden of silicosis. An “M” shaped association 
between SDI and ASRs of DALYs for silicosis was observed from 1990 to 2019. 
The age-period-cohort analysis forecasted a decreasing trend of the burden of 
silicosis from 2019 to 2044.

Conclusion: Despite the overall decline in the global silicosis burden from 1990 
to 2019, some regions witnessed a notable burden of this disease, emphasizing 
the importance of targeted interventions. Our results may provide a reference for 
the subsequent development of appropriate management strategies.
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silicosis, age-standardized rate, jointpoint regression, prediction, global burden of 
disease
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1. Introduction

Silicosis has been considered as an irreversible, progressive lung 
disease which is resulted from the inhalation of crystalline silica dust, 
a ubiquitous mineral present in various natural and industrial 
materials, such as sand, rock, artificial stone and quartz (1, 2). The 
debilitating condition primarily affects workers in industries including 
mining, construction, foundries, and ceramics, where exposure to 
silica dust is commonplace. As a debilitating disease, silicosis can lead 
to severe respiratory impairment, reduced quality of life and elevated 
risk of development of immune-related diseases such as tuberculosis 
and lung cancer (3). On the other hand, these health issues impose 
considerable strain on healthcare system, hinder workforce 
productivity, and generate substantial economic burden.

Recent advances in epidemiological research have shed light on 
the complex interplay of factors that contribute to the burden of 
silicosis, including variations in exposure levels, occupational 
practices, and individual susceptibility (4). The increasing recognition 
of silicosis as a global health challenge has spurred a demand for 
improved insight into its distribution and determinants across various 
countries and settings. This broader perspective is essential for 
identification of gaps in current prevention strategies, elimination of 
disparities in the burden of silicosis, and promotion of more effective 
and equitable interventions. In this context, a comprehensive 
assessment of the global and national burden of silicosis is crucial for 
evidence-based policy-making and prioritizing resources toward the 
most urgent public health requirements. By examining the trends in 
incidence, prevalence, mortality, and disability-adjusted life years 
associated with silicosis, researchers can develop a more thorough 
understanding of the disease’s dynamics and its impact on global and 
national health. The Global Burden of Diseases (GBD) database 
comprehensively evaluates published, publicly accessible, and 
contributed data on the burdens of prevalence, incidence and 
mortality of various causes and injuries enabling researchers to track 
temporal trends and analyze the disease burden over time. Using this 
database, Shi and colleagues demonstrated a decreasing incidence 
trend from 1990 to 2017 in most regions for the prevalence of malaria 
(5) Chen et al. have identified an overall decreased trend, from 1990 
to 2019, of global burden for both mortality and disability-adjusted 
life years (DALYs) of silicosis and found an elevated mortality and 
DALYs rates for silicosis in such low- or middle- income countries as 
Portugal, China and Chile. However, the prevalent and incident trends 
of silicosis in more recent periods remain unclear and need further 
analysis (6).

In the present study, we aimed to evaluate the global, territorial 
and national trends in silicosis-related disease burden from 1990 to 
2019 thoroughly by utilizing data from the GBD. Additionally, 
we employed age-period-cohort analysis to generate projections of 
future disease patterns.

2. Methods

2.1. Data source

The GBD database serves as a comprehensive and robust source 
of data for evaluating the health impacts of various diseases, 
injuries, and risk factors across the globe (7). The GBD project, 

coordinated by the Institute for Health Metrics and Evaluation 
(IHME), strives to systematically assess the descriptive 
epidemiology of a wide range of health conditions and their 
associated risk factors in multiple countries and regions (8). 
Comprehensive data regarding the GBD 2019 study can be accessed 
on the IHME.1

By compiling information from diverse sources such as 
systematic reviews, survey data, hospital administrative data, 
reported claims-based data and international organizations like the 
World Health Organization (WHO), the GBD database offers  
a wealth of information for public health researchers and 
policymakers. Utilizing DisMod-MR 2.0 statistical methods, the 
GBD database adjusted potential biases and inconsistencies in data, 
allowing for the generation of considerable and reliable imputed 
estimates of disease burden across different locations, time periods, 
and age groups (9).

In the GBD 2019, silicosis is identified as a chronic lung disease 
triggered by sustained inhalation of silica-laden dust particles. 
Within this study, a secondary analysis of the GBD 2019 dataset was 
conducted, centering on the disease burden imposed by silicosis 
across multiple countries and territories. Key metrics such as 
incidence, prevalence, mortality, and DALYs related to silicosis 
globally, and in distinct territories and nations from 1990 to 2019 
were extracted. Additionally, demographic data like patient age and 
the Sociodemographic Index (SDI) were obtained for a more 
nuanced examination of the relationship between the burden of 
silicosis and these factors. Informed consent was not necessary, as 
individual-level primary data were not included in the analysis.

2.2. Data analyses

Incidence is determined by dividing the number of new cases 
by the overall population, while prevalence is gauged by dividing all 
cases by the overall population. Mortality rate is obtained by 
dividing the anticipated number of deaths by the overall population. 
DALYs are calculated by combining years of life lost (YLLs) – 
acquired by multiplying the anticipated number of deaths, 
participant age, and standard life expectancy for the relevant age – 
and years lived with disability (YLDs) – derived by multiplying 
prevalence and a distinct disability weight in the Bayesian regression 
model (6). All metrics of interest are displayed per 100,000. 
Age-standardized rates (ASRs) account for variations in age 
distribution among populations by applying the observed 
age-specific rates for each population to a standard population.

In this investigation, we collected and reported numerical data, 
ASRs and percentage change for estimated incidence, prevalence, 
mortality and DALYs across years (1990–2019) and age groups 
(5-year intervals) at levels of globe, territories and nations. We also 
examined the association between SDI which denotes the 
sociodemographic status and the burden of ASRs of DALYs at the 
regional level.

Jointpoint regression analysis was employed to gauge temporal 
trends in ASRs of estimated incidence, prevalence, mortality and 

1 Website at: http://ghdx.healthdata.org/gbd-2019.
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DALYs. The annual percentage change (APC) and average annual 
percentage change (AAPC) were calculated using the Monte Carlo 
permutation test (10), along with its 95% confidence intervals 
(CIs). AAPCs with an α = 0.05 level are deemed significantly 
distinct from 0. A constant trend is indicated if 0 is encompassed 
within the 95% CIs, while increasing or decreasing trends are 
denoted if both limits of the 95% CIs are positive or negative, 
respectively.

Furthermore, we  projected future trends in incidence, 
prevalence, DALYs, and mortality associated with silicosis which 
is grounded on a Nordpred age-period-cohort analysis that was 
implemented in R software (version 4.2.2) via the EasyGBDR 
package. It is a log-linear age–period–cohort model designed to 
predict the number or rate of new cases, which can moderate 
exponential growth and constrain linear trend projection to fit the 
recent trends, showing effective in predicting the future burden 
trends (11, 12). It extrapolates the most recent 5-year observed 
periods (three or four, depending on data availability) using a 
power function to temper growth. The recent decade’s linear trend 
is then adjusted in the second, third, and fourth prediction 
periods, either attenuating or accentuating it by 25, 50, and 75%, 
respectively. The method then calculates predictions for the ASRs 
of new cases in 2044 by averaging the projected incidence rates for 
the final two prediction periods, centered on 2044. All data 
analyses were executed using the open-source software R 
(version 4.2.2).

3. Results

3.1. Current status on global and regional 
levels

As delineated in Table 1, global ASRs per 100,000 population for 
silicosis in 2019 were as follows: prevalence, 5.383 (95% Uncertainty 
interval [UI]: 4.236 to 6.837); incidence, 1.650 (95% UI: 1.360 to 
1.980); mortality, 0.161 (95% UI: 0.136 to 0.203); and DALYs, 7.872 
(95% UI: 6.246 to 9.959). Supplementary Table S1 disclosed the 
aggregate global counts in 2019: prevalence, 2,648,972.875 (95% UI: 
2,178,324.861 to 3,179,349.169); incidence, 138,971.030 (95% UI: 
113,564.476 to 167,464.972); mortality, 12,886.686 (95% UI: 
10,826.977 to 16,160.924); and DALYs, 655,762.889 (95% UI: 
519,296.986 to 828,025.128). In 2019, East Asia emerged as the most 
affected region, accounting for approximately 90% of the total number 
of silicosis cases.

In the regional analysis for 2019, the three regions with the highest 
prevalence of silicosis were all located in Asia. Ranked by ASRs, East 
Asia topped (110.240, 95% UI: 90.448 to 133.420), followed by Central 
Asia (31.600, 95% UI: 26.065 to 37.872), and South Asia (12.389, 
95%UI: 9.473 to 16.498). East Asia also recorded the highest ASRs for 
incidence (5.780, 95% UI: 4.751 to 6.908), mortality (0.406, 95% UI: 
0.317 to 0.556), and DALYs (24.610, 95% UI: 18.65 to 31.852) of 
silicosis. Notably, the 95% lower UIs for prevalence, incidence, 
mortality, and DALYs in East Asia surpassed the 95% upper UIs for 

TABLE 1 ASRs of Prevalence, incidence, mortality, and DALYs for silicosis in various territories, 2019 (per 100,000 Population).

location Prevalence (95% UI) Incidence (95% UI) Mortality (95% UI) DALYs (95% UI)

Global 5.383 (4.236, 6.837) 1.650 (1.360, 1.980) 0.161 (0.136, 0.203) 7.872 (6.246, 9.959)

Andean Latin America 7.546 (6.098, 9.382) 0.075 (0.055, 0.109) 0.037 (0.024, 0.059) 1.055 (0.712, 1.599)

Australasia 1.260 (0.907, 1.859) 0.150 (0.114, 0.193) 0.025 (0.015, 0.081) 0.599 (0.408, 1.429)

Caribbean 0.046 (0.031, 0.072) 0.319 (0.256, 0.402) 0.013 (0.007, 0.023) 0.313 (0.171, 0.563)

Central Asia 31.600 (26.065, 37.872) 0.284 (0.210, 0.372) 0.005 (0.004, 0.007) 0.213 (0.153, 0.294)

Central Europe 5.342 (4.141, 6.845) 0.306 (0.238, 0.388) 0.039 (0.033, 0.050) 1.576 (1.252, 2.008)

Central Latin America 1.592 (1.212, 2.088) 0.450 (0.359, 0.560) 0.058 (0.048, 0.069) 2.294 (1.834, 2.828)

Central Sub-Saharan Africa 1.636 (1.229, 2.110) 0.140 (0.107, 0.182) 0.086 (0.018, 0.193) 2.118 (0.544, 4.568)

East Asia 110.240 (90.448, 133.420) 5.780 (4.751, 6.908) 0.406 (0.317, 0.556) 24.610 (18.650, 31.852)

Eastern Europe 5.126 (3.793, 6.812) 0.065 (0.048, 0.090) 0.011 (0.009, 0.016) 0.971 (0.671, 1.411)

Eastern Sub-Saharan Africa 1.226 (0.900, 1.763) 0.557 (0.442, 0.694) 0.074 (0.016, 0.144) 1.880 (0.560, 3.493)

High-income Asia Pacific 0.897 (0.657, 1.233) 0.608 (0.467, 0.798) 0.076 (0.053, 0.150) 1.807 (1.371, 2.884)

High-income North America 0.948 (0.742, 1.210) 0.069 (0.053, 0.089) 0.020 (0.017, 0.034) 0.534 (0.451, 0.740)

North Africa and Middle East 0.262 (0.190, 0.365) 0.220 (0.179, 0.273) 0.019 (0.010, 0.026) 0.494 (0.290, 0.693)

Oceania 5.294 (3.925, 6.918) 0.638 (0.502, 0.819) 0.059 (0.017, 0.125) 1.699 (0.923, 2.831)

South Asia 12.389 (9.473, 16.498) 0.022 (0.016, 0.031) 0.134 (0.060, 0.198) 3.433 (1.784, 4.880)

Southeast Asia 4.071 (3.006, 5.488) 0.238 (0.176, 0.315) 0.005 (0.002, 0.008) 0.706 (0.469, 1.012)

Southern Latin America 6.916 (5.468, 8.777) 0.333 (0.251, 0.431) 0.166 (0.140, 0.202) 3.879 (3.325, 4.516)

Southern Sub-Saharan Africa 5.906 (4.597, 7.447) 0.418 (0.332, 0.518) 0.094 (0.064, 0.117) 3.046 (2.361, 3.722)

Tropical Latin America 0.248 (0.179, 0.343) 0.004 (0.003, 0.006) 0.120 (0.109, 0.135) 4.913 (4.174, 5.872)

Western Europe 2.532 (2.070, 3.119) 0.143 (0.101, 0.219) 0.131 (0.112, 0.172) 2.192 (1.899, 2.795)

Western Sub-Saharan Africa 4.762 (3.848, 5.995) 0.019 (0.014, 0.026) 0.012 (0.006, 0.017) 0.379 (0.226, 0.575)

95% UI, 95% uncertainty intervals; ASRs, age-standardized rates, DALYs, disability-adjusted life years.
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these measures in all other regions. This finding underscores a 
significantly elevated burden of silicosis in East Asia relative to other 
geographical regions.

Figure 1 displayed the numbers and ASRs for the global burden 
of silicosis by age group (5 years interval). The ASRs of prevalence for 
silicosis reached its peach at 70–74 years with 156.569 (95%UI: 125 to 
191.777) per 100,100 population while ASRs of incidence peaked at 
85–89 years with 5.713 (95%UI: 3.713 to 8.302) per 100,100 
population. The individuals of 85–89 years had the highest ASRs of 
mortality for silicosis with 45.618 (95%UI: 37.903–55.885) while those 
of 85–89 years had the largest ASRs of DALYs with 3.121 (95%UI: 
2.643–4.140) per 100,100 population.

3.2. Current status on a national level

In 2019, the nations most impacted by the burden of silicosis 
were China, the Democratic People’s Republic of Korea, and Chile. 
Regarding prevalence, China demonstrated the highest ASR of 
silicosis (113.149, 95% UI: 92.924 to 136.700, per 100,000 
population), followed by the Democratic People’s Republic of Korea 
(51.190, 95% UI: 38.223 to 73.513), Chile (16.289, 95% UI: 12.792 to 

20.858), Mexico (13.991, 95% UI: 11.225 to 17.544), and Italy (13.282, 
95% UI: 10.781 to 16.497) (Supplementary Table S2; Figure 2).

In terms of incidence, China also exhibited the highest ASR 
(5.918, 95% UI: 4.866 to 7.073), with subsequent rankings held by the 
Democratic People’s Republic of Korea (3.150, 95% UI: 2.384 to 
4.313), Chile (1.472, 95% UI: 1.147 to 1.889), Italy (1.194, 95% UI: 
0.961 to 1.495), and Mexico (0.810, 95% UI: 0.642 to 1.018) 
(Supplementary Table S3).

Excluding Palau, which had a small population as well as mortality 
numbers in 2019, the Democratic People’s Republic of Korea presented 
the highest mortality ASRs for silicosis (0.599, 95% UI: 0.271 to 1.049), 
succeeded by Chile (0.511, 95% UI: 0.420 to 0.635), China (0.404, 95% 
UI: 0.312 to 0.564), Portugal (0.366, 95% UI: 0.305 to 0.439), and 
Taiwan (Province of China) (0.308, 95% UI: 0.213 to 0.415) 
(Supplementary Table S4).

When assessing the ASRs for DALYs, China (24.969, 95% UI: 
18.900 to 32.513) and the Democratic People’s Republic of Korea 
(23.475, 95% UI: 13.458 to 36.796) displayed the highest rates, 
nearly identical to each other. Following these were Chile (10.424, 
95% UI: 8.734 to 12.551), Paraguay (8.499, 95% UI: 5.666 to 
11.602), Lesotho (7.650, 95% UI: 3.789 to 12.867), and Portugal 
(7.229, 95% UI: 5.998 to 8.770) (Supplementary Table S5, Figure 3).

FIGURE 1

The numbers and ASRs of silicosis by age group for prevalence (A), incidence (B), mortality (C), and DALYs (D) per 100,000 population in 2019. The 
yellow columns represent the numbers, while the purple lines reflect the ASRs. The error bar and dash-to-dash gap present the 95% UIs. ASRs, age-
standardized rates; DALYs, disability-adjusted life years; UIs, uncertainty intervals.
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3.3. Trends

An evaluation of longitudinal trends from 1990 to 2019, as 
presented in Table 2, denoted a global decline in ASRs for incidence, 
mortality, and DALYs. However, a definitive decrease in the ASR for 
prevalence remains indeterminate, with the 95% UI encompassing. As 
outlined in Table 2, the most substantial increases in the ASRs of 
silicosis prevalence from 1990 to 2019 were observed in Central Asia 
(1.610, 95% UI: 1.009 to 2.358, per 100,000 population), Southeast 
Asia (0.805, 95% UI: 0.542 to 1.163), and Southern Latin America 
(0.775, 95% UI: 0.544 to 1.026). In contrast, the most pronounced 
decreases were observed in Western Europe (−0.737, 95% UI: −0.796 
to −0.676), High-income Asia Pacific (−0.728, 95% UI: −0.798 to 
−0.670), and High-income North America (−0.676, 95% UI: −0.739 
to −0.596).

When examining incidence, the highest increases in ASRs were 
found in Central Asia (1.168, 95% UI: 0.663 to 1.723), Southern Latin 
America (0.803, 85% UI: 0.594 to 1.053), and Southeast Asia (0.758, 
95% UI: 0.509 to 1.118). The largest decreases, however, were observed 
in Western Europe (−0.724, 95% UI: −0.772 to −0.653), High-income 
North America (−0.695, 95% UI: −0.747 to −0.626), and High-
income Asia Pacific (−0.686, 95% UI: −0.741 to −0.612).

Most regions displayed absolute decreases (95% upper UI < 0.000) 
in ASRs of mortality from 1990 to 2019, with the most significant 
reductions observed in Central Europe (−0.876, 95% UI: −0.898 to 
−0.849), High-income Asia Pacific (−0.779, 95% UI: −0.837 to 
−0.592), and Andean Latin America (−0.747, −0.852 to −0.468). 
Similarly, an absolute decline in ASRs of DALYs from 1990 to 2019 

was registered in the majority of regions. Central Europe (−0.815, 
−0.847 to −0.772), High-income Asia Pacific (−0.805, 95% UI: −0.843 
to −0.709), and Western Europe (−0.783, 95% UI: −0.811 to −0.738) 
marked the most pronounced declines.

As illustrated in Figure 4, Jointpoint regression analysis suggested 
inflection points and trends for the burden of silicosis from 1990 to 
2019. The AAPCs of prevalence, incidence, mortality and DALYs 
were, respectively, −0.224% (95% CI: −0.427% to −0.021%, p = 0.031), 
−0.474% (95%CI: −0.673% to −0.274%, p = 0.000), −3.050% (95%CI: 
−3.225% to −2.876%, p = 0.000), and − 1.965% (95%CI: −2.208% to 
−1.722%, p = 0.000) which meant they all decreased in past 30 years. 
The prevalence rapidly increased before 1994 with APC at 4.961%, 
stabilized in 2005 with APC at −0.043%, then decreased of step-like 
to 2019 (Figure  4A). As for the trend of incidence of silicosis 
(Figure 4B), it rapidly increased before 1994 with APC at 3.943%, 
stabilized in 2006 with APC at −0.212%, then gradually decreased to 
2019. As for trends of mortality (Figure 4C) and DALYs (Figure 4D), 
gradient decreases were observed from 1990 to 2019, with AAPC at 
−3.050% and − 1.964%, respectively.

3.4. Association between DALYs and SDI on 
a regional level

As shown in Figure 5, an “M” shaped association between SDI and 
ASRs of DALYs for silicosis was observed from 1990 to 2019. With the 
growth of SDI up to about 0.5, the global burden of DALYs steadily 
increased. When SDI ranges from about 0.5 to 0.65, DALYs faced a slow 

FIGURE 2

ASRs of prevalence for silicosis per 100,000 population in 2019.
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decrease followed by a gradual increase. Then DALYs gradually decreased 
again with SDI at larger than 0.65. East Asia, Western Europe and High-
income Asia Pacific had higher ASRs of DALYs for silicosis than expected 
DALYs rates, on the basis of SDI, from 1990 to 2019. On the contrary, 
Central Asia, Eastern Europe, Australia, High-income North America, 
Andean Latin America, Caribbean, Central Latin America, North Afica 
and Middle East, Oceania, Southeast Asia, Southern Sub-Saharan Africa 
and Western Sub-Saharan Africa had lower ASRs of DALYs for silicosis 
than expected DALYs rates, on the basis of SDI, from 1990 to 2019.

3.5. Predictions

Nordpred-based age-period-cohort analysis was performed to 
estimate trends of ASRs of prevalence, incidence, mortality and 
DALYs for silicosis up to 2044. As shown in Figure 6, the burden of 
silicosis gradually is going to step down from 2019 to 2044. During 
this period, ASRs of prevalence decreased by 10.904, ASRs of 
incidence decreased by 0.575, ASRs of mortality decreased by 0.048, 
and ASRs of DALYs decreased by 2.685. In 2044, global ASRs of 
prevalence, incidence, mortality and DALYs are 31.580, 1.650, 0.160, 
and 7.863, respectively.

4. Discussion

The present study provides an extensive examination of the 
current status and trends in silicosis and presents a detailed 

analysis of regional and national burdens, as well as the future 
burden associated with the disease. Our key findings were listed 
as follows: (1) In 2019, East Asia emerged as the most affected 
region of silicosis, accounting for approximately 90% of the total 
number of silicosis cases. China, the Democratic People’s Republic 
of Korea, Chile, and Mexico recorded the highest ASRs for both 
prevalent and incident cases of silicosis. They should warrant 
heightened attention and continued efforts toward prevention 
strategies. (2) Individuals aged 45–59 face a significantly greater 
risk of developing silicosis, while those aged 80 or above are at 
elevated risk of mortality and higher DALYs. These findings 
emphasize the importance of promoting the self-awareness among 
those in high-risk occupations who are over 45 years of age. (3) 
From 1990 to 2019, Central Asia, Southeast Asia, and the Southern 
Latin America regions experienced the most significant increases 
in ASRs of prevalence. Most regions exhibited decreases in the 
ASRs of mortality and DALYs. The most significant decreases 
have been observed in Central Europe, High-income Asia Pacific, 
and Western Europe. (4) Encouragingly, the global burden of 
silicosis declined significantly from 1990 to 2019 suggesting a 
continued decrease in the coming years.

The abovementioned findings indicated that the silicosis 
remains as important health problems in some countries and 
territories, though the global has attained great achievements in 
the prevention of silicosis. Evidence showed that the incident 
ASR remained relatively low over the past decades in high SDI 
countries. Moreover, in 2017, countries with an SDI greater than 
0.7 registered a negative incident ASR of silicosis and presented 

FIGURE 3

ASRs of DALYs for silicosis per 100,000 population in 2019.
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TABLE 2 Percentage changes in ASRs of prevalence, incidence, mortality, and DALYs for silicosis in various territories from 1990 to 2019 (per 100,000 
population).

location Prevalence (95% UI) Incidence (95% UI) Mortality (95% UI) DALYs (95% UI)

Global −0.046 (−0.178, 0.063) −0.115 (−0.226, −0.010) −0.589 (−0.679, −0.394) −0.433 (−0.542, −0.271)

Andean Latin America 0.046 (−0.257, 0.260) −0.021 (−0.321, 0.203) −0.747 (−0.852, −0.468) −0.727 (−0.832, −0.438)

Australasia −0.200 (−0.364, 0.154) −0.176 (−0.342, 0.244) −0.682 (−0.823, 0.317) −0.610 (−0.742, 0.107)

Caribbean −0.073 (−0.182, 0.018) −0.106 (−0.236, 0.015) −0.420 (−0.576, −0.206) −0.372 (−0.551, −0.130)

Central Asia 1.610 (1.009, 2.358) 1.168 (0.663, 1.723) −0.452 (−0.599, −0.234) −0.102 (−0.343, 0.204)

Central Europe −0.406 (−0.500, −0.327) −0.450 (−0.527, −0.393) −0.876 (−0.898, −0.849) −0.815 (−0.847, −0.772)

Central Latin America −0.403 (−0.464, −0.332) −0.467 (−0.514, −0.420) −0.745 (−0.788, −0.698) −0.649 (−0.695, −0.601)

Central Sub-Saharan Africa 0.075 (−0.057, 0.223) 0.109 (−0.028, 0.249) −0.227 (−0.573, 0.444) −0.204 (−0.531, 0.399)

East Asia −0.096 (−0.222, 0.016) −0.062 (−0.179, 0.040) −0.603 (−0.732, −0.268) −0.417 (−0.547, −0.209)

Eastern Europe −0.032 (−0.166, 0.077) −0.085 (−0.214, 0.018) −0.675 (−0.828, −0.429) −0.337 (−0.560, −0.119)

Eastern Sub-Saharan Africa 0.054 (0.000, 0.118) 0.027 (−0.024, 0.087) −0.386 (−0.574, 0.021) −0.368 (−0.583, 0.003)

High-income Asia Pacific −0.728 (−0.798, −0.670) −0.686 (−0.741, −0.612) −0.779 (−0.837, −0.592) −0.805 (−0.843, −0.709)

High-income North America −0.676 (−0.739, −0.596) −0.695 (−0.747, −0.626) −0.623 (−0.678, −0.439) −0.637 (−0.681, −0.545)

North Africa and Middle East 0.471 (0.263, 0.728) 0.571 (0.315, 0.861) −0.501 (−0.690, −0.079) −0.573 (−0.734, −0.288)

Oceania 0.500 (0.285, 0.747) 0.411 (0.236, 0.639) −0.463 (−0.683, −0.123) −0.265 (−0.489, 0.142)

South Asia −0.182 (−0.234, −0.127) −0.236 (−0.281, −0.194) −0.566 (−0.686, 0.181) −0.534 (−0.661, 0.016)

Southeast Asia 0.805 (0.542, 1.163) 0.758 (0.509, 1.118) −0.571 (−0.726, −0.151) 0.155 (−0.103, 0.492)

Southern Latin America 0.775 (0.544, 1.026) 0.803 (0.594, 1.053) −0.418 (−0.523, −0.276) −0.397 (−0.496, −0.275)

Southern Sub-Saharan Africa −0.030 (−0.134, 0.051) −0.005 (−0.109, 0.074) −0.279 (−0.499, −0.022) −0.268 (−0.458, −0.067)

Tropical Latin America −0.045 (−0.147, 0.052) 0.029 (−0.05, 0.119) −0.247 (−0.324, −0.147) −0.238 (−0.306, −0.155)

Western Europe −0.737 (−0.796, −0.676) −0.724 (−0.772, −0.653) −0.715 (−0.756, −0.646) −0.783 (−0.811, −0.738)

Western Sub-Saharan Africa 0.159 (0.042, 0.299) 0.175 (0.037, 0.327) −0.364 (−0.573, 0.146) −0.164 (−0.438, 0.419)

FIGURE 4

Global trends of ASRs, from 1990 to 2019, for prevalence (A), incidence (B), mortality (C) and DALYs (D) per 100,000 population of silicosis by 
Jointpoint Regression analysis. The symbol * represents statistical significance at p < 0.05. APC, annual percentage change, AAPC, average annual 
percentage change. CI, confidence interval.
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negative correlation with increasing SDI (5). Our study has also 
identified similar findings that the incidence of silicosis witnessed 
a significant decrease in ASR of incidence in high-income regions 
in 2019, including high-income Asia Pacific, high-income North 
America, and Western Europe. Surprisingly, our study revealed 
that in 2019, a high burden of DALYs for silicosis was 
predominantly concentrated in countries with an SDI between 
0.5 to 0.65, with a negative correlation observed between DALYs 
and SDI when it exceeds 0.65. This phenomenon may 
be attributed to the improved protection measures and increased 
awareness of self-protection among workers in the higher 
SDI countries.

Silicosis is prevalent among various industries including 
mining, quarrying, and construction. In China, the prevalence of 
silicosis among workers in the coal mining industry is alarmingly 
as high as 6%. Approximately 12.9% of cases were associated with 
the metallurgical industry, while 8.9% were linked to the 
production of construction materials (13). In India, a study 
published in 2016 reported that approximately 3 million miners 
in India at high risk of silicosis (14). Another study estimated 
that approximately 3 million individuals out of 8.5 million 
construction and building workers in India, are at risk of 
exposure to silica dust (15). An observatory study demonstrated 
that among the 729 silica-exposed individuals in India who 
underwent medical screening, 465 workers were diagnosed with 
silicosis with a median age of 45 years (16). The South African 
miner association pledged to eliminate silicosis, with the goal of 
no new cases by 2013. However, compared to a further study 
between 2004 and 2009 and a 1984 cohort of working gold 

miners, no substantial decrease was observed in the overall 
prevalence of silicosis.

Pulmonary tuberculosis (TB) is closely correlated with 
silicosis. Previous studies have proved that the likelihood of 
developing pulmonary TB increased significantly among artisanal 
and small-scale miners labour, contingent upon the levels of silica 
dust, exceeds that of healthy controls (17, 18) Moreover, TB 
infection is also positively related to the progression and severity 
of silicosis and stands as a primary contributor to morbidity and 
mortality among workers exposed to silica. As a result, regions 
with high background rates of TB and HIV can exhibit a notable 
prevalence of TB infection among workers exposed to silica. (19). 
Therefore, it is reasonable to infer that nations with high 
prevalence of TB may also face high burdens of silicosis, possibly 
explaining the higher rates of silicosis observed in countries like 
China and India (20).

According to a study published in 2022, global silica-related 
deaths and cases of silicosis were more prevalent in males in all 
age groups (6). In fact, the number of female silicosis patients was 
relatively small leading to a lower disease burden. Importantly, 
between 1990 and 2019, the disease burden of silicosis was 
demonstrated a general decline for both males and females, with 
a more pronounced decrease observed in males. According to the 
findings in the current study, individuals aged 65–79 are at a 
higher risk of developing silicosis, indicating that this disease is 
more chronic and often presents symptoms after several years. 
This is consistent with an occupational study conducted in 2019, 
in which Christopher and colleagues found a significantly higher 
proportion of silicosis among workers aged 65 or above in 

FIGURE 5

Association between SDI and ASRs of DALYs per 100,000 population for silicosis from 1990 to 2019 among 22 regions. The solid line portrays the 
estimated values, which have been computed by factoring in the sociodemographic index and disease rates across all locations. SDI, 
sociodemographic index.
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industries such as mining, foundry, and construction (21). It is 
suggested that these workers should be more vigilant about their 
health from a younger age, and doctors should pay closer 
attention to these workers to detect silicosis early.

Prompt detection and precise diagnosis of silicosis are of 
substantial importance which are primarily dependent on 
radiographic techniques, including X-rays, high-resolution 
computed tomography (HRCT), and pulmonary function 
assessments (22, 23). However, Radiologic features differ 
depending on the stage of diagnosis and have not been well 
described. A study on Chinese miners noted that despite finding 
pneumoconiosis on HRCT, 26.9% of people were negative on 
chest X-ray screening (24). Preliminary reports from Australian 
engineered stone workers showed that 43% patients were normal 
on chest X-ray, but silica-related disease was identified on CT, 
revealing a low sensitivity of chest X-ray in this circumstance (25). 
Therefore, HRCT should be  highly recommended in early 
diagnosis of silicosis to facilitate earlier intervention.

Despite experiencing a period of rapid surge before 2005, the 
prevalence and incidence of global silicosis have gradually receded 
since then. Furthermore, this investigation is the first attempt to 
predict the future burden of silicosis based on the Nordpred 
age-period-cohort analysis. Surprisingly, the results forecast a 

progressive decline in ASRs of both prevalence and incidence 
globally prior to 2044. This is an encouraging outcome, because it 
provides evidence of the effectiveness of preventative measures for 
silicosis and supports the generalization of measures used in the 
most effective regions or countries. However, this investigation 
presents several limitations. Firstly, the exclusive utilization of 
GBD 2019 data introduces potential uncertainties within our 
estimations. Secondly, the GBD data underwent aggregation and 
adjustment through a back-estimation process derived from 
mortality data sources. However, it is important to note that the 
accuracy of the GBD data may be limited by the availability of data 
sources in certain regions. Thirdly, our analysis could not 
accurately assess the prevalence of silicosis obscured by coexisting 
pulmonary conditions, which may consequently lead to an 
underestimation of the true disease burden.

5. Conclusion

Despite the decline in global total burden over the past three 
decades, some regions continue to grapple with a high burden of 
silicosis in prevalence, incidence, mortality and DALYs. From 
1990 to 2019, we observed an “M” shaped correlation between SDI 

FIGURE 6

Nordpred based age-period-cohort prediction of global ASRs of prevalence (A), incidence (B), mortality (C) and DALYs (D) per 100,000 population for 
silicosis up to 2044. Solid lines indicate observed ASRs values while dashed lines denote the predicted.
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and ASRs of DALYs for silicosis. Our study indicated a decrease 
in ASRs for prevalence, incidence, mortality, and DALYs from 
2020 to 2044. These findings provide updated insights into the 
burden of silicosis for future research and highlight the requisite 
strategies and interventions necessary for effective prevention and 
management of the disease.
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Background: Although previous reports link exposure to insulating materials

with an increased risk of mesothelioma and chronic respiratory diseases, studies

evaluating their associations with the risk of coronary artery diseases (CAD)

are lacking.

Aims: We aimed at evaluating the associations between exposure to insulating

materials and the 10-year risk of CAD among insulators.

Methods: In this cross-sectional study, we recruited 643 adults (≥18 years), full-

time insulators from the Local 110 Heat and Frost Insulators and Allied Workers

Union in Edmonton, Alberta. We obtained demographic information, personal and

family history, and job-exposure history, including experience (years) and types

of exposure to insulating materials. Clinical profiling including Framingham risk

scores (FRS) was assessed.

Results: Of all insulators, 89% were men (mean± SD age: 47± 12 years), 27% had

a parental history of cardiac diseases, and 22% had a comorbid chronic respiratory

disease. In total, 53% reported exposure to asbestos, while 61, 82, and 94%

reported exposure to ceramic fibers, fiberglass, and mineral fibers, respectively. In

single-exposure multivariable regression models adjusted for experience, marital

status, and bodymass index (BMI), asbestoswas found to be associatedwith higher

FRS (β: 1.004; 95%CI: 0.003–2.00). The association remained consistent in multi-

exposure models and a higher association was found between asbestos exposure

and FRS among insulators with comorbid chronic respiratory disease.

Conclusion: Our study demonstrates that apart from cancer and chronic

respiratory diseases, asbestos exposure may also have a cardiac e�ect, thus

warranting the need for systematic surveillance to protect workers from the

adverse e�ects of these materials.

KEYWORDS

asbestos, chronic respiratory disease, Framingham risk score, worker’s health,

occupational exposure

Introduction

Several new man-made materials, often known as man-made vitreous fibers (MMVFs),

aerogels, carbon fibers, mineral fibers, and refractory ceramic fibers (RCFs), have been

introduced as potential insulating materials after many countries have imposed a ban on

the use of asbestos. Most of these fibers also possess significant health hazards, particularly

affecting the respiratory system that led to numerous adverse conditions such as chronic

chest infection, carcinoma, adverse pleural conditions, and to some extent, obstructive and
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interstitial changes in the lungs (1–8). However, despite the

ban on asbestos use, workers, particularly construction

workers and insulators, are often exposed to it, for example,

during the demolition or renovation of old construction and

insulations (9–11).

Although numerous significant information about the toxicity

and possible adverse respiratory health effects of these materials

is available from historic and contemporary clinical and public

health studies, amajority of those largely focused on respiratory and

cancer-related outcomes (6, 9–21), and little is known about their

involvement in other target organs, e.g., cardiovascular health (22–

24). While some previous studies indicated possible cardiovascular

health effects of occupational asbestos exposure, most of them have

been primarily investigated post-mortem, i.e., the involvement of

asbestos in cardiovascular disease-related mortality could only be

established retrospectively (23, 25). Nevertheless, several reports

showed no significant cardiovascular effects regarding asbestos

exposure (26). Finally, many of those studies also reported the co-

occurrence of malignancies and other chronic diseases because of

asbestos exposure; therefore, whether such adverse cardiovascular

health conditions were caused by asbestos or the consequences

of other health conditions could not be made clear. Similarly,

literature on the possible cardiovascular health effects of MMVFs is

scarce and produced mixed evidence. However, whether exposure

to such materials is associated with the risk of coronary artery

disease (CAD) has not been systematically investigated.

In this study, we aimed to investigate whether occupational

exposure to insulating materials (asbestos, aerogels, calcium

silicate, carbon fibers, fiberglass, mineral fibers, and RCFs) was

associated with an increased risk of CAD in insulators.

Methods

In this cross-sectional study, we investigated 843 unionized

insulators of the Local 110 Heat and Frost Insulators and Allied

Workers Union in Edmonton, Alberta recruited between 2011

and 2014. All participants were screened at Synergy Respiratory

Care Clinic, Sherwood Park, Alberta. Details of the study design,

inclusion and exclusion criteria, and methodologies have been

reported elsewhere (7, 8). In brief, participants of at least 18 years

of age, employed full-time as insulators, and of sound mental

and cognitive ability at the time of screening were included in

the study. We excluded those who were <18 years of age and

trainees without a history of insulation material exposure. All

participants were administered a questionnaire containing items

of demographic profile, personal and family history (smoking

history and pack-years, alcohol consumption, parental history of

any cardiac diseases, and frequency of weekly physical activity), and

detailed job-exposure history including experience (years), types of

exposure to insulating materials, and the use of personal protective

equipment (PPE) at work for each of thematerials (such as aerogels,

asbestos, calcium silicate, carbon fibers, fiberglass, mineral fibers,

and RCFs).

Detailed clinical profiling of the participants was performed at

the clinic that included an assessment of any current respiratory

and cardiac conditions, such as hypertension and chronic

respiratory diseases (CRDs), and any previous incidents

of cardiorespiratory or metabolic conditions such as chest

pain/angina, heart attack, heart failure, heart failure, cardiac

catheterization, coronary bypass surgery, angioplasty, atrial

fibrillation, lung cancer, diabetes mellitus, or any other acute

conditions. Current medication status was obtained from

questionnaires and was verified from the participants’ health

records. A venous blood sample was collected, and the plasma

lipid profiles (cholesterol, triglyceride, and high- and low-density

lipoproteins) were analyzed. Framingham risk score [FRS; the

10-year risk of manifesting clinical cardiovascular diseases such

as CAD, stroke, peripheral vascular diseases (PVD), chronic heart

failure (CHF), and cardiac death] was calculated according to the

previously established formulae (27). All data were anonymized

before further analysis.

Data were presented as mean [standard deviation (SD)],

median [interquartile range (IQR)], or frequency (%) for

continuous, ordinal, and categorical variables, respectively. We first

tested the bivariate relationships between each of the exposures

(yes/no) and FRS using Student’s t-tests. We then constructed

univariable (unadjusted) and multivariable (adjusted) linear

regression models for each exposure and FRS as the following:

Ŷ = β0 + β1X1 + β2X2 + β3X3 + . . . + βnXn + ε

where Ŷ is the predicted or expected value of the dependent

variable, β0 is the Y-intercept, β is the regression coefficient of

the independent variable of X, n is the number of independent

variables, and ε is the residual.

Ethnicity, education, marital status, body mass index (BMI),

years of exposure to insulation work, and the use of PPE

were tested as potential confounders. As age, sex, and smoking

status were adjusted while calculating the FRS, they were not

further considered confounders. Models were constructed in step-

forward and step-backward algorithms and only marital status,

body mass index (BMI), and years of exposure to insulation

works were retained in the final models based on the Akaike

information criterion (AIC) for model selection (28) as per the

following equation:

AIC = 2k− 2ln(L̂)

where k is the number of estimated parameters in the model and L̂

is the maximum value of the likelihood function for the model.

We also performed several secondary analyses. First, we created

a multi-exposure linear model (taking all the exposures in a single

model) and tested the associations with FRS as the exposure

variables did not demonstrate collinearity among them (variance

inflation factor, VIF < 2). Second, we stratified the single-exposure

models by sex and tested the pair-wise differences of the coefficients

using the Chow test (29). Finally, we tested potential effect

modification by alcoholic drink per month (<1 vs. ≥1 per month),

any physical activity other than regular work (no/yes), parental

history of cardiac disease (no/yes), and any CRDs (no/yes). All

analyses were conducted using a complete case approach in Stata

V.17 (StataCorp, College Station, TX, USA), and a p-value of<0.05

was considered statistically significant.

This study has been conducted as per the Declaration of

Helsinki and is compliant with the Strengthening the Reporting
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TABLE 1 Demographic profile, exposure history, and clinical profile of the

insulators.

N = 643

Age (years), mean (SD) 47 (12)

Sex (male), n (%) 571 (89)

BMI (Kg/m2), mean (SD) 30 (15)

Ethnicity (Caucasian), n (%) 501 (78)

Education, n (%)

Grade school 17 (3)

High school 77 (12)

Trade school 302 (47)

College/university 247 (38)

Marital status (married), n (%) 407 (63)

Smoking status, n (%)

Ever smoker 429 (67)

Overall pack-years, median (IQR) 5 (0–17)

Any chronic respiratory diseases, n (%) 141 (22)

Alcohol consumption, n (%)

<1 drink per month 77 (12)

Physical activity, n (%)

Never 297 (46)

1–3 times/week 209 (33)

4–6 times/week 65 (10)

Daily 72 (11)

Parental history of cardiac disease, n (%) 169 (27)

Exposure variables

Years of exposure in insulation work, median (IQR) 13 (4–28)

Exposure to insulating materials, n (%)

Aerogels 253 (39)

Asbestos 343 (53)

Calcium silicate 552 (86)

Carbon fibers 370 (58)

Ceramic fibers 393 (61)

Fiberglass 525 (82)

Mineral fibers 603 (94)

PPE used for, n (%)

Aerogels 227 (35)

Asbestos 181 (28)

Fiberglass 282 (44)

Mineral fibers 447 (70)

Cardiometabolic variables

Systolic blood pressure (mmHg), median (IQR) 124 (115–132)

Clinically diagnosed hypertension, n (%) 117 (18)

Medications for hypertension, n (%) 91 (14)

(Continued)

TABLE 1 (Continued)

N = 643

Lipid profile (mg/dL), mean (SD)

Cholesterol 195.2 (41.5)

Triglyceride 140.2 (90.2)

HDL 50.8 (14.6)

LDL 118.1 (36.0)

Framingham risk score, mean (SD) 7.3 (6.6)

Data presented as mean [standard deviation (SD)], median [interquartile range (IQR)], or

frequencies (%) as described in the text.

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PPE,

personal protective equipment.

of Observational Studies in Epidemiology (STROBE) guidelines

(30) and approved by the Health Research Ethics Board of

Alberta (HREBA.CTC-17-0067) and Health Research Ethics Board

(Pro00079792), University of Alberta. All participants provided

signed informed consent forms before taking part in the study.

Results

Of those 843 insulators who were screened, we further excluded

those with a current or previous clinical diagnosis of one or more

conditions such as chronic chest pain/angina (n = 119), heart

attack (n = 20), heart failure (n = 3), cardiac catheterization

(n = 22), coronary bypass (n = 8), angioplasty (n = 21), atrial

fibrillation (n = 27), mesothelioma (n = 1), or other chronic or

acute cardiopulmonary conditions (n = 118). We finally recruited

643 insulators for this analysis of which 571 (89%) were men with

a mean age (SD) of 47 (12) years. In total, 78% were Caucasians,

67% were ever smokers, 27% reported a family history of cardiac

diseases, and 22% had comorbid CRDs (Table 1). Exposure to

different insulating materials ranged between 39% (aerogels) and

94% (RCF), and 53% of the workers reported having exposure to

asbestos at workplaces. The mean (SD) FRS was 7.3 (6.6).

In single-exposure univariable (unadjusted) models,

asbestos, ceramic fibers, and fiberglass (β range: 1.28–4.66; all

p-values < 0.05) were associated with higher FRS (Figure 1A;

Supplementary Table 1); however, in the adjusted (multivariable)

models, only asbestos retained a significant association with higher

FRS (β: 1.004; 95%CI: 0.003–2.00). In the multi-exposure model,

only asbestos remained associated with higher FRS (β: 1.08; 95%CI:

0.05–2.10) (Figure 1B; Supplementary Table 1).

In the secondary analyses, we observed a higher association

between asbestos exposure and FRS in male insulators (β: 1.14;

95%CI: 0.06–2.23) than their female counterpart (β:−0.18; 95%CI:

−1.31–0.97); however, the difference between the coefficients

was not significant (chi-squared p-value for Chow test =

0.13) (Figure 2A; Supplementary Table 2). Furthermore, we found

that the association between asbestos exposure and FRS was

significantly higher among the insulators with comorbid CRDs

(β: 3.05; 95%CI: 0.61–5.50) than those without any comorbid

CRDs (β: 0.36; 95%CI: −0.72–1.43; p-value for interaction: 0.007)

(Figure 2B; Supplementary Table 3). We did not observe any
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FIGURE 1

Association between occupational exposure to mineral fibers and Framingham risk score. (A) Single exposure models (B) multiple exposure models.

Data presented as regression coe�cient (marker) and 95% confidence interval (error bars) adjusted for marital status, BMI, and years of exposure in

insulation works.

FIGURE 2

Association between occupational exposure to mineral fibers and Framingham risk score (A) stratified by sex and (B) e�ect modification by any

chronic respiratory disease (CRD). Data presented as regression coe�cient (marker) and 95% confidence interval (error bars) adjusted for marital

status, BMI, and years of exposure in insulation works. *Indicates the p-values for interaction that are significant at p < 0.05.

clinically important influence of other effect modifiers (alcoholic

drink per month, any physical activity other than regular work,

or parental history of cardiac disease) on the associations between

insulating materials and FRS (Supplementary Tables 4–6).

Discussion

To the best of our knowledge, this is the first study

assessing the relationship between several types of insulating

materials and the 10-year predictive risk score for CAD

in a group of workers. We observed that of all insulating

materials, only asbestos exposure was associated with a

higher FRS. This association was stronger among male

subjects and those with comorbid CRDs. We did not find

any associations between other insulating materials and FRS or

any influence of possible behavioral or genetic factors such as

alcohol consumption, physical activity, or a family history of

cardiac diseases.

Our findings of asbestos-associated increased projected risk

of cardiovascular diseases extend the observations of a recent

meta-analysis where Rong et al. (24) demonstrated the pooled
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standardized mortality ratio (SMR) estimate for cardiovascular-

related diseases of 1.11 (95% CI: 1.01–1.22), indicating a significant

association between asbestos exposure and an increased risk of

cardiovascular-related diseases in exposed workers. Nevertheless,

despite numerous post-mortem studies on asbestos exposure

and cardiovascular disease-related mortality, the mechanisms of

asbestos exposure-associated cardiovascular diseases have not

been fully understood. One possible explanation could be the

physiological alteration of the heart and the vasculature due

to asbestos exposure, as a previous study showed pericardial

thickening in asbestos-exposed workers (31). Another possible

explanation for the increased risk of cardiovascular diseases could

be the inflammatory effects of asbestos on the cardiopulmonary

circuit, leading to a sustained accumulation of inflammatory

mediators, and an upsurge in oxidative stress, all of which

possibly help in the development of atherosclerotic plaques (32).

While some animal studies support this hypothesis of free radical

production, inflammation in coronary arteries, and vascular and

thrombogenic effects of asbestos exposure (33–35), human data on

the mechanisms are unavailable and difficult to obtain.

Our findings of the roles of other insulating MMVFs on FRS

are similar to the meta-findings of previous studies (36–42), which

did not indicate any significant associations between MMVFs

and cardiovascular diseases. Although a relatively recent study

reported a higher increased risk for ischemic heart disease among

Swedish construction workers, the study used a job-exposure

matrix that considered a wide array of exposures such as dust,

gas, fumes, and other particulate matters (43). Therefore, it was

not clear whether the increased risk of cardiovascular diseases was

specifically attributed to exposure to MMVFs.

We found that the association between asbestos exposure and

FRS was higher among those with CRDs than those without CRDs.

Previous data have shown that asbestos exposure was associated

with a higher prevalence of CRDs such as chronic obstructive

pulmonary disease (COPD) (7, 44). It is well-established that

patients with comorbid CRDs are at a higher risk of having CAD

than those without CRDs (45–51). Therefore, insulators with a

history of asbestos exposure and comorbid CRDs were at a higher

risk of developing CAD; however, the cross-sectional nature of the

study does not allow us to infer whether CRDs had an additive effect

on the predicted risk of CAD.

One of the major strengths of this study is its novel approach to

assessing a chronic and probable detrimental cardiological effect of

the insulating materials that have not been previously investigated.

Second, we considered a wide range of insulating materials and

tested their individual and cumulative associations with the FRS.

Finally, we performed several secondary analyses to test the

plausible influence of other potential lifestyle and clinical factors

on the association between insulating materials and FRS, which

highlighted the significant influence of comorbid CRDs. Of note,

we calculated FRS based on a previously reported clinical practice

report (27), which describes the lower age for FRS calculation as 20

compared to other modified versions. As our participants belonged

to a high-risk group for occupational exposure, we did not add the

age constraint as described in other versions of the FRS calculation

which could have undermined a vulnerable population. However,

the study has some limitations as well. As the current analysis

is cross-sectional in design, we could not determine any causal

association between exposure to asbestos and incident of CAD.

Second, we only had information on whether the insulators were

exposed to insulating materials or not, and we could not measure

the level of exposure to each insulating material, for example, the

specific type of asbestos or other fibers, or determine the cumulative

exposure index. Similarly, information about PPE (duration of use,

brand, or specifications) was not available. However, adjusting the

models for PPE did not significantly alter the magnitude of the

estimates, which means that the PPE did not provide substantial

protection to the workers from exposure. Moreover, we could

not perform any detailed biochemical studies, such as oxidative

stress assessment, which could have been useful to explain the

cardiological impacts of these insulating materials. Finally, we did

not have detailed information about other potential workplace

exposures such as physical and chemical agents, heat or cold

exposure, and other behavioral and socioenvironmental triggers,

which could also impart adverse health effects. Thus, these factors

also need to be considered in future studies.

Our findings add substantially to the current understanding of

asbestos-related health effects and highlight an important health

concern of asbestos exposure by recommending more holistic

surveillance of the workplace. It also warrants amending adequate

protective measures and administering more frequent and rigorous

monitoring of health to minimize the risk of work-related health

hazards. Asbestos-related diseases are often diagnosed years after

such exposures due to their long latency. Therefore, physicians

need to consider possible work-related exposures to hazardous

materials which might influence the development of such diseases.

We may conclude that occupational exposure to insulation

materials, particularly asbestos, is associated with a higher risk of

CAD in insulators. The association was found higher among those

who have comorbid CRDs such as asthma or COPD possibly due to

the cardiologic effects of CRDs; however, we could not confirm the

associations from an etiological perspective. While the adaptation

of less hazardous insulating materials and the use of proper PPE

are recommended, a regular health monitoring and workplace

surveillance program must be implemented for diagnosis.

Data availability statement

The datasets presented in this article are not readily available

because the provincial law does not allow public dissemination

of primary health data. Requests to access the datasets should be

directed to PL, placy@ualberta.ca.

Ethics statement

The studies involving human participants were reviewed

and approved by the Health Research Ethics Board of Alberta

(HREBA.CTC-17-0067) and the Health Research Ethics Board

(Pro00079792), University of Alberta. The patients/participants

provided their written informed consent to participate in

this study.

Frontiers in PublicHealth 05 frontiersin.org46

https://doi.org/10.3389/fpubh.2023.1235189
mailto:placy@ualberta.ca
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Moitra et al. 10.3389/fpubh.2023.1235189

Author contributions

LM: conceptualization and funding acquisition. FK and LM:

methodology and validation. SM: formal analysis, writing—original

draft preparation, and visualization. LH, FK, and LM: investigation.

PL and LM: resources and supervision. AT: data curation. LH

and PL: project administration. All authors: writing—review and

editing. All authors have read and agreed to the published version

of the manuscript.

Funding

This research was supported by grants from the Wellness

of Workers (WoW) Program, Local 110 Heat and Frost

Insulators and Allied Workers, and Synergy Respiratory Care

Limited. However, the funder was not involved in the design

of the study and did not influence the dissemination of the

study outcomes.

Acknowledgments

The authors thank all the volunteer insulators contributing

to the WoW survey program as well as members of Synergy

Respiratory and Cardiac Care: Dina Fathy, Bill Stowe, Carrie

McPhee, Jennifer Spring, Melanie De Pruis, Lindsay Simmonds,

Celeste Hernandez, Kylie Haydey, Blake MacDonald, Linda

Ferguson, Michael Krause, Heather Ryan, Michele McKim,

Alana Goodall, Shirley Carr, Kevin Lecht, William Spring, and

Melanie Holowach. They would also like to thank Meghan

Dueck and Lei Pei for their support in data management. This

manuscript has been uploaded to a pre-print server, medRxiv

(doi: 10.1101/2022.12.12.22283365).

Conflict of interest

SM reports personal fees from Elsevier Inc. (USA), Synergy

Respiratory and Cardiac Care (Canada), Permanyer Inc. (Spain);

lecture fees from Apollo Gleneagles Hospital (India), and Institute

of Allergy—Kolkata (India), outside the submitted work. FK and

LM reports grants from theWellness of Workers (WoW) Program,

Local 110 Heat and Frost Insulators and Allied Workers outside

the present work. PL reports grants from the Wellness of Workers

(WoW) Program, Local 110 Heat and Frost Insulators and Allied

Workers, Synergy Respiratory Care Limited, AstraZeneca Canada,

and the Natural Sciences and Engineering Research Council

(NSERC) in Canada during the conduct of the study and personal

fees from AstraZeneca Canada and GSK Canada, outside the

submitted work.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.

1235189/full#supplementary-material

References

1. Kilburn KH, Powers D, Warshaw RH. Pulmonary effects of exposure to fine
fibreglass: irregular opacities and small airways obstruction. Br J Ind Med. (1992)
49:714–20. doi: 10.1136/oem.49.10.714

2. Dumortier P, Gocmen A, Laurent K, Manco A, De Vuyst P. The role of
environmental and occupational exposures in Turkish immigrants with fibre-related
disease. Eur Respir J. (2001) 17:922–7. doi: 10.1183/09031936.01.17509220

3. Fireman E. Man-made mineral fibers and interstitial lung diseases.
Curr Opin Pulm Med. (2014) 20:194–8. doi: 10.1097/MCP.000000000000
0035

4. Moitra S, Puri R, Paul D, Huang YC. Global perspectives of emerging
occupational and environmental lung diseases. Curr Opin Pulm Med. (2015) 21:114–
20. doi: 10.1097/MCP.0000000000000136

5. Nielsen GD, Koponen IK. Insulation fiber deposition in the airways of men and
rats. A review of experimental and computational studies. Regul Toxicol Pharmacol.
(2018) 94:252–70. doi: 10.1016/j.yrtph.2018.01.021

6. Maxim LD, Utell MJ. Review of refractory ceramic fiber (RCF)
toxicity, epidemiology and occupational exposure. Inhal Toxicol. (2018)
30:49–71. doi: 10.1080/08958378.2018.1448019

7. Moitra S, Farshchi Tabrizi A, Idrissi Machichi K, Kamravaei S, Miandashti
N, Henderson L, et al. Non-malignant respiratory illnesses in association with
occupational exposure to asbestos and other insulating materials: findings
from the Alberta insulator cohort. Int J Environ Res Public Health. (2020)
17:7085. doi: 10.3390/ijerph17197085

8. Moitra S, Farshchi Tabrizi A, Henderson L, Khadour F, Osman M,
Melenka L, et al. Chronic effects of occupational exposure to mineral
fibres and recurrent chest infections in insulators. ERJ Open Res. (2022)
8:00095–2022. doi: 10.1183/23120541.00095-2022

9. Neitzel RL, Sayler SK, Demond AH, d’Arcy H, Garabrant DH,
Franzblau A. Measurement of asbestos emissions associated with
demolition of abandoned residential dwellings. Sci Total Environ. (2020)
722:137891. doi: 10.1016/j.scitotenv.2020.137891

10. Urban M, Pelclova D, Urban P, Vit M, Urban P, Fenclova Z. Asbestos danger in
central Europe is not yet over - the situation in the Czech Republic. Cent Eur J Public
Health. (2022) 30:67–73. doi: 10.21101/cejph.a7094

11. Hesari RZJ, Rasoulzadeh Y, Mohammadian Y, Nasirzadeh N. Cancer risk
assessment of exposure to asbestos during old building demolition. Work. (2023)
74:1577–84. doi: 10.3233/WOR-211433

12. Utell MJ, Maxim LD. Refractory ceramic fiber (RCF) toxicity and epidemiology:
a review. Inhal Toxicol. (2010) 22:500–21. doi: 10.3109/08958370903521224

13. Markowitz SB, Levin SM, Miller A, Morabia A. Asbestos, asbestosis, smoking,
and lung cancer. New findings from the North American insulator cohort. Am J Respir
Crit Care Med. (2013) 188:90–6. doi: 10.1164/rccm.201302-0257OC

14. Jarvholm B, Astrom E. The risk of lung cancer after cessation
of asbestos exposure in construction workers using pleural malignant
mesothelioma as a marker of exposure. J Occup Environ Med. (2014)
56:1297–301. doi: 10.1097/JOM.0000000000000258

Frontiers in PublicHealth 06 frontiersin.org47

https://doi.org/10.3389/fpubh.2023.1235189
https://doi.org/10.1101/2022.12.12.22283365
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1235189/full#supplementary-material
https://doi.org/10.1136/oem.49.10.714
https://doi.org/10.1183/09031936.01.17509220
https://doi.org/10.1097/MCP.0000000000000035
https://doi.org/10.1097/MCP.0000000000000136
https://doi.org/10.1016/j.yrtph.2018.01.021
https://doi.org/10.1080/08958378.2018.1448019
https://doi.org/10.3390/ijerph17197085
https://doi.org/10.1183/23120541.00095-2022
https://doi.org/10.1016/j.scitotenv.2020.137891
https://doi.org/10.21101/cejph.a7094
https://doi.org/10.3233/WOR-211433
https://doi.org/10.3109/08958370903521224
https://doi.org/10.1164/rccm.201302-0257OC
https://doi.org/10.1097/JOM.0000000000000258
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Moitra et al. 10.3389/fpubh.2023.1235189

15. Dummer T, Gotay C. Asbestos in Canada: time to change our legacy. CMAJ.
(2015) 187:E315–6. doi: 10.1503/cmaj.150269

16. Cullinan P, Munoz X, Suojalehto H, Agius R, Jindal S, Sigsgaard T, et al.
Occupational lung diseases: from old and novel exposures to effective preventive
strategies. Lancet Respir Med. (2017) 5:445–55. doi: 10.1016/S2213-2600(16)30424-6

17. LeMasters G, Lockey JE, Hilbert TJ, Levin LS, Burkle JW, Shipley R, et al. A
30-year mortality and respiratory morbidity study of refractory ceramic fiber workers.
Inhal Toxicol. (2017) 29:462–70. doi: 10.1080/08958378.2017.1394931

18. Ndlovu N, Rees D, Murray J, Vorajee N, Richards G, teWaterNaude J. Asbestos-
related diseases in mineworkers: a clinicopathological study. ERJ Open Res. (2017)
3:0022–2017. doi: 10.1183/23120541.00022-2017

19. Walters GI, Robertson AS, Bhomra PS, Burge PS. Asbestosis is prevalent
in a variety of construction industry trades. NPJ Prim Care Respir Med. (2018)
28:11. doi: 10.1038/s41533-018-0078-6

20. Yang X, Yan Y, Xue C, Du X, Ye Q. Association between increased small airway
obstruction and asbestos exposure in patients with asbestosis. Clin Respir J. (2018)
12:1676–84. doi: 10.1111/crj.12728

21. Utell MJ, Maxim LD. Refractory ceramic fibers: fiber characteristics, potential
health effects and clinical observations. Toxicol Appl Pharmacol. (2018) 361:113–
7. doi: 10.1016/j.taap.2018.06.011

22. Pekdemir H, Camsari A, Akkus MN, Cicek D, Tuncer C, Yildirim Z. Impaired
cardiac autonomic functions in patients with environmental asbestos exposure:
a study of time domain heart rate variability. J Electrocardiol. (2003) 36:195–
203. doi: 10.1016/S0022-0736(03)00048-7

23. Harding AH, Darnton A, Osman J. Cardiovascular disease mortality
among British asbestos workers (1971-2005). Occup Environ Med. (2012) 69:417–
21. doi: 10.1136/oemed-2011-100313

24. Rong Y, Luo X, Zhang Z, Cui X, Liu Y, Chen W. Occupational exposure to
asbestos and cardiovascular related diseases: a meta-analysis. Prev Med Rep. (2015)
2:920–6. doi: 10.1016/j.pmedr.2015.10.005

25. Hein MJ, Stayner LT, Lehman E, Dement JM. Follow-up study of chrysotile
textile workers: cohort mortality and exposure-response. Occup Environ Med. (2007)
64:616–25. doi: 10.1136/oem.2006.031005

26. Luberto F, Ferrante D, Silvestri S, Angelini A, Cuccaro F, Nannavecchia AM,
et al. Cumulative asbestos exposure and mortality from asbestos related diseases in
a pooled analysis of 21 asbestos cement cohorts in Italy. Environ Health. (2019)
18:71. doi: 10.1186/s12940-019-0510-6

27. Greenland P, Gaziano JM. Clinical practice. Selecting asymptomatic patients for
coronary computed tomography or electrocardiographic exercise testing. N Engl J Med.
(2003) 349:465–73. doi: 10.1056/NEJMcp023197

28. Akaike H. A new look at the statistical model identification. IEEE Trans Automat
Contr. (1974) 19:716–23. doi: 10.1109/TAC.1974.1100705

29. Chow GC. Tests of equality between sets of coefficients in two linear regressions.
Econometrica. (1960) 28:133. doi: 10.2307/1910133

30. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP, et al. The strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet. (2007)
370:1453–7. doi: 10.1016/S0140-6736(07)61602-X

31. Jarad NA, Underwood SR, Rudd RM. Asbestos-related pericardial
thickening detected by magnetic resonance imaging. Respir Med. (1993)
87:309–12. doi: 10.1016/0954-6111(93)90029-Y

32. Vehmas T, Hiltunen A, Kivisaari L, Leino-Arjas P. Atherosclerotic and pleural
calcifications are related among asbestos-exposed workers. Eur J Cardiovasc Prev
Rehabil. (2008) 15:599–601. doi: 10.1097/HJR.0b013e328309a224

33. Shannahan JH, Schladweiler MC, Thomas RF, Ward WO, Ghio AJ, Gavett SH,
et al. Vascular and thrombogenic effects of pulmonary exposure to libby amphibole. J
Toxicol Environ Health. (2012) 75:213–31. doi: 10.1080/15287394.2012.652055

34. Shannahan JH, Alzate O, Winnik WM, Andrews D, Schladweiler MC,
Ghio AJ, et al. Acute phase response, inflammation and metabolic syndrome
biomarkers of Libby asbestos exposure. Toxicol Appl Pharmacol. (2012) 260:105–
14. doi: 10.1016/j.taap.2012.02.006

35. Kodavanti UP, Andrews D, Schladweiler MC, Gavett SH, Dodd
DE, Cyphert JM. Early and delayed effects of naturally occurring
asbestos on serum biomarkers of inflammation and metabolism. J
Toxicol Environ Health. (2014) 77:1024–39. doi: 10.1080/15287394.2014.89
9171

36. Robinson CF, Dement JM, Ness GO, Waxweiler RJ. Mortality patterns of rock
and slag mineral wool production workers: an epidemiological and environmental
study. Br J Ind Med. (1982) 39:45–53. doi: 10.1136/oem.39.1.45

37. Teppo L, Kojonen E. Mortality and cancer risk among workers exposed to man-
mademineral fibers in Finland. Scand JWork EnvironHealth. (1986) 12(Suppl. 1):61–4.

38. Gardner MJ, Winter PD, Pannett B, Simpson MJ, Hamilton C, Acheson ED.
Mortality study of workers in the man-made mineral fiber production industry in the
United Kingdom. Scand J Work Environ Health. (1986) 12(Suppl. 1):85–93.

39. Shannon HS, Jamieson E, Julian JA, Muir DC, Walsh C. Mortality experience of
Ontario glass fibre workers–extended follow-up. Ann Occup Hyg. (1987) 31:657–62.

40. ShannonHS, Jamieson E, Julian JA,Muir DC.Mortality of glass filament (textile)
workers. Br J Ind Med. (1990) 47:533–6. doi: 10.1136/oem.47.8.533

41. Sali D, Boffetta P, Andersen A, Cherrie JW, Claude JC, Hansen J, et al. Non-
neoplastic mortality of European workers who produce man made vitreous fibres.
Occup Environ Med. (1999) 56:612–7. doi: 10.1136/oem.56.9.612

42. Shannon H, Muir A, Haines T, Verma D. Mortality and cancer incidence in
Ontario glass fiber workers.OccupMed. (2005) 55:528–34. doi: 10.1093/occmed/kqi124

43. Toren K, Bergdahl IA, Nilsson T, Jarvholm B. Occupational
exposure to particulate air pollution and mortality due to
ischaemic heart disease and cerebrovascular disease. Occup
Environ Med. (2007) 64:515–9. doi: 10.1136/oem.2006.02
9488

44. Delpierre S, Delvolgo-Gori MJ, Faucher M, Jammes Y. High
prevalence of reversible airway obstruction in asbestos-exposed workers.
Arch Environ Health. (2002) 57:441–5. doi: 10.1080/0003989020960
1435

45. Schanen JG, Iribarren C, Shahar E, Punjabi NM, Rich SS, Sorlie PD, et al. Asthma
and incident cardiovascular disease: the Atherosclerosis Risk in Communities Study.
Thorax. (2005) 60:633–8. doi: 10.1136/thx.2004.026484

46. Boulet LP, Boulay ME. Asthma-related comorbidities. Expert Rev Respir Med.
(2011) 5:377–93. doi: 10.1586/ers.11.34

47. Patel AR, Hurst JR. Extrapulmonary comorbidities in chronic obstructive
pulmonary disease: state of the art. Expert Rev Respir Med. (2011) 5:647–
62. doi: 10.1586/ers.11.62

48. Mullerova H, Agusti A, Erqou S, Mapel DW. Cardiovascular
comorbidity in COPD: systematic literature review. Chest. (2013)
144:1163–78. doi: 10.1378/chest.12-2847

49. Chen W, Thomas J, Sadatsafavi M, FitzGerald JM. Risk of
cardiovascular comorbidity in patients with chronic obstructive
pulmonary disease: a systematic review and meta-analysis. Lancet
Respir Med. (2015) 3:631–9. doi: 10.1016/S2213-2600(15)00
241-6

50. Tattersall MC, Guo M, Korcarz CE, Gepner AD, Kaufman JD,
Liu KJ, et al. Asthma predicts cardiovascular disease events: the multi-
ethnic study of atherosclerosis. Arterioscler Thromb Vasc Biol. (2015)
35:1520–5. doi: 10.1161/ATVBAHA.115.305452

51. Ingebrigtsen TS, Marott JL, Vestbo J, Nordestgaard BG, Lange P. Coronary heart
disease and heart failure in asthma, COPD and asthma-COPD overlap. BMJ Open
Respir Res. (2020) 7:470. doi: 10.1136/bmjresp-2019-000470

Frontiers in PublicHealth 07 frontiersin.org48

https://doi.org/10.3389/fpubh.2023.1235189
https://doi.org/10.1503/cmaj.150269
https://doi.org/10.1016/S2213-2600(16)30424-6
https://doi.org/10.1080/08958378.2017.1394931
https://doi.org/10.1183/23120541.00022-2017
https://doi.org/10.1038/s41533-018-0078-6
https://doi.org/10.1111/crj.12728
https://doi.org/10.1016/j.taap.2018.06.011
https://doi.org/10.1016/S0022-0736(03)00048-7
https://doi.org/10.1136/oemed-2011-100313
https://doi.org/10.1016/j.pmedr.2015.10.005
https://doi.org/10.1136/oem.2006.031005
https://doi.org/10.1186/s12940-019-0510-6
https://doi.org/10.1056/NEJMcp023197
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.2307/1910133
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/0954-6111(93)90029-Y
https://doi.org/10.1097/HJR.0b013e328309a224
https://doi.org/10.1080/15287394.2012.652055
https://doi.org/10.1016/j.taap.2012.02.006
https://doi.org/10.1080/15287394.2014.899171
https://doi.org/10.1136/oem.39.1.45
https://doi.org/10.1136/oem.47.8.533
https://doi.org/10.1136/oem.56.9.612
https://doi.org/10.1093/occmed/kqi124
https://doi.org/10.1136/oem.2006.029488
https://doi.org/10.1080/00039890209601435
https://doi.org/10.1136/thx.2004.026484
https://doi.org/10.1586/ers.11.34
https://doi.org/10.1586/ers.11.62
https://doi.org/10.1378/chest.12-2847
https://doi.org/10.1016/S2213-2600(15)00241-6
https://doi.org/10.1161/ATVBAHA.115.305452
https://doi.org/10.1136/bmjresp-2019-000470
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 17 August 2023

DOI 10.3389/fpubh.2023.1225879

OPEN ACCESS

EDITED BY

Jessica García González,

University of Almeria, Spain

REVIEWED BY

Raúl Romero Del Rey,

University of Almeria, Spain

Irma Melyani Puspitasari,

Padjadjaran University, Indonesia

*CORRESPONDENCE

Puyu Shang

342438207@qq.com

Guang Li

13804058616@163.com

RECEIVED 20 May 2023

ACCEPTED 27 July 2023

PUBLISHED 17 August 2023

CITATION

Ren Z, Ren Y, Bai X, Shang P and Li G (2023)

Analysis of factors associated with abnormal

thyroid function among medical sta� in

radiotherapy departments.

Front. Public Health 11:1225879.

doi: 10.3389/fpubh.2023.1225879

COPYRIGHT

© 2023 Ren, Ren, Bai, Shang and Li. This is an

open-access article distributed under the terms

of the Creative Commons Attribution License

(CC BY). The use, distribution or reproduction

in other forums is permitted, provided the

original author(s) and the copyright owner(s)

are credited and that the original publication in

this journal is cited, in accordance with

accepted academic practice. No use,

distribution or reproduction is permitted which

does not comply with these terms.

Analysis of factors associated with
abnormal thyroid function among
medical sta� in radiotherapy
departments

Ziwei Ren1, Yanwei Ren2, Xinghua Bai1, Puyu Shang1* and

Guang Li1*

1Department of Radiotherapy, The First Hospital of China Medical University, Shenyang, Liaoning, China,
2Department of Paediatrics, The First Hospital of China Medical University, Shenyang, Liaoning, China

Objective: To understand abnormal thyroid function and its associated factors

among medical sta� in radiotherapy departments.

Methods: Data related to medical sta� in radiotherapy departments who met the

inclusion and exclusion criteria were analyzed from September to December 2022

in Shenyang, Liaoning Province, including basic personal and lifestyle habits, work

information, and scores on the Depression Self-Assessment Scale, Perception

Stress Scale, and the Generalized Anxiety Scale. Data analysis was performed using

the χ2 test and binary logistic regression.

Results: Among 484 medical sta� in the radiotherapy department, 147 (30.4%)

had abnormal thyroid function. Binary logistic regression analysis showed that

age, years of work, smoking, occupational exposure, smoking, late-night snacking

habits, depression, and stress perception were factors associated with abnormal

thyroid function among medical sta� in radiotherapy departments; on the other

hand, physical exercise was a protective factor.

Conclusion: The positive rate of thyroid dysfunction among medical personnel

in the radiology department is relatively high. It is necessary to strengthen health

education and awareness among relevant practitioners and improve the coverage

of occupational disease prevention and control education.

KEYWORDS

abnormal thyroid function, radiotherapy, depression, stress, occupation exposure

1. Introduction

Abnormal thyroid function is closely associated with prolonged occupational exposure,

which is more common amongmedical staff in radiation therapy units (1). It is an endocrine

disorder caused by insufficient synthesis secretion/biological effect or excessive release

of thyroid hormones due to low or high thyroid action (2). Abnormal functional status

increases the risk of anxiety, anger, obesity, diabetes, hypertension, and thyroid cancer

among doctors and nurses (3), which adversely affects patient care, such as inappropriate

protective measures leading to exposure to low-dose radiation, emotional instability of

doctors and nurses leading to tension between doctors and patients, and long-term

suboptimal health of doctors and nurses affecting the treatment plan (4, 5). Therefore, it

is important to explore the abnormal thyroid function of medical staff in radiotherapy

departments and its associated factors to promote harmony between doctors and patients

and maintain the physical and mental health of medical and nursing staff.
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Research studies have found that the incidence of thyroid

function abnormalities among medical staff is between 4 and 30%

(6, 7), showing an increasing trend year by year. Factors influencing

thyroid function abnormalities include demographic factors (age,

gender, education, etc.), work factors (level of protection, type

of work, length of service, etc.), disease factors (coronary heart

disease, diabetes, dyslipidemia, etc.), and lifestyle habits (smoking,

drinking, dietary preferences, etc.) (8–11). However, studies on

the association between factors such as psychological regulation,

behavioral patterns, physical exercise, and thyroid function

abnormalities amongmedical staff in radiotherapy departments are

less common.

Currently, abnormal thyroid function is becoming an

important public health and occupational health problem

threatening the health of radiologists. Although medical staff are

aware of the hazards of low-dose radiation and thyroid disease,

they need to analyze potential risk factors and put interventions

and preventive measures in place. This study investigates the

association between abnormal thyroid function and its associated

factors among medical staff in radiotherapy departments,

especially exposure to lifestyle, psychological regulation, and

behavioral patterns, to provide a scientific basis for preventing and

controlling occupational disease hazards.

2. Methods

2.1. Study design

This study adopted a cross-sectional design, using the random

number table method to randomly select 10 hospitals from 37

public tertiary A hospitals in Shenyang, Liaoning Province, from

September to December 2022. Approximately 50 medical staff

from the radiation therapy departments of the 10 hospitals were

randomly sampled, and all individuals who met the standards were

included in the target population.

2.2. Participant

The sample size of the study was calculated using the formula:

N = 400 × Q/P (Q = 1-P and P was the incidence rate).

Due to the lack of a unified incidence rate of abnormal thyroid

hormone levels, after consulting Chinese domestic literature (12),

the detection rate of abnormal levels of thyroid hormones among

medical staff was set at 46.6%, and N = 458 people were

calculated. Considering the possibility of invalid and missing

questionnaires in the investigation process, 500 questionnaires

were issued, of which 484 were recovered, with a recovery rate

of 96.8%. All questionnaires were valid, so the target population

of this study was set at 484 people. Inclusion criteria: (1) Aged

≥18 years; (2) Abnormal function as determined by two or

more internists by thyroid color Doppler ultrasound and serum

thyroid hormone tests [triiodothyronine (T3), thyroxine (T4),

and thyrotropin (TSH)]; (3) Voluntary participation in this study

and no participation in similar studies within 6 months; and (4)

No mental disorders caused by cerebrovascular diseases, physical

infections, or other physical diseases. Exclusion criteria: (1) Family

history of thyroid disease, history or other autoimmune diseases;

(2) Have a history of pituitary or hypothalamic diseases; (3) Have

a history of severe parathyroid disease; (4) Chronic consumptive

diseases (diabetes, abnormal liver function, abnormal kidney

function, cardiac insufficiency, chronic infectious diseases, etc.)

and malignant tumors; (5) Recent history of acute and severe

infections; (6) Take or use drugs that affect thyroid hormones,

such as phenytoin sodium, Carbamazepine, Amiodarone, Lithium

carbonate, and iodine-containing contrast agent, and (7) Pregnant

women. The study was approved by the hospital’s ethical review

committee, and all participants gave informed consent to the

study content.

2.3. Instrumentation

2.3.1. General information survey
The questionnaire covered basic personal details, living habits,

and work information. The basic personal information and living

habits included gender, age, education, family history of thyroid

disease, alcohol consumption, smoking, frequency of physical

exercise, and whether there was a night snacking habit. The basic

work information included years of work, title, type of occupation,

whether the night shift was on rotation, and whether occupational

exposure occurred.

2.3.2. Abnormal thyroid function
The five indicators of thyroid function included free

triiodothyronine (CFT3), free thyroxine (CFT4), thyroid

stimulating hormone (TSH), thyroglobulin antibody (TGAb),

and thyroid peroxidase antibody (TPOAb). Approximately 3–

5ml of fasting peripheral blood was collected from the study

participants and placed in a non-anticoagulant tube. It was let to

stand at room temperature for 30m and centrifuged at 3,500 rpm

for 10m, with a centrifugal force of 1,095∗g. Approximately 500 uI

of serum was collected and placed in an EP tube. Simultaneously, a

backup was created and immediately frozen in a freezer at −20◦C

for testing. In this study, five indicators of thyroid function in the

serum of the participants were detected by Roche E411 automatic

electrochemiluminescence immune analyzer and its detection

reagent. All experimental reagents were calibrated using a standard

calibration solution, and those that passed the calibration were

used on the machine. The products were tested daily for quality

control before the experiments to ensure that each experiment

was within the quality control range. The reference ranges of the

blood biochemical indexes were: TSH 0.27–4.2 mIU/L, FT4 12–22

pmol/L, FT3 3.1–6.8 pmol/L, TPOAb 3–34 mIU/L, and TGAb

0–115 mIU/L. Two internists jointly determined whether the

thyroid function was abnormal based on the blood biochemical

index results according to the Chinese Guidelines for the Diagnosis

and Treatment of Thyroid disease.

2.3.3. The Generalized Anxiety Disorder (GAD-7)
The scale consists of seven symptoms and one symptom-related

degree of difficulty item that assessed the severity and functional

impact of the seven anxiety symptoms over the past 2 weeks (13).
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TABLE 1 Basic information of the participants.

Variables Category Total Non-abnormal
thyroid function

(n = 337)

Abnormal thyroid
function (n = 147)

χ2 p-value

Age 40.698 <0.001

18–25 143 129 14

26–40 271 166 105

≥41 70 42 28

Gender 1.215 0.270

Male 275 197 78

Female 209 140 69

Education level 0.864 0.834

Junior 116 80 36

Undergraduate 149 108 41

Master 102 76 36

Doctor 107 73 34

Working years 24.880 <0.001

<3 112 95 17

3–5 143 104 39

6–10 102 73 39

≥11 117 65 52

Occupation 11.601 0.021

Physician 168 107 61

Nurse 99 75 24

Physicist 122 80 42

Technician 46 33 13

Other 49 42 7

Job title 4.140 0.126

Primary 353 254 99

Intermediate 70 42 28

Senior 61 41 20

Night shift 7.478 0.006

No 165 128 37

Yes 319 209 110

Occupational exposure 17.567 <0.001

No 197 158 39

Yes 287 179 108

Smoking 11.313 0.001

No 260 198 62

Yes 224 139 85

Drinking alcohol 0.845 0.358

No 258 175 83

Yes 226 162 64

Night snack habits 16.877 <0.001

No 233 183 50

Yes 251 154 97

(Continued)
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TABLE 1 (Continued)

Variables Category Total Non-abnormal
thyroid function

(n = 337)

Abnormal thyroid
function (n = 147)

χ2 p-value

Family history of thyroid disease 1.354 0.245

No 289 207 82

Yes 195 130 65

Physical exercise 28.718 <0.001

Never 216 124 92

Occasional 112 85 27

Always 156 128 28

Each symptom was rated on a 4-point Likert scale from 0 (not

at all) to 3 (almost every day). The degree of difficulty degree

item had four options (no difficulty at all, somewhat difficult,

very difficult, and extremely difficult) but was not included in the

score. The total score of the scale was 21, with 0–4 indicating

no anxiety, 5–9 mild anxiety, 10–14 moderate anxiety, and ≥15

suggesting severe anxiety. This questionnaire has been widely

used in the Chinese population and has good reliability and

validity (14, 15). The Cronbach’s alpha for this scale in this study

was 0.851 (GFI = 0.982, RMSEA = 0.027, CFI = 0.995, NFI

= 0.982).

2.3.4. Depression Self-Assessment Scale (PHQ-9)
The scale was developed based on the nine symptoms of

DSM-IV depressive disorder and was widely used in scientific

research and clinical practice because of its brevity and ease of

use (16). The total score of the PHQ-9 ranges from 0 to 27,

with scores of 5, 10, and 20 being the cut-off values for the

degree of mild, moderate, and severe depression, respectively.

The scale has good sensitivity and specificity in the screening

and diagnosis of depression (17). This questionnaire has been

widely used in the Chinese population and has good reliability

and validity (14, 18). The Cronbach’s alpha for this scale in this

study was 0.910 (GFI = 0.964, RMSEA = 0.032, CFI = 0.988, NFI

= 0.964).

2.3.5. The perceived stress scale
The perceived stress scale (PSS) was developed by Cohen

et al. (19) in 1983 and is a more widely used tool for assessing

perceived stress. This study used the Chinese version of the

perceived stress scale (CPSS) based on PSS-14 (20). It is simple

and easy to use and is mainly used to measure the level of stress

in an individual’s life. It consists of two dimensions: a sense

of loss of control and a sense of tension, with 14 items, also

known as the PSS-14. Each item is rated on a 5-point Likert

scale, ranging from 0 to 4 on a scale of “strongly disagree” to

“strongly agree.” Items 4, 5, 6, 7, 9, 10, and 13 were scored

inversely, with a total score ranging between 0 and 56; higher

scores indicated greater perceived stress. This questionnaire has

been widely used in the Chinese population and has good reliability

and validity (21, 22). The Cronbach’s alpha for this scale in this

TABLE 2 Anxiety, depression, and stress perception of radiotherapy

medical sta�.

Variables GAD-7 PHQ-9 PSS

Non-abnormal thyroid

function

9.13± 4.70 12.93± 5.42 31.44± 8.64

Abnormal thyroid

function

11.71± 5.03 17.24± 5.64 39.50± 13.56

t −5.437 −7.591 −6.646

p-value <0.001 <0.001 <0.001

study was 0.952 (GFI = 0.968, RMSEA = 0.020, CFI = 0.995, NFI

= 0.968).

2.4. Statistical analysis

All collected data were analyzed using SPSS 26.0 software.

The count variables were expressed as percentages, and

comparisons between groups were made using the χ2 test.

The measured variables were expressed as mean ± standard

deviation, and a t-test was used for comparison between

groups. Univariate and multivariate logistic regression

were used to determine the factors influencing abnormal

thyroid function.

3. Results

3.1. Basic information of the participants

A total of 500 questionnaires were issued, and 484 valid

questionnaires were returned, including 147 with abnormal thyroid

function, with a detection rate of 30.4%. Hyperthyroidism,

hypothyroidism, subclinical hyperthyroidism, and subclinical

hypothyroidism were detected in 15, 28, 37, and 67 cases, with

detection rates of 10.2%, 19.0%, 25.2%, and 45.6%, respectively.

The age range of medical staff in the radiotherapy department

was 21–37 years old, with an average of 29.0 ± 8.6 years.

There were 283 (58.5%) female and 201 (41.5%) male staff.

Approximately 289 participants mainly had irregular eating habits,
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TABLE 3 Univariate logistic regression analysis of the factors associated with thyroid dysfunction in the radiotherapy department.

Variables B SE Wald OR 95% CI p-value

Age 0.045 0.011 17.916 1.046 1.025, 1.068 <0.001

Gender

Male Reference

Female 0.219 0.199 1.213 1.245 0.843, 1.838 0.271

Education level

Junior Reference 0.863 0.834

Undergraduate −0.17 0.272 0.391 0.844 0.495, 1.437 0.532

Master 0.051 0.285 0.032 1.053 0.602, 1.840 0.857

Doctor 0.034 0.289 0.014 1.035 0.588, 1.823 0.905

Working years

<3 Reference 23.452 <0.001

3–5 0.74 0.323 5.233 2.096 1.112, 3.950 0.022

6–10 1.094 0.33 11.007 2.985 1.565, 5.697 0.001

≥11 1.498 0.322 21.57 4.471 2.376, 8.411 <0.001

Occupation

Physician Reference 11.026 0.026

Nurse −0.577 0.284 4.130 0.561 0.322, 0.980 0.042

Physicist −0.082 0.249 0.109 0.921 0.565, 1.501 0.741

Technician −0.370 0.365 1.027 0.691 0.338, 1.412 0.311

Other −1.230 0.439 7.861 0.292 0.124, 0.691 0.005

Job title

Primary Reference 4.090 0.129

Intermediate 0.537 0.271 3.916 1.710 1.005, 2.911 0.048

Senior 0.224 0.297 0.569 1.252 0.699, 2.242 0.451

Night shift

No Reference

Yes 0.599 0.221 7.372 1.821 1.181, 2.806 0.007

Occupational exposure

No Reference

Yes 0.894 0.216 17.063 2.444 1.600, 3.735 <0.001

Smoking

No Reference

Yes 0.669 0.200 11.161 1.953 1.319, 2.892 0.001

Drinking alcohol

No Reference

Yes −0.183 0.199 0.844 0.833 0.564, 1.230 0.358

Night snack habits

No Reference

Yes 0.835 0.206 16.504 2.305 1.541, 3.449 <0.001

Family history of thyroid disease

No Reference

Yes 0.233 0.200 1.352 1.262 0.852, 1.869 0.245

(Continued)
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TABLE 3 (Continued)

Variables B SE Wald OR 95% CI p-value

Physical exercise

Never Reference 27.568 <0.001

Occasional −0.848 0.260 10.624 0.428 0.257, 0.713 0.001

Always −1.221 0.250 23.881 0.295 0.181, 0.481 <0.001

GAD 0.110 0.021 26.706 1.116 1.070, 1.163 <0.001

PHQ 0.143 0.020 50.609 1.153 1.109, 1.199 <0.001

PSS 0.082 0.012 48.450 1.085 1.060, 1.100 <0.001

accounting for 51.9%. In addition, 224 (46.3%) and 226 (46.7%)

medical doctors had smoking and drinking habits, respectively.

Approximately 216 (44.6%) participants never exercised, 112

(23.1%) occasionally exercised, and 156 (32.3%) always exercised.

Their occupational types were predominantly physicians 168

(34.7%), in addition to 99 (20.5%) nurses, 122 (25.2%) physiatrists,

46 (9.5%) technicians, and 49 (10.1%) other staff. Approximately

287 (59.3%) of the staff had a history of occupational exposure.

Most of the participants had worked for 5 years or less, and

those with intermediate and below job titles were predominant.

There were 319 (65.9%) medical staff involved in night shifts and

165 (34.1%) staff without night shifts. The details are shown in

Table 1.

3.2. Anxiety, depression, and stress
perceptions of medical sta� in the
radiotherapy department

Reviewing the depression, anxiety, and stress

assessments in both groups, the results showed that

the PHQ-9, GAD-7, and PSS scores were significantly

higher in the abnormal thyroid functioning group

than in the non-abnormal group, and the differences

were statistically significant. The details are shown in

Table 2.

3.3. Univariate logistic regression analysis
of factors associated with abnormal thyroid
function among medical sta� in
radiotherapy departments

The results of univariate logistic regression analysis showed

that age, years of work, type of occupation, job title, night

shift, occupational exposure, late-night snacking habit, smoking,

family history, physical exercise status, GAD-7, PHQ-9, and PSS

were associated with abnormal thyroid function among medical

staff in the radiotherapy department. The details are shown in

Table 3.

3.4. Multivariate logistic regression analysis
of factors associated with abnormal thyroid
function among medical sta� in
radiotherapy departments

A multivariate logistic regression analysis was performed with

abnormal thyroid function (0 = no, 1 = yes) as the dependent

variable and factors with p< 0.1 in the univariate logistic regression

analysis as independent variables. The results showed that age,

years of work, occupational exposure, smoking, late-night snacking

habits, depression, and stress perception were associated factors for

abnormal thyroid function among medical staff in the radiotherapy

department: physical exercise, on the other hand, was a protective

factor for abnormal thyroid function. For details, see Table 4.

4. Discussion

The thyroid gland is the largest endocrine gland in adults,

which mainly regulates the growth and development of the human

body, and affects emotions and the metabolism of sugar, fat, and

protein. The prevalence of thyroid disease is increasing year by

year (23). This study found that medical staff are more likely

to suffer from thyroid disease than ordinary people (24). It

also found that the detection rate of abnormal thyroid function

was 30.4% based on the results of thyroid function testing and

a questionnaire survey among 484 medical personnel in the

radiotherapy department in Liaoning Province. The detection rate

was significantly higher than the 6.6% surveyed in Europe and

the United States (2) and higher than the 25% in the community-

based older population aged 65 years and older in the United States

(25). The positive rate of thyroid function abnormalities in this

study was lower than the 39.4% reported by Zhang et al. (26) for

medical radiologists in Nanjing but higher than the 12.3% reported

by Santos et al. (27) for permanent residents aged 20 years and

older in South America. The differences in study results may be

due to differences in economic development, social environment,

thyroid function measurement tools, and the participants included

in different countries and regions. The literature search revealed

that there are few studies on the factors associated with abnormal

thyroid function in medical staff in radiotherapy departments,

and most studies focus on physical and chemical indicators or

functional changes in the thyroid gland but less on the influence of
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TABLE 4 Multivariate logistic regression analysis of factors associated with thyroid function abnormalities in the radiotherapy department.

Variables B SE Wald OR 95% CI p-value

Age 0.304 0.034 78.356 1.356 1.267, 1.450 <0.001

Working years

<3 Reference 12.075 0.007

3–5 −0.427 0.494 0.749 0.652 0.248, 1.717 0.387

6–10 0.553 0.509 1.176 1.738 0.640, 4.716 0.278

≥11 1.023 0.486 4.431 2.781 1.073, 7.207 0.035

Occupation

Physician Reference 4.830 0.305

Nurse −0.648 0.460 1.986 0.523 0.212, 1.288 0.159

Physicist −0.069 0.416 0.028 0.933 0.413, 2.108 0.868

Technician −0.351 0.619 0.322 0.704 0.209, 2.368 0.571

Other −1.250 0.682 3.361 0.287 0.075, 1.090 0.067

Job title

Primary Reference 2.090 0.352

Intermediate 0.407 0.443 0.842 1.502 0.630, 3.580 0.359

Senior −0.462 0.536 0.743 0.630 0.220, 1.802 0.389

Night shift

No Reference

Yes −0.140 0.374 0.140 0.869 0.418, 1.808 0.708

Occupational exposure

No Reference

Yes 0.904 0.344 6.888 2.469 1.257, 4.850 0.009

Smoking

No Reference

Yes 0.968 0.329 8.672 2.632 1.382, 5.012 0.003

Night snack habits

No Reference

Yes 1.310 0.344 14.524 3.706 1.889, 7.268 <0.001

Physical exercise

Never Reference 15.839 <0.001

Occasional −0.610 0.430 2.013 0.543 0.234, 1.262 0.156

Always −1.696 0.426 15.834 0.183 0.080, 0.423 <0.001

GAD −0.067 0.045 2.176 0.935 0.856, 1.022 0.140

PHQ 0.116 0.043 7.293 1.123 1.032, 1.222 0.007

PSS 0.248 0.033 54.653 1.281 1.199, 1.368 <0.001

social, psychological, and behavioral factors on abnormal thyroid

function (28–31).

The results of the multivariate analysis showed that age

and working hours were associated factors for abnormal

thyroid function in medical staff in radiation therapy units—

the older the medical staff in radiation therapy units and

the longer the working years, the higher the positive rate of

abnormal thyroid function among them, which is generally

consistent with previous studies (29, 32). The analysis suggests

that with the accumulation of low-dose radiation exposure,

thyroid peroxidase expression decreases, leading to inhibition

of thyroid hormone synthesis (33), which, in turn, accelerates

the incidence of thyroid dysfunction. The present study’s

results showed that the risk of thyroid function abnormalities
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among medical staff in radiotherapy departments with previous

occupational exposure was 2.4 times higher than those without

occupational exposure.

The thyroid gland is sensitive to ionizing radiation, and

long-term exposure can lead to dysfunction and teratogenic

effects (34). Radiation can cause vascular damage, parenchymal

cell damage, and autoimmune cell response in the thyroid

gland (35). Ron and Brenner (36) found that ionizing radiation

increases the risk of goiter and thyroid nodules, and the

incidence of benign thyroid nodules and follicular thyroid

adenoma had a significant dose-effect relationship with

ionizing radiation. The results of a cross-sectional survey

based on the community population in Pomerania showed

that occupational ionizing radiation exposure is related to the

risk of autoimmune thyroid disease (37). The study found that

medical staff did not take thyroid protection seriously during

their prolonged professional practice and that staff who did not

wear thyroid protection were frequently exposed to ionizing

radiation, thus making the thyroid more vulnerable to radiation

injury (31).

The results of this study showed that the risk of thyroid

function abnormalities was higher in radiotherapy medical staff

who smoked than in nonsmokers and that their serum TSH

levels were significantly higher than in nonsmokers (38). This

is probably because the alkaloids and nicotine in tobacco cause

the body to be in a chronic inflammatory state and induce

cellular mediators (produced by immune cells) that can accelerate

the deterioration of thyroid function (39). Late-night snacking

habits are also considered to be one of the risk factors affecting

thyroid function. Studies have shown that regular and reasonably

arranged intake of meat, staple foods, vegetables, and fruits are

beneficial for preventing thyroid function disorders (40), which

is consistent with the findings of this paper. A Mediterranean

characteristic diet, low in animal foods and high in plant foods,

is more protective for thyroid function than a high animal foods

diet (41) and may be related to the balanced gain in nutrient

intake from a good diet. Similarly, stress perception is a risk

factor for abnormal thyroid function in radiotherapy medical

staff, probably because acute or chronic stressful stress induces

an imbalance in the body’s immune system (42, 43), leading

to an overproduction of glucocorticoids and catecholamines

through activation of the thalamus-pituitary-adrenal axis, which,

in turn, leads to the development of abnormal thyroid function.

Depression has also been found to be a risk factor for abnormal

thyroid function in medical staff in radiotherapy departments. The

stimulation of adverse psychosomatic factors such as depression

can cause disorders of the neuroendocrine system, affecting the

abnormal function of the HPA axis, impeding thyroid hormone

secretion, and affecting the normal functioning of the thyroid

gland (28).

Medical staff who exercise daily are less likely to have abnormal

thyroid function than those who exercise less than twice a week,

which may be related to continuous and regular exercise reducing

resting T4, T3, and thyroid-stimulating hormone levels. Further,

it has been noted that exercise can alter the levels of zinc in the

body, which is considered an important substance involved in

synthesizing and processing thyroid hormones (44, 45).

5. Implications and limitations

This study is an important addition to the epidemiology

of thyroid disorders. With the rising incidence of cancer, the

issue of abnormal thyroid function among medical staff in

radiotherapy units deserves attention and prevention. Age, years of

work, smoking, occupational exposure, late-night snacking habits,

depression, and perceived stress were found to be risk factors

for abnormal thyroid function among radiotherapy medical staff,

with physical activity as a protective factor. The study still has the

following limitations. First, the sample size was limited, and all were

from the same study center, subject to selection bias. Second, cross-

sectional studies, which do not provide good evidence of causality,

are necessary to conduct cohort studies to assess the effect of each

factor more clearly on abnormal thyroid function.

6. Conclusions

In conclusion, the positive rate of thyroid dysfunction among

medical personnel in the radiology department is relatively high.

It is necessary to strengthen health education and awareness

among relevant practitioners and improve the coverage of

occupational disease prevention and control education. Hospitals

should conduct regular training to enhance the radiation protection

awareness of medical personnel, focusing on protecting the thyroid

area and improving protective conditions. Medical staff should

cultivate good living habits and maintain their mental health.
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Thermal health concerns have gained significant attention due to the heightened 
health risks faced by workers who are exposed to extreme thermal environments 
for prolonged periods. To ensure the occupational health and safety of such 
workers, and to enhance work efficiency, it is imperative to examine the 
characteristics of thermal health in the working environment. This study proposes 
three key elements of thermal health in the working environment, namely 
thermal health states, absence of heat-related illnesses, and heat adaptability, 
which can be  used to develop a safety management framework for thermal 
health. By exploring the interconnections between these elements, the study 
summarizes their features and outlines the necessary precautions to safeguard 
them. The PDCA (plan/do/check/action) cycle management mode is utilized as 
a framework, with the three components of thermal health forming the core, 
to establish a safety management mode for thermal health. To ensure that 
employees work in a safe, healthy, comfortable, and productive environment, 
the assessment and control objectives of the thermal environment are regularly 
revised through the use of labor protection technology and thermal environment 
control technology. This paper presents a PDCA cycle safety management mode 
based on the characteristics of thermal health, which offers novel insights and 
approaches for assessing and managing workers’ thermal health.

KEYWORDS

thermal health, PDCA, safety management mode, labor protection, working 
environment

1. Introduction

Thermal health pertains to the influence of the thermal environment on human health and 
is a crucial component of occupational health, distinguished by its unique and significant impact 
compared to other aspects of occupational health (1). The effects of the thermal environment 
are ubiquitous in the production process, with workers continuously experiencing physiological 
and psychological changes due to thermal regulation. This not only affects their comfort and 
health but also their efficiency and product quality (2).

Heat exposure is a prevalent issue in various occupational settings, and the adverse effects 
of heat stress on workers are becoming increasingly alarming. Prolonged exposure to excessive 
heat may pose a threat to workers’ physiological health (3, 4). The high-temperature environment 
reduces the temperature differential between the body’s internal and external environments, 
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leading to a state of heat stress. This results in difficulties in metabolic 
heat transfer and a significant increase in energy metabolism and 
oxygen consumption, with physiological consequences such as heart 
failure and hypoxia, as well as an increased likelihood of heat-related 
illnesses (5–7). Moreover, prolonged occupational heat stress is 
associated with various health issues in workers exposed to hot work 
environments (8). These health issues include an increased risk of 
developing and progressing renal/urologic anomalies (9), which could 
be attributed to the impact of heat stress on the body. Some research 
has suggested a possible role of heat-induced DNA damage in these 
health outcomes, though further investigation is required to establish 
a definitive link. Latzka and Montain (10) have shown that when the 
human body engages in physical work in a hot environment, excessive 
perspiration can result in abnormalities in water and salt metabolism, 
osmotic pressure imbalances, acid–base imbalances, and in severe 
cases, life-threatening cardiac dysfunction. Meshi et al. (11) conducted 
a cross-sectional study involving 60 miners working in extreme 
thermal environments and found that occupational setting in the 
mining area poses a significant risk of exposure to extreme heat 
conditions, which may contribute to the manifestation of symptoms 
related to heat-related illnesses. Sombatsawat et al. (12) conducted a 
semi-longitudinal study involving 22 male farm employees working 
outdoors in hot weather throughout a year of farming. The study 
results indicated that farmworkers experienced significant exposure 
to environmental heat stress, which was manifested in physical 
changes. Jafari et al. (13) investigated the association between heat 
stress exposure and immunological parameters among 55 foundry 
workers. The study demonstrated that under heat stress conditions, 
there may be a reduction in leukocyte levels and immunoglobulin 
concentration, potentially leading to the weakening and suppression 
of the human immune system. Workers in the steel industry who are 
exposed to high-temperature heat-stress environments face elevated 
risks of adverse heat-related health outcomes and an increased 
likelihood of developing heat-related illnesses (14).

The escalating incidence of heat-related mortality and morbidity 
has sparked an immediate and pressing need to address the health 
hazards posed by heat stress. As a result, numerous countries have 
intensified their endeavors in heat health prevention and research 
(15, 16). The Development of effective thermal health management 
strategies holds the potential to alleviate the consequences of 
environmental heat stress, thereby reducing the morbidity and 
mortality associated with heat-related illnesses (17, 18). Stephens et al. 
(19) conducted a comprehensive subjective thermal health survey to 
evaluate the well-being of workers exposed to thermal environments. 
Their study encompassed both qualitative and quantitative 
assessments, resulting in evidence-based thermal health strategies 
aimed at mitigating outdoor quarantine and reducing the risk of heat 
stress among the workforce. Smith et al. (20) examined the knowledge 
of heat-related first aid among 60 farm workers and concluded that 
training in first aid for heat-related symptoms could effectively prevent 
the occurrence of heat-related illnesses, ultimately reducing both 
morbidity and mortality rates. This study demonstrates the potential 
indirect mitigation of environmental heat stress through the 
implementation of training programs and effective management of 
thermal health-related knowledge. Specifically, providing first aid 
training enhances workers’ awareness of self-protection and equips 
them with the necessary knowledge to respond to heat-related 
illnesses, thereby reducing the duration of heat exposure and 

preventing conditions such as heat stroke (21). By recognizing the 
signs and symptoms of heat-related illnesses, workers can promptly 
administer first aid treatments, thus preventing further deterioration 
of these conditions among themselves and their colleagues, and 
ultimately reducing morbidity and mortality associated with 
occupational heat exposure. Notably, several countries have already 
implemented thermal health early warning systems (22). However, the 
absence of comprehensive thermal health safety management modes 
has raised concerns regarding the development of appropriate 
management approaches for various thermal environments (23). 
Addressing this concern is crucial for workers laboring in a thermal 
environment and necessitates swift action.

Prolonged exposure to high temperatures and thermal 
environments can induce substantial elevations in staff core 
temperature, heart rate, heat perception, and sweat loss, while 
concurrently a decreasing in physical mobility, cognitive function, and 
alertness, thereby impacting work efficiency and potentially 
contributing to safety incidents (24–28). O’Neal and Bishop (29) 
observed that individuals exhibited a marked increase in arithmetic 
errors, significantly reduced memory capacity, and notably delayed 
reaction times after working in a high-temperature environment. The 
working environment plays a pivotal role in influencing heat 
sensitivity, sustained work capacity, and acclimatization capability. 
Under certain circumstances, when ambient conditions deviate from 
a comfortable state, workers may experience reduced concentration 
and a decline in productivity (14). Liu (30) investigated the 
physiological and psychological hazards of coal miners in high-
temperature and high-humidity environments, revealing that those 
working in such conditions exhibited significantly more physical, 
mental, and sensory symptoms compared to their counterparts in 
non-high-temperature settings. In extreme environments, the human 
body undergoes a range of physiological responses, including 
increased body temperature, elevated heart rate, fluctuations in blood 
pressure, and reduced concentration. Should specific physiological 
indicators exceed certain thresholds, this can lead to the development 
of heat-related illnesses, heightened labor risks, and even be hazardous 
to health (31).

Currently, thermal health research primarily focuses on 
understanding the mechanisms through which the thermal 
environment impacts human health However, a clear formulation of 
thermal health characteristics is yet to be  established, leading to 
thermal health management being limited to passive management 
focused on avoiding occupational illness hazards. As the advancements 
in thermal environment control technology continue and labor 
protection technology, ensuring workers’ avoidance of occupational 
illness hazards will serve as the safety baseline for thermal health 
management. The ultimate goal of thermal health management will 
be to foster a thermally healthy and efficient working environment for 
workers. To achieve this, workers and managers must comprehend the 
effects of the thermal environment on the thermal health states and 
strengthen their awareness of labor protection ideologies. Taking 
proactive measures to manage workers’ thermal health states based on 
rational thermal health management objectives will be crucial.

This paper aims to consolidate current research findings on 
thermal health, delineate the characteristics of thermal health in the 
working environment, and summarize effective methods for ensuring 
thermal health to safeguard the occupational health and safety of 
workers in thermal environments. By establishing a safety 
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management mode of thermal health in the working environment 
grounded in thermal health characteristics and integrating the PDCA 
(plan/do/check/action) cycle management mode, the paper seeks to 
enable workers to achieve optimal thermal health states in their 
work settings.

2. Thermal health in working 
environment

Thermal health characteristics (Figure 1): A person achieves a 
thermal health state during work characterized by a high level of 
physical activity and work capacity, while considering other risk 
factors contributing to heat-related illnesses, such as medical 
conditions, medication usage, and predisposing risk factors. This state 
entails optimal physiological functioning of bodily systems, the 
absence of heat-related illnesses attributable to the physical thermal 
environment, effective heat adaptation to the dynamic thermal 
environment, and a certain level of tolerance to temperature extremes.

The thermal health characteristics encompass three essential 
components: Thermal health state, absence of heat-related illnesses, 
and heat adaptation. The thermal health state mirrors both the 
intensity of environmental heat stress and the physical condition of 
the worker (32). Heat-related illnesses result from prolonged exposure 
to excessive heat or extreme heat stress stimuli, and their definition 
involves considering physiological and psychological changes through 

a comprehensive assessment that integrates objective measurements 
with subjective perceptions (33). Heat adaptation, closely linked to the 
physical fitness and thermal experience of the worker (34), plays a 
crucial role in coping with thermal challenges. Thermal health refers 
to the body’s immediate response to ambient environmental heat 
stress, with its definition rooted in the interplay between the intensity 
of environmental heat stress and the body’s thermoregulatory abilities 
(35). A thermal health environment denotes a thermal environment 
where workers are maintained in a thermal health state (36).

Regarding the work process, a worker’s heat adaptation capacity 
depends on their pre-existing physical qualities, while the thermal health 
state manifests when the worker when encounters a thermal environment 
during work. Subsequently, heat-related illnesses may occur due to 
environmental heat stress experienced after work. Both heat adaptation 
and the absence of heat-related illnesses serve as physiological assurances 
for workers to attain thermal health states. Furthermore, a thermal health 
environment guarantees a thermal health state during work and the 
absence of heat-related illnesses after work.

A thermally healthy environment is crucial for promoting workers’ 
thermal health state, as the interaction between external heat stress and 
the body’s thermoregulatory mechanisms significantly influences thermal 
equilibrium. Understanding this interplay in compensable and 
uncompensable thermal environments is essential for comprehending 
thermal stress scenarios in various work settings. Thermoregulation 
depends on factors such as external environmental characteristics, 
individual metabolic rate, and heat transfer capacity to the skin. 

FIGURE 1

Diagram of thermal health in working environments.
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Physiological responses, such as blood vessel dilation, increased skin 
blood flow, and sweat evaporation, aid in maintaining temperature 
balance in high-temperature environments. However, individuals facing 
extreme heat conditions or with limited physiological capabilities may 
struggle to thermoregulate, necessitating appropriate measures to mitigate 
heat stress effects and ensure employee health and safety. By considering 
these factors, effective thermal health management strategies can prevent 
and alleviate health issues associated with high-temperature 
environments, ensuring workers maintain thermal balance in diverse heat 
stress scenarios.

In different working environments, the impact of heat stress can 
be categorized into two types: compensable and uncompensable (37). In 
compensable environments, the impact of heat stress can be effectively 
mitigated through environmental adjustments and appropriate measures, 
such as providing protective clothing, ventilation, cooling, and well-
organized rest and hydration arrangements (38). Conversely, in 
uncompensable thermal environments, where extreme heat conditions 
cannot be easily modified solely through environmental adjustments, 
alternative measures become vital to alleviate the adverse effects of heat 
stress. These may include implementing reasonable work hours, job 
rotation, sufficient rest time, and conducting heat acclimatization training 
(21). Indeed, heat stress mitigation techniques, originally intended for 
compensable heat stress scenarios, can also be  applied to cope with 
uncompensable heat stress situations. These measures are indispensable 
in both types of heat stress environments as they effectively alleviate the 
adverse effects of heat stress and ensure workers’ health. By employing 
these approaches, workers’ heat tolerance can be extended, and the rate of 
rise in body temperature can be reduced, providing significant relief in 
challenging heat stress conditions.

Moreover, the overall heat balance of the human body is influenced 
by the interplay between heat gain from the external environment and the 
reduction in metabolic heat production, as depicted in the boundary 
conditions in Figure 1. Ambient heat gain encompasses factors such as air 
temperature, radiation temperature, air humidity, and air velocity, while 
the decrease in metabolic heat generation is influenced by work intensity, 
work time, and work accuracy. The interplay of these factors directly 
impacts the thermal adaptation and health status of workers, particularly 
in various thermal scenarios.

In summary, an in-depth understanding of the distinctions 
between compensable and uncompensable thermal scenarios is 
paramount in developing effective thermal health management 
models. Proper environmental controls, personal protection measures, 
and work management strategies, can optimize workers’ health and 
comfort in uncompensable environments (20). Implementing suitable 
adaptive measures in uncompensable heat scenarios can reduce heat 
stress risks and safeguard workers’ physical and mental health (39). 
These practical insights and strategies serve as valuable references for 
thermal health management, ensuring workers can perform their 
duties safely and efficiently under diverse thermal conditions.

3. Analysis of the three elements of 
thermal health

3.1. Thermal health state

The thermal health state not only encompasses the physiological 
and psychological conditions of the human body under the influence 

of environmental heat stress but also significantly impacts worker 
productivity and product quality (40). Ensuring the thermal health of 
workers serves as a pivotal safeguard to prevent heat-related illnesses 
and promote both safety and efficiency in processes (1).

3.1.1. Thermal regulation, heat stress, and thermal 
excitation

The body’s core temperature remains relatively constant, which is 
essential for supporting metabolism and vital activities (41). Achieving 
a physical thermal state equilibrium where heat production equals 
heat dissipation (42), plays a critical role in maintaining a stable core 
temperature. Heat production primarily depends on working intensity, 
while heat dissipation on the body’s surface is influenced by factors 
such as human skin temperature (43), skin moisture, clothing, air 
temperature in the work environment, radiation temperature, 
humidity, and wind speed (44). Human skin temperature and 
moisture act as physiological regulators, while environmental factors 
like ambient temperature, radiation, humidity, and wind speed can 
be artificially adjusted and serve as environmental heat stressors (38). 
Environmental heat stress factors can significantly impact the body’s 
thermoregulatory processes, disrupting the body’s thermal 
homeostasis and thermal health state (45). This disruption may lead 
to various heat-related illnesses, including heat exhaustion, heat 
cramps, and heat stroke. To maintain thermal equilibrium, the body 
transfers heat through dissipation from the body’s surface. If the 
amount of heat dissipated is insufficient to match the heat produced 
by metabolism, excess heat accumulation may raise core and skin 
temperatures (46), potentially leading to heat-related illnesses or a 
combination thereof.

Working in an extreme thermal environment necessitates the 
maintenance of thermal equilibrium through increased heat 
dissipation due to intense muscle activity generating substantial heat. 
However, the hot external environment hinders effective heat 
dissipation, resulting in a series of physiological heat stress reactions 
(32). These reactions primarily involve thermoregulation, water and 
salt metabolism, as well as changes in the cardiovascular, digestive, 
and neuroendocrine systems (47–49). Such changes represent the 
body’s compensatory responses to heat work within certain limits. 
However, if the heat load surpasses the body’s regulatory adaptation 
capacity, it can compromise the body’s thermal health.

Moreover, environmental thermal stresses can stimulate the skin 
with heat, causing additional thermal excitation during the work 
process. This increased thermal excitation may interfere with the work 
process and reduce worker productivity (50).

3.1.2. Realization of the thermal health state
The fundamental prerequisites for achieving optimal thermal 

health are multifaceted. Firstly, the human body must be able to 
regulate its core temperature effectively, thereby ensuring a stable 
internal environment. Secondly, the dissipation of heat must 
be carried out in a compensatory manner, such that the level of 
compensation required does not pose any undue physiological or 
psychological strain on the individual. Furthermore, the thermal 
environment must maintain an appropriate level of thermal 
excitation, which facilitates efficient working conditions for the 
individual. By meeting these necessary conditions, one can 
achieve a state of thermal health that promotes optimal 
performance in the workplace.
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Thermal health can be attained through job intensity grading 
and regulation, work time restriction control, thermal 
environment evaluation, air conditioning techniques, and cooling 
garments (39). The heat dissipation compensations used and the 
number of compensations consumed during thermal regulation 
of the body’s partitions can represent the state of thermal health 
(37). A thermal health state can be  realized through thermal 
health management mode. At present, the standards and norms 
related to thermal health are stipulated in the occupational places, 
but there is no complete thermal health management mode, 
causing thermal health management to become passive 
management. To develop a reasonable and efficient thermal health 
management mode, it is necessary to refer to the relevant norms 
and standards of the industry and combine them with the PDCA 
cycle management mode to continuously improve the thermal 
health management objectives. To mitigate the impact of heat 
stress on workers when working in thermal environments, 
appropriate thermal health risk assessment strategies and 
standards have been developed and implemented. The Ergonomics 
of the Thermal Environment (DIN EN ISO 15265) (51) offers an 
essential framework to ensure worker health and safety. Hygienic 
Standards for the Design of Industrial Enterprises (GBZ 1-2010) 
(52) provides technical methods and control requirements for the 
prevention of heat and cold exposure in industrial settings with 
high and low-temperature environments. Public Health England 
has responded to heat events by devising and executing a series of 
thermal health indicators in response to heat events (53). 
Occupational Exposure Limits for Hazardous Agents in the 
Workplace Part 2: Physical Agents (GBZ2.2-2007) (54) sets 
workplace WBGT (wet bulb globe temperature index) limits based 
on different physical labor intensities and time exposure rates. 
The Classification of Occupational Hazards at Workplaces Part 3: 
Occupational Exposure to Heat Stress (GBZ/T 229.3-2010) (55) 
categorizes high-temperature work classes considering the 
duration of heat exposure and the thermal resistance of clothing. 
In The Ergonomics of the Thermal Environments (ISO 7730:2005) 
(56), methods are proposed to predict the degree of thermal 
sensation and discomfort in individuals exposed to thermal 
environments, delineating acceptable conditions for general 
thermal comfort and identifying instances of local discomfort. 
This aids in the assessment and determination of thermal health 
states. The Classification of Works in Cold Environment (GB/T 
14440-93) (57) establishes criteria for quantifying the intensity of 
cold in work environments and its impact on human functions. 
World Health Organization (WHO) (58) has elaborated on the 
health risks of hot environments, offering methods to establish 
thermal health action plans and providing detailed disaggregated 
recommendations for preventing heat-related public health 
impacts. The Code for Design of Heating Ventilation and Air 
Conditioning in Industrial Buildings (GB 50019-2015) (59) sets 
clear objectives and techniques for indoor environmental control 
in industrial buildings, aiming to improve industrial enterprise 
labor conditions, enhance labor productivity, and ensure product 
quality and personal safety. The UKDH (UK Department of 
Health) (60) highlights in Local Government Leading for Public 
Health that the promotion and implementation of heat-related 
norms and standards by local governments can effectively enhance 
public health interventions.

3.2. Heat-related illnesses

Workers exposed to high-temperature environments experience 
environmental heat stress, which, in severe cases, can lead to lesions 
and physiological stress related to thermoregulation collectively 
known as heat-related illnesses due to their connection to heat stress 
(61). Occupational heat stress resulting from high-temperature 
thermal conditions significantly impacts the health, safety, and 
productivity of workers, and exceeding the limits of physical 
adaptation can result in heat-related illnesses. Kakamu et  al. (62) 
conducted a study to investigate factors influencing the risk of heat-
related illnesses in outdoor construction workers due to occupational 
heat stress. Their regression analysis revealed significant positive 
correlations with age, work area, maximum skin temperature, and 
post-warm-up heart rate, while construction experience showed a 
significant negative correlation. Another study by Nunfam et al. (63) 
focused on assessing occupational heat stress adaptation and social 
protection strategies for Ghana mining workers. They concluded that 
implementing adaptation policy options and recommendations aimed 
at overcoming barriers limiting workers’ and employers’ adaptive 
capacity had the potential to reduce workers’ vulnerability to 
occupational heat stress.

The high-temperature thermal environment exerts significant 
effects on various physiological functions of the body, including 
energy metabolism, water and salt metabolism, circulation, 
digestion, the neuroendocrine system, and the urinary system. 
Short-term heat stress can lead to acute heat-related illnesses 
such as heat stroke and frostbite, while prolonged exposure to 
high temperatures can result in chronic heat-related illnesses, 
characterized by physiological disorders, physical weakness, and 
exacerbation of underlying health conditions. Dukes-Dobos (64) 
classification categorizes chronic heat-related illnesses into three 
groups: category I—reduced thermal tolerance and diminished 
sweating capacity due to prior acute heat-related illnesses; 
category II—displaying less pronounced clinical symptoms, but 
similar to the general stress response; and category III—
characterized by heat-related neurological weakness, anhidrosis, 
and an increased likelihood of kidney stones. Similarly, the cold 
environment can also impact human tissues, particularly through 
frostbite, frostnip, frozen stiffness, and skin damage when cold 
metals come into contact with the skin (65).

Heat-related illnesses have well-defined classifications in 
various norms and standards. In China’s Classification and 
Catalogue of Occupational Diseases (66), heat stroke resulting 
from high-temperature work settings is classified as an 
occupational illness attributed to physical factors. The Diagnosis 
of Occupational Heat Illness (GBZ 41-2019) (67) outlines 
diagnostic criteria and treatment guidelines for heat stroke aura, 
pyrexia, heat cramps, and heat exhaustion. Furthermore, the 
Technical Specification for Occupational Health Surveillance 
(GBZ 188-2014) (68) specifies the objective, substance, and 
frequency of occupational health checks before commencing 
work in high-temperature jobs, as well as during work and in 
emergencies. These classifications and standards play a vital role 
in raising workers’ awareness of heat-related illnesses caused by 
occupational heat stress. By incorporating different levels of 
occupational heat stress risk awareness and experience, along 
with appropriate industry norms and standards, workers can 
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enhance their adaptation and resilience, taking proactive 
measures to manage heat stress and prevent heat-related illnesses 
effectively (23).

3.3. Heat adaptation and heat 
acclimatization

Heat adaptation refers to the body’s capacity to endure heat and 
encompasses a range of protective physiological responses to 
environmental heat stimuli, including behavioral, morphological, and 
genetic manifestations. The organism’s reflexive heat regulation 
gradually improves through repeated thermal stimuli, leading to the 
process known as heat acclimatization. Heat acclimation proves 
effective in reducing physiological stress during exercise-heat stress 
(69, 70). Workers who undergo heat acclimatization training 
demonstrate enhanced tolerance to heat stress in thermal 
environments, resulting in improved heat adaptation, such as reduced 
core temperature and heart rate, increased whole-body sweat rate, and 
extended duration of perceived exertion (71, 72). On the contrary, 
workers without heat acclimatization training experience lower heat 
adaptation and poorer thermoregulatory responses, leading to 
impaired work capacity (73) and an increased risk of heat-related 
illnesses, such as heat exhaustion or exertional heat stroke (74). In 
severe cases, insufficient heat adaptation capacity can lead to extreme 
hyperthermia and central nervous system complications, potentially 
causing multi-organ system failure and even death (75, 76). Hence, it 
is essential for workers in thermal environments to undergo heat 
acclimatization training. Studies have shown that combining hypoxia 
training with classical heat acclimatization training can more 
effectively promote the development of heat adaptation (77). 
Consequently, heat acclimatization training can significantly enhance 
workers’ heat adaptation in the same thermal environment. This 
improved heat adaptation results in a higher level of thermal comfort 
and heightened work efficiency for individuals who have undergone 
the training (78, 79).

The attributes of heat adaptation encompass both its 
establishment (speed and extent) and its potential decline. 
Achieving heat adaptation necessitates a specific time cycle, 
contingent on factors such as heat intensity, activity level, and the 
duration of heat acclimatization training. Typically, a standard heat 
acclimatization training program spans approximately 2 weeks to 
reach full development. However, it is important to note that 
de-acclimatization can occur if exercise is discontinued or when 
individuals leave the thermal environment, leading to a reduction 
in the previously acquired heat adaptation (80).

The Interpretation of Army Thermal Acclimatization Guide 
(81) aims to enhance the heat tolerance of soldiers and reduce the 
occurrence of heat stroke through heat acclimatization training. 
Ioannou et al. (82) provided a comprehensive summary of the 
current understanding regarding the impact of occupational heat 
stress on outdoor workers. They emphasized that ongoing 
anthropogenic global warming is expected to significantly affect 
physical work capacity, metabolic rate, and labor productivity 
potentially exceeding workers’ physical work capacity. In this 
context, heat acclimatization training emerges as a viable 
approach to enhance the heat adaptation of outdoor workers and 
improve their protection in challenging environments (83). 

Venugopal et al. (84) conducted a questionnaire survey involving 
18 workers from 442 Indian workplaces to assess the impact of 
heat stress on health and productivity. Findings revealed that 
workers with high workloads experienced more heat-related 
health issues and lower productivity, especially among outdoor 
workers. Implementing heat acclimatization training could 
effectively improve workers’ heat adaptation, thus benefiting both 
the industry and the workers. The Classification of Occupational 
Hazards at Workplaces Part 3: Occupational Exposure to Heat 
Stress (GBZ/T 229.3-2010) (55) distinguishes the time limits or 
work between individuals who have undergone heat 
acclimatization and those who have not. Although heat 
acclimatization training can enhance heat adaptation (85), the 
extent of improvement varies significantly from person to person 
and cannot be simply differentiated by age, gender, fitness, or 
health states. Therefore, it cannot be  considered an absolute 
guarantee against heat stroke (73).

4. Thermal health safety management 
mode

The thermal health management mode operates on the foundation 
of the PDCA cycle management framework, with the three elements 
of thermal health at its core. It establishes a continuous cycle 
management process involving workers, the work environment, and 
the work process. This dynamic approach incorporates planning, 
doing, checking, and acting in a repetitive manner, facilitating 
constant refinement and enhancement of the management mode 
(Figure 2). This iterative thermal health cycle management strategy 
aims to achieve optimal outcomes in ensuring workers’ health and 
safety within thermal environments.

The thermal health safety management mode is not yet mature, 
requiring ongoing improvements to address diverse environmental 
parameters and workers’ physical indicators, thus enhancing 
management criteria. While certain countries have established 
thermal health guidelines, standards, and norms (86), their impact on 
managing various occupational thermal conditions remains limited 
(87). Although the PDCA cycle management mode has been 
effectively applied in thermal health warning systems (17), there is no 
complete PDCA thermal health management mode applied to 
occupational thermal settings since occupational thermal health is not 
clearly defined (23). Because the thermal environment is a physical 
environment system that can affect humans and their activities and is 
subject to change due to a variety of factors, the PDCA management 
mode’s continuous cycle of continuous improvement aids in the 
establishment of the thermal health safety management mode (88). In 
developing management standards and frameworks, valuable insights 
can be  gained from PDCA systems or modes used to manage 
environmental, health, and safety aspects, ultimately enhancing the 
thermal health safety management mode (89, 90).

4.1. Planning for thermal health 
management (Plan)

Guided by occupational health and safety laws, codes, and 
standards: The foundation for thermal health management lies in 
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adhering to occupational health and safety laws, norms, and standards 
(ISO 45001: 2018) (91). In particular industries such as the coal 
mining sector, thermal health management should be implemented 
according to industry-specific standards, like the Coal Mining Safety 
Regulations (92).

Identification and evaluation of factors influencing thermal 
health: The severity of heat stress in work environments is influenced 
by various factors, including ambient temperature, humidity, 
radiation, and wind speed. Additionally, work-related factors such as 
clothing intensity, duration, material fineness, and thermal resistance 
play a crucial role in thermal health management. To effectively 
manage heat stress, it is essential to detect and assess aspects like heat 
stress intensity and labor intensity in the thermal environment, using 
relevant codes and thermal health management guidelines as a basis 
for evaluation.

Setting objectives and guidelines for thermal health management: 
Thermal health management is anchored on the fundamental 
principle of safeguarding workers’ occupational health and safety. Its 
core objective is to enable workers to perform their tasks efficiently 
and effectively. To achieve this, cutting-edge thermal environment 
control technology and labor protection measures are harnessed to 
create a working environment that ensures workers’ safety, health, 
comfort, and optimal productivity.

4.2. Doing for thermal health management 
(Do)

Thermal health state checks, inquiries, and surveys: Workers undergo 
periodic medical examinations to assess their thermal health, focusing on 
detecting both acute and chronic heat-related illnesses resulting from heat 
stress in the workplace. In cases where individuals are diagnosed with 
heat-related illnesses, they are promptly removed from work for 
appropriate treatment and recovery. To further ensure workers’ health, a 
comprehensive thermal health management file is created for each 
employee. New workers or those returning from extended periods away 
from work undergo heat adaptation tests to ascertain their suitability for 
the specific job’s heat adaptation standards. If necessary, workers may 
be transferred to different positions to better accommodate their thermal 
health needs. To monitor individuals working in extreme heat 
environments, regular inquiries are made to promptly identify any signs 
of acute heat-related illnesses. Stricter work controls are implemented to 
regulate the frequency of work and rest periods for workers, ensuring 
adequate water intake to maintain their thermal health under challenging 
environments (93). These proactive measures enable managers to 
effectively manage and protect the thermal health of their workforce, 
promoting a safe and efficient working environment in 
thermal environments.

FIGURE 2

PDCA cycle safety management mode for thermal health in hot working environment.
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Thermal environment control and labor protection: Active 
regulation of ambient thermal parameters, using equipment like 
air conditioning, ventilation, and heating, is crucial for thermal 
health management. Workplace safety measures, such as limiting 
labor intensity and working hours, are essential to ensure worker 
safety under challenging thermal environments. Providing 
temperature-controlled equipment and salt supplements further 
safeguards workers, maintaining a comfortable environment and 
proper hydration. Employing these strategies effectively enhances 
thermal health and promotes worker safety and efficiency.

Heat acclimatization training: Heat acclimatization training 
is integrated into the pre-employment training for new workers 
or those returning to work after an extended period to enhance 
their heat adaptability and raise awareness of occupational heat 
stress (23).

4.3. Checking for thermal health 
management (Check)

Periodic assessment of thermal health states: During the 
production cycle, workers’ thermal health states are assessed against 
existing thermal health management strategies to evaluate the 
proportion of heat-related illnesses occurring during work. The 
relationship between workers’ thermal health levels and various 
influencing factors is analyzed to continuously improve thermal 
health management strategies, increase management effectiveness, 
and reduce the incidence of heat-related illnesses to ensure workers’ 
thermal health is maintained at a normal state.

Periodic analysis of work efficiency and product quality: To 
support adjustments to thermal health management objectives, the 
relationship between work efficiency, product quality, and workers’ 
thermal health states is analyzed within the context of an existing 
thermal health management strategy. This analysis provides 
valuable data that can be  used to optimize thermal health 
management objectives.

Periodic analysis of the economy: The relationship between 
thermal environmental control, labor protection input, and 
production efficiency improvement is periodically analyzed to support 
the optimization of environmental control and labor protection 
strategies. In the management of thermal environments, economic 
analysis plays a crucial role. It enables the evaluation of the cost-
effectiveness of thermal health management measures, facilitates the 
rational allocation of economic resources, and quantifies the impact 
of the thermal environment on labor productivity and overall 
enterprise economic performance.

4.4. Actioning for thermal health 
management (action)

Continuous improvement of thermal environmental control 
objectives: By systematically assessing the effects of thermal health 
management on workers’ physiological and psychological 
conditions, as well as their work efficiency and product quality, the 
goals for regulating the work environment are continuously revised 
and refined.

Continuous improvement of thermal environment control 
and labor protection technology: The perpetual enhancement of 
thermal environment control technology and labor protection 
measures is imperative to achieve thermal health management 
objectives, driven by an informed understanding of the worker’s 
thermal health states and guided by economic analysis. By 
consistently improving these management strategies, the aim is 
to optimize thermal health management, safeguard worker safety, 
and maximize overall productivity and efficiency in occupational 
thermal settings.

Continuous improvement of thermal health management 
strategies: The thermal health management mode comprehensive 
serves as the guiding framework for thermal health management. The 
intricate interplay of subjective and objective factors between the 
working environment, the working process, and the workers directly 
impacts thermal health conditions. To attain thermal health 
management objectives, companies must continuously refine and 
adapt specific thermal health management programs, ensuring their 
effectiveness in promoting worker health and productivity in 
thermal environments.

5. Conclusion

This study comprehensively summarizes workers’ thermal 
health characteristics in hot working environments to accurately 
determine their thermal health states. By examining the 
physiological state of workers in thermal conditions, including 
their working state, heat adaptation, and heat-related illnesses, 
we gain a holistic understanding of their health status, reflecting 
the impact of the hot environment on their well-being. The 
thermal health state directly indicates workers’ health and 
adaptation to heat stress while indirectly assessing ambient heat 
stress indicators. This serves as a foundational basis for 
establishing an effective occupational thermal health management 
system. The introduction of the three elements of thermal health, 
namely thermal health states, absence of thermal diseases, and 
thermal adaptation, elucidates the concept of thermal health in 
work settings, providing a fundamental framework for thermal 
health management mode.

Built upon the foundation of the three thermal health elements, 
we have adopted the PDCA cycle management mode is utilized as 
a framework to construct thermal health and safety management 
mode. With its emphasis on the three thermal health elements, this 
management approach facilitates a more direct evaluation of 
workers’ thermal health states. Through this comprehensive 
assessment, we  aim to minimize the risk of heat stress in the 
thermal environment while providing intuitive management and 
safeguarding the health of workers. Integrating the three thermal 
health elements into the PDCA cycle management mode allows for 
the establishment of standardized thermal health management. By 
implementing management programs that encompass workers, the 
working environment, and the working process, we continuously 
cycle through the phases of planning, doing, checking, and 
actioning. This iterative approach leads to a constant enhancement 
of the thermal health management mode and strategy. As part of 
this dynamic process, we  continuously update thermal 
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environment evaluation parameters and control measures during 
the thermal health cycle management. By doing so, we  refine 
thermal health management standards and employ advanced 
thermal environment control technology and labor protection 
measures. Through this management safeguard that workers are 
provided with a secure, healthy, comfortable, and productive 
working environment under various thermal conditions.
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Evidence suggests that agricultural workers are at higher risk of insulin resistance 
(IR), but few studies have investigated IR in solar greenhouse workers, who are 
exposed to higher concentrations of agricultural risk factors than traditional 
agricultural workers. A prevalence study was conducted in a greenhouse vegetable 
farm in China. In total, 948 participants were enrolled in this study. Among them, 
721 participants were allocated to the greenhouse worker group (G group), and 
227 participants were assigned to the field worker group (F group). The TyG index, 
which is an indicator to evaluate prediabetes (IR), was calculated by the formula: 
TyG index  =  ln [fasting triglycerides (mg/dL)  ×  fasting plasma glucose (mg/dL)/2]. 
To evaluate the associations of TyG index alternation with solar greenhouse and 
field work, multiple linear regression (MLR) and logistic regression models were 
performed. The TyG index in the G group (8.53  ±  0.56) was higher than that in the 
F group (8.44  ±  0.59) (p  <  0.05). Solar greenhouse work was positively associated 
with an increased TyG index in both the multiple linear regression model [β  =  0.207, 
(0.006, 0.408)] and the logistic regression model [OR  =  1.469, (1.070, 2.016)]. IR 
was associated with the solar greenhouse work. However, the determination of 
agricultural hazard factors needs to be further strengthened to improve exposure 
assessment.

KEYWORDS

agriculture, occupational epidemiology, solar greenhouse workers, field workers, 
triglyceride-glucose index, prediabetes, insulin resistance
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1. Introduction

Solar greenhouse cultivation is a technology that originated in 
the 13th century and has since evolved into a commercial-scale 
operation. With an estimated 496,800 hectares of greenhouse 
vegetable production in 2019 (1), 80% of which is located in 
China, Spain, the Republic of Korea, Japan, Türkiye, Italy, 
Morocco, and France (2), solar greenhouses enhance productivity 
and ensure a year-round supply of high-quality agricultural 
products. However, this technology has not necessarily been 
accompanied by sound occupational practices, leading to higher 
levels of pesticide and chemical fertilizer residues than on 
traditional open-field farms (2). As a result, solar greenhouse 
workers are exposed to high concentrations of these chemicals 
over long periods (3), resulting in health issues such as 
reproductive disorders (4), chronic kidney disease (5), respiratory 
symptoms (6, 7), neurological symptoms (8, 9), and skin 
irritation (10).

Insulin resistance (IR) is a state of decreased sensitivity and 
responsiveness to insulin concentrations (11) that occurs before a 
person is diagnosed with type 2 diabetes mellitus (T2DM) (12). 
At least 86 million adults are affected by IR in the U.S. alone, with 
high rates of undiagnosed cases (13). Increasing evidence suggests 
that IR is at the crossroads of metabolic syndromes (MetS) (e.g., 
obesity, diabetes mellitus, hypertension, and cardiovascular 
disease) in humans, affecting insulin-regulated pathways and 
many organs once IR is elevated (14–17). The World Health 
Organization has included IR in its criteria for the diagnosis of 
MetS (18). However, the IR status of solar greenhouse workers has 
not been determined, even though the risk factors in solar 
greenhouses are high.

Exposure to heat and pesticides has been shown to affect 
insulin sensitivity and the prevalence of T2DM (19, 20) in the 
general population. Pallubinsky et  al. reported that passive 
moderate heat exposure improved glucose metabolism and insulin 
sensitivity in overweight humans (20). Exposure to 
organophosphorus pesticides (OPs) affects the formation of 
glycation end products, accumulation of lipid metabolites, 
activation of inflammatory pathways, and oxidative stress, and 
ultimately causes IR and T2DM (21). The concentration of 
pesticide chemical residues, temperature, and other risk factors in 

the solar greenhouse is higher than in the field farm. This study 
hypothesizes that solar greenhouse workers are likely to be  at 
increased risk of IR compared to field workers due to higher levels 
of pesticides and chemical residues, temperature, and other risk 
factors in the solar greenhouse. This study used the triglyceride-
glucose (TyG) index, a parameter derived from triglyceride (TG) 
and fasting blood glucose (FBS) levels that has been proven to be a 
convincing and reliable indicator of IR (11). The TyG index has 
been established as a hallmark of T2DM, even several years before 
the onset of diabetes (22). Hence, this study evaluated whether the 
prevalence of IR was higher among solar greenhouse workers than 
among field workers. Both solar greenhouse workers (greenhouse 
worker group) and field workers (field worker group) living in the 
same area were recruited for this cross-sectional study. 
Furthermore, the association between solar greenhouse work and 
field work with IR was explored. The findings of this study may 
provide clues to the risk of IR and hypotheses for future 
prospective epidemiologic research in agricultural communities.

2. Methods

2.1. Study design and questionnaires

A prevalence study program, known as the Solar Greenhouse 
and Field Workers Study (SGFW study) (9), was conducted in 
northwestern China among individuals involved in solar 
greenhouse vegetable cultivation or field farming. Solar greenhouse 
and field workers were enrolled in this study, all of whom 
participated in the routine health check program organized by the 
local government (5, 6, 9). Solar greenhouse workers and field 
workers lived in the same area, no more than 5 km apart, and the 
two groups of workers shared the same dietary habits. The main 
tasks of the field workers and solar greenhouse workers were to 
cultivate corn, vegetables, and other crops, with other activities 
ranging from sowing to harvesting. The workers in the solar 
greenhouse group worked more than 8 h per day on average, and 
the workers in the field group also worked more than 8 h per day 
during busy farming seasons. The study protocol was approved by 
the Medical Ethics Committee of the National Center for 
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Occupational Safety and Health, National Health Commission of 
the People’s Republic of China.

This study enrolled a total of 975 participants who met the 
following inclusion criteria: (i) had lived in the area for at least 1 year; 
(ii) were 18 years of age or older; (iii) were not pregnant if women; (iv) 
were engaged in either solar greenhouse work [the solar greenhouse 
worker group (G group)] or crop production [in the field worker 
group (F group)]; (v) had undergone blood biochemical testing. 
Participants who had been diagnosed with diabetes (n = 27) were 
excluded to avoid the potential impact of diabetes treatment on 
relevant serum biomarkers. Diabetes was defined as self-reported 
diabetes or FBS ≥ 7.0 mmol/dL according to the diagnostic criteria for 
diabetes (the Chinese Guidelines for the Prevention and Treatment of 
Type 2 Diabetes, 2020 Edition). Finally, a total of 948 participants were 
included in this study, with 721 participants in the G group and 227 in 
the F group, respectively.

A structured questionnaire was used to collect information on 
participant characteristics, including demographic characteristics 
(age, gender, weight, height, educational status), habits (smoking 
habits, alcohol consumption habits), and pesticide use. Trained 
interviewers conducted the questionnaire. Body mass index (BMI) 
was calculated by the formula: BMI = weight (kg)/ height squared 
(m2). The questionnaire included inquiries about 10 types of pesticides 
commonly used in plantation agriculture, and further details can 
be found in Supplementary Table S1.

2.2. Triglyceride-glucose index

After an overnight fast, 3 mL of blood samples were collected from 
each participant, and TG and FBS were measured using a Tecom 
TC6010L automatic analyzer (Tecombio, China) and Tecom 
diagnostic reagent following standard experiment procedures 
provided by the manufacturer. The TyG index was calculated as ln 
[fasting TG (mg/dL) × FBS (mg/dL)/2] (23). Based on the median TyG 
index, participants were divided into a low TyG index group (TyG 
index ≤8.49) and a high TyG index group (TyG index >8.49).

2.3. Statistical analysis

The data were managed using Epidata 3.1 and analyzed using 
SPSS 24.0 (SPSS Inc., Chicago, IBM). The Shapiro–Wilk test (S-K test) 
was used to test the normality of the data. For normally distributed 
data, the mean ± standard deviation was used to express the results. To 
test for differences in categorical parameters, the chi-squared (χ2) test 
or Fisher’s exact test were used, while the Student’s t-test and Wilcoxon 
rank-sum test were used to test for differences in continuous 
parameters between groups.

To determine the difference in prediabetes indicators (TyG index 
and TyG index categories) between the two groups, multiple linear 
regression (MLR) and logistic regression analysis models were 
performed. Univariate MLR was adjusted for factors of groups, gender, 
age, BMI, smoking status, alcohol consumption status, and number of 
pesticide types used, respectively. Multivariate MLR was further 
adjusted for group, gender, age, BMI, smoking status, and alcohol 
consumption status, which have been reported or tested to 
be associated with the TyG index in previous studies (24, 25). Logistic 

regression analyses were also performed and adjusted for the same 
variables (group, gender, age, BMI, smoking status, and alcohol 
consumption status) as multivariate MLR. Subgroup analysis was 
performed using stratified multivariate MLR analyses. Statistical 
significance was defined as α < 0.05 for two-tailed value of ps.

3. Results

3.1. General demographic characteristics

General demographic characteristics are presented in Table 1. The 
average age, BMI, and drinking habits of the two groups were not 
significantly different (all p > 0.05). Age categories, gender, education 
level, and smoking habits showed significant differences (all p < 0.05). 

TABLE 1 Characteristics of the greenhouse workers (G group) and field 
workers (F group).

Characteristics G group F group value of p

n (%) 721 (76.1) 227 (23.9) –

Gender n (%) 0.004**,b

Men 299 (41.5) 70 (30.8)

Women 422 (58.5) 157 (69.2)

Age (years old) 47.81 ± 8.98 47.74 ± 9.74 0.924a

≤ 45 years old 314 (43.6) 80 (35.2) 0.027*,b

> 45 years old 407 (56.4) 147 (64.7)

BMI (kg/m2) 23.72 ± 3.46 24.11 ± 3.24 0.137a

< 24.0 kg/m2 408 (55.3) 119 (52.4) 0.441b

≥ 24.0 kg/m2 336 (44.7) 108 (47.6)

Current smoker, n (%) 199 (27.6) 44 (19.1) 0.013*,b

Alcohol user, n (%) 162 (22.5) 39 (17.2) 0.077b

Education n (%) 0.001**,b

Primary school or less 288 (39.9) 85 (37.4)

Junior high school 339 (47.0) 89 (39.2)

High school or above 94 (13.1) 53 (23.4)

Number of solar 

greenhouses

2.08 ± 1.11 – –

Working age (years) 13 (8–18) 24 (16–30) 0.001**,c

Number of types of 

pesticides used

6.62 ± 2.56 3.36 ± 2.04 < 0.001**,a

TG (mmol/L) 1.51 ± 1.04 1.41 ± 0.95 0.237a

FBS (mmol/L) 4.95 ± 0.57 4.88 ± 0.59 0.095a

TyG index 8.53 ± 0.56 8.44 ± 0.59 0.033*,a

TyG index category 0.107b

Low TyG index group 356 (49.4) 126 (55.5)

High TyG index group 365 (50.6) 101 (44.5)

BMI, body mass index. TyG index, triglyceride-glucose index. FBS, fasting blood glucose. 
TG, triglyceride.
*p < 0.05, **p < 0.01.
a t-test.
b Chi-squared test.
c Mann–Whitney U test.
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The proportion of men, workers with low education levels, and smokers 
was higher in the G group compared to the F group. The solar greenhouse 
workers had a lower working age and used more pesticides compared to 
traditional field workers. The greenhouse worker group owned an 
average of 2.08 ± 1.11 solar greenhouses and used an average of 6.62 ± 2.56 
types of pesticides, which was significantly higher compared to the F 
group (p < 0.05). The types of pesticides used by the two groups are 
shown in Supplementary Table S1. The use of eight types of pesticides 
(acetamiprid, imidacloprid, streptomycin, chlorothalonil, carbendazim, 
propamocarb hydrochloride, procymidone, and avermectin) was more 
prevalent in the G group compared to the F group, whereas paraquat and 
glyphosate pesticides were used less (all p < 0.05).

3.2. Triglyceride, glucose, and TyG index

Table 1; Figures 1A,B show that no significant differences in FBS and 
TG levels were found between the G and F groups (both p > 0.05). The 
mean TG concentration was (1.51 ± 1.04) mmol/L in the greenhouse 
worker group and (1.41 ± 0.95) mmol/L in the field worker group. The 
mean FBS concentration was (4.95 ± 0.57) mmol/L in the greenhouse 
worker group and (4.88 ± 0.59) in the field worker group. However, the 
TyG index in the G group (8.53 ± 0.56) was higher compared to that in 
the F group (8.44 ± 0.59) (p < 0.05). The proportion of participants with 

a high TyG index was 50.7% in the G group and 44.5% in the field worker 
group, but this difference was not significant (p > 0.05).

3.3. Group differences in the TyG index

To explore the differences in the TyG index between the 
greenhouse workers and field worker groups and to identify key 
influencing factors, multiple statistical analyses were conducted 
(Figures 2–4). The results of the MLR showed that the TyG index was 
positively associated with solar greenhouse work [β = 0.178, 95% CI: 
(0.030, 0.325)] compared to field work (Figure  2). Additionally, 
variables such as age over 45 years and BMI over 24.0 kg/m2 were 
positively associated with an increased TyG index compared to 
controls [β = 0.323, 95% CI: (0.197, 0.449), β = 0.097, 95% CI: (0.080, 
0.114), respectively] (Figure 2). However, the associations between the 
TyG index and 10 different types of pesticides were not statistically 
significant (all p > 0.05) (Supplementary Table S2). After adjustment 
for confounders reported in the literature (groups, gender, age, BMI, 
smoking status, and alcohol consumption status), the positive 
association between TyG index and solar greenhouse work remained 
robust in the MLR [β = 0.209, 95% CI: (0.069, 0.349)] (Figure 3).

We categorized the TyG index into two groups based on the median 
value and found that the workers in the G group had a higher risk of 

FIGURE 1

Column diagram and stacked bar chart of TG, FBS, TyG index, and TyG index category between greenhouse worker and field worker groups. 
(A) Column diagram of TG levels between the two groups. (B) Column diagram of FBS levels between the two groups. (C) Column diagram of TyG 
index levels between the two groups. (D) Stacked bar chart of TyG index category. *p  <  0.05. TyG index, triglyceride-glucose index; FBS, fasting blood 
glucose; TG; triglyceride.
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having a TyG index greater than 8.49 compared to the F group 
[OR = 1.469, 95% CI: (1.070, 2.016)] (Figure 4). Additionally, age over 45 
[OR = 1.447, 95% CI: (1.100, 1.902)] and a BMI of 24.0 kg/m2 or higher 
[OR = 3.488, 95% CI: (2.667, 4.563)] were identified as risk factors for a 
TyG index greater than 8.49 when compared to the control group.

The subgroup analysis further explored the influence of other 
covariables on the association between the TyG index and solar 
greenhouse workers and field workers. The results showed a 
consistent pattern, as illustrated in Figure  5. The TyG index was 
positively associated with solar greenhouse work, regardless of the 
subgroups. The effect of the TyG index on the greenhouse worker 
group was significant among men [women: β = 0.228, 95% CI 
(−0.019, 0.476); men: β = 0.209, 95% CI (0.043, 0.375)], those with a 
BMI < 24 kg/m2 [< 24 kg/m2: β = 0.214, 95% CI (0.024, 0.458); ≥ 24 kg/
m2: β = 0.208, 95% CI (−0.001, 0.427)], non-smokers [current 
smokers: β = 0.270, 95% CI (−0.075, 0.616); non-smokers: β = 0.189, 
95% CI (0.039, 0.338)], and non-drinkers [drinkers: β = 0.252, 95% 
CI (−0.083, 0.587); non-drinkers: β = 0.205, 95% CI (0.052, 0.358)]. 
However, the associations of the TyG index with solar greenhouse 
work were consistent in the two age subgroups [18–45 years old: 
β = 0.241, 95% CI (0.024, 0.458); ≥ 45 years old: β = 0.184, 95% CI 
(0.002, 0.366)].

4. Discussion

In this cross-sectional epidemiologic study, we found that the TyG 
index was higher in the G group compared to the F group. As far as 
we  know, this is the only study to report the problem of IR and 
prediabetes among solar greenhouse workers. The current findings 
suggest that the solar greenhouse work was associated with an 

increased risk of IR and prediabetes, which should be  of guiding 
significance to exploring occupational worker protection.

There are no reports on the relationship of the solar greenhouse 
work with IR, prediabetes, diabetes mellitus, or MetS, although studies 
have been conducted among general farmers, which showed they are 
probably at increased risk of IR, diabetes mellitus, and MetS compared 
to the general population (20, 26, 27). Raafat et al. reported that farmers 
had mean values of insulin resistance (3.19 ± 0.17) higher compared to 
the general population (1.15 ± 0.04) in Egypt (27), while another study 
reported that the prevalence of IR (defined as a TyG index above 4.52) 
was 33.7% in Brazilian farmers (26). The prevalence of diabetes was 
9.3% among the rural population in the Republic of Korea, which was 
higher than that of the general population (8.8%) (28). In this study, 
we found that the risk of IR was associated with solar greenhouse work.

Evidence suggests that exposure to pesticides is associated with IR 
in rural populations (19, 26, 27). For example, Bai et al. reported that 
di-2-ethylhexyl phthalate (a type of OPs metabolite) was positively 
associated with HOMA-IR (0.18, 0.08–0.28) and IR (HOMA-IR > 2.6) 
(1.76, 1.17–2.64) (19). Pesticide exposure assessment was not fully 
performed in this study. The solar greenhouse workers used on average 
(6.62 ± 2.56) types of pesticides, more than the field workers (3.36 ± 2.04). 
Exposure to pesticides may be a possible cause of the increased TyG 
index. OPs exposure induced lipid disorders, an increased TyG index, 
and free fatty acid synthesis. Dyslipidemia is a key step to IR by activating 
serine kinases such as protein kinase C and c-jun N-terminal kinase, 
leading to the inhibition of IRS-1 activity (12, 18). In addition, the 
environmental temperature in the solar greenhouse is above 25°C, 
reaching 35°C or more at noon. Heat stress exposure is a potential 
protective factor for prediabetics. Animal and human studies have shown 
that heat stress promotes a series of signaling mechanisms (e.g., muscle 
hypertrophy, angiogenesis, mitochondrial biogenesis, and glucose 

FIGURE 2

Results of the univariate MLR analysis of the TyG index. Variables of groups (G group and F group), gender, age, BMI, smoking status, and alcohol 
consumption status were adjusted in the analysis.
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FIGURE 4

Risk factors for elevated TyG index levels using logistic regression analysis. Variables of groups (G group and F group), gender, age, BMI, smoking status, 
and alcohol consumption status were adjusted in the analysis.

FIGURE 3

Results of the multivariate MLR analysis of the TyG index. Variables of groups (G group and F group), gender, age, BMI, smoking status, and alcohol 
consumption status were adjusted in the analysis.
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metabolism) by increasing tissue temperature and enhancing energy 
turnover (20, 29, 30). While the results showed that the protective effects 
of environmental heat stress exposure may not be sufficient to offset the 
impact of an elevated TyG index on solar greenhouse workers, the results 
of the subgroup analysis consistently demonstrated a positive relationship 
between the TyG index and solar greenhouse work in all subgroups. 
These findings suggest that individuals with higher TyG index values are 
more likely to be engaged in solar greenhouse work, irrespective of 
subgroup characteristics. Notably, significant associations were observed 
between the TyG index and solar greenhouse work among specific 
subgroups. Among men, the effect of the TyG index on the greenhouse 
worker group was significant, with higher TyG index values associated 
with an increased likelihood of engaging in solar greenhouse work, 
which was consistent with the previous report (27).

These findings highlight the importance of the TyG index as a 
potential indicator for identifying individuals who are more likely to 
be involved in solar greenhouse work. However, further research is 
warranted to explore the underlying mechanisms and potential causal 
relationships between the TyG index and occupational choice in 
different subgroups. Additionally, considering the cross-sectional 
nature of this study, future longitudinal studies are needed to establish 
a temporal relationship between the TyG index and occupational 
preferences in different populations.

To the best of our knowledge, this is the only study to report that 
solar greenhouse workers have an increased risk of IR compared with 
field workers. However, our study still has limitations. First, the 
information on genetic factors, family history of diabetes mellitus, and 
hypoglycemic drugs was not adjusted as confounders. Genetic variants 
involved in the pathogenesis of diabetes mellitus are associated with 
IR (31), which indicates that it is necessary to explore the associations 
of solar greenhouse work with IR and genetic predisposition in the 
future. Second, the exposure assessment of the occupational 
environment and dietary habits, such as pesticides, temperature, and 
food types, was not fully conducted. This made it difficult to quantify 
the contribution of occupational activity and dietary habits in the 
greenhouse to the increase in the TyG index. Third, it was not possible 

to make temporal causality inferences between solar greenhouse work 
and increased risk based on the TyG index in a cross-sectional study.

This study reported on the association of IR with solar greenhouse 
work. Furthermore, the risk of IR was higher in the workers who were 
obese and 45 years of age and older than in the controls. These findings 
suggest that the group of solar greenhouse workers has a higher risk 
of prediabetes compared to the general farmer population. 
Occupational hygiene practices programs should be implemented to 
reduce the risk of prediabetes among solar greenhouse workers.
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Prevalence of voice handicap 
among nurses in intensive care 
units due to occupational noise 
during pandemic
Ziwei Song 1, Pyoung-Jik Lee 1* and HeeJung Jung 2

1 Acoustics Research Unit, School of Architecture, University of Liverpool, Liverpool, United Kingdom, 
2 Department of Management and Entrepreneurship, Imperial College London, London, United 
Kingdom

Background: Healthcare workers have been identified as being at risk of 
occupational voice disorders. Among them, nurses working in intensive care units 
(ICUs) are particularly vulnerable due to the risk factors that are associated with 
their exposure to high levels of noise. Thus, this study aimed to determine the 
prevalence of voice disorders among ICU nurses.

Methods: A questionnaire was administered to 100 ICU nurses from four hospitals 
in China. The questionnaire assessed vocal-related symptoms, perceived voice 
handicap, frequently heard noise sources, and the quality of communications.

Results: Results indicate that the most frequently reported voice symptoms 
were ‘voice tiredness’ and ‘voiceless’. Nurses working more than 50  h per week 
experienced voice symptoms more frequently than nurses working for 40–50  h 
per week. The median value of the perceived voice handicap score (VHI-30) was 
23, indicating mild voice handicap, while 24% of the nurses reported severe voice 
handicap. Longer working hours and working at patient wards were significantly 
associated with higher VHI-30 scores. The nurses also reported that the quality 
of verbal communication with patients and colleagues and voice problems 
worsened during the COVID-19 pandemic.

Conclusion: More than 20% of nurses reported severe voice handicap, however, 
voice handicap among ICU nurses did not appear universally to all nurses. Further 
research is necessary to identify the risk factors associated with voice disorders 
and the mechanism behind such heterogeneity among ICU nurses.

KEYWORDS

voice handicap, nurses, intensive care unit, occupational health, communication, 
pandemic (COVID-19), voice handicap index

1. Introduction

Vocal problems are prevalent across various occupations, including teachers, singers, and 
acting professionals (1–3). Among them, teachers have been extensively studied, demonstrating a 
higher prevalence of voice disorders compared to the general population (4). Smith et al. (5) 
analysed 242 respondents from American teachers, revealing around 50% of them experienced 
hoarseness, followed by difficulties with high notes and a tired voice. Similarly, Munier and Kinsella 
(3) noted that primary school teachers commonly reported voice fatigue, dry throat and an inability 
to sing high notes as their predominant voice-related symptoms. Similar symptoms were reported 

OPEN ACCESS

EDITED BY

Jessica García González,  
University of Almeria, Spain

REVIEWED BY

Matilde Rodrigues,  
Polytechnic Institute of Porto, Portugal  
Aneta Grochowska,  
University of Applied Sciences in Tarnow, 
Poland

*CORRESPONDENCE

Pyoung-Jik Lee  
 p.j.lee@liverpool.ac.uk

RECEIVED 30 June 2023
ACCEPTED 21 August 2023
PUBLISHED 01 September 2023

CITATION

Song Z, Lee PJ and Jung H (2023) Prevalence 
of voice handicap among nurses in intensive 
care units due to occupational noise during 
pandemic.
Front. Public Health 11:1250512.
doi: 10.3389/fpubh.2023.1250512

COPYRIGHT

© 2023 Song, Lee and Jung. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted which 
does not comply with these terms.

TYPE Original Research
PUBLISHED 01 September 2023
DOI 10.3389/fpubh.2023.1250512

78

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1250512&domain=pdf&date_stamp=2023-09-01
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1250512/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1250512/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1250512/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1250512/full
mailto:p.j.lee@liverpool.ac.uk
https://doi.org/10.3389/fpubh.2023.1250512
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1250512


Song et al. 10.3389/fpubh.2023.1250512

Frontiers in Public Health 02 frontiersin.org

among physical education teachers and head teachers in Iceland, 
including dry throat and vocal tiredness (6). Preciado and Infante (7) 
found an association between higher classroom noise levels and 
increased frequency of vocal disorders. Likewise, Servilha et  al. (8) 
identified excessive classroom noise as a significant risk factor for the 
development of dysphonia and phonotrauma. Professional singers also 
face comparable challenges, frequently reporting hoarseness and voice 
fatigue (9). Pestana et al. (10) highlighted hoarse voice and tired voice as 
prevalent voice disorder symptoms among Fado singers.

Verdolini and Ramig (11) listed other occupational categories prone 
to voice disorders, such as lawyers, clergy and healthcare workers. They 
pointed out that more attention is required for healthcare workers and 
teachers who constitute the largest proportion among these categories. 
However, research on voice disorders among healthcare workers is 
limited and the findings are not consistent. Sala et al. (12) found that 
hospital nurses had a lower prevalence of voice disorders compared to 
teachers, although the noise exposure levels and frequency of voice use 
differed since the nurses were randomly selected from the hospital. 
Among nurses, the most common voice symptom was throat clearing, 
followed closely by voice tyres easily and sensation of a sore throat or 
globus. On the other hand, Heider et al. (13), in a recent questionnaire 
survey during the COVID-19 pandemic, reported that healthcare 
workers self-rated their voice handicap, indicating their being at risk of 
voice disorders (13). Similarly, Ribeiro et al. (14) observed that healthcare 
workers engaging in essential duties while wearing face masks were the 
ones most frequently beset by voice tiredness and voice impairment.

Noise levels in hospitals often exceed the recommendations set by 
the World Health Organisation (WHO) (15) of 35 dBA during the day 
and 30 dBA at night (16–18). Intensive care units (ICUs) face particularly 
high noise levels, with occasional peaks of 100 dBA due to alarm noises 
from medical equipment (17). Achieving the WHO’s recommended 
values is improbable without shutting down all medical equipment and 
ventilation are switched off. In facing elevated background noise, 
workers tend to increase their voice intensity, leading ICU nurses to 
speak louder to effectively communicate with patients and colleagues. 
For instance, Stringer et al. (19) highlighted the need for nurses to raise 
their voices significantly in operating theatres with excessive noise levels. 
Despite the potential risks associated with excessive noise in ICUs, its 
impact on nurses’ voices and investigations into voice disorders among 
ICU nurses have been largely overlooked. Instead, the nurses’ voice in 
the ICU has been considered a risk factor affecting patient’s sleep during 
night-time (20). Not only do individual nurses experience potential 
adverse impact, but organisations and hospitals also face significant 
disruption in their operation due to the dissatisfaction and subsequent 
turnover among their professional workers such as medical staffs (21). 
Therefore, it is necessary to understand how the nature of occupational 
environment affects occupational health among medical staff.

The present study aims to explore the voice problems experienced 
by ICU nurses. A questionnaire survey was conducted to rate the 
frequency of voice symptoms and assess the perceived voice handicap 
and changes in communication quality during the pandemic.

2. Materials and methods

2.1. Sampling

A total of 100 ICU nurse participants were recruited from four 
hospitals in Chongqing, China: 20 from Site A, 40 from Site B, 20 from 

Site C, and 20 from Site D. All the hospitals were located in close 
proximity to major traffic roads. They had different types of rooms in 
their ICUs, but all the rooms had an identical ceiling height of 2.8 m. 
Site A was built in 1937, and since then, no renovations have been 
conducted. ICU in Site A has three rooms with outdated equipment: 
one two-bedded room, one five-bedded room and one six-bedded 
room. Site B is the largest hospital in this research, built in 1943 and 
renovated in 1997. Its ICU has two one-bedded rooms, one 
two-bedded room, two six-bedded rooms and one 10-bedded room. 
Site C, built in 1985, has one 10-bedded room. Site D, built in 1943 
and renovated in 2006, has one 18-bedded room and two one-bedded 
rooms. Hospital D is affiliated with the local University of Chongqing 
and has the most updated equipment. The socio-demographic and 
professional characteristics of the survey participants are presented in 
Table 1. The participants’ ages ranged from 25 to 38 years (mean: 34.6, 
SD: 3.2), with the majority being females. A significant proportion 
(74%) held the job title of a registered nurse and were responsible for 
providing direct care to patients in the ICU, working in rotating shifts. 
Approximately 14% of the participants were clinical nurses, 
responsible for ordering medical tests and developing treatment plans. 
Furthermore, 71% of the participants had worked in the ICUs for 
5–10 years, with 22 participants having worked for more than 10 years. 
Most participants (74%) worked less than 50 h per week, and all 
individuals wore face masks for more than 8 h each day. The majority 
of beds in the four ICUs were dedicated to general surgery, cancer, and 
respiratory disease. Noise levels at each site, as reported by a recent 
study (16), are also listed. The study monitored noise levels at multiple 
patient wards and nursing stations over a 24-h period. The averaged 
noise levels across the multiple locations were computed and listed in 
the table in terms of average (LAeq) and maximum (LAFmax) noise levels. 
The average noise levels from the sites exceeded the WHO’s 
recommended values, surpassing 55 dBA. Furthermore, the maximum 
noise levels were significantly high, exceeding 90 dBA. In particular, 
Site D exhibited a maximum noise level of 104.2 dBA.

2.2. Instrument

All participants were instructed to answer the questionnaire, 
consisting of three main parts: (1) basic information including 
demographic, (2) vocal problems in ICUs, and (3) noise sources and 
communication qualities. Firstly, participants were asked about the 
basic demographic backgrounds such as their gender and age, and 
other personal information such as smoking and alcohol consumption 
history. Additionally, they were asked about their health condition 
such as any past or current experience with asthma and respiratory 
allergies that would potentially affect the voice handicap (22). 
Secondly, participants were asked to rate their experience of vocal 
symptoms using a five-point scale (‘1’: never happened and ‘5’: always 
happens). The self-perception of voice handicaps was assessed using 
the Voice Handicap Index (VHI-30) developed by Jacobson et al. (23). 
The VHI questions consist of three components—i.e., ‘functional’, 
‘physical’, and ‘emotional’. Each component includes 10 items, and 
each item is assessed on a five-point scale (0 = never, 4 = always). The 
total score from the 30 items is utilised to identify individuals with 
voice disorders, using a cut-off point of 30. The VHI-30 was translated 
into Chinese and districted to participants (24). Thirdly, frequency of 
noise sources heard in the ICUs were assessed using a five-point scale 
from ‘Do no hear at all’ to ‘Dominates completely’. Furthermore, 
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TABLE 1 Characteristics of nurses who took part in the questionnaire surveys.

Personal characteristics Site A (N =  20) Site B (N =  40) Site C (N =  20) Site D (N =  20) Total (N =  100)

Gender

Male 0 1 2 0 3

Female 20 39 18 20 97

Age (years)

20–25 0 0 0 0 0

25–30 5 13 3 3 24

30–35 13 19 16 17 65

>35 2 8 1 0 11

Job title

Nurse manager 1 1 1 1 4

Clinical nurse 3 7 2 2 14

Charge nurse 2 3 2 1 8

Registered nurse 14 29 15 16 74

Working area

Nurse station 2 5 2 4 13

Patient wards 18 35 18 16 87

Years of working

<1 0 0 0 0 0

1–2 0 0 0 0 0

2–5 3 1 2 1 7

5–10 14 28 12 17 71

>10 3 11 6 2 22

Hours of working per week

<40 0 0 0 0 0

40–50 15 33 12 14 74

50–60 5 5 8 4 22

>60 0 2 0 2 4

Hours of wearing a face mask a day

1–4 0 0 0 0 0

4–8 0 0 0 0 0

8–12 20 40 20 20 100

Smoking

Yes 1 0 2 2 5

No 19 40 18 18 95

Consumption of alcoholic beverage in the last 12 months

Yes 3 5 2 2 12

No 17 35 18 18 88

Asthma

Yes 0 0 1 0 1

No 20 40 19 20 99

Noise levels (dBA)

Average noise level* 54.6 56.8 55.2 55.8

Maximum noise 

level**

92.3 95.2 92.7 104.2

*A-weighted equivalent noise level (LAeq).
**A-weighted maximum fast time-weighted noise level (LAFmax).
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participants were asked about their communication with patients and 
colleagues within the ICUs.

2.3. Ethics consideration

Participants were recruited for the study after obtaining approval 
from the research ethics committee of a large state university in the 
United Kingdom, as well as the ethics committees of four participating 
hospitals in China. The participants were provided with detailed 
information about the study procedures, and their consent to 
participate was obtained. They were assured that their participation 
would be kept confidential, and they had the freedom to withdraw 
from the study at any time.

2.4. Data analysis

Statistical analyses were conducted using SPSS-25 software 
(SPSS Inc., Chicago, IL, United States) and Minitab 20. The reliability 
of the VHI-30 scales was assessed using Cronbach’s test to ensure 
accurate understanding among participants. Differences in voice 
symptoms between nurses with varying levels of working experience 
and working hours were determined using the Mann–Whitney 
U-test. Correlation analysis was employed to assess the relationships 
between VHI-30 scores and measured noise levels. Differences in 
VHI-30 scores across the sites were evaluated using the Kruskal-
Wallis test. The overall score of the VHI-30 questionnaire was 
dichotomised, using a cut-off of 30 points. Univariate and 
multivariate logistic regression models were constructed to evaluate 
the association between scores above the 30-point cut-off and 
independent variables such as sociodemographic and working 
characteristics. Odds ratios with 95% confidence intervals (CI) were 
calculated, and the goodness-of-fit of the multivariate logistic 
regression models was assessed using the Hosmer-Lemeshow test. 
In reporting results, p values less than 5% (p < 0.05) were considered 
statistically significant.

3. Results

Table  2 presents the frequency and types of voice symptoms 
reported by nurses across four ICUs. The percentage of participants 
who experienced these symptoms was calculated, along with the mean 
ratings. The percentages were computed based on those who selected 
‘3 (quite often)’, ‘4 (very often)’ and ‘5 (always)’ on a five-point scale. 
The most frequent voice symptoms reported were ‘voice tiredness’ 
(32.0%), ‘voiceless’ (29.0%), ‘difficulty in being heard’ (28.0%) and 
‘sore throat when speaking’ (25.0%). There was a variation in voice 
symptoms across hospitals. Overall, ICU nurses at Site A showed the 
lowest frequency of experiencing voice symptoms (mean = 12.0, 
SD = 5.4). In terms of frequency, Sites B and D (mean = 29.5, SD = 5.6 
for Site B and mean = 22.5, SD = 7.2 for Site D) showed more frequent 
symptoms compared to the other sites (mean = 12.0, SD = 5.4 for Site 
A and mean = 19.5, SD = 7.6 for Site C). In particular, approximately 
40% of participants at Site B reported experiencing voice tiredness and 
voiceless symptoms, while 17.5% of participants experienced those 
symptoms in Site A, 27.5% for Site C, and 32.5% for Site D.

The heterogeneity in voice symptoms among ICU nurse were 
investigated. The participants were categorised into two groups based 
on their working experiences and weekly working hours. Firstly, the 
nurses were divided into two groups: one group with 5–10 years of 
experience (N = 71) and the other group with more than 10 years of 
experience (N = 22). Secondly, the participants were classified into one 
group working for 40–50 h per week (N  = 74) and another group 
working for more than 50 h per week (N = 22). The percentages of 
participants experiencing voice symptoms and the mean ratings of 
frequencies are listed in Supplementary Tables S1 and S2. Nurses with 
more than 10 years of experience reported experiencing ‘voice 
tiredness’ and ‘dryness in the throat’ more frequently than those with 
5–10 years of working experience. Mann–Whitney U-test indicated 
that the differences in these voice symptoms between the groups are 
significant (p < 0.05 for both). However, nurses with 5–10 years of 
experience reported more frequent experiences of other symptoms 
than those with more than 10 years of experiences; but, their 
differences were not statistically significant. Overall, participants 
working more than 50 h per week reported experiencing vocal 
symptoms more frequently than those working less than 50 years. For 
instance, 43.3% of nurses working more than 50 h per week reported 
experiencing voice tiredness. Mann–Whitney U-test demonstrated 
that working hours had significant effects on several symptoms (‘voice 
tiredness’, ‘dryness in the throat’, ‘aphonia’ and ‘lump in the throat’ for 
p < 0.05 and ‘voiceless’ for p < 0.01).

The results of VHI-30 are presented in Table  3. While the 
Cronbach’s alpha value was 0.79 for the whole sites, indicating good 
internal consistency, the Sites C and D exhibited acceptable 
consistency, with the values of Cronbach’s alpha were 0.6 (25–27). The 
median values of the total VHI-30 score were below 30 for all the sites, 
suggesting minimal voice-related handicap. However, 24 participants 
obtained total VHI-30 scores higher than 30, indicating that 
approximately 24% of ICU nurses may have a voice disorder. Among 
the three subscales, the scores in the functional subscale were higher 
than those in the other subscales for all the sites. The results of 
Kruskal-Wallis test revealed that the VHI-30 total score at Site B was 
significantly higher than those at the other sites (p < 0.01). Correlation 
analysis also indicated a significant relationship between VHI-30 
scores and the measured noise levels (r = 0.525, p < 0.01). This suggests 
that noisier environments lead to more severe perceived voice 
handicap among ICU nurses.

As shown in Table 4, the univariate logistic regression models 
revealed significant associations between several factors and the 
VHI-30 overall score among ICU nurses. Age, working area, working 
hours, smoking and alcohol consumption were found to be statistically 
significant. ICU nurses aged between 30 and 35 years obtained 
significantly higher scores (mean 1.28; 95% CI 0.58–1.97) compared 
to those aged between 25 and 30. Moreover, nurses working in patient 
wards displayed an overall score that was 0.19 (95% CI 0.03–0.35) 
higher than those working in the nurse station. Additionally, ICU 
nurses working for 50–60 h per week exhibited higher scores than 
those working for 40–50 h per week. Specifically, nurses working for 
more than 60 h per week had a score that was 3.82 (95% CI 0.09–7.55) 
higher than those working for 40–50 h per week. Furthermore, nurses 
who reported smoking or consuming alcoholic beverages within the 
last 12 months had higher overall scores compared to non-smokers 
and non-drinkers. Furthermore, in the multivariate logistic regression 
model, working area and working hours remained significantly 
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associated with the VHI-30 overall score. Specifically, ICU nurses 
working in patient wards had a score that was 0.09 (95% CI 0.19–0.39) 
higher than those working in the nurse station. Moreover, nurses who 
worked for more than 60 h per week displayed a score that was 1.13 
(95% CI 0.05–3.24) higher than those working for 40–50 h per week.

Figure 1 shows the extent to which noise sources are frequently 
heard in the ICU for each site. The most commonly heard noise source 
was alarms from medical equipment, followed by talking, phone rings, 
footsteps and general activities like typing on a keyboard and closing 
drawers. The dominant noise sources were consistent across the sites, 
but there were some variations observed. For example, Site B had 
higher frequencies of door closing and footsteps compared to the 
other sites.

The changes in the quality of verbal communications with patients 
and colleagues and the severity of voice problems during the 
COVID-19 pandemic are investigated using a five-point scale 
(1 = much worsen and 5 = much improved), presented in Figure 2. All 
the responses were below 3 (indicating ‘stayed the same’), suggesting 
that communication quality and voice problems that ICU nurses 
experienced worsened during the pandemic. Site B displayed the 
lowest scores for all questions, while Site C had the highest scores.

Figure 3 illustrates the comparisons among nurses with different 
working hours and working locations. As depicted in Figure  3A, 
nurses working more than 50 h per week exhibited significantly poorer 

quality of communication with patients during the pandemic 
compared to those working 40–50 h per week. However, no significant 
differences were observed between the groups in terms of 
communication with colleagues and voice problems (p  > 0.05). 
Additionally, as depicted in Figure  3B, nurses working in patient 
wards reported significantly worse experiences in communicating 
with patients, colleagues and exhibited more voice problems compared 
to nurses working at nurse stations. These findings suggest that ICU 
nurses who had more time and opportunities for verbal 
communication experienced lower communication quality and more 
voice problems during the pandemic.

4. Discussion

This study showed that the handicap associated with voice 
disorders in ICU nurses was mild (<30) based on the VHI-30 scores. 
Similar findings have been reported in several studies involving voice-
related professionals, where the mean VHI scores were also below the 
cut-off points (30 for VHI-30 and 11 for VHI-10). For example, 
studies on teachers with voice disorders (28–30), student teachers 
(31), voice professionals (32–34) and Imams (35) reported mean 
VHI-30 scores below 30. Furthermore, Heider et al. (13) found that 
only 26.2% of healthcare workers exhibited moderate or severe 

TABLE 2 Percentage of those who experienced voice-related symptoms and mean of frequencies across the sites.

Site A Site B Site C Site D Total

% Mean % Mean % Mean % Mean % Mean

Hoarseness 10.0 1.5 22.5 2.1 10.0 1.9 20.0 2.0 17.0 1.9

Voice tiredness 20.0 1.9 37.5 2.5 30.0 2.3 35.0 2.2 32.0 2.2

Voiceless 15.0 1.6 37.5 2.3 25.0 2.2 30.0 2.0 29.0 2.1

Dryness in the 

throat

5.0 1.5 27.5 2.3 20.0 1.8 15.0 2.0 19.0 1.9

Sore throat 

when speaking

10.0 1.8 32.5 2.3 25.0 2.2 25.0 2.2 25.0 2.1

Aphonia 10.0 1.2 27.5 1.9 10.0 1.8 15.0 1.7 18.0 1.8

Clearing the 

throat

20.0 2.0 25.0 2.1 25.0 2.0 15.0 2.0 22.0 2.1

Difficulty in 

being heard

15.0 1.5 35.0 2.4 25.0 2.0 30.0 2.2 28.0 2.1

Persistent dry 

cough

5.0 1.4 25.0 2.0 15.0 1.9 20.0 2.2 18.0 1.9

Lump in the 

throat

10.0 1.6 25.0 1.8 10.0 1.9 20.0 1.9 18.0 1.8

TABLE 3 Median values of the VHI-30 scores.

Total (N =  100) Site A (N =  20) Site B (N =  40) Site C (N =  20) Site D (N =  20)

Total VHI-30 23 20 29 20 22.5

Functional subscale 8 6.5 10 8 8

Emotional subscale 7 6 8 7 7.5

Physical subscale 7.5 6.5 9.5 6.5 6

Cronbach’s Alpha 0.79 0.72 0.73 0.60 0.60
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symptoms based on the VHI-10. Similarly, the percentage of people 
who scored above the abnormal cut-off point was 8.2% among 
military service members working in noisy environments (36). 
However, there are also studies that reported moderate to severe 
disability in teachers based on the VHI-30 (37). Similarly, Lyberg-
Åhlander et  al. (38) found a higher prevalence of voice disorders 
among teaching-related professionals compared to health 
professionals. Therefore, further research is needed to assess voice 
disorders in ICU nurses in diverse environments and compare them 
to other occupations.

Mild voice handicap, as found in this study, does not imply that 
ICU nurses are entirely free from the risk of voice disorders. The 
evidence from four hospitals showed that 24% of ICU nurses had 
VHI-30 scores exceeding 30, suggesting the possibility of a moderate 
voice disorder. Furthermore, the questionnaire survey identified 
several voice problems among ICU nurses. Approximately 30% of 
nurses reported experiencing ‘voice tiredness’, ‘voiceless’, and ‘difficulty 
in being heard’. These symptoms highlight the need for increased 
attention to protect ICU nurses from such issues. Prior to the 

pandemic, Sala et  al. (12) conducted a questionnaire survey with 
nurses and found that only 11% reported experiencing voice tiredness. 
The disparity in results may be attributed to the current study being 
conducted during the pandemic, which necessitated the use of face 
masks. Similarly, Aliabadi et al. (39) reported varying decreases in 
speech intelligibility among nurses using different types of personal 
protective equipment (PPE), such as surgical masks and face shields.

Among the four sites, Site B exhibited a higher median VHI-30 
score compared to the other sites. Similarly, nurses from Site B 
reported experiencing voice-related symptoms such as ‘voice tiredness’ 
and ‘voiceless’ more frequently than their counterparts at other sites. 
These differences can be attributed to variations in working conditions 
and acoustic environments across the sites. Site B, with 26 patient 
beds, has a larger number compared to the other sites (Site A: 14, Site 
C: 13 and Site D: 20), potentially resulting in more sources of noise. 
As listed in Table 1, average noise levels over a 24-h period were higher 
at Site B compared to the other sites. The median values of the sound 
exposure levels and maximum SPL of talking/voice at Site B were 
approximately 80 and 70 dBA, respectively (16). These findings suggest 

TABLE 4 Univariate and multivariate logistic regression analyses for VHI-30 scores over the cut-off (dependent variable) and the independent variables 
of sociodemographic and working characteristics (n =  100).

VHI  >  30 points n 
(%)

Univariate models, 
OR (95% CI)

p value Multivariate model, 
OR (95% CI)

p value

Age (years)

  25–30 9/24 (37.5) Reference Reference

  30–35 14/65 (4.6) 1.28 (0.58–1.97) 0.041 2.80 (0.21–3.73) 0.435

  >35 1/11 (18.2) 1.69 (0.28–3.10) 0.409 0.71 (0.57–8.64) 0.782

Job title

  Nurse manager 1/4 (25.0) Reference

  Clinical nurse 3/14 (21.4) 1.62 (0.32–11.97) 0.976

  Charge nurse 1/8 (12.5) 1.47 (0.16–13.96) 0.737

  Registered nurse 19/74 (25.7) 1.42 (0.28–6.01) 0.512

Working area

  Nurse station 15/87 (17.2) Reference Reference

  Patient wards 9/13 (69.2) 0.19 (0.03–0.35) <0.001 0.19 (0.28–1.25) 0.024

Years of working

  2–5 2/7 (28.5) Reference

  5–10 16/71 (22.5) 1.30 (0.20–2.40) 0.754

  >10 6/22 (27.3) 2.53 (0.35–4.70) 0.881

Hours of working per week

  40–50 16/74 (21.6) Reference Reference

  50–60 6/22 (22.7) 1.03 (0.14–1.92) 0.026 0.13 (0.10–5.24) 0.570

  >60 2/4 (50.0) 3.82 (0.09–7.55) 0.022 1.81 (0.64–3.38) 0.042

Smoking

  No 22/95 (23.2) Reference Reference

  Yes 2/5 (40.0) 1.83 (0.11–8.91) <0.001 0.64 (0.06–6.62) 0.711

Consumption of alcoholic beverage in the last 12 months

  No 18/88 (21.6) Reference Reference

  Yes 6/12 (50.0) 3.72 (0.12–13.49) <0.001 0.14 (0.02–0.87) 0.035

*Variables significantly associated with VHI-30 overall score in bold. **The multivariate model only included variables that were associated with the VHI-30 overall score in the univariate 
models. ***The Hosmer-Lemeshow goodness-of-fit test was non-significant (p = 0.22).
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that noisier environments contribute to an increased occurrence of 
voice-related symptoms and voice handicap among ICU nurses.

The number of working hours was identified as an independent 
variable significantly associated with higher VHI-30 scores, indicating 
a higher perception of vocal handicap among ICU nurses. This finding 
supports the hypothesis of occupational health risks related to vocal 
disorders in ICU nurses, aligning with previous studies (16, 40). 
Heider et al. (13) reported that both the number of working hours and 
the duration of mask usage per day were risk factors for perceived 
vocal handicap in healthcare workers. Similarly, a higher number of 
voice usage hours per week was found to be a risk factor for voice 
handicap among student teachers (40). While ICU nurses tend to 
speak less frequently during working hours compared to teachers (41), 
the excessive noise in the ICU environment may lead to increased 
vocal effort and potential voice disorders. Given the constraint of 
reducing working hours for ICU nurses, it becomes crucial to improve 
the working environment by reducing noise levels in ICUs.

In this study, most nurses in ICUs wore surgical masks during 
their shifts, necessitating the assessment of speech transmission 
characteristics in a laboratory setting. The surgical face masks were 

placed on a Head & Torso Simulator (Type 4128C, B&K), and 
measurements of Speech Transmission Index (STI) and sound 
pressure level (SPL) were conducted at a distance of 1 m from the 
simulator. The study found minimal changes in STI values, ranging 
from 2.2 to 3.5%. Further details can be  found in 
Supplementary Table S3. These results are consistent with previous 
research, which has reported a 3–4% decrease in STI for surgical 
masks (42) and a 3–6% decrease for disposable masks (43). Despite 
the minimal effect on STI values, the results of the questionnaire 
survey revealed that communication and voice problems worsened 
during the pandemic due to the use of PPE such as face masks. This 
finding aligns with other studies (14, 44) that have reported negative 
effects of PPE on verbal communication. Hampton et al. (44) found a 
significant impact of wearing PPE on speech discrimination in 
healthcare environments, while the use of face masks led to increased 
self-reported vocal discomfort and communication difficulties (14). 
Furthermore, the deterioration of communication in ICUs can 
be attributed to the lack of visual cues, including facial gestures and 
lip movements, which play a crucial role in understanding speech, 
particularly when speech quality is degraded.

FIGURE 1

Mean ratings of respondents’ perceived occurrence of different sounds, indicating the frequency of heard noise sources across the sites.
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There are a couple of limitations to consider in this study. First, 
this study only recruited ICU nurses and thus it is unclear the findings 
around the voice handicap is applicable to other similar occupations. 
Ideally, this study can be extended to different occupational categories 
of healthcare professionals (e.g., doctors and caregivers), to different 
demographics (e.g., status and language), to different department (e.g., 
emergency room) or to different countries. Secondly, this study 
focused on measuring noise levels in ICUs, which were found to 
be  quite similar. However, it is important to note that individual 

nurses may have different levels of noise exposure. Therefore, it is 
recommended to conduct individual noise monitoring for nurses to 
accurately assess their personal noise exposure levels. Third, this study 
was interested in the finely defined symptom of voice disorders. 
However, nurses may have other adverse experiences due to the noise 
such as reduced well-being, job satisfaction and turnover. Finally, this 
study is not able to identify the root causes behind the heterogeneity 
in experiencing voice problem across nurse groups. Understanding 
the underlying causes is crucial, as it holds the potential to provide 
avenues for mitigating occupational health risks and thereby 
enhancing overall occupational quality. This may be  resolved by 
conducting the follow-up survey or investigating the contents of 
communication. Therefore, further studies are necessary to examine 
ICU nurses’ experiences and perceptions in a more comprehensive 
manner. To do so, a larger number of nurses could be recruited in the 
future as the current study has only a small size of sample.

5. Conclusion

The present study revealed that ICU nurses frequently experienced 
voice-related symptoms, and longer working hours amplified these 

FIGURE 2

Mean ratings of communication quality and voice problems during 
the COVID-19 pandemic: (A) verbal communication with patients, 
(B) verbal communication with colleagues, and (C) voice problems. 
Error bars indicate standard deviations.

FIGURE 3

Comparisons of communication quality and voice problems during 
the COVID-19 pandemic for different groups: (A) nurses with 
different working hours per week and (B) nurses with different 
working locations. Error bars indicate standard deviations. *p <  0.05, 
**p <  0.01.
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experiences. Furthermore, the study confirmed the prevalence of voice 
handicap among ICU nurses using the VHI-30 assessment. 
Specifically, the study identified working area and weekly workload as 
risk factors for perceived voice handicap. These findings emphasise the 
potential impact of prolonged and intense work schedules, particularly 
in noisy environments like ICUs, on the vocal health of nurses. The 
study’s results suggest the need for interventions and support systems 
to address and mitigate the adverse effects of noise on the vocal well-
being of healthcare professionals. Moreover, the study’s findings 
highlight the importance of considering the unique challenges faced 
by nurses during the COVID-19 pandemic, which have further 
exacerbated their vocal difficulties and communication issues due to 
the wearing of PPEs.
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Objective: Premenstrual syndrome (PMS) stands as a significant concern within the 
realm gynecological disorders, profoundly impacting women of childbearing age 
in China. However, the elusive nature of its risk factors necessitates investigation. 
This study, therefore, is dedicated to unraveling the intricacies of PMS by focusing 
on nurses, a cohort with unique occupational stressors, to develop and validate a 
predictive model for assessing the risk of PMS.

Methods: This investigation employed a multi-center cross-sectional analysis 
drawing upon data from the TARGET Nurses’ health cohort. Utilizing online survey 
versions of the Premenstrual Syndrome Scale (PMSS), a comprehensive dataset 
encompassing physiological, social, psychological, occupational, and behavioral 
variables was collected from 18,645 participants. A stepwise multivariate logistic 
regression analysis was conducted to identify independent risk factors for PMS. 
Furthermore, a refined variable selection process was executed, combining the 
Least Absolute Shrinkage and Selection Operator (LASSO) method with 10-fold 
cross-validation. The visualization of the risk prediction model was achieved 
through a nomogram, and its performance was evaluated using the C index, 
receiver operating characteristic (ROC) curves, and the calibration curves.

Results: Among the diverse variables explored, this study identified several 
noteworthy predictors of PMS in nurses, including tea or coffee consumption, 
sleep quality, menstrual cycle regularity, intermenstrual bleeding episodes, 
dysmenorrhea severity, experiences of workplace bullying, trait coping style, 
anxiety, depression and perceived stress levels. The prediction model exhibited 
robust discriminatory power, with an area under the curve of 0.765 for the training 
set and 0.769 for the test set. Furthermore, the calibration curve underscored the 
model’s high degree of alignment with observed outcomes.

Conclusion: The developed model showcases exceptional accuracy in identifying 
nurses at risk of PMS. This early alert system holds potential to significantly enhance 
nurses’ well-being and underscore the importance of professional support.
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1. Introduction

Premenstrual syndrome (PMS) constitutes a constellation of 
emotional, behavioral, and physical symptoms that typically emerge 
during the luteal phase of the female menstrual cycle, manifesting 
7–14 days before menstruation and subsequently abating. These 
symptoms encompass emotional manifestations such as irritability, 
anxiety, and depression, behavioral symptoms like sleep disorders and 
reduced attention, as well as physical complaints like headaches and 
diarrhea (1). Traditionally acknowledged as a concern among women 
of childbearing age (2), PMS is fast becoming a common mental disease, 
substantially impairing the ability of quite a few women to daily 
function. Meanwhile, increased incidence of some symptoms on PMS 
in the context of the COVID-19 pandemic (3). An examination of 
gynecological disease burden data in China underscores PMS as one of 
the top three gynecological diseases affecting women aged 15 to 49 (4, 5).

A comprehensive review of literature spanning the past five years 
reveals that PMS affects 25 to 70% of women across all age groups (2, 
6–8). This is a matter of profound concern, given the substantial 
impact of PMS on both physical and mental well-being, as well as its 
disruptive influence on daily life and work (9). Moreover, PMS 
significantly increases suicidal ideation in patients, which is a 
significant risk factor for depression, postpartum depression, frequent 
work absenteeism and reduced work productivity (10–12). Therefore, 
the evaluation and effective management of PMS constitute crucial 
clinical imperatives, given its far-reaching implications.

Remarkably, prior investigations into the prevalence and associated 
factors of PMS have primarily focused on adult students (3, 13–15), 
with relatively limited attention directed toward specific occupational 
groups, including nurses. Clinical nurses, as the custodians of patient 
well-being, play pivotal roles in healthcare delivery. Owing to the 
demanding nature of their work and the associated pressures, nurses 
may be particularly susceptible to PMS, which can reduce their quality 
of life (16). It is important to note that PMS may be influenced by a 
variety of factors, encompassing personal characteristics, lifestyle 
habits, occupational attributes, physiological variables, psychological 
variables and social determinants. Several studies have linked factors 
such as underweight, obesity (17, 18), smoking (19), and consumption 
of coffee and tea (20) to an increased risk of PMS. Additionally, factors 
inherent to nursing professions, including shift work and sleep 
patterns, have been identified as risk factors for PMS (21, 22). 
Physiological variables, such as the intensity of menstrual pain, 
irregular menstrual cycles, early menarche, prolonged menstruation, 
and the use of excessive menstrual pads, have also shown significant 
associations with PMS (15). Other factors impacting PMS include 
physical activity (23), stress levels (18), personality traits (24), burnout 
and social support (25). However, PMS often goes unnoticed due to its 
absence of a clear developmental process. Given the multitude of 
related risk factors, accurate prediction and early intervention are 
effective strategies for reducing the incidence of PMS.

In summary, there exists a notable gap in research pertaining to 
the development of predictive models for assessing PMS risk in 
nurses, and lack of risk assessment tools for early individualized 
assessment by nurses themselves. Our study endeavors to fill this void 
by establishing a nomogram capable of predicting the risk factors for 
PMS among nurses. Which can early recognize of PMS and could 
mostly benefit nurses with targeted risk factors. This tool seeks to 
enable the early recognition of PMS and offer targeted support to 
nurses with identifiable risk factors. Through an exhaustive analysis 
and integration of risk factors that exert influence over the onset, 
development, and prognosis of PMS, our research aims to empower 
head nurses and nurses to identify PMS early and prompt them to 
actively seek professional assistance.

2. Materials and methods

2.1. Study population

The TARGET Nurses’ health cohort study (26), launched in 
December 2020, is a prospective cohort study that focuses on nurses 
in China. For our study, we harnessed data from the first survey, which 
recruited participants aged 18–65 with nurse qualification certificates. 
Participants across Shandong Province were recruited from 46 public 
hospitals of different grades. In total, 32,222 participants agreed to 
take part in the study until November 2022. Among these participants, 
22,924 were dedicated nurses who diligently completed the 
comprehensive questionnaire. This nurse cohort was composed of 
22,083 females and 211 males. To refine our study cohort further, 
we meticulously applied exclusion criteria to the subset of 20,798 
women aged between 20 and 50 years. Exclusion criteria are set below: 
(a) nurses who had not experienced menstruation for the past six 
months due to breastfeeding, pregnancy, menopause, etc. (n = 1,170); 
(b) those with a prior diagnosis of polycystic ovarian syndrome, or 
severe mental illness, or those who had used psychopharmacological 
medicines within six months preceding the completion of the women’s 
questionnaire (n = 119). Additionally, nurses whose questionnaires 
exhibited missing data values or outliers across all variables were also 
excluded from the final analytical dataset (n = 864) (Figure 1).

All participants provided their informed consent prior to their 
involvement in the study. The study protocol secured approval from 
the Ethics Committee and was duly registered in the clinical 
trial registry.

2.2. Measures

The dataset employed in this study encompassed four distinct 
sections, comprising one dependent variable and 28 independent 
variables. These variables included the following categories: general 
information of participants (age, highest educational level, monthly 
income, marital status, and body mass index), physiology factors 
(menarcheal age, length of the menstrual cycle, regularity of the 
menstrual cycle, menstrual period, menstrual blood flow, number of 
intermenstrual bleedings, the degree of dysmenorrhea, and number 
of pregnancies), occupational and behavioral factors (nap frequency, 
smoking, drinking, milk, tea or coffee, physical activity, sleep quality, 
shifts, and work experience), psychological and social factors, were 

Abbreviations: PMS, Premenstrual Syndrome; PMSS, Premenstrual Syndrome 

Scale; IPAQ, International Physical Activity Questionnaire; PSQI, Pittsburgh Sleep 

Quality Index; NAQ-R, Negative Acts Questionnaire-revised; PSSS, Perceived 

Social Support Scale; PSS, Perceived Stress Scale; SHBG, Sex Hormone Binding 

Globulin; TCSQ, Trait Coping Style Questionnaire; ANS, Autonomic Nervous System.
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measured as described below (trait coping style, experiences of 
workplace bullying, social support, stress, anxiety, and depression).

2.2.1. General information of participants
This study collected data encompassing key demographic 

attributes of participants, including age, highest educational level 
achieved, monthly income, marital status, and body mass index, 
which were classified as underweight (< 18.5 kg/m2), normal weight 
(18.5–23.9 kg/m2), and overweight (24–27.9 kg/m2), obesity (> 27.9 g/
m2), were collected from each participant.

2.2.2. Premenstrual syndrome scale
To assess the severity of PMS symptoms, we harnessed the widely 

employed Premenstrual Symptoms Scale (PMSS), which is renowned 
for its simplicity, expeditiousness, and effectiveness. In this study, 
we adopted the Chinese version (27) of PMSS (28) to measure the 
extent of PMS symptoms experienced by participants. The scale has 
12 items, encompassing psychological symptoms (irritability, 
depression, anxiety, inattention, nervousness, fidgeting, neuroticism) 
and physical symptoms (bloating and diarrhea, sleepiness, migraine, 
insomnia, swelling of hands and feet). Participants were required to 
indicate whether these symptoms manifested within 14 days before 
the last menstrual period. Each symptom was graded on a scale of 
0–3, with no symptoms (0); mild symptoms (1); deemed tolerable 

while affecting daily life and work (2), and symptoms seriously 
impeding daily life and work, necessitating treatment (3). The scale is 
calculated as the sum of the scores of each item (range 0–36 points). 
In our study, individuals scoring above 5 were categorized as 
symptomatic, whereas those scoring below 5 were considered 
asymptomatic. The Cronbach’s alpha coefficient for the scale was 
0.930 in this study.

2.2.3. Physiology factors
Participants were prompted to provide information pertaining to 

menstrual characteristics and any alterations observed in the past six 
months, including menarcheal age (< 12 years, 12–14 years, 
15–17 years, > 17 years), length of the menstrual cycle (< 25 days, 
26–31 days, 32–39 days, > 39 days), regularity of the menstrual cycle, 
defined by the number of days between two menstrual cycles (within 
1–2 days, within 3–4 days, within 5–7 days, more than 7 days, 
irregular); menstrual period (3–7 days, < 3 days, > 7 days, irregular), 
menstrual blood flow, quantified by the number of sanitary napkins 
used during each menstrual period (less than 1 pack of sanitary 
napkins, 1 or 2 packs of sanitary napkins, more than 2 packs of 
sanitary napkins), number of intermenstrual bleedings (< 1 time, 1–3 
times, > 3 times) and the degree of dysmenorrhea (none, mild, 
moderate, severe). Additionally, reproductive factors included the 
number of pregnancies, categorized as 0, 1, 2, and ≥ 3 times.

FIGURE 1

Flow chart of inclusion and exclusion for the final study population in this study.
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2.2.4. Occupational and behavioral factors
In the realm of occupational considerations, our study delved into 

the nurses’ work patterns and their cumulative work experience. To 
further delineate their behavioral attributes, we  employed the 
following inquiries: (a) How many naps do you take each week? (b) 
How often do you smoke or drink? And (c) How often do you consume 
milk, tea or coffee?

2.2.4.1. International physical activity questionnaire
For the assessment of physical activity levels, we harnessed the 

International Physical Activity Questionnaire (IPAQ). Originating 
from the World Health Organization in 1998 (29), this instrument has 
been adeptly adapted into the Chinese context by Qu Ningning in 
2004 and has found widespread utility (30). The IPAQ prompts 
participants to recall their physical activities over the preceding week, 
including 4 types of physical activities: occupational, household, 
transportation, and leisure, with 24 entries. For each item denoting a 
specific physical activity, participants meticulously recorded the 
duration of engagement. Finally, the types and durations of activities 
were converted into metabolic equivalents (MET) to measure physical 
activity levels, classified as low, medium, or high.

2.2.4.2. The Pittsburgh sleep quality index
The Pittsburgh Sleep Quality Index (PSQI) scale was provided to 

all participants to assess their sleep quality (31). We used the Chinese 
scale to evaluate nurses’ sleep quality and time. The scale has been 
used widely and has good reliability and validity (32). The scale 
consists of 18 self-evaluation items and five other-evaluation items. 
The latter part is not scored. The former part is composed of seven 
dimensions, including sleep quality, sleep time, sleep efficiency, sleep 
disorder, hypnotic drugs and daytime dysfunction factors. The total 
score ranges from 0 to 21. The higher the score, the worse the sleep 
quality. In this study, a PSQI score of <6 was indicative of favorable 
sleep quality, and a score of≥6 indicated a deterioration in sleep 
quality. The Cronbach’s alpha coefficient for the scale was 0.798 in 
this study.

2.2.5. Psychological and social factors

2.2.5.1. Negative acts questionnaire
The Negative Acts Questionnaire-Revised (NAQ-R) (33) was used 

to measure the workplace bullying directed toward nurses by their 
leaders and colleagues. The Chinese version of the NAQ-R, widely 
adopted (34), encompasses three dimensions featuring 23 items, 
including nine items for personal-related negative behaviors, nine 
items for work-related negative behaviors, and four items for 
organizational injustice. The initial 22 items were scored on a 5-point 
Likert scale, ranging from 1 (never) to 5 (every day), with the 23rd item 
prompting participants to self-assess the level of workplace bullying 
that they had experienced. Based on the total score, exposure to 
bullying was classified into three categories: no bullying (< 33), 
frequent bullying (33–45), and exposure to severe bullying exposure 
(> 45). The Cronbach’s alpha coefficient for the scale was 0.978 in 
this study.

2.2.5.2. Perceived social support scale
The assessment of social support levels drew upon the 

Perceived Social Support Scale (PSSS) (35). The Chinese version 

(36) of the PSSS used in this study has been proven reliable. It has 
12 items and is divided into three dimensions: support from family, 
friends, and others, providing insights into support both within 
and beyond the family context. Responses for each item range 
from 1 to 7, with higher scores denoting elevated levels of social 
support. Categorized into three tiers, the scale delineates low 
support (12–36 points), intermediate support (37–60 points), and 
relatively high support (61–84 points). Widely employed in China, 
the Cronbach’s alpha coefficient for the scale was 0.989  in 
this study.

2.2.5.3. Trait coping style questionnaire
To delve into personality traits and their reflection in coping 

strategies, we deployed the Trait Coping Style Questionnaire (TCSQ) 
(37). The questionnaire consists of 20 items, partitioned into two 
dimensions: positive coping and negative coping, each of which 
contains 10 items. Employing a 5-point Likert scoring method (1–5), 
the TCSQ ascertains respondents’ tendencies toward positive or 
negative attitudes and behavioral characteristics when confronting 
stressors. Higher scores within each dimension correspond to more 
pronounced positive or negative coping strategies. The Cronbach’s 
alpha coefficient for the scale was 0.907 in this study.

2.2.5.4. Perceived stress scale
To gauge the level of perceived stress among participants in their 

daily lives over the past month, we employed the Perceived Stress Scale 
(PSS), grounded in psychological stress theory and developed in 1983 
(38). Introduced into China in 2003 (39), this scale boasts wide 
utilization and robust reliability and validity. The scale consists of 10 
items on a five-point scale of 0–4, representing “never,” “occasionally,” 
“sometimes,” “often,” and “always” respectively. The total score ranges 
from 0 to 40. In this study, the level of perceived stress was classified 
as low stress (<14), medium stress (14–26), and high stress (>26). The 
Cronbach’s alpha coefficient for the scale in this study was 0.934.

2.2.5.5. Anxiety severity
The Generalized Anxiety Disorder 7-Item Scale (GAD-7) (40) 

developed by Spitzer et al. has been widely used to screen for anxiety 
and assess its severity. The reliability and validity of the Chinese 
version of the GAD-7 have been established by He et al. who found 
the test–retest reliability to be  0.830 and a Cronbach’s α of 0.920 
indicating good reliability and validity (41). The total score ranges 
from 0 to 21, with each of the seven items scoring from zero (not at 
all) to three (almost every day), so that scores of 0–4, 5–9, 10–14, and 
15–21 represent normal, mild, moderate, and severe anxiety, 
respectively. The Cronbach’s α of the GAD-7 was 0.963 in this study.

2.2.5.6. Depressed severity
The 9-item Patient Health Questionnaire (PHQ-9) was developed 

by Kroenke et  al. and has been widely used to assess depressive 
symptoms (42). The PHQ-9 was translated into Chinese by Wang 
et al., has demonstrated sound psychometric properties, boasting a 
test–retest reliability of 0.860 and a Cronbach’s alpha of 0.860 (43). The 
total score ranges from 0 to 27 points, with each of the nine items 
scoring from zero (not at all) to three (nearly every day), so scores of 
0–4, 5–9, 10–14, 15–19, and 20–27 represent normal, mild, moderate, 
moderately severe, and severe depression, respectively. The Cronbach’s 
α of the PHQ-9 was 0.955 in this study.
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2.3. Data collection and quality control

The data for this study were collected from the baseline data of 
TARGET, accessible through electronic questionnaires made available 
on the official TARGET WeChat platform (26). These questionnaires 
have been validated in Chinese. All participants granted electronic 
informed consent via the WeChat platform, affirming their independent 
and anonymous completion of the questionnaire. This informed 
consent emphasized the voluntary nature of participation, affirming the 
unequivocal right of individuals to opt out if they so choose.

To ensure the quality and validity of the data, we  adopted a 
comprehensive approach to quality control. A second reminder was 
given to all non-participants via WeChat one week after the initial 
questionnaire distribution, with a subsequent reminder issued after an 
equivalent interval. The electronic questionnaire was pre-set to 
enforce the completion of mandatory questions and integrate skip 
logic for certain items. This careful questionnaire formatting ensured 
the standardization and completeness of responses. Additionally, 
participants were allocated a specific response time window, ranging 
from 15 to 20 min, further enhancing data quality. Liaison officers at 
each participating hospital supervised the completion of the 
questionnaires, facilitating communication with researchers in cases 
where issues required resolution beyond routine channels.

2.4. Statistical analysis

All analyses were conducted using R software version 4.0.3 (R 
Development Core Team, Vienna, Austria). This study included one 
dependent variable and 28 independent variables in this study, all of 
which classified variables, expressed as frequencies and percentages. 
The characteristic distribution between nurses with PMS and non-PMS 
was evaluated by chi-square test or Fisher’s exact classification variable 
test. The analytical course followed this trajectory: First, the Least 
Absolute Shrinkage and Selection Operator (LASSO) method was used 
to sift through the variables of interest, pinpointing pivotal variables by 
the glmnet and caret packages. Subsequently, a multivariate logistic 
regression analysis was embarked upon for the selected variables, 
streamlining the variables and culminating in the construction of the 
risk prediction model. The visual representation of this model 
materialized through a nomogram, skillfully generated via the rms and 
regplot packages, with the principal aim of providing a readily 
interpretable snapshot of the predictive model. Decision curve analysis 
and ROC curves determined sensitivity and specificity, while the 
discrimination and calibration of the model were subject to scrutiny 
via ROC and calibration curves, fashioned with the assistance of the 
pROC and ggplot2 packages. The comprehensive validation spanned 
internal and external aspects, leveraging the power of 1,000 Bootstrap 
self-sampling iterations. Statistical significance hinged on a two-tailed 
p value threshold of less than 0.05.

3. Results

3.1. Sample and demographic 
characteristics

A total of 18,645 participants were included in this study for 
analysis (Figure  1). Among these participants, 8,216 were nurses 

diagnosed with PMS, while 10,429 were without PMS. The participants 
had a mean age of 33.50 years with a standard deviation of 5.89 years 
and 10.65 ± 6.40 for working years. The average BMI was 22.30 ± 3.11 kg/
m2, and about 76.6% of the participants were married. Table  1 
summarizes the clinical characteristics, encompassing physiological, 
occupational and behavioral, psychological, and social factors for the 
participants with PMS and non-PMS. In addition, for model validation, 
the data were divided into a training set and a test set in a 7: 3 ratio. 
Table 2 outlines the clinical characteristics of the participants in both 
sets. There were no significant differences among these characteristics, 
indicating the absence of bias arising from random grouping.

3.2. Variable selection

We used LASSO regression to select predictive factors associated 
with PMS. This method brings the advantage of variable selection, 
adjusts complexity while fitting generalized linear models, and 
effectively handles collinear data—a pivotal consideration given the 
substantial number of predictive factors in our study. LASSO 
regression for internal cross-validation pinpointed 10 variables, as 
shown in Figure 2, These variables included tea or coffee, sleep quality, 
regularity of the menstrual cycle, number of bleeding between 
menstruation, the degree of dysmenorrhea, level of bullying, trait 
coping style, anxiety, depression and perceived stress.

3.3. Construction of predictive models

The 10 variables selected underwent a multivariate logistic 
regression analysis with backward stepwise regression. The results 
underscored the significance of tea or coffee, sleep quality, regularity 
of the menstrual cycle, number of bleeding between menstruation, 
the degree of dysmenorrhea, level of bullying, trait coping style, 
anxiety levels, depression and perceived stress in relation to the 
occurrence of PMS among nurses (Table  3). Subsequently, a 
nomogram was constructed based on the results of a multivariate 
logistic regression model (Figure  3). The nomogram offered an 
intuitive representation of risk factors for PMS in nurses and 
facilitated predictions regarding PMS risk. Notably, the severity of 
dysmenorrhea was assigned the highest risk score, totaling 100 
points. To calculate an individual’s risk score, each unique PMS risk 
factor was traced upwards to the corresponding row on the scale, 
and the scores for all 10 factors were summated, yielding a total 
score. Higher total scores indicated an elevated risk of PMS 
for nurses.

3.4. Validation of predictive models

ROC curves were used to evaluate the accuracy of the 
prediction models. The results revealed that the area under the 
ROC curve was 0.765 (95% CI, 0.757 ~ 0.773) for the training set 
and 0.769 (95% CI, 0.756 ~ 0.781) for the test set, respectively 
(Figures  4A,B). Correspondingly, the C-index was 0.765 and 
0.769 for the training and test sets, respectively. The above results 
affirmed the robust discriminative ability and moderate accuracy 
of the prediction model. Next, we  used calibration curves to 
evaluate the deviation between the predicted results of the 
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TABLE 1 The Clinical characteristics of nurses with the PMS and non-PMS.

Variables
PMS n (%)

(n  =  10,429)
Non-PMS n (%)

(n  =  8,216)
p-value

Age < 0.001**

20–25 years 3,781 (36.3%) 3,048 (37.1%)

26–30 years 993 (9.5%) 846 (10.3%)

31–35 years 1,995 (19.1%) 1,822 (22.2%)

36–40 years 2,156 (20.7%) 1,682 (20.5%)

41–45 years 1,010 (9.7%) 595 (7.2%)

46–50 years 494 (4.7%) 223 (2.7%)

Education level 0.098

College degree or below 787 (7.5%) 568 (6.9%)

Undergraduate degree or above 9,642 (92.5%) 7,648 (93.1%)

Marital status < 0.001**

Unmarried 2,143 (20.5%) 1,925 (23.4%)

Married 8,133 (78.0%) 6,146 (74.8%)

Others 153 (1.5%) 145 (1.8%)

Work experience < 0.001**

0–5 years 2,824 (27.1%) 2,396 (29.2%)

6–10 years 3,249 (31.2%) 2,681 (32.6%)

11–15 years 2,422 (23.2%) 1,895 (23.1%)

> 15 years 1,934 (18.5%) 1,244 (15.1%)

Monthly income 0.113

< 3,000 yuan 831 (8.0%) 699 (8.5%)

3,000–6,000 yuan 5,498 (52.7%) 4,381 (53.3%)

6,000–9,000 yuan 3,120 (29.9%) 2,436 (29.6%)

> 9,000 yuan 980 (9.4%) 700 (8.5%)

Body mass index 0.266

< 18.5 kg/m2 6,622 (63.5%) 5,160 (62.8%)

18.5–23.9 kg/m2 966 (9.3%) 814 (9.9%)

24–27.9 kg/m2 2,349 (22.5%) 1,823 (22.2%)

> 27.9 g/m2 492 (4.7%) 419 (5.1%)

Smoking 0.409

Non-smoker 10,424 (100.0%) 8,214 (100.0%)

Smoker 5 (0.0%) 2 (0.0%)

Drinking 0.341

Non-drinker 10,407 (99.8%) 8,193 (99.7%)

Drinker 22 (0.2%) 23 (0.3%)

Tea or coffee < 0.001**

No 7,451 (71.4%) 5,292 (64.4%)

Yes 2,978 (28.6%) 2,924 (35.6%)

Milk < 0.001**

No 3,792 (36.4%) 2,794 (34.0%)

Yes 6,637 (63.6%) 5,422 (66.0%)

Menarcheal age 0.160

< 12 years 7,972 (76.4%) 6,186 (75.3%)

(Continued)
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TABLE 1 (Continued)

Variables
PMS n (%)

(n  =  10,429)
Non-PMS n (%)

(n  =  8,216)
p-value

12–17 years 2,254 (21.6%) 1,872 (22.8%)

> 17 years 203 (1.9%) 158 (1.9%)

Length of the menstrual cycle < 0.001**

< 26 days 235 (2.3%) 235 (2.9%)

26–31 days 8,330 (79.9%) 6,232 (75.9%)

32–39 days 1,357 (13.0%) 1,191 (14.5%)

> 39 days 507 (4.9%) 558 (6.8%)

Regularity of the menstrual cycle < 0.001**

Within 1–2 days 2,091 (20.0%) 1,119 (13.6%)

Within 3–4 days 3,870 (37.1%) 2,597 (31.6%)

Within 5–7 days 2,348 (22.5%) 2,106 (25.6%)

> 7 days 1,313 (12.6%) 1,474 (17.9%)

Irregular 807 (7.7%) 920 (11.2%)

Menstrual period < 0.001**

< 3 days 492 (4.7%) 473 (5.8%)

3–7 days 9,016 (86.5%) 6,689 (81.4%)

> 7 days 802 (7.7%) 862 (10.5%)

Irregular 119 (1.1%) 192 (2.3%)

Menstrual blood flow# < 0.001**

Less than 1 pack 1,534 (14.7%) 1,148 (14.0%)

1 or 2 packs 6,156 (59.0%) 4,595 (55.9%)

More than 2 packs 2,739 (26.3%) 2,473 (30.1%)

Number of bleeding between menstruation < 0.001**

< 1 times 9,043 (86.7%) 6,451 (78.5%)

1–3 times 1,228 (11.8%) 1,498 (18.2%)

> 3 times 158 (1.5%) 267 (3.2%)

The degree of dysmenorrhea < 0.001**

No 2,829 (27.1%) 1,055 (12.8%)

Melt 5,505 (52.8%) 3,587 (43.7%)

Moderate 1,650 (15.8%) 2,692 (32.8%)

Severe 445 (4.3%) 882 (10.7%)

Number of pregnancies < 0.001**

0 2,862 (27.4%) 2,559 (31.1%)

1 2,486 (23.8%) 1,897 (23.1%)

2 2,774 (26.6%) 1,946 (23.7%)

> = 3 2,307 (22.1%) 1,814 (22.1%)

Shift pattern < 0.001**

Only day shift 3,492 (33.5%) 2,313 (28.2%)

Two shifts 3,533 (33.9%) 2,961 (36.0%)

Three shifts 3,267 (31.3%) 2,779 (33.8%)

Others 137 (1.3%) 163 (2.0%)

Nap per week < 0.001**

1–2 3,064 (29.4%) 2,641 (32.1%)

(Continued)
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nomogram and the actual values. The prediction results showed 
a good agreement between the training and test sets 
(Figures 5A,B). The calibration curves closely paralleled the ideal 
predictions, yielding mean absolute errors of 0.006 and 0.003 
after 1,000 bootstrap repetitions. These outcomes not only 
establish the model’s dependable calibration but also underscore 
its reliability.

4. Discussion

In this study, a risk prediction model for the PMS among nurses 
was constructed by multivariate logistic regression, and the nomogram 
was plotted to visualize the results. The model was validated by ROC 
curves and calibration curves, revealing close alignment between 
predicted and observed values and confirming its reliability. Through 

TABLE 1 (Continued)

Variables
PMS n (%)

(n  =  10,429)
Non-PMS n (%)

(n  =  8,216)
p-value

3–4 3,005 (28.8%) 2,634 (32.1%)

> = 5 4,360 (41.8%) 2,941 (35.8%)

Sleep quality < 0.001**

Well 7,568 (72.6%) 3,936 (47.9%)

Poor 2,861 (27.4%) 4,280 (52.1%)

Level of bullying < 0.001**

No 9,235 (88.6%) 5,861 (71.3%)

Often 804 (7.7%) 1,474 (17.9%)

Always 390 (3.7%) 881 (10.7%)

Level of social support < 0.001**

Low 1,928 (18.5%) 1,364 (16.6%)

Medium 2,880 (27.6%) 3,252 (39.6%)

High 5,621 (53.9%) 3,600 (43.8%)

Trait coping style < 0.001**

Positive 6,768 (64.9%) 3,931 (47.8%)

Neutral 2,371 (22.7%) 2,493 (30.3%)

Negative 1,290 (12.4%) 1,792 (21.8%)

Anxiety < 0.001**

No 6,111 (58.6%) 2,105 (25.6%)

Melt 3,518 (33.7%) 4,188 (51.0%)

Moderate 562 (5.4%) 1,268 (15.4%)

Severe 238 (2.3%) 655 (8.0%)

Depression < 0.001**

No 5,885 (56.4%) 1,839 (22.4%)

Melt 3,547 (34.0%) 3,945 (48.0%)

Moderate 514 (4.9%) 1,035 (12.6%)

Severe 325 (3.1%) 943 (11.5%)

Extremely severe 158 (1.5%) 454 (5.5%)

Physical activity < 0.001**

Low 3,365 (32.3%) 2,556 (31.1%)

Medium 2,381 (22.8%) 1,728 (21.0%)

High 4,683 (44.9%) 3,932 (47.9%)

Perceived stress < 0.001**

Low 2,382 (22.8%) 802 (9.8%)

Medium 7,911 (75.9%) 6,963 (84.7%)

High 136 (1.3%) 451 (5.5%)

**Significant at p < 0.001.
#Menstrual volume was estimated by the number of sanitary napkins used (one packet is 10 pieces).
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TABLE 2 The clinical characteristics of nurses in the training and test set.

Variables
Training set n (%)

(n  =  13,053)
Test set n(%)
(n  =  5,592)

p-value

Age 0.489

20–25 years 4,808 (36.8%) 2,021 (36.1%)

26–30 years 1,300 (10.0%) 539 (9.6%)

31–35 years 2,656 (20.3%) 1,161 (20.8%)

36–40 years 2,645 (20.3%) 1,193 (21.3%)

41–45 years 1,142 (8.7%) 463 (8.3%)

46–50 years 502 (3.8%) 215 (3.8%)

Education level 0.475

College degree or below 937 (7.2%) 418 (7.5%)

Undergraduate degree or above 12,116 (92.8%) 5,174 (92.5%)

Marital status 0.305

Unmarried 2,809 (21.5%) 1,259 (22.5%)

Married 10,032 (76.9%) 4,247 (75.9%)

Others 212 (1.6%) 86 (1.5%)

Work experience 0.697

0–5 years 3,629 (27.8%) 1,591 (28.5%)

6–10 years 4,167 (31.9%) 1,763 (31.5%)

11–15 years 3,043 (23.3%) 1,274 (22.8%)

>15 years 2,214 (17.0%) 964 (17.2%)

Monthly income 0.214

<3,000 yuan 1,052 (8.1%) 478 (8.5%)

3,000–6,000 yuan 6,942 (53.2%) 2,937 (52.5%)

6,000–9,000 yuan 3,856 (29.5%) 1,700 (30.4%)

>9,000 yuan 1,203 (9.2%) 477 (8.5%)

Body mass index 0.226

<18.5 kg/m2 8,207 (62.9%) 3,575 (63.9%)

18.5–23.9 kg/m2 1,262 (9.7%) 518 (9.3%)

24–27.9 kg/m2 2,961 (22.7%) 1,211 (21.7%)

>27.9 g/m2 623 (4.8%) 288 (5.2%)

Smoking 0.935

Non-smoker 13,048 (100.0%) 5,590 (100.0%)

Smoker 5 (0.0%) 2 (0.0%)

Drinking 0.416

Non-drinker 13,019 (99.7%) 5,581 (99.8%)

Drinker 34 (0.3%) 11 (0.2%)

Tea or coffee 0.356

No 8,948 (68.6%) 3,795 (67.9%)

Yes 4,105 (31.4%) 1,797 (32.1%)

Milk 0.213

No 4,648 (35.6%) 1,938 (34.7%)

Yes 8,405 (64.4%) 3,654 (65.3%)

Menarcheal age 0.883

<12 years 9,910 (75.9%) 4,248 (76.0%)

(Continued)
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this modeling process, we identified ten influential risk factors for 
PMS in nurses, including tea or coffee consumption, sleep quality, 
regularity of the menstrual cycle, number of bleeding between 
menstruation, the degree of dysmenorrhea, level of bullying, trait 
coping style, anxiety, depression and perceived stress. According to 
the nomogram model, dysmenorrhea was the most significant factor 
among the ten factors, followed by depression, perceived stress 
and anxiety.

The results of our study indicated the significant influence of 
menstrual cycle regularity on PMS. This observation might 
be elucidated through hormonal mechanisms in the endocrine system. 
Hormones like progesterone, luteinizing hormone and prolactin play 
pivotal roles in maintaining normal menstruation in women, and their 
imbalances could lead to menstrual disorders, which might contribute 
to the development of PMS or mediate some of the neuropsychiatric 
symptoms associated with PMS (44–46). In addition, the conclusion 

TABLE 2 (Continued)

Variables
Training set n (%)

(n  =  13,053)
Test set n(%)
(n  =  5,592)

p-value

1–2 4,029 (30.9%) 1,676 (30.0%)

3–4 3,937 (30.2%) 1,702 (30.4%)

> = 5 5,087 (39.0%) 2,214 (39.6%)

Sleep quality 0.967

Well 8,055 (61.7%) 3,449 (61.7%)

Poor 4,998 (38.3%) 2,143 (38.3%)

Level of bullying 0.443

No 10,567 (81.0%) 4,529 (81.0%)

Often 1,579 (12.1%) 699 (12.5%)

Always 907 (6.9%) 364 (6.5%)

Level of social support 0.165

Low 2,344 (18.0%) 948 (17.0%)

Medium 4,251 (32.6%) 1,881 (33.6%)

High 6,458 (49.5%) 2,763 (49.4%)

Trait coping style 0.329

Positive 7,533 (57.7%) 3,166 (56.6%)

Neutral 3,390 (26.0%) 1,474 (26.4%)

Negative 2,130 (16.3%) 952 (17.0%)

Anxiety 0.495

No 5,782 (44.3%) 2,434 (43.5%)

Melt 5,378 (41.2%) 2,328 (41.6%)

Moderate 1,259 (9.6%) 571 (10.2%)

Severe 634 (4.9%) 259 (4.6%)

Depression 0.227

No 5,444 (41.7%) 2,280 (40.8%)

Melt 5,230 (40.1%) 2,262 (40.5%)

Moderate 1,096 (8.4%) 453 (8.1%)

Severe 854 (6.5%) 414 (7.4%)

Extremely severe 429 (3.3%) 183 (3.3%)

Physical activity 0.202

Low 4,155 (31.8%) 1,766 (31.6%)

Medium 2,831 (21.7%) 1,278 (22.9%)

High 6,067 (46.5%) 2,548 (45.6%)

Perceived stress 0.199

Low 2,196 (16.8%) 988 (17.7%)

Medium 10,457 (80.1%) 4,417 (79.0%)

High 400 (3.1%) 187 (3.3%)
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of the menstrual cycle aligns with Eshetu’s (15) and Tarannum’s (47) 
argument that irregular menstrual cycles were a risk factor for PMS.

In terms of menstruation-related factors, our results also revealed a 
high prevalence of dysmenorrhea (79.2%) among participants with PMS, 
reaffirming the established association between dysmenorrhea and PMS, 
while emphasizing the role of dysmenorrhea as the most important risk 
factor in PMS (14, 48). We also found that the increased frequency of 
intermenstrual bleeding occurrences was also a risk factor for PMS. This 
observation may be  linked to ovulation-related factors, as bleeding 
during ovulation often results from a short-term decline in estrogen 
levels that is insufficient to maintain endometrial stability, leading to 
small vaginal bleeds during ovulation. At present, its etiology was not 
clear, hypothalamic–pituitary-ovarian axis disruption may be implicated. 
However, menarche age was not identified as a PMS risk factor in our 
study, which is inconsistent with previous research results, which studies 
students (15, 49), suggesting potential recall bias among participants.

Our study further indicated that nurses who reported coffee or tea 
consumption were more likely to develop PMS than non-consumers, 
which also supported previous reports (48). At present, Existing 
research supports a link between coffee intake and adverse effects on 
female hormone levels, including lower estrogen and sex hormone 
binding globulin (SHBG) (50, 51). However, a longitudinal study has 

yielded opposite results (20), necessitating further investigation into 
this relationship.

An interesting finding in our study was that shift frequency 
among nurses was not associated with the occurrence of PMS. While 
a previous study found that PMS negatively affected work in nurses 
with three rotating shifts, it did not specifically attribute this to PMS 
(52). Furthermore, our results highlighted that poor sleep quality, 
often attributed to hormonal fluctuations and emotional disturbances 
in women’s menstrual cycles, was a significant PMS risk factor (21, 22, 
53). Poor sleep quality leads to fatigue, drowsiness and irritability the 
next day, which will adversely affect nursing quality.

Our study also illuminated the predictive value of workplace 
bullying, personality traits, anxiety, depression and perceived stress in 
relation to PMS. Introverted personalities and occupational stress are 
more prone to PMS (22, 24, 54). Introverted individuals tend to 
experience negative emotions such as anxiety, depression, and anger, 
contributing to PMS development. Elevated levels of fatigue, depressed 
mood, anxiety and decreased interest in daily activities have been 
identified as strong PMS predictors (55). Additionally, the autonomic 
nervous system (ANS) may play a role, as high-intensity cognitive 
social stress can lead to ANS responses characterized by low arousal 
and delayed recovery in PMS-affected women. When faced with stress 
and adverse emotional experiences, their ANS response may render 

FIGURE 2

Internal cross-validation of LASSO regression.
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them unable to cope with stress stimuli and emotional experiences 
(56). However, scant research has explored the impact of workplace 
bullying on PMS in nurses. The noteworthy discovery that workplace 
bullying serves as a predictor of PMS diverges from findings in the 
general population. We hypothesize that association may be attributed 
to the adverse effects of workplace bullying, such as diminished job 
satisfaction and the increased possibility of experiencing negative 
consequences, including depression, stress, and other physical and 
psychological symptoms, which can contribute to the development of 

premenstrual syndrome (57, 58). Therefore, future research should 
delve deeper into the influence of social factors on nurses with PMS.

5. Limitations and recommendations

Despite being one of the most extensive studies involving a 
substantial sample of Chinese nurses and pioneering the exploration of 
a risk prediction model for PMS in this population, there were some 

TABLE 3 Stepwise multivariate logistic regression analysis of the training set.

Variables β SE Wald values p-value OR (95% CI)

Physiological factors

Regularity of the menstrual cycle (ref: Within 1–2 d)

Within 3–4 d −0.049 0.060 −0.820 0.412 0.952 (0.846–1.071)

Within 5–7 d 0.185 0.064 2.897 0.004 1.204 (1.062–1.365)

More than 7 d 0.340 0.071 4.801 0.000 1.405 (1.223–1.614)

Irregular 0.204 0.082 2.489 0.013 1.226 (1.044–1.439)

Number of intermenstrual bleeding (ref: <1 times)

1–3 times 0.246 0.056 4.353 0.000 1.278 (1.145–1.428)

> 3 times 0.655 0.136 4.796 0.000 1.924 (1.476–2.521)

The degree of dysmenorrhea (ref: No)

Melt 0.396 0.054 7.259 0.000 1.485 (1.335–1.653)

Moderate 1.189 0.063 19.006 0.000 3.283 (2.905–3.712)

Severe 1.410 0.089 15.818 0.000 4.095 (3.441–4.880)

Occupational and behavioral factors

Tea or coffee (ref: No)

Yes 0.180 0.043 4.200 0.000 1.197 (1.101–1.302)

Sleep quality (PSQI) (ref: well)

Poor 0.323 0.045 7.215 0.000 1.381 (1.265–1.507)

Social and psychological factors

Level of bullying (ref: No)

Often 0.428 0.063 6.813 0.000 1.535 (1.357–1.737)

Always 0.401 0.086 4.649 0.000 1.493 (1.262–1.740)

Trait coping style (ref: Negative)

Positive −0.151 0.058 −2.585 0.010 0.860 (0.767–0.964)

Neutral 0.102 0.064 1.591 0.112 1.107 (0.977–0.964)

Anxiety (ref: No)

Melt 0.457 0.058 7.944 0.000 1.579 (1.411–1.768)

Moderate 0.428 0.098 4.352 0.000 1.533 (1.265–1.859)

Severe 0.430 0.151 2.858 0.004 1.538 (1.146–2.069)

Depression (ref: No)

Melt 0.601 0.059 10.218 0.000 1.824 (1.625–2.047)

Moderate 0.903 0.093 9.699 0.000 2.467 (2.056–2.963)

Severe 1.119 0.119 9.414 0.000 3.061 (2.427–3.868)

Extremely severe 0.985 0.178 5.519 0.000 2.677 (1.889–3.804)

Perceived stress (ref: Low)

Medium 0.306 0.061 5.048 0.000 1.358 (1.206–1.530)

High 0.620 0.148 4.189 0.000 1.858 (1.394–2.491)

β is the regression coefficient. SE, standard error; OR, odds ratio; CI, confidence interval.
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limitations that necessitate consideration. Firstly, our study’s cross-
sectional nature precludes the establishment of causal relationships 
between the identified factors and PMS. To facilitate a more 
comprehensive understanding of these associations, we recommend 
future research to prioritize longitudinal investigations. Secondly, 

reliance on self-reported measurements in this study introduces the 
potential for recall bias due to the inherent subjectivity of such 
assessments. Thirdly, the utilization of the number of sanitary napkins as 
the method for measuring menstrual flow may introduce measurement 
bias. However, this study offers valuable insights with implications for 

FIGURE 3

Nomogram model for predicting the risk of PMS in nurses.

FIGURE 4

The nomogram model predicts the receiver operating characteristic curve of the PMS in nurse. [(A) training set and (B) test set].
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FIGURE 5

Calibration curve of the nomogram model for predicting PMS in nurses. [(A) training set and (B) test set].

clinical practice and preventative strategies. We aspire that the observed 
higher incidence of PMS serves as a catalyst for increased awareness 
among nurses and healthcare administrators. In addition, we strongly 
recommend that nurses with menstrual abnormalities can seek medical 
evaluation and intervention. Finally, we  also highly endorse the 
establishment of nurse counseling centers, the implementation of staff 
wellness programs, or the integration of virtual reality technology to 
bolster nurses’ mental health and overall well-being. A healthier nursing 
workforce is pivotal for ensuring the safety and care quality of patients.

6. Conclusion

The prediction model developed in this research demonstrates 
its potential to effectively predict PMS risk in nurses. The 
identified risk factors include severe dysmenorrhea, 
intermenstrual bleeding, irregular menstrual cycle, severe 
depression and anxiety, high stress, negative coping style, 
workplace bullying, poorer sleep quality and tea or coffee 
consumption increased the risk of PMS in nurses. As we move 
forward, it is crucial to refine the risk prediction model, validate 
its effectiveness in clinical settings, and continue exploring 
innovative approaches to support nurses in managing and 
mitigating the impact of PMS.
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Background: Needlestick and sharp injuries (NSI) carry the risk of transmitting 
numerous bloodborne pathogens, leading to both health and economic burdens. 
The underreporting of NSIs among healthcare workers (HCWs) is a global issue 
of concern, as timely treatment and prevention of complications rely on proper 
reporting. Underreporting further impedes accurate surveillance and appropriate 
resource allocation, with developed and developing nations facing disparities due 
to differences in healthcare policy.

Purpose: The purpose of this research is to examine the epidemiology of NSIs 
and NSI underreporting, as well as to identify the determinants associated with 
the occurrence of NSIs and the underreporting of such injuries.

Method: A retrospective online survey was conducted from January 15 to January 
31, 2022 among healthcare workers (HCWs) across Gansu Province, China.

Results: A total of 7,283 healthcare workers (HCWs) from various institutions 
participated in this study. After quality assurance checks, 6,464 (88.77%) 
responses were included in the final analysis. Results revealed a 32.86% self-
reported needlestick and sharp injury (NSI) incidence among respondents, with 
28.53% of NSIs going unreported. Contrary to common belief, more experienced 
HCWs exhibited higher rates of both NSIs and underreporting compared to their 
less experienced peers. The primary reasons cited for NSIs and underreporting 
were lapses in concentration and not perceiving patients as infectious. 
Multivariate regression analysis exposes the significant influence of training 
frequency, occupation, department and years of services on the occurrence 
of NSIs. Conversely, the reporting of NSIs is primarily influenced by training, 
reimbursement,occupation, department and hospital grade. Compared to HCWs 
with no training, those who received ≥3 training sessions per year showed a 
12.16% lower NSI incidence (27.12% vs. 39.28%, p  <  0.001) and a 55.68% lower 
underreporting rate (14.61% vs. 70.29%, p <  0.001).

Conclusion: There is a pressing need for enhanced surveillance, tailored training 
programs, and more efficient reporting mechanisms to combat this significant 
occupational health challenge.
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needlestick and sharp injuries, underreporting, training, health care workers (HCWs), 
China
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Background

Needlestick and sharp injuries (NSI) is one of the most prevalent 
occupational hazards encountered by healthcare workers (HCWs) (1). 
Other than hepatitis B virus (HBV), hepatitis C virus (HCV), and 
human immunodeficiency virus (HIV), these injuries can transmit over 
20 dangerous bloodborne pathogens that may result in severe or even 
fatal health outcomes (2). Beyond the risk of bloodborne infections, 
NSIs confer significant psychological (3, 4) and economic burdens on 
affected HCWs (5). According to estimates by the World Health 
Organization (WHO), approximately 35 million NSIs occur among 
HCWs annually on a global scale (6). Some scholars estimate there 
could be as many as 3.8 million NSIs among HCWs in China annually, 
a figure ten times greater than estimates for the United States (2, 7).

NSI underreporting is relatively common, occurring due to 
concerns over the perceived severity of the injury，social bias，or 
Cumbersome reporting procedures (8). Behzadmehr et al.’s meta-
analysis containing 41 studies highlights a positive correlation 
between NSIs reporting rates and socio-economic development. 
Notably, low-income countries exhibit a 75% underreporting rate, 
middle to high-income countries 61.5%, and high-income countries 
52.4%. Geographically, Southeast Asia reports the highest at 87.9%, 
while the United  States reports the lowest at 47.8% (6). This 
discrepancy can be attributed to the comparatively inadequate public 
health infrastructure and regulatory frameworks in these developing 
countries (6, 9, 10). Reporting is crucial to enable timely treatment 
and prevent complications. Underreporting impedes accurate 
monitoring and resource allocation, necessitating improved 
surveillance to address this global public health issue.

Occupational differences exist in both the prevalence and 
reporting of NSIs among HWCs. Studies have examined NSIs among 
various HWCs professions, including nursing students (8), dentists 
(11, 12), resident physicians (13–15), surgeons (16), and OR nurses 
(17). Significant variations are observed in the frequency and 
reporting habits between these groups (8, 12, 14, 18, 19). However, the 
epidemiology of underreported NSIs remains unclear, with limited 
multi-center studies and ambiguous evidence on influencing factors. 
Few studies have thoroughly investigated underreporting behaviors 
with large sample sizes. Often, when addressing NSI underreporting 
rates, there is a lack of in-depth exploration into crucial individual and 
organizational factors, such as shame, fear, training, and safety culture. 
Furthermore, determinants of NSI underreporting are not well 
defined. This research aims to help address these knowledge gaps 
through a comprehensive investigation of NSI epidemiology among 
thousands of HCWs in diverse hospital settings across Gansu 
Province, China. We  hope to uncover factors impacting NSI 
prevalence and underreporting rates and the influence of 
focused training.

Methods

Study site

Gansu Province is located in northwest China, with a 
population of 25 million as of 2021 (20). Gansu ranked second last 
among all provinces in GDP per capita in 2019 (21). As one of the 

most underdeveloped provinces in the country, Gansu faces 
significant economic constraints and healthcare resource shortages. 
By the end of 2021, Gansu had only 2.84 practicing physicians per 
1,000 population, lower than the national average of 3.04. The 
healthcare infrastructure includes 699 hospitals and 24,373 primary 
care clinics (20). However, accessibility and service quality remain 
challenging, especially in rural areas.

Study population

As a large, underdeveloped province, Gansu’s healthcare 
delivery relies heavily on its county-level hospitals and township 
health centers network. We strived for a representative sample by 
including all major public hospitals and primary care sites from 
urban and rural areas. This study included 646 public hospitals 
across Gansu Province, comprising 361 general hospitals, 116 
traditional Chinese medicine hospitals, and 169 specialized 
hospitals. Additionally, 698 community health centers were 
enrolled. However, health centers and clinics situated in cities below 
the county level, as well as health facilities without inpatient beds 
were excluded, given the infeasibility of gathering reliable statistics 
from such fragmented settings. Due to similar scope of practice and 
staff counts, community health centers and township hospitals were 
analyzed jointly. All HCWs were categorized into three occupational 
groups: physicians, nurses, and others (including technicians, 
anesthetists, laboratory staff, and janitorial staff). Ethics approval 
was obtained from the Lanzhou University Second Hospital review 
board with the waiver of informed consent. All methods were 
carried out in accordance with the Declaration of Helsinki and 
relevant guidelines and regulations.

Data collection and definition

This study utilized an online questionnaire survey distributed 
to healthcare facilities through provincial and local health 
authorities. An online platform was chosen to efficiently reach the 
large number of HCWs across Gansu province. Between January 15 
and 31, 2022, a survey was conducted, accessed through a QR code 
to an online platform. Notably, the survey focused on NSIs and 
reporting states, specifically those occurring between January 14, 
2021, and January 15, 2022. It’s important to highlight that the 
questionnaire maintained anonymity, refraining from collecting 
personal identifiers like names or ID numbers to promote candid 
and unbiased responses.The questionnaire comprised 12 items, 
including seven demographic questions and five items on 
occupational exposures and associated factors 
(Supplementary File S1).

Statistical analysis

The primary outcome in this study is the NSI reporting rate, 
while the secondary outcome is the overall NSI prevalence. The 
study started by conducting a descriptive analysis of the distribution 
of NSI prevalence and reporting rates across various demographic 
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categories. A chi-square test was employed to ascertain the gap 
among distinct demographic groups.

Moreover, the investigation proceeds to validate the factors 
contributing to the occurrence and non-reporting of NSI among 
HCWs with varying years of service. This examined the reasons 
behind the occurrence and non-reporting of NSIs, differentiating 
across personnel with diverse lengths of service. Furthermore, by 
employing the Margin model, the study calculates the marginal 
impact of differing training frequencies and diverse reimbursement 
claims on the incidence and reporting rates of NSIs based on the 
results of logistical regressions. The study adopts a significance 
threshold of p < 0.05 to establish statistical significance. The study used 
Microsoft Office 2016 for data management and Stata 17 for 
comprehensive statistical computation and analysis.

Results

A total of 7,283 HCWs from various institutions participated in 
the study. 6,464 (88.77%) of these responses passed the quality 
assurance checks. 2,134 (32.86%) reported experiencing NSIs. Among 
those who had experienced an NSI, 606 (28.53%) did not report the 
incident. The sample included 1,681 HCWs from primary hospitals, 
2,683 from secondary hospitals, and 2,100 from tertiary hospitals. 
There were 4,873 females and 1,591 males.

Table 1 reports the characteristics of NSIs and underreporting 
among 6,464 HCWs across different healthcare institutions, 
departments, and demographic groups. By healthcare institution, 
tertiary hospitals had the highest NSI rate at 773 (36.81%) compared 
to 500 (29.74%) in primary hospitals (p  < 0.001). The surgery 

TABLE 1 Characteristics of NSIs and underreported NSIs by HCWs.

N =  6,464 NSIs % P Underreported % P

Healthcare institution <0.001 <0.001

Primary hospital 1,681 500 29.74 248 49.60

Secondary hospital 2,683 861 32.09 190 22.07

Tertiary hospital 2,100 773 36.81 168 21.73

Gender 0.382 <0.001

Femal 4,873 1,623 33.31 426 26.25

Male 1,591 511 32.12 180 35.23

Department <0.001 0.006

Pediatric 464 165 35.56 48 29.09

Other departments 1,925 502 26.08 151 30.08

Internal medicines 2,432 772 31.74 247 31.99

Surgery 833 360 43.22 88 24.44

Obstetrics and gynecology 475 191 40.21 44 23.04

Emergency department 205 93 45.37 15 16.13

Intensive care unit 130 51 39.23 13 25.49

Education 0.303 0.646

Junior college 2,742 880 32.09 259 29.43

Undergraduate 3,659 1,230 33.62 341 27.72

Graduate or above 63 24 38.10 6 25.00

Professional title <0.001 0.121

Ungraded 978 262 26.79 84 32.06

Primary 3,457 1,132 32.75 297 26.24

Medium-grade 1,464 520 35.52 159 30.58

Senior 565 220 38.94 66 30.00

Years of service <0.001 0.010

≤1 559 144 25.76 31 21.53

>1- ≤ 5 1,535 504 32.83 125 24.80

>5 4,370 1,486 34.00 450 30.28

Occupation <0.001 <0.001

Other 694 142 20.46 113 79.54

Doctor 2,544 790 31.05 545 68.95

Nurse 3,226 1,065 33.01 668 62.74
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TABLE 2 Effect of training and reimburse on NSIs and report rate.

N =  6,464 NSIs % P N =  2,134 Underreported % P

Training on occupational exposure 

prevention and management
<0.001 <0.001

No 791 276 34.89 276 194 70.29

1/year 3,060 1,008 32.94 1,008 271 26.88

2/year 1,061 412 38.83 412 77 18.69

≥3/year 1,552 438 28.22 438 64 14.61

Cost coverage following occupational 

exposure
<0.001

Unclear 121 56 46.28

Borne by the individual 875 357 40.80

50% by the individual and 50% by the 

hospital
328 56 17.07

Reimbursed by the employer 810 137 16.91

FIGURE 1

Estimate NSIs and report rate with varying training.

department had the highest NSI rate at 360 (43.22%), while other 
departments had the lowest at 502 (26.08%) (p < 0.001). Regarding 
underreporting, emergency department staff had the lowest rate at 15 
(16.13%) versus 274 (31.99%) from internal medicines (p < 0.001).

Overall, increased training frequency lowered NSI incidence and 
un-reporting rate (p < 0.001). Specifically, ≥3 training per year resulted 
in a 12.16% lower incidence (27.12% vs. 39.28%, p < 0.001) and a 
55.68% lower underreporting rate (14.61% vs. 70.29% p < 0.001) 
versus no training. Full reimbursement of costs following occupational 
exposure was associated with a 29.37% higher reporting rate than 
unclear policies (83.09% vs. 53.72%, p < 0.001) (Table 2).

Figure 1 examines the marginal impact of training frequency on 
NSI prevalence and reporting rates. Increased training correlates with 
lower NSI prevalence and higher reporting rates. Specifically, 
compared to no training, ≥3 trainings per year reduces the predicted 
NSI probability by 12.15%. More frequent training also enhances 
reporting compliance, with the expected reporting probability rising 
by 30.54 to 39.76% relative to no training, depending on training 
frequency (Figure 1). This analysis is based on two logistic regression 
results derived from the supporting file: one encompassing all 6,464 
survey participants， as HCWs with over 5 years of service exhibit 
elevated odds (OR 1.28), while nurses demonstrate a substantial 
increase in risk (OR 1.93). More frequent training sessions, especially 
≥3/year, are associated with significantly lower odds of NSIs (OR 0.56)
(Supporting file 2). Another focusing on the subset of 2,134 
participants who experienced NSI. Reveal secondary hospitals 
(OR = 1.98) exhibit increased odds of underreporting, contrasting 
with doctors who display significantly lower odds (OR = 0.53). Higher 
training frequency, notably ≥3 sessions/year, substantially raises the 
odds of underreporting (OR 8.41)(Supporting file 3). Despite the 
diversity in NSI occurrences, our multivariate regression analysis did 
not reveal significant differences based on tenure for unreported NSI.

NSIs can occur multiple times within a year, and various factors 
may precipitate each incident. Therefore, questions regarding the 
reasons for NSIs allowed multiple choices. Figure 2 examines self-
reported causes of NSIs among HCWs with varying years of service. 
Lack of concentration was the most common contributor across all 
experience groups. Non-compliance of patients was similar across 
groups (39–41%). The <1-year group reported the highest rates of 

poor surgical/procedural technique (27%). Lack of concentration 
decreased slightly from 43% (<1-year) to 37% (1–5 years), then rose 
to 42% (>5-years). Poor cooperation among staff was consistent 
(13–15%).

Figure 3 examines self-reported reasons for not reporting NSIs 
among HCWs across varying years of service. Not perceiving the 
patient as infectious was the top reason for underreporting in all 
groups, though this decreased slightly from 55.8% (≤1-year) to 48.5% 
(>5-years). Unawareness of reporting procedures was higher in less 
experienced groups (26.9% for ≤1-year vs. 14.7% for 1–5 years). 
Perceiving trivial infection risk and cumbersome processes were also 
more significant concerns among experienced HCWs. Fear of blame 
remained low and consistent. Notable differences emerged in the 
perceived infectiousness of the patient and awareness of reporting 
protocols based on years of experience.

Discussion

The self-reported 32.86% NSI prevalence in this study is notably 
higher than the rates observed in developed countries such as 

107

https://doi.org/10.3389/fpubh.2023.1292906
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tonghui et al. 10.3389/fpubh.2023.1292906

Frontiers in Public Health 05 frontiersin.org

Australia (16.6%) (15) and Switzerland (9.7%) (22). Extensive research 
has demonstrated a strong correlation between NSI prevalence and 
socio-economic development, influenced by factors including 
workforce allocation, safety culture, and equipment availability (6, 9, 
23). Hence, it is justifiable to suggest that the lower NSI rates found in 
studies conducted in underdeveloped regions with limited reporting 
systems could be due to reduced reporting. This perspective offers a 
plausible explanation for the elevated NSI rate in this study compared 
to the rates in Nigeria (24.5%) (24) and Thailand (23.7%) (17), both 

of which possess lower economic and social standing than China. 
Furthermore, the study findings also indicate that the NSI prevalence 
within Gansu Province is notably lower than that of several 
underdeveloped nations, such as Iran (81.7, 54%) (25, 26), and India 
(49.1, 35.3%) (27, 28), thereby illustrating regional variations within 
the broader context of global disparities. The research findings reveal 
a noteworthy underreporting rate of 28.53% for NSI, a figure 
significantly below the wide range of 95.4 to 39.7% reported by various 
scholars in surveys across different regions of China (3, 8, 29–33). This 

FIGURE 2

Self-reported causes of NSIs among HCWs with varying years of service.

FIGURE 3

Self-reported reasons for not reporting among HCWs with varying years of service (N =  972).
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rate also remarkably contrasts with the 46.9% average reported by 
Razieh for the Western Pacific region (9). The substantial disparities 
in NSI prevalence and underreporting rates among studies underscore 
the pressing need for a standardized definition of NSI and the 
establishment of comprehensive reporting systems within China and 
globally. These measures are essential to ensure accurate data 
collection and enhance HCW safety worldwide.

In contrast to the prevailing perception held by some healthcare 
professionals or statistical data from developed states (13, 19), It’s 
worth noting that even though experienced staff may experience fewer 
injuries due to improved skills, they may still face increased risks 
associated with workload and burnout. Our study provides novel 
evidence that, within the context of the Chinese healthcare system, 
experienced HCWs (>5-years) display heightened NSIs and 
underreported rates as opposed to a decline when contrasted with 
their less experienced counterparts (<1-year).

Our study offers a cautiously approached and unique perspective 
by dissecting the causes of NSIs and underreported NSIs according to 
HCWs’ years of service, a dimension that has not been extensively 
explored in prior research. This novel approach suggests the potential 
for tailoring HCWs’ training programs to align with their tenure, 
necessitating careful consideration. Among junior HCWs (<1 year), 
we have observed a noticeably higher likelihood of injuries attributed 
to inadequate skills and an increased tendency for non-reporting due 
to their limited familiarity with established protocols.

Our findings are consistent with prevailing research (18, 22, 33, 
34), which suggests that the primary factor contributing to the 
underreporting of NSI is the perception of minimal infection risk. 
Unlike studies conducted in Europe and North America (18, 22, 34), 
our results, akin to Shiao et al.’s (33) investigation in Taiwan, identify 
a lack of familiarity with reporting procedures as the second major 
cause of underreporting. Significantly, we observed notable differences 
in this aspect across various years of work experience. This disparity 
underscores substantial regional variations in reporting practices, 
likely influenced by diverse healthcare systems and professional 
norms. In line with broader research trends, our study emphasizes that 
a cumbersome reporting process remains a substantial worldwide 
barrier to the reporting of NSIs. Notably, our findings reveal that this 
barrier is particularly pronounced in the >1- ≤ 5 years of work 
experience group. However, contrary to the significant differences in 
reason for unreported NSI among different tenure groups. There is an 
absence of statistical differences in the multivariate regression of 
unreported cases across various tenure groups.

Our research confirms that increasing annual training sessions for 
NSIs correlates with lower NSI rates. Importantly, training notably 
influences reporting, with a single session annually increasing 
reporting by nearly 40%. Comparable effects are also seen in cost 
reimbursement systems, where institutions and individuals sharing 
costs boost reporting rates by 23.73%. These results underscore the 
significant implications of robust training programs for both 
preventing NSIs and fostering a safety culture within 
healthcare institutions.

Limitations

This study’s methodology involves convenience sampling, with 
participants self-reporting data. This approach inherently introduces a 

certain level of bias due to the self-reported nature of the data 
collection. Secondly, the study exclusively includes public medical 
institutions, omitting private healthcare facilities and individual clinics. 
Third, a noteworthy limitation arises from the study’s retrospective 
nature, requiring participants to recall NSIs from the past year. This 
unavoidably leads to some degree of recall bias. Moreover, due to 
research constraints in objectives and questionnaire length, the study 
did not extensively investigate the impact of diverse training durations, 
types, and effectiveness on NSI incidence and reporting rates. These 
factors, deemed crucial influencers, necessitate further research to 
achieve a comprehensive understanding of NSIs among HCWs.

Conclusion

This cross-sectional study surveyed the prevalence and 
underreporting rate of NSIs among over 7,000 HCWs in Gansu Province, 
China. The study population covered physicians, nurses, and other 
HCWs from public hospitals across all levels and community health 
centers in the province. The results showed a self-reported NSI incidence 
of 32.86%, of which 28.53% went unreported. Tertiary hospitals and the 
surgery department are particularly affected. Experienced healthcare 
workers, contrary to common belief, exhibit higher NSI and 
underreporting rates than their less-experienced counterparts. The 
primary reasons behind NSIs and underreporting are lapses in 
concentration and not perceiving patients as infectious. However, our 
findings also emphasize the positive impact of frequent training and 
improved reimbursement policies on reducing NSIs and encouraging 
reporting. In light of these results, there is a pressing need for enhanced 
surveillance, tailored training programs, and more efficient reporting 
mechanisms to combat this significant occupational health challenge.
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Introduction: The role of ophthalmologists is defined by tasks requiring visual 
effort, emphasizing the importance of examining their condition within the 
realm of occupational visual health. Our goal was to explore the occurrence of 
asthenopia among Chinese ophthalmologists and identify contributing factors 
through the use of a reliable and validated survey instrument.

Methods: A national cross-sectional online survey was carried out in June 
2017, involving 6,220 practicing ophthalmologists in China. Utilizing an 11-
item Asthenopia Survey Questionnaire with established reliability and validity. 
Prevalence rates of asthenopia among subgroups categorized by age, gender, 
hospital classification, physician level, daily near vision activity duration, sleep 
duration, sleep quality, presbyopia status, and history of eye surgery were 
determined using the independent t-test, chi-square test and bonferroni test. 
Multiple logistic regression analysis was employed to pinpoint independent 
factors linked to asthenopia.

Results: Out of the 5,009 ophthalmologists who completed the survey, a 40.7% 
prevalence of asthenopia was identified. Multivariate analysis revealed that good 
sleep quality (OR: 0.24, 95%CI: 0.20–0.30), moderate sleep quality (OR: 0.47, 
95%CI: 0.38–0.59), engaging in daily near vision activities for less than 7  h (OR: 
0.76, 95%CI: 0.68–0.86), having daily sleep duration exceeding 7  h (OR: 0.87, 
95%CI: 0.77–0.98), and working in tertiary hospitals (OR: 0.88, 95%CI: 0.78–
0.99) were protective factors against asthenopia. Conversely, presbyopia was 
identified as a risk factor (OR: 1.33, 95%CI: 1.04–1.70). All calculated p values 
were below 0.05. Age, gender, physician level, and eye surgery history were not 
related factors.

Conclusion: Asthenopia is prevalent among Chinese ophthalmologists, with 
employment in tertiary hospitals providing a protective effect and presbyopia 
is a risk factor. Preventive strategies include improving sleep quality, restricting 
daily near vision activity to under 7  h, and extending daily sleep duration to over 
7  h. Further investigation is needed to explore the protective implications of 
working in tertiary hospitals.
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1 Introduction

Asthenopia, characterized by visual fatigue or eye strain, is a 
prevalent vision disorder affecting a substantial portion of the 
population (1). This syndrome involves subjective sensations of ocular, 
visual, or systemic discomfort, significantly impacting attention, work 
capacity, and overall performance (2, 3). The widespread integration 
of digital devices into daily life has increased the risk of asthenopia for 
individuals across all age groups (4–7).

A notable shift in the contemporary workforce is the increased 
visual demands, especially concerning near-range vision in diverse 
work environments (8). Within occupational settings, asthenopia 
emerges as a prominent ocular condition (9, 10). Ophthalmologists, 
distinct in their visual occupational health challenges compared to 
other medical professionals, undertake intricate tasks requiring 
substantial visual effort. Their activities include operating in dimly lit 
conditions, utilizing computers, slit lamps, and surgical microscopes. 
Their specialized knowledge uniquely positions them to prevent, 
alleviate, and promptly address asthenopia.

While previous researches have explored asthenopia prevalence, 
limited attention has been given to its occurrence among medical 
professionals and undergraduate students. A study in Lisbon involving 
27 ophthalmologists reported a prevalence of 92.6% (11). Similarly, a 
study in Kathmandu with 208 undergraduate medical students during 
the COVID-19 pandemic revealed a prevalence of 90.8% (12). Earlier 
investigations have linked asthenopia to personal and environmental 
factors, such as advancing age (4), prolonged periods of near vision 
tasks (7), emotional states (13), and lighting mismatches between the 
screen and surroundings (14). The identification of risk and protective 
factors related to asthenopia is crucial. While previous studies 
primarily relied on questionnaires, allowing individuals to more 
accurately assess their symptoms, no study to date has explored 
asthenopia prevalence and risk factors among Chinese  
ophthalmologists.

With this context, we conducted a national survey to investigate 
the prevalence and determinants of asthenopia among 
ophthalmologists in China, utilizing a reliable and validated 
survey tool.

2 Materials and methods

2.1 Study design

This cross-sectional nationwide web-based survey was conducted 
in June 2017. Invitations were distributed through the DoctorCircle 
physician community software (Shenzhen, China) to 6,220 registered 
ophthalmologists practicing in China. Anonymous data collection was 
facilitated using the online survey tool WJX (Changsha, China), and 
the survey remained open for 1 week.

2.2 Ethical approval

Ethical clearance for this study was obtained from the Institutional 
Ethics Committee of The Eye Hospital of Wenzhou Medical University 
(Approval No. KYK-2016-8). The study adhered to the principles of 
the Declaration of Helsinki. Participants received information 

regarding the survey’s purpose, significance, content, and privacy 
protection before engaging in the survey.

2.3 Sample size calculation

The required minimum sample size was calculated using the 

formula: n
z p p
E

=
−( )2

2

1
, where Z = 1.96 (95% confidence interval), P 

was set at 12.1% based on a similar survey in China (6), and 
E = 0.1 × P. Thus, the minimum sample size was determined to 
be 2,791.

2.4 The questionnaire

The questionnaire, illustrated in Figure 1, comprised two sections. 
The initial section collected demographic and work pattern 
information, encompassing age, gender, institution type, and physician 
level. Participants provided details on their average duration of near 
vision activities in the past 2 weeks, involving the use of microscopes 
and digital devices, along with information on sleep duration, quality, 
and any history of eye surgery.

The second section utilized the 11-item Asthenopia Survey 
Questionnaire (ASQ-11), previously developed by our research group 
has been acknowledged as a reliable and validated survey instrument 
for assessing asthenopia among the Chinese population (15, 16), to 
evaluate asthenopia. Rooted in classical test theory, the ASQ-11 was 
crafted based on a literature review and underwent validation through 
expert consensus, pre-testing, pilot testing, and re-evaluation. 
Participants assessed the occurrence of 11 ocular, visual, and systemic 
symptoms over the previous 2 weeks. These symptoms included Q1: 
eye discomfort, Q2: eye dryness, Q3: eye pain, Q4: eye soreness, Q5: 
eye tightness, Q6: discomfort due to screen brightness, Q7: difficulty 
focusing on near objects, Q8: concentration challenges, Q9: dizziness 
or headaches, Q10: anxiety due to asthenopia, and Q11: depression 
due to asthenopia.

Each question employed a five-point response scale, ranging from 
“none” (0), “mild” (1), “moderate” (2), “severe” (3), to “profound” (4). 
The total score of the questionnaire equated to the sum of individual 
question scores. Participants with a total score of 9 or higher were 
categorized as experiencing asthenopia, with a sensitivity of 74.19% 
and a specificity of 80.65% as detailed in our previous publication (16).

The survey was administered online, permitting a single IP 
address to respond once. Response time was restricted to 1–10 min 
based on the previous reported average completion time (2.82 ± 0.43) 
mins, with submissions beyond this range considered invalid.

2.5 Statistical analysis

Statistical analyses were conducted using SPSS 25.0 software (SPSS 
Inc., Chicago, IL). Continuous variables were presented as 
mean ± standard deviation or as median (interquartile range, IQR). 
Categorical variables were expressed as counts and percentages. The 
durations of near vision activity and sleep were categorized into two 
groups (≤7 h per day and > 7 h per day) based on their median values. 
Their presbyopia status was categorized as yes (≥45-years-old) and no 
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(<45-years-old) based on the age when negative patient impact of 
presbyopia on visual function and quality of life in previous reports (17, 
18). Associations between different factors and asthenopia prevalence 
were assessed using the independent t-test or chi-square test or bonferroni 
test. Factors with p values below 0.1 were included in the forward 
likelihood ratio method of multiple logistic regression analysis. A value of 
p less than 0.05 was considered statistically significant.

3 Results

In this study, 6,220 questionnaires were distributed, with 5,578 
(89.7%) being successfully retrieved. Among these, 5,009 (80.5%) 
questionnaires from 28 regions across China were considered valid, 
while 569 were deemed invalid due to demographic information 
omissions (232 cases), missing asthenopia-related symptom responses 

FIGURE 1

The survey questionnaire form.
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(253 cases), and response times exceeding the designated range (84 
cases). Examination of the 232 demographic information incomplete 
questionnaires revealed no substantial divergence in asthenopia 
prevalence compared to the calculated rate from the valid 5,009 
questionnaires (40.1% vs. 40.7%, p = 0.031).

3.1 Asthenopia and demographic factors

The overall prevalence of asthenopia among the 5,009 
participating ophthalmologists was 40.7%. Participant ages ranged 
from 22 to 60 years, with a mean age of 35.2 ± 8.6 years. As detailed in 
Table 1, the majority were females (60.8%), approximately half (49.9%) 
worked in tertiary hospitals, and 37.4% were attending doctors. 
Median durations of near vision activity and sleep were 7 h per day 
(IQR: 5.0; 9.0) and 7 h per day (IQR: 7.0; 8.0), respectively. Sleep 
quality was reported as moderate by 43.0% of participants and good 
by 48.2%. 18.1% participants were presbyopia and only 5.7% reported 
a history of eye surgery.

Furthermore, asthenopia prevalence was significantly lower 
among younger ophthalmologists, those working in tertiary hospitals 
and chief doctors, those engaging in less than 7 h of daily near vision 
activity, individuals sleeping more than 7 h per day, with good or 
moderate sleep quality, and without presbyopia. No significant 
prevalence difference was observed based on gender or eye surgery 
history, as indicated in Table 1.

3.2 Multivariate analysis of selected factors

After multivariate analysis (all p values <0.05), six factors emerged 
significantly associated with asthenopia, as presented in Table 2. The 
most potent protective factor was good sleep quality (OR: 0.24, 95% 
CI: 0.20–0.30), followed by moderate sleep quality (OR: 0.47, 95% CI: 
0.38–0.59), engaging in less than 7 h of daily near vision activity (OR: 
0.76, 95% CI: 0.68–0.86), sleeping over 7 h per day (OR: 0.87, 95% CI: 
0.77–0.98), and working in tertiary hospitals (OR: 0.88, 95% CI: 0.78–
0.99). Presbyopia (OR: 1.33, 95% CI: 1.04–1.70) was identified as a risk 
factor. Advancing age (OR: 0.99, 95% CI: 0.98–1.01, p = 0.344) and 
physician level (OR: 0.75, 95% CI: 0.56–1.06, p = 0.065) were not 
related after multivariate adjusting.

3.3 Comparison of related factors between 
ophthalmologists working in tertiary and 
non-tertiary hospitals

The prevalence of asthenopia was lower among ophthalmologists 
working in tertiary hospitals compared to non-tertiary hospitals 
(39.3% vs. 42.1%, p = 0.043). As outlined in Table 3, ophthalmologists 
working in tertiary hospitals were significantly younger 
(34.9 ± 8.6 years vs. 35.6 ± 8.5 years, p = 0.008), with a higher 
proportion engaging in over 7 h of daily near vision activity (47.8% 
vs. 44.9%, p = 0.036), and a lower proportion sleeping over 7 h per 
day (35.5% vs. 39.7%, p = 0.002). No statistical differences were 
observed in physician level, sleep quality, and presbyopia status 
between the two groups (p values were 0.329, 0.780 and 0.078, 
respectively).

3.4 Comparison of asthenopia symptoms 
between ophthalmologists working in 
tertiary and non-tertiary hospitals

The occurrence of the following five asthenopia symptoms was 
lower among ophthalmologists in tertiary hospitals compared to 
non-tertiary hospitals (all p values <0.05): eye tightness (54.9% vs. 
58.2%), discomfort due to screen brightness (81.4% vs. 84.8%), 
dizziness or headaches (38.6% vs. 43.2%), anxiety due to asthenopia 
(46.1% vs. 50.8%), and depression due to asthenopia (30.7% vs. 
35.0%). Figure 2 illustrates the frequency of each asthenopia symptom 
perceived by ophthalmologists in the two groups.

4 Discussion

Ophthalmologists face unique occupational health challenges, 
particularly concerning asthenopia. Our study represents a 
groundbreaking application of the reliable and validated ASQ-11 
survey tool among Chinese ophthalmologists, revealing a 40.7% 
prevalence of asthenopia within this professional group. According to 
the latest data from the China National Blindness Prevention 
Technical Steering Group, there are approximately 44,800 
ophthalmologists nationwide (19), making our analysis encompass 
11.2% (5,009) of this population. Significantly, our research identifies 
working in tertiary hospitals as a protective factor against asthenopia 
for Chinese ophthalmologists. Additionally, we recognize superior 
sleep quality, engaging in less than 7 h of daily near vision activity, 
sleeping more than 7 h per day as protective factors, while presbyopia 
emerges as a risk factor.

The prevalence of asthenopia in our group of ophthalmologist 
(40.7%) is notably lower than that reported among ophthalmologists 
in a university hospital in Lisbon (92.6%) (11). This difference can 
be attributed to variations in measurement tools; Lisbon’s study relied 
solely on self-reported eye strain and was limited to 27 participants, 
complicating the interpretation of its findings. Our large sample size 
enhances the reliability of our asthenopia prevalence estimation. 
Additionally, our observed prevalence among Chinese 
ophthalmologists is lower compared to other occupational groups: 
computer operators (46.3%) (20), Chinese college students (53.3%) 
(5), myopic individuals (57.0%) (21), radiologists (65.4%) (3), 
university instructors (70.4%) (22), bank employees (74.6%) (23), and 
information technology professionals (82.5%) (24). The lower 
prevalence among Chinese ophthalmologists may be attributed to a 
more precise and strict definition of asthenopia in this study, or their 
comprehensive knowledge of ophthalmology, likely contributing to 
effective asthenopia prevention. It is important to note that comparing 
asthenopia prevalence across different professions or populations is 
challenging. Standardized scoring systems and potentially objective 
assessment methods might be more suitable for making comparisons 
across populations (25).

Studies have consistently shown that advancing age is a risk factor 
for asthenopia (4, 21). Univariate factor analysis showed increasing 
age, chief doctors and presbyopia were risk factors associated with 
asthenopia in this study. However, presbyopia remained to be a risk 
factor, increasing age and chief doctors were not related after 
multivariate analysis to adjust the potential danger of co-variation 
between variables. It may be due to presbyopia being the key factor to 
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asthenopia, increasing age and chief doctors may lead to presbyopia. 
There is no doubt that doctors will achieve higher physician levels with 
the increasing age. Meanwhile, eye accommodation declines with age, 
and individuals over 40–45 years old are susceptible to asthenopia 
after prolonged near-distance work (4, 17, 18).

In this study involving Chinese ophthalmologists, multivariate 
analysis revealed that ophthalmologists working at tertiary hospitals 
had a 12% lower risk (OR = 0.88, p = 0.027) of experiencing asthenopia 
compared to those in non-tertiary hospitals. Despite ophthalmologists 
at tertiary hospitals spending more time on near vision tasks and less 
time on sleep (both of which were identified as risk factors for 
asthenopia in this study), a notably smaller proportion of them 
suffered from asthenopia compared to their counterparts at 

non-tertiary hospitals (asthenopia prevalence: 39.3% vs. 42.1%, 
p = 0.043). The unexpected outcome prompts an exploration of 
potential reasons. (1) Ophthalmologists at tertiary hospitals were 
younger (34.9 ± 8.6 years vs. 35.6 ± 8.5 years, p = 0.008) than those at 
non-tertiary hospitals, and lower percentage of presbyopia (17.2% vs. 
19.1%, p = 0.078) although two groups showed no statistical difference. 
Ophthalmologists can identify and manage age-related eye issues 
promptly, presbyopia associated with increasing age remains a risk 
factor for asthenopia among them. (2) Researches (6, 13) indicate that 
good mental well-being guards against asthenopia. Francesca’s study 
(26) also demonstrated a significant association between asthenopia 
and perceived anxiety (OR = 7.40, p < 0.001), as well as psychosocial 
factors (OR = 1.03, p = 0.026). We hypothesize that ophthalmologists 

TABLE 1 Participant demographics.

Variables Total (n  =  5,009) Asthenopia 
(n  =  2,039)

Non-asthenopia 
(n  =  2,970)

t orχ2 value* p value

Prevalence, % 40.7 59.3

Age, years (range) 35.2 ± 8.6 (22–60) 35.5 ± 8.9 (22–60) 35.0 ± 8.4 (22–60) 2.105a 0.035

Gender, n(%) 0.048b 0.827

Female 3,043 (60.8) 1,235 (60.6) 1,808 (60.9)

Male 1,966 (39.2) 804 (39.4) 1,162 (39.1)

Classification of hospital, n(%) 4.114b 0.043

Non-tertiary 2,510 (50.1) 1,057 (51.8) 1,453 (48.9)

Tertiary 2,499 (49.9) 982 (48.2) 1,517 (51.1)

Duration of near vision activity, n(%) 31.425b <0.001

>7 h per day 2,321 (46.3) 1,042 (51.1) 1,279 (43.1)

≤7 h per day 2,688 (53.7) 997 (48.9) 1,691 (56.9)

Physician level, n(%) 15.057b,c 0.002

Chief 312 (6.2) 153 (7.5) 159 (5.4)

Associate chief 957 (19.1) 408 (20.0) 549 (18.5)

Attending 1,871 (37.4) 716 (35.1) 1,155 (38.9)

Resident or intern 1,869 (37.3) 762 (37.4) 1,107 (37.2)

Sleep duration, n(%) 27.244b <0.001

≤7 h per day 3,125 (62.4) 1,360 (66.7) 1,765 (59.4)

>7 h per day 1,884 (37.6) 679 (33.3) 1,205 (40.6)

Sleep quality, n(%) 248.206b,d <0.001

Bad 439 (8.8) 289 (14.2) 150 (5.1)

Moderate 2,156 (43.0) 1,009 (49.5) 1,147 (38.6)

Good 2,414 (48.2) 741 (36.3) 1,673 (56.3)

Presbyopia status, n(%) 8.644b 0.003

No 4,101 (81.9) 1,630 (79.9) 2,471 (83.2)

Yes 908 (18.1) 409 (20.1) 499 (16.8)

History of eye surgery, n(%) 0.005b 0.943

No 4,723 (94.3) 1,922 (94.3) 2,801 (94.3)

Yes 286 (5.7) 117 (5.7) 169 (5.7)

*Comparison of demographic information of participants with asthenopia and non-asthenopia.
a Independent t-test; b Chi-square test; c Bonferroni test showed the prevalence of asthenopia among chief doctors was significantly higher than other level doctors (all p values < 0.05), and 
there were no statistical differences between every two subgroups of other level doctors (all p values > 0.05). Hence, the physician level was categorized as “chief doctors” and “associate chief 
doctors and below” in the next multivariate analysis; d Bonferroni test showed significant differences of the prevalence of asthenopia between every two subgroups of sleep quality (all p 
values < 0.05).
t or χ2 value with statistically significant were listed in bold.
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at tertiary hospitals possess better mental states and greater stress 
resilience. Lower percentages of experiencing anxiety (46.1% vs. 
50.8%, p = 0.001) or depression (30.7% vs. 35.0%, p = 0.001) due to 

asthenopia were noted among those working at tertiary hospitals in 
this study. Wang’s investigation (27) established that the mental health 
of psychiatric medical personnel at tertiary hospitals surpassed that of 

TABLE 2 Factors associated with asthenopia – multivariate binary logistic regression analysis.

Variables OR (95% CI) p value

Age, years 0.99 (0.98–1.01) 0.344

Classification of hospital

Non-tertiary Reference

Tertiary 0.88 (0.78–0.99) 0.027

Physician level

Chief Reference

Associate chief and below 0.75 (0.56–1.06) 0.065

Duration of near vision activity

>7 h per day Reference

≤7 h per day 0.76 (0.68–0.86) <0.001

Sleep duration

≤7 h per day Reference

>7 h per day 0.87 (0.77–0.98) 0.022

Sleep quality

Bad Reference

Moderate 0.47 (0.38–0.59) <0.001

Good 0.24 (0.20–0.30) <0.001

Presbyopia status

No Reference

Yes 1.33 (1.04–1.70) 0.025

OR, odd ratio; CI, confidence interval.
OR with statistically significant were listed in bold.

TABLE 3 Comparison of factors between ophthalmologists in tertiary and non-tertiary hospitals.

Variables Tertiary (n  =  2,499) Non-tertiary (n  = 2,510) t orχ2 value p value

Age, years 34.9 ± 8.6 35.6 ± 8.5 −2.665a 0.008

Physician level, n(%) 0.952a 0.329

Chief 164 (6.6) 148 (5.9)

Associate chief and below 2,335 (93.4) 2,365 (94.1)

Duration of near vision activity, n(%) 4.408b 0.036

>7 h per day 1,195 (47.8) 1,126 (44.9)

≤7 h per day 1,304 (52.2) 1,384 (55.1)

Sleep duration, n(%) 9.178b 0.002

≤7 h per day 1,161 (64.5) 1,514 (60.3)

>7 h per day 888 (35.5) 996 (39.7)

Sleep quality, n(%) 0.496b 0.780

Bad 212 (8.5) 227 (9.0)

Moderate 1,080 (43.2) 1,076 (42.9)

Good 1,207 (48.3) 1,207 (48.1)

Presbyopia status, n(%) 3.100b 0.078

No 2,070 (82.8) 2031 (80.9)

Yes 429 (17.2) 479 (19.1)

a Independent t-test; b Chi-square test.
t or χ2 value with statistically significant were listed in bold.
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non-tertiary hospitals, and they adopted more positive coping 
strategies. Naturally, this implies that beyond age, near vision activity 
duration, and sleep, other factors influence asthenopia. Future 
researches should encompass more potential factors to thoroughly 
explore the influencers of asthenopia in ophthalmologists.

Asthenopia, influenced by both mental and physical factors, reveals 
a significant insight in our study, particularly regarding the impact of sleep 
quality on disease. Our research indicates a dose-related relationship, 
where moderate sleep quality is associated with a 53% lower risk 
(OR = 0.47, p < 0.001), and good sleep quality corresponds to a 76% lower 
risk (OR = 0.24, p < 0.001) of asthenopia compared to poor sleep quality. 
This protective effect of enhanced sleep quality is consistent with findings 
in shift-working nurses (2) and college students (28). Previous studies (29, 
30) suggest that although poor sleep quality may not directly cause 
asthenopia, it can exacerbate the condition by influencing mood and 
worsening depressive symptoms. Longitudinal investigations also propose 
that sleep disturbances arising from subpar sleep quality may contribute 
to depression risk (31). Additionally, symptoms associated with 
asthenopia, such as dry eyes and headaches, can negatively impact sleep 
quality (32), exacerbating asthenopia.

Nevertheless, our study has several limitations. We depended on 
self-reported perceptions of each symptom to assess asthenopia rather 
than employing objective measurements. Integrating both subjective 
and objective assessments could have bolstered the study’s 
effectiveness. In capturing information about potential risk factors, 
we utilized single-item self-report questions to evaluate the duration 
of near vision tasks and sleep quality, potentially overlooking 
important details such as subspecialty, refractive defect, doctor-patient 
dynamics, and strategies for alleviating asthenopia. Other constraints 
include the cross-sectional design, preventing the drawing of causal 
inferences, and potential inaccuracies due to self-reporting. However, 
our investigation benefited from a substantial sample size, aiming to 
minimize bias, and relied on the reliable and validated ASQ-11 survey 
tool. Additionally, this study assessed participants’ subjective 
symptoms over the preceding 2 weeks to reduce recall bias.

In conclusion, preserving ocular health stands as a crucial 
occupational priority. This study revealed a 40.7% prevalence of 
asthenopia among Chinese ophthalmologists, highlighting working 
at tertiary hospitals as a protective factor and presbyopia as a risk 
factor. Preventive measures for asthenopia involve improving sleep 
quality, limiting daily near vision tasks to less than 7 h daily, and 
ensuring more than 7 h of sleep per day. Subsequent research is 
needed to delve into the role of tertiary hospitals as a protective factor.
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FIGURE 2

Illustration of the comparison of perceived asthenopia symptom frequencies among ophthalmologists in tertiary hospitals and non-tertiary hospitals 
(n  =  5,009). The symptoms evaluated include Q1: eye discomfort, Q2: eye dryness, Q3: eye pain, Q4: eye soreness, Q5: eye tightness, Q6: discomfort 
due to screen brightness, Q7: difficulty focusing on near objects, Q8: concentration challenges, Q9: dizziness or headaches, Q10: anxiety due to 
asthenopia, and Q11: depression due to asthenopia. Chi-square testing revealed significantly lower frequencies of Q5, Q6, Q9, Q10, and Q11 among 
ophthalmologists in tertiary hospitals compared to those in non-tertiary hospitals (all p values  <  0.05).
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Background: Minimally invasive surgery, in particular endoscopic surgery, 
has revolutionized the benefits for patients, but poses greater challenges for 
surgeons in terms of ergonomics. Integrating ergonomic assessments and 
interventions into the multi-stage endoscopic procedure contributes to the 
surgeon’s musculoskeletal health and the patient’s intraoperative safety and 
postoperative recovery.

Objective: The purpose of this study was to overview the objective 
assessment techniques, tools and assessment settings involved in 
endoscopic procedures over the past decade and to identify the potential 
factors that induce differences in high workloads in endoscopic procedures 
and ultimately to design a framework for ergonomic assessment in 
endoscopic surgery.

Methods: Literature searches were systematically conducted in the OVID, 
pubmed and web of science database before October 2022, and studies 
evaluating ergonomics during the process of endoscopic procedures or 
simulated procedures were both recognized.

Results: Our systematic review of 56 studies underscores ergonomic variations 
in endoscopic surgery. While endoscopic procedures, predominantly 
laparoscopy, typically incur less physical load than open surgery, extended 
surgical durations notably elevate ergonomic risks. Surgeon characteristics, 
such as experience level and gender, significantly influence these risks, 
with less experienced and female surgeons facing greater challenges. Key 
assessment tools employed include electromyography for muscle fatigue 
and motion analysis for postural evaluation.

Conclusion: This review aims to provide a comprehensive analysis and 
framework of objective ergonomic assessments in endoscopic surgery, 
and suggesting avenues for future research and intervention strategies. By 
improving the ergonomic conditions for surgeons, we can enhance their 
overall health, mitigate the risk of WMSDs, and ultimately improve patient 
outcomes.
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1 Introduction

With the advancement of science and technology, the terminology 
of “minimally invasive” has penetrated into various fields of surgical 
procedures. Endoscopic surgery, in particular, has the tremendous 
benefits of a smaller incision, little discomfort, and a quick recovery 
(1), which optimizes the enhancement of patients’ quality of life and 
recovery and significantly lessens patients’ suffering. However, a 
crucial participant in this successful change, the surgeon, has borne 
considerable unforeseen costs and ergonomic constraints (2). Surveys 
on laparoscopic surgery, for instance, have revealed that 73 to 100% 
(3) of surgeons who conduct standard laparoscopic surgery have 
WMSDs (Work-related Musculoskeletal Disorders), with a range of 
73 to 88% for complaints (4). This indicates a growing pandemic of 
patient benefit and physician misery. Unfortunately, endoscopic 
surgeons seldom come out to disclose injuries to their providers 
despite being aware of the higher physical demands and discomfort 
they encounter during surgery.

The development of WMSDs in endoscopic surgeons is complex 
and multifaceted. Unlike other occupations, several unique factors 
contribute to WMSDs in this group. Prolonged static positions 
commonly assumed during procedures lead to muscle fatigue and an 
elevated risk of WMSDs (5). The repetitive nature of endoscopic tasks, 
such as instrument manipulation and precise motor skills, can cause 
overuse injuries and musculoskeletal strain (6). Beyond physical 
strain, these procedures demand intense concentration and focus, 
leading to cognitive fatigue. This mental load can impair attention to 
proper body mechanics and temporarily mask muscle fatigue, 
contributing to a hazardous working environment. Furthermore, the 
interplay between physical and mental fatigue not only affects the 
surgeons but also poses a potential risk to patient safety. Fatigued 
surgeons operating in ergonomically challenging conditions are more 
likely to make errors, thereby compromising the safety of the 
procedures they perform (7). This connection underscores the urgent 
need for comprehensive strategies in healthcare that address both the 
physical and cognitive aspects of surgeon workload to enhance 
surgeon well-being and ensure patient safety.

Ergonomics is the scientific discipline which applies theory, 
principles, data and methods to design and optimize human well-
being (the overall health and quality of life) and overall system 
performance (8). In the past, ergonomic assessment and intervention 
studies have typically focused on industrial manufacturing, however, 
it has recently been discovered that surgeons tend to work in harsher 
environments and working conditions than some industrial 
workers (9).

For endoscopic surgery, ergonomics can be  integrated into all 
stages of the endoscopic surgery unit to provide a safe and comfortable 
ergonomic environment design for surgeons and patients (10), 
including preoperative surgeon scheduling, simulation training, and 
protocol planning; intraoperative layout and optimization of surgical 
instruments and patient position design; and postoperative safety care 
and interventions for occupational musculoskeletal disorders for 
endoscopic surgeons, as well as investment in construction of surgical 
instruments and surgical technology.

Ergonomics-based assessments assist in the early detection of 
environmental and individual potential factors on surgeons’ 
musculoskeletal health (11) and propose specific interventions. While 
workloads assessment has relied on paper-based subjective 

questionnaires over the years, with the development of information 
technology and human factors engineering, some objective assessment 
methods have emerged and have proven to be more thorough and 
sensitive to the identification of characterization of WMSDs (12). 
Motion analysis, force platform, and biochemical parameters such as 
surface EMG are beginning to be used in endoscopic surgery analysis 
of objective ergonomics for surgeons; and combined with subjective 
questionnaire collection to obtain high reliability assessment results.

Accordingly, given the explicit information extracted from the 
existing literature, the purpose of the work in this review is to analyze 
objective ergonomic assessment studies in endoscopic surgery to (a) 
ascertain the sources of heterogeneity and the threat of reproducibility, 
(b) identify and categorize the potential factors that induce differences 
in workloads, (c) summarize sound assessment frameworks, 
assessment instruments, assessment tools, and assessment settings, 
and (d) suggest future trends.

2 Methods

2.1 Search strategy and inclusion criteria

In order to achieve full coverage screening of the medical and 
scientific literature and to ensure that we capture a wide range of 
relevant research, literature searches were performed in the medical 
and engineering field, including pubmed, OVID databases of 
EMBASE, and Web of Science, for studies published from the earliest 
date until 2022, which ensures the reliability of included data by 
avoiding premature access to potentially unverified or incomplete 
research findings for 2023, safeguarding the robustness of our 
analysis while maintaining temporal consistency in our review 
process. Our search utilized a including of (1) Ergonomics, (2) 
Endoscopy, (3) Muscle strain, (4) workload, and (5) Surgeons as 
search strings. The inclusion and exclusion criteria of this review are 
listed as follows:

 1 Studies had to be published with an accessible full text and 
written in either English, German, or Spanish.

 2 The type of surgery involved in this review must be relevant to 
the surgical endoscopy and traditional open surgery and 
robotic-assisted surgery was not included in the review. When 
several different surgical procedures were performed in a study, 
at least one of those procedures is required to involve surgical 
endoscopy. For instance, it should be included when a study 
attempts to compare the ergonomic risk between endoscopic 
surgery and robot-assisted surgery.

 3 Studies had to conclude statement about objective indicators, 
evaluation techniques, and conclusions, which were relevant to 
posture, electromyography and other physiological parameters. 
Studies that only based arbitrary questionnaires 
were disallowed.

2.2 Data extraction

Two researchers independently conducted the literature search, 
screening, and data extraction. Any disagreements regarding 
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eligibility or data extraction were settled through discussion with 
an additional reviewer. A data extraction form was designed to store 
the data from the original literature, which included the following 
variables: publication year, sample characteristics (number of 
surgeons, age, and gender), type of surgery, study design, objective 
ergonomic risk assessment indicators, assessment sites and tools, 
Consolidation of subjective investigations and the outcome of 
the ergonomics.

3 Results

3.1 Literature search and selection

From our literature search, we  identified 1,470 titles and 
abstracts. These were then methodically examined against specific 
inclusion and exclusion criteria, tailored to align with our research 
questions and objectives. The criteria focused on aspects like study 
design, target population, measured outcomes, and their pertinence 
to the surgical practice being studied. This rigorous examination led 
to the selection of 428 articles, which were then subjected to a 
detailed full-text analysis to further evaluate their relevance and 
contributions to our research. The following considerations led to 
the exclusion of a total of 362 articles: (1) There was no objective 
assessment employed; (2) It was a review of the literature; (3) The 
research participants were not surgeons; (4) Endoscopy was not 
used during the procedure; (5) The paper was not available; and (6) 

Language. Ultimately, a total of 56 studies were included in this 
systematic review (Figure 1).

3.2 Characteristics of studies

This review included 56 studies in total, 34 (60.7%) studies 
were from North America and 15 (26.8%) studies were from 
Europe. The preponderance of the publication years were from 
2017 to 2022 (69.6%), with an upward trend. In addition, the 
number of surgeons participating were recorded with a 
median of 9.5.

Table 1 offers a summary of the studies that were included. Of all 
the endoscopic surgical techniques employed in the surgeries, 
laparoscopy was the most frequent (n = 45), followed by, colonoscopy 
(n = 4), nasal endoscopy (n = 3), shoulder arthroscopy (n = 1), 
laryngoscopy (n = 1), thoracoscopy (n = 2), and hysteroscopy (n = 1). 
The types of surgeries primarily included conventional endoscopic 
surgeries, robot-assisted endoscopic surgeries with endoscopy 
(n = 14). Some open surgeries were incorporated in order to engage in 
comparisons (n = 3).

Although the objective of this systematic review focused on 
ergonomics quantitative methods for endoscopic surgeries, up to 
62.5% (n = 35) of the studies used a conjunction analysis of 
subjective questionnaires to evaluate the ultimate results 
simultaneously. Eleven types of questionnaires were applied in these 
studies, consisting mainly of investigative questionnaires for 

FIGURE 1

Articles selection flowchart.
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TABLE 1 Summary characteristics of included studies.

First 
author

Year N Surgery type Country Subjective Experimental places Evaluation parameters

Reality Simulator Posture EMG Others

Liang (13) 2019 5 Laparoscopic surgery USA NASA-TLX x x

Sers (14) 2021 6 Laparoscopic surgery UK NI x x

Arrighi-Allisan 

(15)

2022 6 Functional endoscopic 

sinus surgery

USA NASA-TLX x x

Ramakrishnan 

(16)

2017 2 Functional endoscopic 

sinus surgery

USA NASA-TLX/

PDQ

x x

Lobo (17) 2019 6 Bilateral endoscopic 

sinus surgery

Spain NMQ/PDQ x x

Dalager (18) 2020 13 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

Denmark Borg CR-10 x x x

Armijo (19) 2022 18 Laparoscopic surgery USA PFS-12 x x

Kratzke (20) 2022 10 Laparoscopic surgery USA Custom survey x x

Rodrigues (21) 2020 26 Laparoscopic surgery USA PFS-12 x x

Zihni (22) 2016 1 Laparoscopic surgery USA NI x x

Thurston (23) 2022 5 Foregut laparoscopic 

surgery

USA NASA-TLX x x

Lowndes (24) 2019 17 Laparoscopic 

cholecystectome

USA NASA-TLX/

VAS

x x

Dalager (25) 2019 6 Robotic-assisted 

laparoscopic surgery

Denmark NMQ x x x

Lohre (26) 2020 2 Arthroscopic shoulder 

surgery

Canada NI x x

Shiang (27) 2022 27 Upper and lower 

endoscope

USA NI x x

Armijo (28) 2019 16 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA PFS-12 x x

Dalsgaard (29) 2020 12 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

Denmark NMQ/Borg 

CR-10

x x

Zárate (30) 2019 31 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NASA-TLX x x

Szeto (31) 2013 2 Robotic-assisted and 

laparoscopic rectal 

surgery

HK NI x x

Zihni (32) 2014 1 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NI x x

Monfared (33) 2022 20 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA BQ/TQ x x x

Hubert (34) 2013 11 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

France NASA-TLX/

Borg CR-10

x x x

Shergill (35) 2021 12 Colonoscopies USA Borg CR-10 x x

(Continued)
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TABLE 1 (Continued)

First 
author

Year N Surgery type Country Subjective Experimental places Evaluation parameters

Reality Simulator Posture EMG Others

Lee (36) 2010 4 Colonoscopies USA NI x x

Abdelrahman 

(37)

2016 1 Laparoscopic 

cholecystectomy

USA Surg-TLX x x x

Hallbeck (38) 2017 6 laparoendoscopic 

single-site surgery

USA NASA-TLX/

Borg CR-10

x x

Riggle (39) 2015 24 Laparoscopic surgery USA SURG-TLX/

Borg CR-10

x x x

Lee (40) 2014 13 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NASA-TLX x x

Yang (41) 2021 24 Laparoscopic and open 

surgery

USA NASA-TLX x x

Dai (42) 2021 1 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

China NASA-TLX x x

Wang (43) 2017 1 Laparoscopic and open 

surgery

USA NI x x

Pazouki (44) 2017 62 Laparoscopic 

cholecystectomy 

procedures

Iran NMQ x x

Hignett (45) 2017 42 Laparoscopic 

hysterectomy

UK Custom survey x x

Athanasiadis 

(46)

2021 20 Laparoscopic surgery USA Custom survey x x x

Bartnicka (47) 2018 NI Laparoscopic 

cholecystectomy

Poland NI x x

McCrory (48) 2012 24 Laparoscopic and 

laparoscopic single-site 

surgery

USA 6-Likert scale x x

Nieboer (49) 2013 26 Laparoscopic surgery NLD NI x x

Yu (50) 2016 8 Laparoscopic surgery USA NASA-TLX x x

Moss (51) 2020 4 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

UK NI x x x

Sánchez-

Margallo (52)

2014 50 Laparoscopy Spain NI x x

Pérez-Duarte 

(53)

2013 30 Laparoscopic dis-

section and suturing 

maneuvers

Spain NI x x

Yang (54) 2020 53 Surgeries across 

different specialties

USA Borg scale x x

Khan (55) 2020 30 Colonoscopy Canada NI x x

Baird (56) 2021 8 Flexible laryngoscopy 

and awake laryngeal 

surgeries

USA Verbally 

evaluation

x x x

Asadi (57) 2021 12 Laparoscopic surgery USA BQ/Likert 

scale

x x

(Continued)
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musculoskeletal disorders/discomfort, and immediate 
questionnaires to evaluate workload or fatigue.

NASA Task Load Index (NASA-TLX) was the most utilized 
questionnaire in these studies (n = 13) which allows users to perform 
subjective workload in mental demand, physical demand, temporal 
demand, performance, effort and frustration (68).

Objective assessment of ergonomics was based on 
electromyographic (n = 34) and motion analysis (n = 30). Four 
studies used other tools such as heart rate and salivary cortisol as 
ergonomics indicators and 12 studies combined more than 2 
instruments for the assessment of ergonomics study designs 
tended to be cross-sectional (n = 23) and cohort (n = 27), while 
RCT were utilized in 5 research and case–control was only 
employed in 1 interventional study.

3.3 Methodology of objective assessment 
in endoscopic ergonomics

3.3.1 Potential factors of ergonomic risk 
difference

Potential factors leading to a higher ergonomic risk were 
grouped into three categories: (1) Work task related factors; (2) 
Characteristics (surgeon and patient)-related factors; and (3) 
Environment-related factors.

3.3.1.1 Work task
The work task related load consists mainly of different types of 

surgeries, surgical equipment, assignment of surgical tasks, and 
duration and number of surgeries.

3.3.1.1.1 Surgery type
In the included literature, 20 studies focused on ergonomics 

differences between surgeons or surgeon teams due to different 
types of procedures, especially focus on the differences among 
open, endoscopic and robotic-assisted surgery. Among comparative 
studies of traditional open versus laparoscopic surgery, one study 
measured the activation of the upper body muscles during the 
laparoscopic and open phases of sigmoid colectomies and 
demonstrated that the laparoscopic surgery provides ergonomic 
benefits in several upper muscle groups compared to the open 
surgery (41). The average neck and trunk angle was shown to 
be  considerably higher for open surgery than for laparoscopic 
surgery in two studies (41, 54) And when compared to laparoscopic 
surgery, open surgery involved much longer time spent in the 
physically taxing torso position (54). In contrast to these views, a 
study explored the sagittal and rotational movements of the neck in 
laparoscopic surgery versus open surgery. The results of the study 
showed that laparoscopic surgery required significantly less skin 
stretching during flexion and rotational movements compared to 
open surgery, which demonstrated that laparoscopic surgery 

TABLE 1 (Continued)

First 
author

Year N Surgery type Country Subjective Experimental places Evaluation parameters

Reality Simulator Posture EMG Others

Yurteri Kaplan 

(58)

2018 27 Vaginal hysterectomy USA Borg CR-10 x x

Ordóñez-Ríos 

(59)

2017 7 Laparoscopic 

cholecystectomy

Cuenca NMQ x x

Steinhilber (60) 2017 57 Laparoscopic surgery Germany NI x x x

Yoon (61) 2016 1 Thoracoscopic 

pulmonary lobectomy

Korean NI x x

Zihni (32) 2014 6 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA NI x x

Hardy (62) 2021 3 Laparoscopic and open 

surgery

Ireland NI x x

Shergill (63) 2009 3 Colonoscopy USA NI x x

Pace-Bedetti 

(64)

2019 13 Laparoscopic surgery Spain NI x x

Butler (65) 2013 6 Laparoscopy and 

robotic-assisted 

laparoscopic surgery

USA VAS x x x

Lim (66) 2021 3 Thoracoscopic & 

laparoscopic surgery

Korea NASA-TLX x x x

Zhang (67) 2017 14 laparoscopic 

cholecystectomy

China NI x x x

N represents the number of surgeons; NI representative is not mention.
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requires a longer period of static neck position (62). Robot-assisted 
surgery can improve the flexibility of surgical operations, reduce 
tremors, and optimize the surgeon’s workload and physical strain 
based on ergonomic principles. Several studies have indicated 
superior performance in terms of postural stability (65), cumulative 
muscle strain (40), workload (34), and physical demands (29) for 
robot-assisted surgery compared to conventional endoscopic 
surgery. Notably, while robot-assisted surgery reduces postoperative 
discomfort and muscle strain in the upper extremity for the 
surgeon, it increases static neck positioning and back stiffness 
compared to endoscopy. Additionally, forearm muscles, particularly 
those that manage the ulnar offset movements of the wrist joint, 
exhibit a considerable level of muscle exertion during robot-assisted 
surgery (31).

3.3.1.1.2 Surgical equipment
A possible reason for the musculoskeletal symptoms reported by 

surgeons is the ergonomic limitations of the surgical handles designed 
for surgeon (69). All surgeons involved in such procedures are at risk 
for complications in the left and right wrist, right thumb, and left 
thumb. The left thumb and both wrists exceed the limits of movement 
and are at risk for repetitive motion injuries (63). Five studies explored 
handle settings in endoscopic surgery and examinations were included 
in this systematic review, and they focused on laparoscopic and 
colonoscopic handles. Some endoscopes that are more 
biomechanically compatible have been developed and have been 
shown to be beneficial in reducing the ergonomics on the surgeon (24, 
39, 50). It is worth noting that the angular configuration of the 
endoscope (50), the height difference between the endoscope and the 
table, and the area of the operating field (60) all contribute to the 
occurrence of ergonomic risk differences. Veelen et al. have identified 
the ideal relationship between surgeon height and patient abdominal 
wall (PAW) location (70). The anterior claw’s tip need to be positioned 
between 70 and 80% of the surgeon’s elbow height. The suggested table 
height is deduced from the fact that the abdominal sagittal depth is 
contained at intervals of 30 to 40 cm. Furthermore, a study confirmed 
that laparoscopic tools with adjustable handle angles decrease the 
ergonomic risk of musculoskeletal strain and allow alternating tasks 
between floor and ceiling positions without compromising surgical 
performance (50).

3.3.1.1.3 Duration of surgery
Colonoscopy procedures, thoracoscopic lobectomies, and a 

comparative study of open and laparoscopic surgeries all highlight the 
relationship between surgical duration and ergonomics. In 
colonoscopies, which average about 19.5 min, significant muscle loads 
in the forearms and excessive pinch forces can pose ergonomic risks, 
suggesting that even shorter surgeries can be  demanding due to 
repetitive tasks (63). Thoracoscopic lobectomies, lasting around 
99 min, show notable muscle fatigue, especially in muscles like the 
lumbar erector spinae due to prolonged static postures, highlighting 
the cumulative effect of longer surgeries (61). Furthermore, a 
comparative study of open and laparoscopic surgeries reveals that 
longer procedures in both types lead to increased self-rated fatigue 
and pain, particularly in the neck and lower back. Open surgeries pose 
a higher postural risk due to larger neck and torso angles (41). This 
underscores the need for ergonomic interventions in surgeries, as 
surgeons often maintain high-risk postures for extended periods, 

affecting various body parts irrespective of the surgery type 
or duration.

3.3.1.2 Characteristics (surgeon and patient)
A comprehensive review of fourteen studies revealed several key 

findings regarding the impact of surgeons’ characteristics on their 
physical and psychological loads. These studies identified gender 
disparities, with results showing that women surgeons experience 
more physical load and fatigue during surgeries compared to their 
male counterparts (19). Variations in surgical experience also 
influence ergonomic loads, as surgeons with less experience or fewer 
years in their career were found to face higher physical strain (15, 23, 
44). In addition, surgeon assistants and operating room nurses are 
subjected to severe ergonomic loads comparable to those experienced 
by surgeons (22, 44). The studies also examined the effect of surgical 
posture, revealing slight differences in ergonomic load between 
standing and sitting positions during endoscopic procedures. 
Specifically, in functional nasal endoscopy, surgeons face different 
workloads risks depending on whether they are standing or sitting, 
with sitting posing a greater risk to the upper extremity and standing 
to the legs (15, 16).

Furthermore, five studies investigated the relationship between 
patient characteristics and ergonomic load on surgeons. These studies 
focused on factors such as patient Body Mass Index (BMI) and 
positioning during surgery. It was found that performing laparoscopic 
surgery on patients with high BMI resulted in increased non-neutral 
postures and musculoskeletal discomfort for surgeons (14, 51). 
Contrarily, some studies reported no significant differences in 
ergonomic stress or workload when operating on obese versus 
non-obese patients (13). Additionally, the patient’s positioning during 
surgery was found to affect surgeon ergonomics, as demonstrated in 
a study where the lateral position during shoulder arthroscopy posed 
a higher ergonomic risk to orthopedic surgeons compared to the 
beach chair position (26).

3.3.1.3 Environment-related factors
Environment-related factors within the operating room (OR) 

significantly influence the ergonomic experience of endoscopic 
surgeons. The positioning of assistant surgeons, the arrangement of 
video displays, and the layout of surgical components and pedals are 
pivotal. Moreover, the height and design of operating beds and chairs, 
along with the ergonomics of surgical tools and handles, play a crucial 
role in surgeon performance and comfort (59). Head equipment, like 
headlamps and magnifiers, though essential, can contribute to 
musculoskeletal strain and ergonomic stress, necessitating careful 
design considerations to reduce the physical burden on surgeons 
during endoscopic procedures (3, 71).

3.3.2 Ergonomics assessment tools

3.3.2.1 Motion analysis-based
The optimum surgical posture aids in the optimization of the 

surgeon’s physical load and the evaluation and generalization of these 
postures lie under the purview of motion analysis. To objectively 
quantify postural load, 30 studies have tried to capture, track, and 
analyze surgeons’ actions intraoperatively, based on a perspective of 
motion analysis. Generally, intraoperative posture data acquisition 
relies on optical sensors and inertial sensors, the former including 
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conventional cameras, depth structured light cameras, and optical 
tracking systems. Using a standard camera to record a surgeon’s 
surgery or taking interval photos is one of the most archaic techniques. 
One representative of a structured light camera sensor is the Kinect. 
The most recent version of Azure Kinect is outfitted with an 
orientation sensor for sophisticated computer vision model 
development, a 12 megapixel full HD camera, and a 1 megapixel 
improved depth camera. It has body segmentation capabilities that can 
produce an anatomically accurate skeleton that contains either the 
entire or the parts of the body.

A study used an optical tracking system to compare the kinematic 
differences between surgeons with straight and curved instruments 
(38). Optical tracking systems typically require participants to wear 
passive mirror-reflective markers or active LEDs and operate with the 
aid of high-speed cameras to reconstruct the virtual human body as a 
real-time action.

By integrating dispersed IMUs (Inertial Measurement Units) into 
the wearable accessory, the inertial sensor—which is made up of an 
angle meter, an accelerometer, and a gravimeter—allows for the 
capturing of human motion. IMUs from APDM Wearable 
Technologies was most frequently employed among the included 
researches (n = 5), and Perception Neuron from Noitom was also 
be employed (n = 1).

For angular motion capture of particular locations, the inertial 
measurement unit can also be utilized by itself. In order to detect 
motion tracking and body angles in the surgeon’s upper body, 
Monfared and Athanasiadia positioned the IMU sensors on the 
surgeon’s torso, head, chest, low back, and right and left biceps (33, 46) 
(Table 2).

Ergonomic assessment tools such as electrogoniometers are also 
widely used when researchers are more concerned with localized high 
loads on the human body (n = 4). Furthermore, when exploring the 
effects of laparoscopic handles on surgeon physical loads, researchers 
typically focus more on surgeon forearm, elbow, wrist, and finger 
activities. Hence, it is also desirable to capture the surgeon’s hands 
motion utilizing data gloves (n = 1), which are consists of a series of 
conductive sensors with sensitive resistive flow that detects changes in 
bending and is capable of recording the relative angle of deflection of 
the hand.

Commonly analyzed indicators include joint angles and 
ergonomics rating scales. Ergonomics scales incorporate joint angles 
of body subcomponents (e.g., trunk, neck, legs, upper arms, lower 
arms and wrist) and are evaluated in conjunction with the parameters 
of force, coupling, and duration. Of the included literature, RULA 
(Rapid upper larms assessment) is the most frequently used 
ergonomics rating scale (n = 12), followed by REBA (n = 5) and LUBA 
(n = 1). RULA, as the most widely used ergonomic scale, is created 
exclusively for light labor and concentrates on the classification of 
postural risk for the upper limb (72). REBA is a postural analysis 
system that is sensitive to musculoskeletal concerns in a variety of 
occupations, particularly in the health care and other service 
industries (73). Unlike RULA, REBA divides the joint movements of 
the entire body into several groups. One study measured ergonomics 
based on the LUBA scale, which was selected for the presence of 
prolonged low-risk postures and intermittent high-risk postures in 
laparoscopic surgery, which is consistent with the properties of LUBA 
for medium-risk settings (74). In general, higher ergonomics scores 

often indicate greater risk exposure and alertness to the need for 
urgent change.

When the motion data is being analyzed, ergonomists or 
occupational therapists can use intraoperative video/image data 
captured by the camera to manually generate ergonomics scores. 
Additionally, certain recent computer vision-based techniques can 
be  utilized to extract human skeleton postures from videos and 
automatically determine ergonomic scores. A study was conducted to 
evaluate the body positioning of residents during laparoscopic surgery, 
and a computer vision algorithm based on Openpose and SMPL-X 
was designed for estimating the RULA score from 2D images/videos 
(20). To acquire the necessary joint angle data, the raw data captured 
by the inertial sensors typically needs to be filtered, smoothed, and 
denoised. These processes are carried out directly within the Matlab 
program, and some advanced IMUs solutions additionally offer 
software platforms for automated analysis. It is significant to mention 
that before any official measurements can be taken, all sensors must 
be calibrated beforehand in the environment.

3.3.2.2 sEMG-based
The endoscopic surgeon’s awkward posture, keeping the arm in an 

elevated position, and the use of high level strength instruments all 
cause an accumulation of muscle stresses that can cause microtrauma 
to the muscle tissues, leading to inflammation, pain, and ultimately, 
tissue damage. If the accumulated tissue damage exceeds the body’s 
ability to repair itself, it can lead to chronic musculoskeletal disease. 
Therefore, understanding muscle fatigue induced by surgical 
procedures in endoscopic surgeons can help guide the development 
of targeted interventions.

One of the important tools to measure muscle fatigue is 
electromyography (EMG), EMG signals are frequently used to assess 
muscle fatigue and ergonomics in occupational settings. Traditionally, 
invasive needle electrodes were used to obtain EMG signals, but recent 
advancements have made wireless surface EMG sensors the preferred 
method due to their convenience and accuracy.

EMG signals can be analyzed in both the time and frequency 
domains. Following signal acquisition, rectification, smoothing, and 
maximum voluntary contraction (MVC) normalization are typically 
performed. Commonly used metrics in the time domain include the 
integrated EMG value (iEMG) and root mean square (RMS). iEMG 
represents the intensity of muscle activity over a certain period, 
while RMS describes the average variation in surface EMG 
amplitude. In the frequency domain, median frequency (mDF) and 
mean power frequency (MPF) are commonly used metrics. MVC% 
is also a widely used EMG parameter that represents the percentage 
of actual EMG amplitude to the EMG amplitude at maximum 
voluntary contraction. Other metrics such as amplitude probability 
distribution function (APDF) and relative activation time (RAT) are 
also used.

Among the muscle groups involved in the included literature 
(Table 3), the most frequent EMG assessment regarding the trapezius 
muscle (n = 24) was followed only by the deltoid muscle (n = 19). In 
addition, the biceps, triceps erector spinae, radial wrist flexors, finger 
extensors, superficial finger flexors, cervical erector spinae, and wrist 
extensors were also frequently present. Interestingly, most of the 
included literature focused on Upper Extremity muscles, with only 1 
study on thoracoscopic lobectomy and mediastinal lymph node 
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dissection for lung cancer that included the rectus femoris and 
anterior tibialis muscles of the lower limb (61). A study quantifying 
and comparing surgeons’ ergonomic pressures during laparoscopic 
versus open access for sigmoid resection found that degree of surgical 
difficulty may have less impact laparoscopically compared to open 
access (43).Furthermore, a study to assess differences in physical load 
among surgeons with different surgical experience collected EMG 
activity of surgeons’ upper extremity muscles during laparoscopy, 
demonstrating higher RVC and MF levels intraoperatively for less 
experienced surgeons (23).

The muscle activation of the upper trapezius (UT), anterior 
deltoid (AD), and radial carpal flexor (FCR) muscles during the 
surgeon’s execution of the robot-assisted surgery phase showed a 
higher level of activation compared to performing a conventional 

laparoscopic procedure (28). In addition, one study found female had 
greater muscle effort than male in laparoscopic surgery (19).

3.3.2.3 Other tools-based
In addition to the feature of surface EMG signal as a biomarker of 

ergonomics, several other non-invasive biomarkers have been used to 
quantify the ergonomics of endoscopic surgeons. Previous studies 
have indicated that heart rate variability markers in the frequency 
domain, such as low frequency and high frequency, can give some 
indication of changes in physical and psychological loads. Moreover, 
mean heart rate and mean heart rate “cost” (intraoperative heart rate 
– resting heart rate) were also employed in a study to investigate the 
difference in workload between standard LAP and Robot-assisted 
surgery, and ultimately found that standard laparoscopic surgeons had 

TABLE 2 Posture and motion tracking-based ergonomic risk assessment.

First author Standard Posture capture and analysis tool

Sers (14) LUBA IMUs sensor (Noitom) & Kinect

Arrighi-Allisan (15) Ideal joint angles (from REBA) IMUs sensor (APDM Wearable Technologies)

Lobo (17) RULA Kinect

Dalager (18) RULA Manual observation and recording

Kratzke (20) RULA Video recording and analysis

Dalager (25) RULA Manual observation and recording

Lohre (26) Joint angles Video recording and analysis

Monfared (33) Ideal joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Lee (36) Joint angles Biaxial electrogoniometers

Hallbeck (38) Joint angles Raptor-12 Motion Camera

Riggle (39) Joint angle (wrist deviation) Goniometer (Biometrics SX230 and SG65)

Yang (41) Ideal joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Pazouki (44) RULA Video recording and analysis

Hignett (45) REBA AO

Athanasiadis (46) Ideal joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Bartnicka (47) Joint angle (wrist deviation) Wireless electrogoniometers (TEA CAPTIV T-Sens)

McCrory (48) Joint angles Biaxial electrogoniometers (Wrist and elbow angular)

Yu (50) Joint angles Raptor-12 Motion Camera

Moss (51) Amount of the movement IMUs sensors(6 Waseda Bioinstrumentation system)

Sánchez-Margallo (52) Hand and wrist positions & RULA Data glove (CyberGlove)

Yang (54) Joint angles (from RULA) IMUs sensor (APDM Wearable Technologies)

Khan (55) RULA&REBA Video recording and analysis

Baird (56) RULA Photo documentation

Yurteri-Kaplan (58) Joint angles Video recording

Ordóñez-Ríos (59) REBA Video recording

Steinhilber (60) Wrist joint angles Twin axis goniometer

Hardy (62) Neck flexion, extension and rotation Wireless strain gauge monitor (SELS Bodyguard 105TM)

Pace-Bedetti (64) Joint angles and displacements Video recording

Butler (65) BESS Nondominant, single-leg stance

Lim (66) REBA Video recording

AO represents artificial recording and calculation.
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increased heart rates compared to robot-assisted surgery (34). Salivary 
cortisol levels, a stress hormone, were employed in two trials to 
measure the ergonomics on laparoscopic surgeons. At various points 
during the process, they collected surgeon saliva using collection aid. 
The samples were then frozen, and at the conclusion of the trial, they 
were thawed and examined (24, 37), and both studies ultimately found 
that surgeons’ salivary cortisol levels were significantly higher during 
single-incision laparoscopic cholecystectomy than during 
conventional laparoscopic surgery. Eye tracking data, especially 
pupillary dilation, are typically sensitive to task difficulty and workload 
(75), and Zhang measured the psychological load on participants 
during the procedure by recording the physiological parameters of 
their eyes through an oculomotor while performing the task in the 
laparoscopic simulator (67).

3.3.3 Evaluation places
The integrity and validity of ergonomic assessment outcomes hold 

profound significance in surgical practice, demanding meticulous 
consideration of the chosen assessment site. Notably, 64.3% of the 
studies conducted meticulous trials within real operating room (OR) 
settings, while 35.7% (n = 20) employed surgical simulators to explore 
ergonomic intricacies. The authenticity of real-life OR surgery exposes 
surgeons to genuine occupational challenges, thereby rendering 
assessment outcomes more robust and clinically applicable.

Nonetheless, real-life OR surgery is not devoid of challenges that 
necessitate attention. Intrusion of ergonomic data capture instruments 
may inadvertently divert the surgeon’s focus; wearable instruments 
could contribute to an additional physical burden; the stringent 
requirement of sterilization for OR instruments might jeopardize the 
integrity of sophisticated equipment; and patient reluctance poses 
another practical hurdle. To circumvent these intricacies, the 
implementation of cadaveric surgery emerges as an attractive 
alternative. Intriguingly, nasal endoscopy studies based on cadaveric 
surgery, instead of clinical surgery, have discerned ergonomic 
disparities related to surgeon posture, ultimately yielding reliable 
conclusions (16, 17). Cadaveric surgery, although akin to real-life OR 
conditions, offers an exceptionally high-fidelity replication of clinical 
surgery’s tactile and visual aspects. It’s noteworthy that cost 
considerations have motivated certain researchers to compare robot-
assisted laparoscopic surgery to traditional laparoscopic procedures 
using animal models (34, 42).

In parallel, surgical simulators emerge as instrumental tools, 
distinguished by their economic viability, controlled environmental 
factors, and ready accessibility. Within the realm of laparoscopy-
related investigations, open-up simulators, box simulators, and virtual 
reality simulators are recurrently employed, primarily for training and 
preoperative assessment purposes. Open-up simulators cater to 
fundamental tasks encompassing handle movement, object 
manipulation, suturing, and cutting. Progressively complex, box 
simulators replicate realistic surgical settings, encompassing cannula 
needles, light sources, and real-time visual feedback. Virtual reality 
simulators, harnessed by panoramic computer vision and force 
feedback, simulate abdominal images with remarkable realism akin to 
genuine OR scenarios, affording opportunities for intricate 
surgical simulations.

Delving into the clinical realm, distinctions in upper extremity 
fatigue are perceptible between laparoscopic and robotic surgical 
training environments (40). In the study’s scope, a laparoscopic box 

simulator was juxtaposed against a robotic surgical training simulator, 
emulating the da Vinci system. Furthermore, investigations addressing 
surgeon postural load and muscle strain within box simulators 
employing foam of varying thicknesses to mimic patient BMI 
underscore the clinical relevance of ergonomic research (14, 51). 
Beyond laparoscopy, specialized simulators for nasal endoscopy and 
colonoscopy have been developed, enhancing training and assessment 
precision (55, 56).

In evaluating the ecological validity of simulations used in 
ergonomic assessments, it is crucial to recognize both their strengths 
and limitations in mimicking real surgical environments. Simulations 
offer a controlled, replicable setting for detailed ergonomic analysis, 
allowing researchers to isolate and study specific variables in depth. 
This controlled environment is particularly beneficial for initial 
training and for studying the ergonomic impact of specific tasks or 
equipment under standardized conditions. However, the ecological 
validity of these simulations is inherently limited by their inability to 
fully replicate the dynamic and often unpredictable nature of actual 
surgical procedures. Real-life surgeries involve variables such as 
patient-specific anatomical challenges, intraoperative complications, 
and varying team dynamics, which are difficult to reproduce in a 
simulated setting (76). Moreover, the stress and pressures experienced 
by surgeons in actual operations, which can significantly impact 
ergonomic load and cognitive function, are often attenuated in 
simulated environments.

3.3.4 Proposed framework for endoscopic 
ergonomics research

The comprehensive framework developed in this study, as 
depicted in Figure  2, is grounded in the critical evaluation of 
ergonomic assessment methodologies analyzed in previous 
sections. It systematically organizes the findings into a cohesive 
structure aimed at enhancing ergonomic evaluations. The 
“Identification of Factors” component draws from the diverse 
variables discussed earlier, such as surgeon’s posture and patient 
BMI, and situates them within a broader context affecting 
workload. “Selection of Evaluation Setting” takes into 
consideration the detailed examination of various settings, from 
ORs to simulations, acknowledging their respective strengths and 
limitations. The “Data Collection Methodology” integrates the 
diverse data types, from subjective questionnaires to objective 
measures like EMG, discussed throughout the review. This 
meticulously crafted framework thus serves as a testament to the 
synthesis of our findings, presenting a pathway for deploying 
these insights into practical, real-world applications that address 
the ergonomic challenges identified.

3.4 Interventions to reduce workload

Ergonomic assessment forms the bedrock for effective 
interventions. Common intervention approaches predominantly 
hinge on ergonomics education, encompassing expert presentations, 
lectures, and video modules. Simulation-based ergonomics training 
courses showcase potential benefits in mitigating work-related 
musculoskeletal injuries. Furthermore, real-time biofeedback presents 
a promising avenue for intervention, as does postural alignment to 
circumvent non-neutral postures that exacerbate musculoskeletal 
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disorders. Emerging technologies like augmented reality glasses 
(ARG) and exoskeleton devices are indicative of the multifaceted 
approach required to address ergonomic challenges. In video-assisted 
surgery, the use of ARGs instead of conventional monitor devices can 
significantly reduce the surgeon’s workload and physical demands, 
especially for the upper body (66). Moreover, interventions like 
intraoperative targeted stretching micro breaks (TSMBs), which 
consisting of five standardized exercises for the neck, shoulders, upper 
back, lower back, wrists, hands, knees and ankles involving flexion, 
extension and lateral rotation (77), highlighting their potential in 
reducing surgeon discomfort while enhancing performance and focus. 
The current demand for ergonomic interventions signals the need for 
adequate supply, necessitating innovative integration of human factors 
engineering and human-machine interaction technologies for more 
effective and intelligent feedback mechanisms to optimize surgical 
safety (78).

4 Discussion

This review aimed to comprehensively synthesize the literature 
concerning the objective assessment and quantification of 
ergonomics in endoscopic surgery, with the goal of constructing a 
robust intraoperative assessment framework and extrapolating 
applicable evaluation techniques and settings. By categorizing and 
elucidating influencing factors, we  also evaluated the evidence 
linking these factors to elevated ergonomics in endoscopic surgery. 
This pursuit aligns with the domain of human factors engineering, 
wherein research endeavors strive to understand, evaluate, and 
optimize human-environment interactions to enhance system 
performance without compromising human well-being. Modern 
minimally invasive techniques, like endoscopy, afford patients the 
advantages of convenience, efficiency, and reduced invasiveness. 

However, for endoscopic surgeons, particularly given the prevalence 
of work-related musculoskeletal disorders (WMSDs), the associated 
physical health risks are paramount. Notably, these risks extend 
beyond the individual surgeon, as discomfort resulting from 
human-machine system variables can reverberate into the surgical 
performance and patient safety (79). Thus, discerning the impact of 
evolving human-system dynamics on ergonomics and exhaustively 
quantifying workload and ergonomic factors within the surgical 
specialty become paramount.

This review takes a comprehensive approach by encompassing 
various endoscopic specialties, addressing a significant gap in the 
literature. This expansion beyond the prevailing focus on 
endoscopic procedures allows for a deeper understanding of 
ergonomic challenges in diverse surgical domains, including 
laryngoscopy, nasal endoscopy, thoracoscopy, arthroscopy, and 
gynecologic endoscopy. In contrast to past studies, our review 
stands out in its primary focus on “objective” ergonomics 
assessment, a distinctive feature that has been absent in many 
previous discussions. Thirdly, we  categorize physical and 
psychological loads disparities into three overarching factors, 
providing a structured framework for understanding and 
addressing these issues, thus identifying specific areas for 
intervention. Fourthly, we underscore the integration of multiple 
assessment methods, such as motion analysis, surface 
electromyography, and heart rate variability, resulting in a multi-
faceted analysis of ergonomic risks that enriches the evaluation of 
ergonomic well-being. Finally, our discussion of intervention 
strategies, including ergonomics education, simulation-based 
training, real-time biofeedback, and emerging technologies like 
augmented reality glasses and exoskeleton devices, not only 
identifies potential solutions but also acknowledges the dynamic 
nature of the field. In sum, our article offers a holistic 
understanding of ergonomic challenges, provides a structured 

FIGURE 2

Structure of ergonomics assessment in endoscopic surgery.
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framework, and offers practical insights for addressing these 
issues, making a significant contribution to the field of endoscopic 
surgery ergonomics.

The prevailing landscape of objective ergonomic evaluations 
predominantly centers around general surgical applications 
associated with laparoscopic procedures. Nevertheless, a notable 
paucity persists in the comprehensive and unbiased quantitative 
exploration of other endoscopic specialties, including 
laryngoscopy, nasal endoscopy, thoracoscopy, arthroscopy, and 
gynecologic endoscopy. These domains warrant further 
investigation to foster a holistic understanding of ergonomic 
challenges. Challenges persist in task design, data collection, and 
analysis complexity, underscoring the need for rigorous 
investigations that transcend opportunistic research designs 
characterized by limited sample sizes and short observation 
periods. Enhancing generalizability and reliability mandates 
robust study designs with larger cohorts and extended 
observation windows, across a wider spectrum of endoscopic 
procedures to capture the intricacies of diverse 
surgical specialties.

Ergonomics disparities are primarily shaped by three 
overarching factors: the work task, characteristics related 
variables, and environmental influences. Existing literature 
suggests the superiority of laparoscopic surgery over traditional 
open procedures in terms of both surgical performance and 
surgeon well-being. Furthermore, robotic-assisted endoscopic 
surgery emerges as a means to alleviate physical demands on 
surgeons. The selection of surgery type should align with patient 
needs, financial considerations, and potential muscle injuries. 
Delving into surgeon-related factors, optimizing for risk factors 
such as surgical posture becomes vital, with implications for 
improved performance distribution and strategic allowances. 
Gender disparities in ergonomic risks, as evidenced by higher 
physical loads endured by female surgeons during endoscopic 
surgeries, underscore the need for tailored interventions like 
additional breaks and performance considerations. In considering 
patient-related factors, meticulous preoperative planning must 
factor in physiological attributes like position and BMI, striving 
to minimize additional physical stress on the surgeon. 
Environmental factors, amenable to manipulation, offer 
opportunities to optimize surgical team arrangement, bed height, 
instrument positioning, and related parameters through 
anthropometric principles (Table 3).

The assessment phase mandates comprehensive evaluation 
encompassing both physiological and psychological burdens on 
the endoscopic surgeon. Commonly employed methods for 
objective ergonomic quantification include motion analysis and 
electromyographic signals. While traditional photogrametry is 
surpassed by motion analysis, advanced human skeleton 
prediction techniques rooted in computer visiozn or inertial 
sensing find broad application. Electromyography (EMG) signals 
enable the assessment of ergonomic compliance, while quantifying 
the mental load during endoscopy, vital given its association with 
WMSDs, relies on indicators such as EEG, ECG, EDA, and eye 
movement. Harmonizing physical and mental load assessment, 
coupled with in-depth comprehension of their intricate interplay, 
holds the potential to enhance overall ergonomic well-being 

among endoscopic surgeons. It’s worth noting that in the context 
of assessing the psychological burden on endoscopists, our review 
identifies a significant gap: the predominant reliance on subjective 
questionnaires to measure mental load. This is despite 
acknowledging that such approaches may not capture the full 
spectrum of cognitive demands. Notably, only one study within 
our reviewed literature incorporated an objective indicator of 
psychological load—HRV (37). This highlights a critical 
deficiency in current research and underscores the potential for 
future investigations to employ objective methods such as 
HRV. Advancing this direction could yield more accurate 
assessments of the mental burden on endoscopists, informing 
targeted strategies to alleviate this burden and enhance overall 
patient care.

In our systematic review of ergonomic assessment methods in 
endoscopic surgery, we identified distinct strengths and limitations 
for each approach. Motion analysis stands out for its precision in 
tracking movements but is limited by its need for specialized 
environments and equipment (83, 84), potentially reducing its 
practicality in real surgical settings. Electromyography offers direct 
muscle exertion insights, yet is hindered by susceptibility to signal 
interference and the challenges of electrode placement in sterile 
conditions (85). Heart rate variability, while a useful non-invasive 
mental load indicator (86), lacks specificity to ergonomic stress due 
to its sensitivity to various factors (87). Similarly, salivary cortisol 
provides stress biomarkers but is affected by individual variability 
and diurnal patterns, limiting its immediate relevance to ergonomic 
assessment. Eye tracking technology, though valuable for measuring 
attentional focus, does not directly assess ergonomic load and 
requires careful calibration. These findings underscore the need for 
a multifaceted and practical approach in ergonomic assessment, 
integrating both objective measurements and subjective feedback 
to comprehensively address the ergonomic challenges in surgical 
environments. Table 4 summarizes the advantages, disadvantages, 
and limitations of these assessment tool.

Composite assessment methodologies integrating parameters like 
motion analysis, surface EMG, and heart rate variability have emerged 
as vital tools for ergonomic risk assessment. This multi-faceted 
analysis probes intraoperative ergonomics from diverse dimensions, 
enriching assessment comprehensiveness. While real-life OR surgery 
provides high reliability assessments, the associated surgical risks, 
including unpredictable intraoperative data collection and potential 
instrument damage, limit its feasibility. Similarly, while cadaveric 
surgery offers a high-fidelity assessment environment, practical 
constraints like expense and scarcity hamper its widespread 
application. Ergonomic evaluation within surgical simulator 
environments emerges as a viable alternative, albeit with a current 
focus on novice training rather than comprehensive ergonomic 
exploration. This gap warrants addressing for optimal integration into 
surgical practice.

5 Conclusion

The review identified three primary categories influencing 
ergonomic load in endoscopic surgery: environmental factors, 
characteristics-related factors and factors related to work task and 
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TABLE 3 Electromyography-based ergonomic risk assessment.

Study ID EMG sensors Muscle selection

Liang (13) Trigno Wireless EMG Left and right biceps, triceps, deltoid, and trapezius muscle groups

Ramakrishnan (16) Noninvasive surface Medial deltoid; upper trapezius; erector spinae; and biceps femoris

Dalager (18) Silver/silver, chloride Right extensor carpi ulnaris, right extensor carpi radialis, right flexor Digitorum 

superficialis and left upper trapezius

Armijo (19) Trigno Wireless EMG Upper trapezius, anterior deltoid, flexor carpi radialis, and extensor digitorum

Rodrigues (21) Delsys Trigno EMG Upper trapezius, anterior deltoid, flexor carpi radialis, and extensor digitorum

Zihni (22) Great Lakes Neurotechnologies Bilateral biceps, triceps, deltoids and trapezius muscles

Thurston (23) Delsys Trigno EMG Triceps, biceps, neck, shoulder, and lower back

Dalager (25) Silver/silver, chloride Trapezius muscles, the upper neck muscles, and the erector spinae muscles, upper neck 

extensor muscles

Shiang (27) Trigno Wireless EMG Flexor carpir adialis, palmaris longus, and flexor carpi ulnaris extensor carpi ulnaris 

and exten-sor digitorum

Armijo (28) Delsys Trigno EMG Upper trapezius, anterior deltoid, flexor carpi radialis, and extensor digitorum

Dalsgaard (29) MQ16, Marq-Medical Extensor carpiradialis/extensor digitorum, and flexor carpi radialis muscles, neck 

extensor muscles, the upper trapezius and erector spinae muscle

Zárate (30) sEMG electrodes Biceps, triceps, deltoid, and trapezius muscles

Szeto (31) The Noraxon MyoSystem The bilateral cervical erector spinae, upper trapezii and anterior deltoid muscles

Zihni (32) 8-channel Bioradio Bilateral biceps, triceps, deltoid, and trapezius muscles

Monfared (33) Model, DataLITE, Biometrics Trapezius and deltoid muscles

Hubert (34) Surface electrodes Flexor digitorum and extensor digitorum trapezius erector spinae

Shergill (35) FingerTPS Wireless Handing Sensing System/bipolar 

pre-amplified self-adhesive silver/silver chloride snap 

electrodes

Extensor carpi radialis and flexor digitorum super ficialis muscles

Riggle (39) Biometrics SX230 and SG65 The flexor digitorum super ficialis and extensor digitorum communis

Lee (36) DelsysTM EMG Biceps, triceps, deltoid, trapezius, flexor carpi ulnaris, extensor digitorum, thenar 

compartment, and erector spinae

Dai (42) BTS FREEEMG 300 wireless EMG Flexor carpi ulnaris, biceps, deltoid and trapezius

Wang (43) Trigno Wireless EMG Bilateral biceps, triceps, deltoid, and trapezius muscles

Athanasiadis (46) model DataLITE The deltoid and trapeziusmuscles

Nieboer (49) Porti 32, TMS International The trapezius and deltoid muscles and brachioradial and abductor pollicis brevis 

muscles

Moss (51) Wireless miniature low cost EMG sensor using gold 

plated dry electrodes

Shoulder muscles

Pérez-Duarte (53) Biopac Systems The right forearm flexors and extensors muscles

Baird (56) Delsys Trigno EMG Arm, shoulders, back, and legs

Asadi (57) model DataLITE The deltoid and trapezius muscles

Steinhilber (60) THUMEDI, Thum-Jahnsbach Musculus trapezius pars descendens, musculus deltoideus pars acromialis, musculus 

biceps brachii (BIC), musculus extensor digitorum, and musculus flexor carpi radialis

Yoon (61) TeleMyo 2,400 T DTS The splenius capitis, upper trapezius, middle deltoid, flexor carpi radialis, extensor carpi 

radialis, lumbar erector spinae, rectus femoralis and tibialis anterior

Zihni (80) 8-channel Bioradio Bicep, tricep, deltoid and trapezius muscles

Shergill (63) TeleMyo 2,400 T telemetric EMG system Extensor carpi radialis, the flexor digitorum superficialis, and the left abductor pollicis 

longus

Butler (65) Jamar hydraulic hand grip dynamometer Dominant hand

Lim (66) LXM 3208-RF EMG Sternocleidomastoid, trapezius pars descendens, brachioradialis, erector spinae 

longissimus

Zhang (67) Delsys Trigno EMG Trapezius, bicipital, brachioradialis and flexor carpi ulnaris muscles
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proposed an overall research framework. The studies revealed that 
ergonomic challenges are prevalent in real and simulated surgical 
environments, with a significant impact on workloads. Our analysis 
underscores the multifaceted nature of ergonomic risks in endoscopic 
procedures. It highlights the importance of considering the entire 
surgical ecosystem, including the surgical team, equipment, patient 
characteristics, and the specific surgical procedure, to effectively 
address these challenges. The findings from this comprehensive review 
serve as a pivotal guide for future ergonomic assessments and 
interventions aimed at enhancing surgeon well-being and patient safety 
in endoscopic surgery.
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Background: The endocrine-disrupting effects of phytopharmaceutical active 
substances (PAS) on human health are a public health concern. The CIPATOX-
PE database, created in 2018, listed the PAS authorized in France between 1961 
and 2014 presenting endocrine-disrupting effects for humans according to 
data from official international organizations. Since the creation of CIPATOX-PE, 
European regulations have changed, and new initiatives identifying substances 
with endocrine-disrupting effects have been implemented and new PAS have 
been licensed.

Objectives: The study aimed to update the CIPATOX-PE database by considering 
new 2018 European endocrine-disrupting effect identification criteria as well as 
the new PAS authorized on the market in France since 2015.

Methods: The endocrine-disrupting effect assessment of PAS from five 
international governmental and non-governmental initiatives was reviewed, 
and levels of evidence were retained by these initiatives for eighteen endocrine 
target organs.

Results: The synthesis of the identified endocrine-disrupting effects allowed to 
assign an endocrine-disrupting effect level of concern for 241 PAS among 980 
authorized in France between 1961 and 2021. Thus, according to the updated 
CIPATOX-PE data, 44 PAS (18.3%) had an endocrine-disrupting effect classified 
as “high concern,” 133 PAS (55.2%) “concern,” and 64 PAS (26.6%) “unknown 
effect” in the current state of knowledge. In the study, 42 PAS with an endocrine-
disrupting effect of “high concern” are similarly classified in CIPATOX-PE-2018 
and 2021, and 2 new PAS were identified as having an endocrine-disrupting 
effect of “high concern” in the update, and both were previously classified with 
an endocrine-disrupting effect of “concern” in CIPATOX-PE-2018. Finally, a PAS 
was identified as having an endocrine-disrupting effect of “high concern” in 
CIPATOX-PE-2018 but is now classified as a PAS not investigated for endocrine-
disrupting effects in CIPATOX-PE-2021. The endocrine target organs associated 
with the largest number of PAS with an endocrine-disrupting effect of “high 
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concern” is the reproductive system with 31 PAS. This is followed by the thyroid 
with 25 PAS and the hypothalamic–pituitary axis (excluding the gonadotropic 
axis) with 5 PAS.

Discussion: The proposed endocrine-disrupting effect indicator, which is not a 
regulatory classification, can be used as an epidemiological tool for occupational 
risks and surveillance.

KEYWORDS

crop protection products, endocrine disrupting, occupational exposure, endocrine 
target organs, occupational medicine

1 Introduction

1.1 Endocrine disruptors effects

The concept of endocrine disruptor is a recent one, first emerging 
in 1991 at the Wingspread conference (1). During the conference, 
scientists shared their findings and concerns about the health 
consequences of chemicals that can interact with the endocrine 
system. Long before the emergence of this concept, numerous 
examples of endocrine disruption had already been observed.

Tributyltin is a good example of the endocrine-disrupting effects 
identified in the environment (2). Tributyltin was used in paints in 
the 1970s to limit the binding of algae and shellfish to boat hulls. The 
death of thousands of female whelks and nucelles led to its banning 
in France in 1982. In fact, female nucelles developed a penis 
(“imposex”) which obstructed the expulsion of their eggs, leading to 
their death.

In the area of human effects, we  can cite the example of 
diethylstilbestrol (3), a synthetic estrogen with a greater estrogenic 
effect than estradiol. Since 1947, diethylstilbestrol had been widely 
dispensed to pregnant women to prevent miscarriage. The rationale 
for prescribing this treatment assumed that estradiol levels were 
falling before childbirth. Despite the publication of numerous studies 
demonstrating the ineffectiveness of diethylstilbestrol in the early 
1950s, the treatment was still prescribed to millions of pregnant 
women. In 1970, clear-cell adenocarcinomas of the vagina were 
observed in young women who had been exposed in utero to 
diethylstilbestrol even though this cancer was rare in this age group 
(2, 4). This led to a ban on prescribing diethylstilbestrol in the 1970s 
in several countries. Subsequently, other effects of this synthetic 
estrogen were observed, such as a slightly higher risk of breast cancer 
in women exposed to diethylstilbestrol, but above all effects on their 
offspring. Indeed, in addition to an increased incidence of vaginal 
cancer in the daughters of exposed women, reproductive and fertility 
disorders (premature menopause and higher rates of miscarriage) 
have been described (4). Sons are also subject to these effects. They 
present genital malformations such as cryptorchidism. Effects have 
also been described in the grandchildren of women exposed to 
diethylstilbestrol. They are said to be at increased risk of male genital 
malformations and possible attention deficit hyperactivity disorder 
(ADHD) (3).

The World Health Organization proposed a definition of 
endocrine disruptors as early as 2002 (5). Thus, the definition adopted 
was “exogenous substance or mixture which alters the functions of the 

endocrine system and consequently induces harmful effects on the 
health of an intact organism (or) of its descendants.”

Endocrine disruptors interfere with the action of hormones, 
disrupting processes from fetal development to adulthood. They exert 
their effects at multiple levels by binding to hormone receptors. For 
example, they can modify the number of hormone receptors in 
different cell types and the transport, synthesis, concentration, and 
elimination of circulating hormones. Hormones are molecules 
secreted into the bloodstream by endocrine cells. They act on target 
cells—which have specific, highly affinity receptors—and thus finely 
regulate hormone-dependent organs and tissues. Hormones influence 
development and physiological processes (2). A single endocrine 
disruptor may link to several types of hormone receptors, thus 
exerting different effects (4).

There are periods of developmental vulnerability during which 
exposure to endocrine disruptors is critical. These include the in utero 
period, the post-natal period, and the adolescence period. These 
periods are highly sensitive to and dependent on the influence of 
hormones. The action of hormones during development has different 
effects depending on these periods, and these effects can persist 
throughout life. Thus, an organism does not suffer the same effects 
when contact with an endocrine disruptor occurs in utero, before or 
after puberty. During fetal development, all organs are forming, and 
endocrine feedback mechanisms are not yet mature. They may still 
depend on those of the mother, who may themselves be subject to 
endocrine disruption (3). Even in adulthood, and therefore outside 
these periods of vulnerability, endocrine disruptors exercise effects by 
interacting with hormone receptors (e.g., diethylstilbestrol and the 
occurrence of mammary tumors in women exposed to this substance 
in adulthood) (4). Some endocrine disruptors can induce epigenetic 
changes that can have transgenerational effects (4, 6). Exposure to 
endocrine disruptors in utero or in the neonatal period can cause 
disorders that may only appear in adulthood (6).

One characteristic of the hormonal system is its non-monotonic 
dose–response curves. With regard to the effect of endocrine 
disruptors, this implies that greater effects can be observed at lower 
doses of endocrine disruptors than at higher doses. Thus, exposure to 
levels below the authorized limit values does not exclude the absence 
of health consequences (4).

Finally, the cocktail effect is a particular characteristic of 
endocrine disruptors (7). This means that endocrine disruptors can 
have additive, synergistic, or subtractive effects. They sometimes result 
from the addition of the effects of several compounds present at low 
doses and acting on the same biological pathways.
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1.2 The CIPATOX-PE project

CIPATOX-PE was created in 2018 to document the knowledge of 
the endocrine disruptors (ED) effects on health of phytopharmaceutical 
active substances (PAS) (8) The study aimed to identify the endocrine-
disrupting effects for all PAS that had a marketing authorization (MA) 
in France between 1961 and 2014. These data on health effects came 
from five governmental organizations: “Endocrine Disruptor 
Screening Program” (EDSP) (9), “Endocrine Disruptor Strategy” 
(EDS) (10), “Joint Meetings on Pesticides Residues” (JMPR) (11), “the 
Strategy for Identification of Endocrine Disruptors and Evaluation of 
their Cumulative Risks” (European Food Safety Authority, EFSA 
2016) (12), and “Classification, Labelling and Packaging” (CLP) (13).

CIPATOX-PE-2018 had identified the endocrine-disrupting 
effects of PAS according to the WHO definition but also according to 
the European “interim” regulatory criteria for identifying substances 
with endocrine-disrupting effects, which included, in particular, 
certain carcinogenic and reprotoxic classifications of substances based 
on CLP data (14, 15). These “interim” criteria, issued pending the 
adoption of specific and validated criteria, were therefore the existing 
guidelines in effect when CIPATOX-PE-2018 was created. This has led 
to the inclusion of endocrine gland toxic effects (EGT) in addition to 
specific endocrine-disrupting effects.

Nowadays, the WHO definition is widely accepted by the scientific 
community (3) and is used as a reference for many initiatives to 
identify substances with endocrine-disrupting effects. For instance, 
the European Commission (EC) adopted in October 2018 a new 
definition for the determination of endocrine-disrupting properties, 
aligned with the WHO definition (16) and repealing therefore the 
“interim” criteria. Thus, if a PAS is identified as having an endocrine-
disrupting effect, the regulations provide that it cannot be authorized 
on the market (16).

The objective of this study was to update the CIPATOX-PE 
database by considering these new European endocrine-disrupting 
effect identification criteria as well as the new PAS authorized on the 
market in France since 2015. The update is also motivated by the 
constant improvement of the literature on endocrine-disrupting 
effects, with the availability of new endocrine-disrupting effect 
identification initiatives, some of them being non-governmental.

2 Materials and methods

2.1 CIPA database and list of PAS

The list of PAS reviewed for endocrine-disrupting effects in the 
CIPATOX-PE database is based on the French CIPA database 
(Compilation des Index Phytosanitaires Acta) (17). In 2021, it indexed 
the PAS that had obtained marketing authorization in France from 
1961 to 2021.

The Chemical Abstracts Service (CAS) numbers corresponding to 
the PAS, which are not listed in the ACTA indexes, were searched in 
a second step. The CAS numbers previously filled in for each PAS in 
CIPATOX-PE-2018 were conserved.

As microorganisms (MOs) are not assessed for endocrine-
disrupting effects, 57 MOs listed as PAS were not considered in this 
study. Indeed, according to the regulations (15), crop protection 
products include MOs such as fungi and viruses (14). However, as part 

of the 2018 guidance (18) published by the European Chemicals 
Agency (ECHA) and the European Food Safety Authority (EFSA) for 
the implementation of the current European criteria, the term 
“substance” was used in reference to “chemical substances.” Therefore, 
microbiological active substances are currently considered by EFSA 
to be out of the scope of the regulation.

2.2 Endocrine-disrupting effect 
identification initiatives

In accordance with the WHO definition and the new European 
regulation definition (3, 16), CLP data are no longer included in 
CIPATOX-PE-2021. Similarly, endocrine gland toxicity (EGT) does 
not follow the same toxicological rules as endocrine disruption and is 
no longer in line with the current European criteria.

In order to obtain data on endocrine-disrupting effects of PAS, as 
was done in CIPATOX-PE-2018, a search for initiatives identifying these 
effects was conducted. As the WHO definition is now consensual (3), 
non-governmental endocrine-disrupting effect identification initiatives 
based on this definition were considered. The intention was to allow a 
complementary approach as the scientific resources used may differ.

The first step was to inventory international initiatives aiming at 
identifying substances with endocrine-disrupting effects. The report 
published by the United Nations Environment Program (UNEP) in 
2018 (19) provides an inventory of initiatives identifying endocrine-
disrupting effects up to March 2017. A complementary search was 
carried out—on the search engine “PubMed” (20) and generalist 
“Google” (21)—for initiatives that have been carried out after 
publication or that have not been mentioned by UNEP. Twenty-four 
initiatives were identified by this research. These initiatives were then 
analyzed according to the four following criteria (Figure 1).

2.2.1 Initiatives studying the PAS listed in the CIPA 
database

Two initiatives were excluded because they did not include the 
PAS listed in the CIPA database, with one of them addressing 
bisphenols [Kemikalieinspektionen, Swedish Chemicals Agency 
(KEMI)] (22) and natural and synthetic hormones for the other 
(Endocrine-Disrupting Chemicals in the Australian Riverine 
Environment Land & Water Australia) (23).

2.2.2 Initiatives with an endocrine-disrupting 
effect identification method consistent with the 
WHO definition and the current EU identification 
criteria

Seven initiatives were excluded because the definition of an 
endocrine-disrupting effect was not clearly determined (chemicals 
purported to be endocrine disrupters, Institute for Environment and 
Health, 2005) (24), the definition used was obsolete (Pesticide Action 
Network International list) (25), “Publication of the list of pesticide 
products containing a potentially endocrine-disrupting substance, 
Ministry of ecological transition” (26) or the data seemed incomplete 
to match the full WHO and EU definition, e.g., Endocrine Disruption 
exchange, 2018 (27), EDCs Databank (28), Endocrine Disruptor 
Knowledge Base et Estrogenic Activity Database—Food and Drug 
Administration (29, 30), and Endocrine Disruption Screening 
Program for the 21st Century Dashboard (31).
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2.2.3 Availability of initiative data
Two initiatives were not yet available at the time of this study 

(Endocrine Active Substances Information System [EASIS 2.0 (32)]), 
Extended Tasks on Endocrine Disruption [EXTEND, 2016 (33)] and 
were therefore excluded.

2.2.4 Initiatives providing a characterization of 
endocrine-disrupting effects on endocrine target 
organs

In light of this criterion, seven other initiatives were excluded 
as follows:

 ‐ The Endocrine Disruptor Lists, published by The Danish 
Environmental Protection Agency (34)

 ‐ List of substances of interest as regard to a potential endocrine 
activity from the French Agency for Food, Environmental, and 
Occupational Health & Safety (ANSES) (35)

 ‐ European Union Impact Assessment on Criteria to Identify 
Endocrine Disruptors (36)

 ‐ International Panel on Chemical Pollution (IPCP) (19)
 ‐ Trade Union Priority List for REACH Authorization (37),
 ‐ Substitute it Now! List (38)
 ‐ The ECHA list of substances of very high concern (SVHC) (39)

FIGURE 1

Flow chart describing the identification of initiatives of interest for the update of CIPATOX-PE-2021.
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For two of the seven initiatives not selected—although there were 
data on endocrine-disrupting effects—their descriptions, levels of 
evidence, the target organism, and endocrine organs studied were not 
systematically reported, leading to their exclusion (Substitute it Now! 
List, SVHC).

All in all, five initiatives out of the twenty-four were selected, 
meeting all of our criteria. Two of the five initiatives were already 
included in CIPATOX-PE-2018 as they provided specific endocrine-
disrupting effect data: EDS (10) and EDSP (9). The three newly 
included initiatives were “Database of Endocrine Disrupting chemicals 
and their Toxicity Profiles” (DEDUCT) (40, 41), a report by the 
Danish Center on Endocrine Disruptors (CeHoS) as a project 
contracted by the Danish Environmental Protection Agency (EPA) 
“List of Endocrine Disrupting Chemicals, Final report” (DANISH 
EPA) (42) and conclusions on pesticides from the EFSA “Peer review 
of the pesticide risk assessment” (EFSA) (43). The last volume 
included was published in August 2021 (44).

2.3 Endocrine target organs (ETO)

The endocrine target organs (ETO) retained in CIPATOX-PE- 
2021, as for CIPATOX-PE-2018, were taken from the WHO report 
(45) Compared to CIPATOX-PE-2018, hematological/immunologic, 
hepatic, and neurological ETO have been added for the update as 
WHO describes immune and metabolic disorders (including hepatic) 
as well as neurobehavioral and developmental disorders as possibly 

related to endocrine-disrupting effects. In CIPATOX-PE-2018, for the 
EDS data, the endocrine-disrupting effects of these three ETO had 
been summarized in the category “other.” Although the data per ETO 
from EDS and EDSP previously entered in CIPATOX-PE-2018 have 
been rigorously preserved as such, it was necessary to reclassify the 
EDS data in the light of the three new ETO.

From the five selected initiatives, only the effects studied for 
humans or mammals have been considered in order to ensure that 
these data can be  applied to human health in accordance with 
European regulations. All of the endocrine-disrupting effects on ETO 
studied in DEDUCT (18 ETO), the EFSA conclusion (4 ETO), and the 
DANISH EPA publication (6 ETO) were retained. For EDS and EDSP, 
the data for the 18 ETO and 6 ETO, respectively, already studied in 
CIPATOX-PE-2018 were kept (8).

All in all, CIPATOX-PE-2021 details endocrine-disrupting effects 
for 18 categories (Table 1) corresponding to ETO. These include those 
as follows:

 ‐ For reproduction, eight ETO: female and male reproductive 
organs, estrogens, androgens, progesterone, gonadotropic axis, 
effects on offspring plus a category “reproduction other” 
(corresponding to reproductive effects that could not be classified 
in the other ETO).

 ‐ For metabolic pathways, seven ETO: thyroid gland, parathyroid 
glands, hepatic system, adrenal glands, hypothalamo-
hypophyseal complex (excluding gonadotrophic axis), pancreatic 
islet and glucidic metabolism, lipidic metabolism.

TABLE 1 Summary of endocrine target organs (ETO) studied by each initiative.

DEDUCT EDS EDSP EFSA DANISH EPA

Reproductive system

Female reproductive organs ● ● ● ●

Male reproductive organs ● ● ● ●

Androgenic ● ● ● ● ●

Estrogens ● ● ● ● ●

Progesterone ● ●

Offspring ● ● ●

Central (gonadotrophic axis) ● ● ●

Reproductive system other ● ● ● ●

Metabolic

Thyroid ● ● ● ●

Parathyroids ● ●

Adrenal glands ● ●

Hypothalamic–pituitary axis ● ●

Lipid metabolism ● ●

Pancreas/Carbohydrate metabolism ● ●

Hepatic ● ●

Others ● ●

Neurological ● ●

Immunological/Hematological ● ●

● Endocrine target organ studied. DEDUCT, Database of Endocrine Disrupting chemicals and their Toxicity profiles; EDSP, Endocrine Disruptor Screening Program Tier1; EDS, The 
Endocrine Disruptor Screening Program; EFSA, Peer review of the pesticide risk assessment of the active substance; DANISH EPA, List of Endocrine Disrupting Chemicals, Final report.
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 ‐ The neurological system.
 ‐ The hematological and immunologic system.
 ‐ A category called “other” is used for effects identified as endocrine 

disruptors by the initiatives but not classifiable by the method in 
the other existing ETO.

It is also important to note that for a given endocrine-disrupting 
effect, it can be  classified in more than one ETO. For example, 
“increased prostate weight in offspring” is classified under the ETO 
“effect on offspring” as well as under “male reproductive organs.”

2.4 Extraction of data from different 
initiatives

The method employed to identify endocrine-disrupting effect 
evidence from each of the initiatives was as follows:

 - For DEDUCT, DANISH EPA, and EFSA, the search was done by 
CAS numbers of PAS.

 - For EDS and EDSP, the existing CIPATOX-PE-2018 method and 
data were used exclusively (8).

2.5 Building the endocrine-disrupting 
effect indicator

The level of evidence reported by each initiative for the identified 
endocrine-disrupting effects is quite diverse. As was done in 
CIPATOX-PE-2018, the construction of an endocrine-disrupting 

effect indicator was necessary to enable the synthesis of these data. 
From the level of evidence concluded by each initiative of an 
endocrine-disrupting effect, an endocrine-disrupting effect indicator 
was assigned. The level of evidence used depends on the level of 
evidence concluded by the initiative on the endocrine-disrupting 
effect and not on the type of study or scientific experimentation that 
led to their conclusions. Indeed, between initiatives, the type of study 
(e.g., in vitro and in vivo) and experimental model (e.g., murine and 
human) are not the same and do not necessarily lead to the same 
endocrine-disrupting effect conclusions. The indicator of effect thus 
allows the synthesis of the conclusions of the initiatives for each ETO 
and by PAS. The indicator has three levels, allowing to assign the level 
of concern of the endocrine-disrupting effect (Table 2):

 ‐ ED effect of “high concern”
 ‐ ED effect of “concern”
 ‐ “unknown” effect for PAS not identified with endocrine-

disrupting effect in the current state of knowledge.

The indicator was developed to reflect the best level of evidence 
concluded by the initiatives for each ETO and for a given PAS. Only 
three initiatives, EDS, EFSA, and DANISH EPA provide endocrine-
disrupting effect conclusions to assign the highest indicator of “having 
an endocrine-disrupting effect of high concern.” The development of 
the endocrine-disrupting effect indicator is based on a “worst case” 
approach, so that if the conclusion of one of the initiatives allowed to 
assign endocrine-disrupting effect “of high concern,” the substance 
was classified as having an endocrine-disrupting effect “of high 
concern” even if another initiative gave a different endocrine-
disrupting effect conclusion (e.g., “of concern”).

TABLE 2 Endocrine disruptor (ED) effect indicator assigned based on endocrine-disrupting effect findings of initiatives.

EDS EDSP DEDUCT EFSA DANISH EPA

Endocrine-disrupting 

effect of high concern

“Endocrine Disruptor”

“CAT1” key study

“Is an endocrine disruptor”

“Endocrine disruptor criteria 

are met”

“Endocrine Disruptor”

Endocrine-disrupting 

effect of concern

“Potential”

“CAT 2”

“CAT 1” non-key study

“Suspected”

“yes”

“Potential” “Suspected”

Unknown

Not identified with 

endocrine-disrupting 

effect in the current 

state of knowledge

Insufficient data: “CAT 

3b”

No evidence for an 

endocrine-disrupting 

effect: “CAT 3a”

Not known as Endocrine 

Disruptor according to the 

methodology for ETO 

studied by the initiative

“Suspected”

“no”

No Endocrine Disruptor data 

identified in the literature by the 

method for the ETO studied by the 

initiative

“Data gap”

“Need further investigation”

“Is not an Endocrine 

Disruptor”

“Does not meet Endocrine 

Disruptor criteria based on 

the available evidence”

“Assess Endocrine Disruptor 

does not appear scientifically 

necessary”

No Endocrine 

Disruptor data 

identified in the 

methodology for the 

ETO studied by the 

initiative

PAS not studied Not studied Not studied Not studied

PAS studied but not retained 

according to their method (list of 

excluded substances not available)

Not studied Not studied

ETO, Endocrine target organs; PAS, Phytopharmaceutical Active Substances; DEDUCT, Database of Endocrine Disrupting chemicals and their Toxicity profiles; EDSP, Endocrine Disruptor 
Screening Program Tier1; EDS, The Endocrine Disruptor Screening Program; EFSA, Peer review of the pesticide risk assessment of the active substance; DANISH EPA, List of Endocrine 
Disrupting Chemicals, Final report.
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2.6 Analysis of data from CIPATOX-PE-2021

A descriptive statistical analysis of the CIPATOX-PE-2021 data 
was performed for all the PAS licensed in France from 1961 to 2021 
according to CIPA. Descriptive analyses of the endocrine-disrupting 
effect indicator according to ETO were also performed. All analyses 
were performed using SAS software, version 9.4.

2.7 Data comparison between 
CIPATOX-PE-2018 and 2021

Data from CIPATOX-PE-2018 and CIPATOX-PE-2021 were 
compared to observe the impact of considering an ED-only mode of 
action. To do this, the two versions were compared for the same PAS 
(i.e., PAS registered before 2015). In order to allow comparison of the 
two versions, the CIPATOX-PE-2018 endocrine-disrupting concern 
level indicator was aligned with the update. Thus, in the first version 
of CIPATOX-PE in 2018, the pesticides studied were classified 
according to the data available in the following 4 categories: levels of 
“very high concern”, “medium concern”, “low concern” and 
“unknown”. For comparisons with the new version of CIPATOX-PE 
in 2021, the categories “medium concern” and “low concern” are 
grouped together under the designation “of concern”.

3 Results

3.1 CIPATOX-PE-2021

CIPATOX-PE-2021 includes 980 PAS, corresponding to the PAS 
licensed in France according to CIPA between 1961 and 2021, i.e., 71 
more PAS than CIPATOX-PE-2018.

The initiatives have investigated between 3 and 152 PAS contained 
in the CIPATOX-PE-2021 database (Table 3).

Of the 980 PAS recorded in the CIPATOX-PE-2021 database, 739 
PAS were not reviewed by any of the five initiatives and 241 PAS by 
at least one of the initiatives. The assessment came from a single 
initiative for 131 PAS (13.4%). In the study, 83 PAS (8.5%) were 
reviewed by two initiatives, 26 (2.6%) by three, and only one PAS by 
four initiatives.

Among the 241 PAS studied, 44 (18.2%) are identified according 
to the endocrine-disrupting effect indicator as having an endocrine-
disrupting effect of “high concern,” 133 (5.2%) as “concern,” and 64 

(26.6%) as “unknown” according to the current state of knowledge 
available and the methodology used.

The PAS with an endocrine-disrupting effect indicator of “high 
concern” involves 5 ETO (Figure 2). The ETO that is the target of the 
largest number of PAS with an endocrine-disrupting effect of “high 
concern” is the reproductive system with 31 PAS. This is followed by 
the thyroid with 25 PAS and the hypothalamic–pituitary axis 
(excluding the gonadotropic axis) with 5 PAS.

Finally, the “other endocrine target organs” and “neurological” 
ETO have 2 and 1 PAS, respectively, with an endocrine-disrupting 
effect of “high concern.”

All ETO are affected by one or more PAS with an endocrine-
disrupting effect indicator of “concern.” In decreasing order, we find 
the reproductive system (104 PAS), the “other endocrine target 
organs” category (63 PAS), the neurological system (46 PAS), the 
thyroid gland (39 PAS), the hepatic system (37 PAS), the 
hypothalamic–pituitary axis (30 PAS), the hematological and 
immunologic system (29 PAS), the adrenal gland (28 PAS), lipid 
metabolism (19 PAS), carbohydrate metabolism and pancreas (16 
PAS), and finally the parathyroids (1 PAS).

The “reproductive system” class has eight “ETO” subcategories, as 
shown in Figure 3. All of them are targets of PAS with an endocrine-
disrupting effect indicator of “high concern,” ranging from 16 PAS for 
“male reproductive organs” to 1 PAS for the ETO “progesterone,” with 
an average of 9 PAS for all ETO combined. The top four most 
represented ETO are therefore “male reproductive organs,” 
“androgens,” “estrogens,” and “female reproductive organs.”

3.2 Comparison of data between 
CIPATOX-PE-2018 and 2021

Among the 909 PAS licensed between 1961 and 2014, 454 are 
studied by the CIPATOX-PE-2018 initiatives compared to 218 for 
CIPATOX-PE-2021. Among the PAS studied, the number of PAS with 
the PE effect indicator “high concern” for CIPATOX-PE-2018 and 2021 
are 43 (9.5%) and 44 (20.2%), respectively. In addition, the number of 
PAS with the PE effect indicator “of concern” for CIPATOX-PE-2018 
and 2021 are 298 (65.5%) and 131 (59.8%), respectively.

Thus, 42 PAS with an endocrine-disrupting effect of “high concern” 
are similarly classified in CIPATOX-PE-2018 and 2021, both identified 
by EDS. In this study, 2 new PAS are identified as having an endocrine-
disrupting effect of “high concern” in the update: 1 PAS identified by 
the DANISH EPA and 1 PAS identified by EFSA. Both of these PAS 

TABLE 3 Summary by initiative of the number of phytopharmaceutical active substances for plant protection products (PAS) studied according to the 
three levels of the endocrine disruptor (ED) effect indicator.

ED effect 
of high 

concern

ED effect of concern Unknown endocrine-disrupting 
effect according to the current state 

of knowledge

Total number of PAS studied 
by the initiative

DEDUCT NA 152 NA 152

EDS 42 34 59 135

EFSA 2 NA 43 45

EDSP NA 21 23 44

DANISH EPA 2 1 NA 3

DEDUCT, Database of Endocrine Disrupting chemicals and their Toxicity profiles; EDSP, Endocrine Disruptor Screening Program Tier1; EDS, The Endocrine Disruptor Screening Program; 
EFSA, Peer review of the pesticide risk assessment of the active substance; DANISH EPA, Danish Center on Endocrine Disrupt 2017; NA, Non-Applicable.
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were previously classified as having an endocrine-disrupting effect of 
“concern” in CIPATOX-PE-2018. Finally, a PAS was identified as 
having an endocrine-disrupting effect of “high concern” in 
CIPATOX-PE-2018 according to the CLP initiative but is now classified 
as a PAS not investigated for endocrine-disrupting effects in 
CIPATOX-PE-2021.

In this study, 28 PAS were not studied by the initiatives considered 
by CIPATOX-PE-2018 and are now studied by the CIPATOX-PE-2021 
initiatives. Of these, 19 PAS are classified as “of concern” and 9 as 
“unknown effect.” On the other hand, 264 PAS are no longer 
considered in the update when data existed according to the criteria 
applied for CIPATOX-PE-2018, 1 PAS was considered in 2018 as 
having an effect of “high concern,” 170 PAS “of concern,” and 93 PAS 
identified “unknown” effect.

4 Discussion

Data from CIPATOX-PE-2018 were updated with the new 
definition and the new PAS licensed in France since 2015. A search and 
analysis of 24 initiatives of interest for the update was performed. Five 
international initiatives from governmental and non-governmental 
organizations, some of them recent, were selected, allowing the 
contribution of data for 18 ETO. This study provides an updated 
synthesis of the specific endocrine-disrupting effects of 
phytopharmaceutical active substances (PAS) that have been used in 
France over the past 60 years based on the compilation of data from 
existing initiatives and the current definition of endocrine-disrupting 
effects published by the European Union in 2018. The development of 
an endocrine-disrupting effect indicator, linked to the level of evidence 
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FIGURE 2

Number of phytopharmaceutical active substances (PAS) with an endocrine-disrupting effect (ED) indicator of “high concern,” “concern,” and 
“unknown” according to endocrine target organs (ETO).

FIGURE 3

Number of phytopharmaceutical active substances (PAS) with an endocrine disruptor (ED) effect indicator of “high concern,” “concern,” and “unknown” 
according to the endocrine target organ “reproductive system”.
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reported by the initiatives on endocrine-disrupting effects, enables them 
to be synthesized and makes it easier to identify the PAS of concern.

However, this data compilation process has experienced some 
difficulties. Thus, the PAS listed in CIPA may have some synonyms. 
For example, the case of the PAS “formic aldehyde” and “formaldehyde” 
(CAS number: 50-0-0). They are in fact one and the same PAS but 
correspond to two distinct entities in CIPA, with their own data in 
terms of years of registration and types of use. Thus, it counts as two 
distinct PAS in CIPATOX-PE-2021 even though it is the same 
substance. In practice, in CIPATOX-PE-2021, the same CAS number 
can be associated with several PAS (e.g., “carbatene” and “metiram-
zinc” with CAS number 9006-42-2), and a PAS can be associated with 
several CAS numbers (e.g., “copper” and its CAS numbers: 1332-65-6; 
1317-39-1; 12069-69-1). Finally, some PAS do not have any CAS 
number listed (e.g., “lactic ferment”).

Only three out of the five initiatives provided conclusions on 
endocrine-disrupting effects with a level of evidence allowing for the 
assignment of the “high concern” endocrine-disrupting effect 
indicator: EDS, EFSA, and DANISH EPA. However, the latter two 
only investigated, respectively, 45 and 3 PAS of CIPATOXPE-2021. 
EDS studied 135 PAS. EDS data were already included in 
CIPATOX-PE-2018. Thus, in this update, the new initiatives 
contributing to the classification of PAS with a high level of evidence 
propose a low number of data compared to the number of PAS 
included in CIPATOX-PE-2021. Regarding the PAS identified as 
having an endocrine-disrupting effect indicator of “high concern,” 
EFSA identified 2 PAS. However, one of them was already identified 
by EDS as such. Concerning DANISH EPA, it also identified 2 PAS. Of 
these, one PAS was already identified by EDS as having an endocrine-
disrupting effect indicator of “high concern.” Finally, the majority of 
PAS identified as having an endocrine-disrupting effect indicator of 
“high concern” is therefore from EDS data (42 PAS), yet these are 
identical with CIPATOX-PE-2018 as EDS data were already included.

Eventually, 64 PAS are classified as “unknown” based on the 
methodology and evidence available. This should not be interpreted 
as safe with respect to endocrine disruption but as the absence of a 
conclusion demonstrating an endocrine-disrupting effect due to 
documented scientific reasoning or insufficient data to conclude.

These “unknown” findings may evolve as more knowledge about 
endocrine-disrupting effects becomes available—as described above 
for the EDS and EDSP data—and as regulatory frameworks and 
standardized tests for endocrine disruptor assessment evolve.

The endocrine-disrupting effect indicator proposes a “worst case” 
strategy. For example, with this metric, a decision of an endocrine-
disrupting effect by one initiative prevails over a decision of no 
endocrine-disrupting effect by another. This strategy is designed to 
identify PAS of concern with respect to the large number of licensed 
PAS, but it does not allow for the representation of alternative 
conclusions on endocrine-disrupting effects.

CIPATOX-PE-2018 identified data for 454 PAS compared to 218 
PAS for CIPATOX-PE-2021. The number of PAS with the PE effect 
indicator of “high concern” was essentially identical between the two 
versions with 43 PAS in CIPATOX-PE-2018 and 44  in 
CIPATOX-PE-2021. Of these, 42 of the PAS were common to both 
versions as identified by EDS data.

CIPATOX-PE-2018 included toxicological data that were not only 
specific to endocrine-disrupting mode of action (JMPR, CLP, and 
EFSA’s “the Strategy for Identification of Endocrine Disruptors and 

Evaluation of their Cumulative Risks”). By taking these endocrine 
toxicity effects into account, more data were available for PAS. For 
CIPATOX-PE-2021, considering the new European definition required 
the selection of initiatives with specific endocrine-disrupting effect data. 
Thus, the current European regulation allows a specific and consensual 
identification of endocrine disruptors. This specific definition implies 
that the toxicological particularities of ED (e.g., low-dose, non-dose-
dependent, and transgenerational effects) should be considered as they 
are not usually evaluated, thus allowing for their better identification. 
Nevertheless, the current European regulation appears to be  more 
restrictive for the identification of endocrine-disrupting effects of PAS 
because the specific endocrine disruptor data available are still limited.

The assessment of endocrine-disrupting effects is challenging due 
to their particularities such as delayed, low-dose, non-dose related, 
transgenerational, species-dependent, and chronic and cumulative 
exposure to other toxicants (46). This increases the complexity of 
identifying and assessing the endocrine-disrupting effects of 
substances. An endocrine disruptor is a recent concept with 
mechanistic understanding and toxicological evaluations still limited. 
The “cocktail” effects are not regulated as toxicology tests are not based 
on an integrative approach to the effects of mixtures (46). In addition, 
substances used in the past have sometimes never been evaluated for 
endocrine-disrupting effects and may not be evaluated in the future 
as regulatory authorities such as EFSA give priority to the study of 
currently licensed or registered PAS. Thus, some PAS may never have 
endocrine disruptor test data due to lack of study, while endocrine-
disrupting health effects may occur late, and some pesticides are 
persistent. The “transparency regulation” (47), in application since 
March 2021, is part of the reinforcement of the transparency of risk 
assessment in the food chain and should allow the public to access 
scientific studies and information submitted to EFSA by 
manufacturers. This information could allow the emergence of other 
non-governmental initiatives to identify endocrine-disrupting effects 
or to complete the data of existing ones. The European regulatory 
commitment to assess ED should allow the systematic and 
standardized reporting of ED data for each licensed PAS and thus 
reduce the high number of PAS for which no data are available in 
CIPATOX-PE-2021. In addition, following the update, on 16 May 
2022, the EASIS (32) team published the online database EASIS 2.0. 
This new initiative in endocrine-disrupting effect identification using 
the WHO definition may provide new data. In view of the increasing 
availability of endocrine-disrupting effect data, it seems worthwhile to 
carry on with the update of CIPATOX-PE.

The study aimed to update CIPATOX-PE-2018 with the European 
regulation currently applicable and to allow the study of the PAS 
recently added to the CIPA database. The construction of endocrine-
disrupting effect indicators, in relation to the level of evidence 
provided by the endocrine-disrupting effect initiatives, allows the 
synthesis of updated data and the detection of PAS of concern for 
endocrine-disrupting effects. CIPATOX PE-2021 thus allows 
providing information on the effects on health of old and banned 
pesticides as well as for newly licensed pesticides. This makes it 
possible to have information on health effects for current but also past 
exposures as the effects can occur delayed and the pesticides are 
persistent. However, scientific data are constantly evolving, and our 
update of molecules used in France over the last 60 years as well as 
data on their endocrine-disrupting effects ends in 2021. As a result, 
the figures produced may be underestimated.
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CIPATOX-PE-2021 can be  used to monitor populations of 
workers exposed to PAS in the context of epidemiological studies and 
to support the characterization of health effects in the context of 
occupational exposure. Finally, the implementation of a hazard class 
for endocrine disruptors as part of the European CLP regulation (in 
the same way as for carcinogenic, mutagenic, and reprotoxic 
substances) has been recently decided by the UE (48). Indeed, a 
modification of the European CLP regulation regarding endocrine 
disruptors was published on 21 March 2023 in the official journal. It 
creates two classes for substances with an established or suspected 
endocrine-disrupting effect. These new classifications are expected to 
be  implemented by 2025 with a potential impact in terms of 
prevention (48).
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Sense of coherence promotion 
and occupational and family stress 
mitigation may improve heart 
health behaviors in middle-aged 
working women: a structural 
equation modelling approach
Ji Hyun Moon 1 and Eunhye Seo 2*
1 Department of Community Health Nursing, College of Nursing, Korea University, Seoul, Republic of 
Korea, 2 College of Nursing, Keimyung University, Daegu, Republic of Korea

Aims: This study aimed to construct a model that describes heart health 
behaviors in middle-aged working women and verify the goodness-of-fit of the 
model based on Salutogenesis.

Methods and results: This study adopted a cross-sectional design. Participants 
were 330 middle-aged working women in South Korea. Data were analyzed 
using structural equation modelling with Sobel’s Z test. In the multiple 
mediation model, stress coping strategy (β  =  0.26; p  <  0.001), social support 
(β  =  0.41; p  <  0.001), and health self-efficacy (β  =  0.36; p  <  0.001) had significant 
direct effects on sense of coherence (SOC). SOC had a significant direct effect 
on occupational (β  =  −0.72; p  <  0.001) and family stress (β  =  −0.76; p  <  0.001). 
Additionally, SOC (β  =  0.67; p  <  0.001), occupational stress (β  =  −0.46; p  <  0.001), 
and family stress (β  =  −0.28; p  <  0.001) had significant direct effects on heart 
health behaviors. Moreover, SOC had a significantly partial mediating effect 
on heart health behaviors through occupational stress (Z  =  3.17; p  =  0.002) and 
family stress (Z  =  2.26; p  =  0.024).

Conclusion: Occupational and family stress mediated the relationship between 
SOC and heart health behaviors in middle-aged working women.

Clinical evidence: Interventions that mitigate occupational and family stress 
may improve heart health behaviors among middle-aged working women.

KEYWORDS

middle-aged, working women, sense of coherence, psychological stress, health 
behavior

1 Introduction

A recent report (1) from the United States of America underscored the noteworthy trend 
of increasing women’s labor force engagement, primarily driven by middle-aged women’s 
increased participation (2). Statistics Korea also suggested this phenomenon, highlighting a 
consistent and robust 64.8% participation rate among middle-aged women in 2021 (3).
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Middle-aged (usually 40–64 years) (4) women experience 
social, biological, and psychological transitions, that are associated 
with parenting, parental caregiving, menopausal experiences, and 
aging-related developmental shifts (5–7). Menopause, a clinical 
hallmark of middle age, entails hormonal fluctuations that may 
cause metabolic disorders and develop into cardiovascular disease 
(8). Indeed, a gender-stratified investigation of cardiovascular 
disease risk in workers revealed a rapid risk escalation in middle-
aged women, underscoring a need to enhance cardiovascular 
health in this population (9). Nevertheless, middle-aged working 
women tend to neglect own health management because of the 
dual challenges of work–life balance (10, 11).

The American Heart Association has recommended strategies 
to improve modifiable risk factors for cardiovascular diseases, 
including smoking cessation, adopting a nutritious diet, engaging 
in physical activity, and maintaining an ideal body mass index 
(BMI) (12). Considering the impact of middle age in cardiovascular 
health behaviors on future health status and mortality risk (13), it 
is essential to promote such behaviors in middle age. For instance, 
significant changes in hormones, body composition, and lipid 
profiles during menopause noticeably increase the risk of 
cardiovascular diseases in middle-aged women (14). However, 
cardiovascular health behaviors were less widely adopted among 
those aged 40–59 and 60 and older compared to those aged 20–39 
(13). Furthermore, an analysis of the Korean National Health 
Information Database revealed that approximately 50% of women 
are engaging in suboptimal exercise levels, which is relatively 
higher compared to around 38% of men (9, 13).

Excessive and poorly managed psychological stress can make 
it challenging to adopt heart healthy behaviors (10, 11), which can 
have adverse effects on cardiovascular health (15). Working women 
experience work–family conflict and high psychological pressure 
and stress owing to the difficulties associated with having to 
conciliate work- and home-life (16). Indeed, the pressure from 
these multiple roles increases stress and negatively impacts their 
health (17), ultimately leading to detrimental effects on the 
cardiovascular health of working women (9).

Middle-aged working women’s heart health behaviors, in the 
context of workplace and home stressors, can be  explained by 
Antonovsky’s Salutogenesis (18, 19). Salutogenesis pertains to 
innate resources and internal abilities—which encompass general 
resistance resources (GRRs) and sense of coherence (SOC)—
empowering individuals to overcome stress and uphold well-being 
despite inevitable stress and disease-related factors (18, 19). GRRs 
represent deployable assets interlinked with SOC, and the latter 
reflects one’s ability to understand and manage GRRs and to find 
meaning from stress and tension states (18, 19). The harmonious 
interplay of GRRs and SOC facilitates efficacious tension 
resolution, propelling individuals toward a health-affirming 
trajectory (18, 19). Considering Salutogenesis, the incapacity of 
middle-aged working women grappling with stress-induced 
tension to achieve successful resolution may impede the adoption 
of heart health behaviors, which relates to cardiovascular 
health decline.

Factors related to heart health behaviors include stress coping 
strategy, health self-efficacy, social support, SOC, occupational 
stress, and family stress (18–24). Specifically, stress coping strategy, 

social support, and health self-efficacy are known to help individuals 
adapt to stressful situations, increasing their SOC (18–21), which 
consequently has a positive effect on occupational stress (22) and 
family-related stress (23), thus, improving health behaviors (24). 
Still, these determinants of heart health behaviors (25, 26) have 
received limited investigations in the context of middle-aged 
working women.

Thus, this study aimed to establish a comprehensive structural 
model that describes the direct and indirect influences and provides 
preliminary indications of potential causal relationships among 
stress coping strategy, health self-efficacy, social support, SOC, 
occupational stress, family stress, and heart health behaviors in 
middle-aged working women. This study delivers reference data for 
the design of interventions that foster heart health behaviors in 
middle-aged working women.

1.1 Hypothetical model

Grounded in the Salutogenesis framework, this research defined 
stress coping strategy, health self-efficacy, and social support 
(divided into family support and workplace support) as GRRs (18, 
19). Stress was considered to encompass occupational and family 
stress (16), while heart health behaviors represented health 
indicators. The model incorporated SOC, a crucial Salutogenesis 
component (18, 19). Based on our hypothetical model (Figure 1), 
the hypotheses were as follows: (1) stress coping strategy, health 
self-efficacy, and social support directly influence SOC (18–21); (2) 
SOC directly influences occupational and family stress (22, 23) and 
heart health behaviors (24); (3) SOC indirectly influences heart 
health behaviors through occupational and family stress; (4) 
occupational and family stress directly influence heart health 
behaviors (10, 11).

Considering previous studies based on Salutogenesis (18, 19), 
stress coping strategy, social support, and health self-efficacy were 
treated as exogenous variables, while SOC, occupational stress, 
family stress, and heart health behaviors were endogenous variables. 
Among the endogenous variables, occupational and family stress 
factors were defined as mediation factors.

2 Methods

2.1 Study design and sample

This study adopted a cross-sectional design with a factor analysis, 
as it enabled us to simplify a set of complex variables using statistical 
methodologies and to explore the underlying dimensions that explain 
the relationships among the multiple variables. Furthermore, a total 
of 330 middle-aged working women from South Korea participated. 
The inclusion criteria were (1) working women aged 40–64 years, (2) 
residing in South Korea, and (3) that could be contacted by email. 
Participants who had any difficulty responding to online surveys were 
excluded. The study sample comprised 330 participants since 
Tabachnick, Fidell, and Ullman (27) suggested the need for at least 300 
cases, and Comrey and Lee (28) stated that a sample size of 300 was 
adequate for factor analysis while considering a 10% non-response rate.
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2.2 Measurements

2.2.1 Sociodemographic and health-related 
characteristics

Sociodemographic characteristics such as age, education level, 
occupation, marital status, number of family members, and monthly 
household income were assessed. Health-related characteristics such 
as underlying diseases, amount of alcohol consumed (per occasion), 
smoking status, amount of moderate exercise, weight, and height were 
also assessed. Moderate exercise was defined as at least 150 min of 
exercise a week (29). BMI was calculated by dividing the weight (kg) 
by the square of the height (m2), and categorized into ≥25 kg/m2 
and < 25 kg/m2 (30).

2.2.2 Stress coping strategy
Stress coping strategy was assessed using the way of coping scale 

that was developed by Lazarus and Folkman (31) and modified and 
translated into Korean by Oh and Han (32). The 33 items are divided 
into six subscales—problem-focused, wishful thinking, detachment, 
seeking social support, focusing on the positive, tension reduction—
and are measured on a four-point Likert scale. The Cronbach’s α was 
0.79 in Oh and Han’s (32) study and 0.82 in this study.

2.2.3 Social support
Social support was investigated from the perspective of family and 

workplace support; these are the two sources of social support that 
facilitate and promote heart health behaviors among fulltime working 
adults (33). Family support was assessed using the standardized 
20-item Perceived Social Support–family scale (PSS-Fa) (34). Items 
concern respondents’ feelings and experiences regarding their family 
members, where “yes” responses are scored 1 and “no” or “I do not 
know” responses are scored zero, and total scores range from 0 to 20 
points. The Cronbach’s α of this scale was 0.90 in the original study 
(34) and 0.94 in this study.

Workplace support was measured using the Workplace Support 
for Health scale (35) to assess participants’ perceptions of the support 
received in the workplace for a healthy lifestyle. This tool consists of 
five items measured on a five-point Likert scale. The Cronbach’s α was 

0.82  in Kava et  al.’s (35) study and 0.93  in this study, showing 
satisfactory internal consistency in both studies.

2.2.4 Health self-efficacy
Health self-efficacy was measured using the 24-item Korean 

version of the Self Rated Abilities for Health Practices: Health Self-
Efficacy Measure (K-SRAHP) (36), originally developed by Becker 
et al. (37). It comprises six subscales (i.e., exercise, illness, emotion, 
nutrition, stress, and health practice) measured on a five-point Likert 
scale. The Cronbach’s α was 0.91 in the validation study of K-SRAHP 
(36) and 0.96 in this study.

2.2.5 Sense of coherence
SOC was measured using the 13-item-Short Form Sense of 

Coherence developed by Antonovsky (19). It comprises three 
subscales, as follows: comprehensibility (five items), manageability 
(four items), and meaningfulness (four items). Items are answered on 
a seven-point Likert-type scale. The Cronbach’s α of this scale ranged 
from 0.82–0.95  in the original study (19) and from 0.84–0.89  in 
this study.

2.2.6 Occupational stress
Occupational stress was measured using the 24-item Korean 

Occupational Stress Scale-short form (KOSS-SF) (38). It encompasses 
the subscales of job demand, insufficient job control, interpersonal 
conflict, job insecurity, occupational system, lack of reward, and 
organizational culture. Items are measured on a four-point Likert 
scale, and total scores range from 24 to 96 points. The Cronbach’s α of 
this scale ranged from 0.51–0.85 in the original study (38) and from 
0.73–0.89 in this study.

2.2.7 Family stress
Family stress was measured using a 21-item questionnaire 

developed for married working women by Kim and Cho (39). It 
comprises the four subscales of cooperation, satisfaction with 
relationships, democratic and comfortable environment, and 
disturbance of own living. Answers are measured on a four-point 
Likert scale. We used 20 items, excluding one item (i.e., I feel the loss 

FIGURE 1

Hypothetical model.

148

https://doi.org/10.3389/fpubh.2024.1333867
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Moon and Seo 10.3389/fpubh.2024.1333867

Frontiers in Public Health 04 frontiersin.org

of my authority as a parent), because participants who did not have 
children could not answer. The Cronbach’s α of this scale was 0.86 in 
the original study (39) and 0.88 in this study.

2.2.8 Heart health behaviors
Heart health behaviors were measured using the 36-item 

Evaluation Tool for Metabolic Syndrome Modification Lifestyles, 
originally developed by Kang (40). This scale comprises six subscales: 
physical activity and weight control, dietary habits, drinking and 
smoking, sleep and rest, stress, and drug and health management. The 
items are answered on a four-point Likert-type scale. The Cronbach’s 
α of the scale was 0.92 in the original study (40) and 0.93 in this study.

2.3 Data collection

Participants were recruited through an online survey institute (i.e., 
Macromill Embrain Co Ltd.) that randomly sent emails to a pool of 
more than 1.3 million people, and subsequently provided the 
questionnaire to those who voluntarily responded. All participants 
were requested to, before agreeing to participate and having their 
personal information collected, carefully read the explanations 
regarding the purpose and content of this study, confidentiality, and 
the right to withdraw. Each participant was given a small incentive of 
approximately $3 (USD) in accordance with the regulations of the 
survey institute. The data were collected from October to 
November 2021.

2.4 Statistical analysis

Data were analyzed using SPSS version 23.0 and AMOS version 
23.0 for Windows (IBM Corp.). A significance level of p < 0.05 was 
considered for all analyses. Sociodemographic and health-related 
characteristics and study variables were analyzed using descriptive 
statistics, including frequency, percentage, mean, and standard 
deviation. Data normality was analyzed by skewness and kurtosis. 
Cronbach’s α was computed for the variables. Correlations between 
study variables were evaluated using Pearson’s 
correlation coefficients.

A confirmatory factor analysis was performed to validate the 
hypothesized model. Convergent validity was calculated using factor 
loading, constructive reliability (CR), and average variance extracted 
(AVE). A CR value of ≥0.70 and an AVE of ≥0.50 were used for 
confirming convergent validity (41). Discriminant validity was 
assessed by correlation coefficient and AVE (ɸ2 < AVE) (42).

Structural equation modelling (SEM) with a maximum likelihood 
estimation method and Sobel’s Z test was used to evaluate the fit of the 
hypothesized model based on the following multiple criteria: 
standardized χ2 (χ2/df) ≤ 3 (43), goodness-of-fit index (GFI) > 0.90, 
comparative-fit index (CFI) > 0.90, Tucker-Lewis index (TLI) > 0.90, 
standardized root mean square residual (SRMR) < 0.08, and root mean 
square error of approximation (RMSEA) < 0.07 (43–45). Hypotheses 
regarding the structural relationships of the constructs in the final 
model were evaluated using the magnitude of path coefficients 
(standardized coefficient) and their significance. The direct, indirect, 
and total effects of the latent variables were estimated. Sobel’s Z test, a 
commonly used statistic for testing the significance of mediation 

effects, was used to determine the indirect effects in the hypothesized 
model (46).

2.5 Ethical considerations

Participants voluntarily agreed to complete the survey, participate 
in this study, and submitted a written consent form only after receiving 
and reading recruitment information and research participation 
instructions. The research protocols were approved by the Institutional 
Review Board of Korea University (KUIRB-2021-0351-01), and all 
procedures in this study followed the ethical standards of this board. 
Furthermore, no animal study was presented in this manuscript, and 
there are no potentially identifiable images or data are presented in 
this study.

3 Results

3.1 Participants’ sociodemographic and 
health-related characteristics

Table 1 serves merely to characterize participants; we saw no need 
to control for demographic characteristics in the model, as the mean 
age of participants was 50.97 years, with a substantial portion of 
participants (83.6%) in their 40s (40.3%) and 50s (43.3%). Of them, 
38.8% were office workers, 74.2% were married, and 47.3% had a 
monthly household income of 5 million won (47) or more, based on 
a median-income family of four. Additionally, 9.1% were current 
smokers, and 17.9% engaged in moderate exercise for 150 min or more 
per week.

Table 2 shows the descriptions of measured variables. Among the 
SOC subscales, meaningfulness had the highest mean score 
(mean = 4.59) and manageability had the lowest mean score 
(mean = 4.10). Participants had high occupational stress owing to 
insufficient job control (mean = 2.48). Among the family stress 
subscales, the mean score for satisfaction with relationships and 
democratic and comfortable environment was 2.96.

3.2 Correlations of study variables

As shown in Table 3, stress coping strategy (r = 0.23, p < 0.001), 
health self-efficacy (r = 0.49, p < 0.001), and social support (r = 0.47, 
p < 0.001) were positively correlated with SOC. In contrast, 
occupational (r  = −0.53, p < 0.001) and family stress (r = −0.56, 
p < 0.001) were negatively associated with SOC. These results 
corroborate the interaction between stress coping strategy, health self-
efficacy, social support, and Sense of SOC.

3.3 Validity of measurement model

The initial model’s goodness-of-fit indices were as follows: 
χ2 = 1797.798 (p < 0.001), standardized χ2 = 2.699, GFI = 0.832, 
CFI = 0.816, TLI = 0.825, SRMR = 0.064, RMSEA = 0.072 (90% 
confidence interval [0.068, 0.076]). The model was reviewed 
comprehensively to improve its fit based on the theoretical rationale 
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by referring to the modification index suggested in AMOS version 
23.0. In this study, some observed variables were found to be closely 
correlated, as described herein: illness (e10) and emotion (e11) in 
health self-efficacy; job demand (e18) and insufficient job control 
(e19) in occupational stress; and sleep and rest (e31) and stress (e33) 

in heart health behaviors. Therefore, some covariance paths between 
the measurement errors of these variables were added (Figure 2). The 
modified model’s goodness-of-fit values were acceptable, as follows: 
χ2 = 809.182, standardized χ2 = 2.205, GFI = 0.926, CFI = 0.913, 
TLI = 0.936, SRMR = 0.032, RMSEA =0.061, (90% confidence interval 
[0.055, 0.066]). All factor loadings were statistically significant (all p 
values <0.001, λ = 0.40–0.85). The correlation coefficients of the latent 
variables were statistically significant (all p values <0.05, |r| = 0.37–
0.77). All latent variables showed adequate convergent and 
discriminant validities (CR = 0.84–0.95, AVE = 0.63–0.83).

3.4 Test of SEM: a multiple mediation 
model

Table  4 shows the multiple mediation model with the two 
mediators of occupational and family stress. SOC had a significant 
direct effect on occupational (β = −0.72, p < 0.001) and family stress 
(β = −0.76, p < 0.001). Furthermore, SOC (β = 0.67, p < 0.001), 
occupational stress (β = −0.46, p < 0.001), and family stress (β = −0.28, 
p < 0.001) had significant direct effects on heart health behaviors. SOC 
had significant total indirect effect on heart health behaviors through 
psychological and environmental factors (β  = 0.67; p  < 0.001). 
Moreover, SOC had a significantly partial mediating effect on heart 
health behaviors through occupational (Z = 3.17, p = 0.002) and family 
stress (Z = 2.26, p = 0.024; Table  5). Increasing SOC indicated 
reductions in occupational and family stress; these findings confirm 
the direct impact of SOC on both occupational and family stress, as 
well as their collective influence on heart health behaviors.

4 Discussion

This study used SEM to determine how heart health behaviors 
were directly and indirectly related to SOC, occupational and family 
stress, and GRRs (i.e., stress coping strategy, health self-efficacy, and 
social support) in middle-aged working women based on 
Salutogenesis. All endogenous variables in this study had direct effects 
on heart health behaviors in middle-aged working women, and the 
indirect effects of SOC through occupational and family stress were 
shown. Thus, the findings of the current study are in line with the 
Salutogenesis theory, suggesting that life experiences play a role in 
shaping an individual’s SOC. Moreover, a robust SOC facilitates 
resource accumulation for coping with stress and effectively navigating 
tension, thereby impacting an individual’s placement on the well-
being spectrum (18, 19).

SOC demonstrated a statistically significant positive association 
with heart health behaviors in our sample, in alignment with previous 
findings (24, 48, 49). This suggests that middle-aged working women 
who can perceive stimuli as structured and predictable, resource 
availability, and feel that life has a meaning are more likely to adopt 
heart health behaviors. Particularly, SOC had the greatest influence 
on heart health behaviors. These result were considered to 
be meaningful results of verifying the importance of SOC for health, 
a key factor in Salutogenesis theory (18, 19). It implied that improving 
heart health behaviors among this population may require first the 
assessment of SOC, and then the planning of interventions to 
improve it.

TABLE 1 Participants’ sociodemographic and health-related 
characteristics (N  =  330).

Characteristics N (%) or Mean (SD)

Age (group) 50.97 (6.87)

40 ~ 49 133 (40.3)

50 ~ 59 143 (43.3)

60 ~ 64 54 (16.4)

Education level

High school graduate 91 (27.6)

College graduate 199 (60.3)

Over graduate 40 (12.1)

Occupation

Office workers 128 (38.8)

Managers & professionals 70 (21.2)

Sales & service workers 54 (16.4)

Technology 45 (13.6)

Others 33 (10.0)

Marital status

Married 245 (74.2)

Never married 48 (14.6)

Widowed/separated/divorced 37 (11.2)

Number of family members

1 23 (7.0)

2 91 (27.6)

3 84 (25.4)

≥ 4 132 (40.0)

Monthly household income (10,000 won)

≤ 500 174 (52.7)

> 500 156 (47.3)

Underlying diseases

Cardiovascular disease 6 (1.8)

HTN, DM, Hyperlipidemia 86 (26.1)

Amount of alcohol drinking (glasses) 3.28 (3.19)

Current smoking

Yes 30 (9.1)

No 300 (90.9)

Amount of moderate exercise (per week)

≥ 150 min 59 (17.9)

< 150 min 271 (82.1)

BMI (kg/m2)

≥ 25 66 (20.0)

< 25 264 (80.0)

BMI, body mass index; DM, diabetes; HTN, hypertension; SD, standard deviation.
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This study also revealed that the relationship between SOC and 
heart health behaviors was mediated by occupational and family 
stress. A higher SOC was associated with lower occupational and 

family stress, and the direct effects of occupational and family stress 
on heart health behaviors were significant—similar to the direct 
effect of SOC on heart health behaviors. These findings demonstrated 

TABLE 2 Descriptive statistics for measured variables.

Latent variables Measured variables Mean  ±  SD Skewness Kurtosis

Stress coping strategy

Total 2.66 ± 0.23 −0.16 2.05

Problem-focused 2.90 ± 0.31 −0.37 1.30

Wishful thinking 2.61 ± 0.37 −0.45 1.46

Detachment 2.44 ± 0.40 −0.09 0.35

Seeking social support 2.66 ± 0.39 −0.52 1.49

Focusing on the positive 2.83 ± 0.40 −0.49 1.62

Tension reduction 2.70 ± 0.59 −0.26 0.40

Social support
Family support 1.02 ± 0.08 −0.39 0.08

Workplace support 3.24 ± 0.83 −0.55 0.33

Health self-efficacy

Total 2.50 ± 0.65 −0.13 −0.35

Exercise 2.47 ± 0.77 −0.16 −0.33

Illness 2.55 ± 0.79 −0.36 −0.23

Emotion 2.43 ± 0.74 −0.04 −0.44

Nutrition 2.39 ± 0.92 −0.19 −0.64

Stress 2.35 ± 0.84 −0.39 −0.31

Health practice 2.86 ± 0.75 −0.30 −0.44

Sense of coherence

Total 4.30 ± 0.90 −0.03 0.26

Comprehensibility 4.30 ± 1.01 0.05 0.30

Manageability 4.10 ± 0.94 0.12 0.00

Meaningfulness 4.59 ± 1.10 −0.14 −0.01

Occupational stress

Total 2.36 ± 0.39 −0.01 0.21

Job demand 2.34 ± 0.57 0.14 0.12

Insufficient job control 2.48 ± 0.59 0.04 0.20

Interpersonal conflict 2.33 ± 0.64 0.33 0.14

Job insecurity 2.20 ± 0.77 0.18 −0.50

Occupational system 2.43 ± 0.59 0.51 0.37

Lack of reward 2.41 ± 0.58 0.53 0.68

Organizational climate 2.25 ± 0.61 0.15 −0.01

Family stress

Total 2.89 ± 0.42 −0.41 1.20

Cooperation 2.89 ± 0.49 −0.35 0.87

Satisfaction with relationships 2.96 ± 0.59 −0.41 0.28

Democratic and comfortable 

environment
2.96 ± 0.54 −0.49 1.12

Disturbance of own living 2.19 ± 0.74 0.31 −0.06

Heart health behaviors

Total 2.55 ± 0.45 0.22 0.19

Physical activity and weight control 2.14 ± 0.64 0.43 −0.01

Dietary habits 2.55 ± 0.52 0.13 0.08

Drinking and smoking 3.46 ± 0.82 −1.65 1.81

Sleep and rest 2.95 ± 0.62 −0.05 −0.24

Stress 2.79 ± 0.73 −0.13 −0.36

Drug and health management 2.50 ± 0.65 0.14 −0.28

SD, standard deviation.
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the pivotal role of stress, a key factor in Salutogenesis (18, 19). In 
other words, even if SOC was low, it was still possible for it to 
improve heart health behaviors if occupational and family stress 
were managed.

The significant direct association between SOC and occupational 
stress found in this study aligns with the results of prior research 
among Korean dental hygienists (50), reporting that a higher SOC was 
associated with lower occupational stress. Previous studies have 

TABLE 3 Correlations of study variables.

Variables 1 2 3 4 5 6 7

r (p)

1. Stress coping 

strategy
1

2. Social support 0.33 (p < 0.001) 1

3. Health self-efficacy 0.36 (p < 0.001) 0.47 (p < 0.001) 1

4. Sense of coherence 0.23 (p < 0.001) 0.47 (p < 0.001) 0.49 (p < 0.001) 1

5. Occupational stress −0.24 (p < 0.001) −0.54 (p < 0.001) −0.36 (p < 0.001) −0.53 (p < 0.001) 1

6. Family stress −0.20 (p < 0.001) −0.46 (p < 0.001) −0.43 (p < 0.001) −0.56 (p < 0.001) 0.48 (p < 0.001) 1

7. Heart health 

behaviors
0.32 (p < 0.001) 0.43 (p < 0.001) 0.67 (p < 0.001) 0.44 (p < 0.001) −0.25 (p < 0.001) −0.38 (p < 0.001) 1

FIGURE 2

Path diagram of final model.

TABLE 4 Parameter estimates for structural model and standardized direct, indirect, and total effects.

Endogenous 
variables

Exogenous 
variables

B β (SE) C.R. (p) SMC Direct 
effect (p)

Indirect 
effect (p)

Total effect 
(p)

SOC Stress coping 

strategy
0.62 0.26 (0.15) 4.10 (p < 0.001)

0.757
0.26 (p < 0.001) – 0.26 (p < 0.001)

Social support 0.52 0.41 (0.09) 5.68 (p < 0.001) 0.41 (p < 0.001) – 0.41 (p < 0.001)

Health self-efficacy 0.55 0.36 (0.11) 5.05 (p < 0.001) 0.36 (p < 0.001) – 0.36 (p < 0.001)

Occupational stress SOC −0.20 −0.72 (0.03) −6.09 (p < 0.001) 0.516 −0.72 (p < 0.001) – −0.72 (p < 0.001)

Family stress SOC −0.43 −0.76 (0.04) −10.72 (p < 0.001) 0.581 −0.76 (p < 0.001) – −0.76 (p < 0.001)

Heart health behaviors SOC 0.61 0.67 (0.09) 6.54 (p < 0.001) 0.832 0.67 (p < 0.001) 0.54 (p < 0.001) 1.21 (p < 0.001)

Occupational stress −0.73 −0.46 (0.20) −3.72 (p < 0.001) −0.46 (p < 0.001) – −0.46 (p < 0.001)

Family stress −0.22 −0.28 (0.10) −2.33 (p < 0.001) −0.28 (p < 0.001) – −0.28 (p < 0.001)

β, standardized estimate; C.R., critical ratio; SE, standard error; SMC, squared multiple correlation; SOC, sense of coherence.
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established that occupational stress influences health behaviors, such 
as alcohol consumption (11), sedentary lifestyle (51), and regular diet 
(10), and plays a putative role in cardiovascular health, including 
cardiovascular disease development (15) and increased risk (52). 
Particularly, in this study, the direct effect of occupational stress on 
heart health behaviors surpassed that of family stress. Therefore, there 
is the need to mitigate occupational stress to enhance heart health 
behaviors in middle-aged working women.

For middle-aged working women, family stress is a significant 
stressor owing to them often having extensive workloads and familial 
complexities (16). Our study demonstrated family stress as a pivotal 
factor influencing heart health behaviors in this population. These 
findings highlight the need to advocate for more interventions 
targeting family stress. Additionally, SOC indirectly affected heart 
health behaviors by lowering family stress in our sample. This aligns 
with a prior study (23) associating SOC with family-related stress in 
working women with preschool-aged children. However, the exact 
role of family stress in heart health behaviors remains a complex issue 
that is yet to be solved, suggesting the need for further investigation. 
Still, our finding was similar to that of a previous study (53) showing 
that low family stress was a predictor of health promotion behavior. 
Meanwhile, another study (54) analyzed the relationship between 
family stress and health promotion behaviors for dual earner couples, 
and reported that the higher the family stress, the higher the health 
promotion behaviors. The divergence in the findings of the current 
study and those of the last cited study may be attributed, in part, to the 
composition of the study sample, where a substantial majority (64.1%) 
were in their 20s and 30s, and the authors believe that awareness and 
practice of health behaviors have increased among young workers 
compared to middle-aged workers.

We incorporated GRRs, namely stress coping strategy, health self-
efficacy, and social support, as exogenous variables into the model of 
this study. Antonovsky’s work (18, 19) framed these resources not as 
direct influencers of health, but as contributors to the development of 
SOC. Salutogenesis posits that psychological resources, such as self-
efficacy, generate life experiences affecting SOC (55). Aligning with 
Salutogenesis (19), our study demonstrated that stress coping strategy, 
health self-efficacy, and social support enhance SOC. This finding 
resonates with prior empirical research (56–59) that treated these 
factors as GRRs and revealed their impact on heart health behaviors 
through SOC. Hence, interventions fostering these resources may help 
elevate SOC, and subsequently, heart health behaviors in middle-aged 
working women.

This is the first study to identify factors affecting heart health 
behaviors in middle-aged working women based on SEM and 
Salutogenesis. Another strength of the present study is that it shows 
that SOC can have both indirect (through mediation variables) and 
direct effects on the heart health behaviors. Furthermore, occupational 
and family stress were identified as two mediation variables. Our 
notable findings contribute to a rationale for developing effective 

strategies and interventions to improve heart health behaviors in 
middle-aged working women.

Nonetheless, this study had some limitations. First, this study 
relied on cross-sectional data from middle-aged working women, 
restricting our ability to establish causality among the variables 
studied. The findings of this study could be strengthened by using 
more advanced techniques like bootstrapping to confirm indirect 
effects. In future research, adopting these methods would enhance the 
credibility and applicability of the findings. Furthermore, future 
investigations would benefit from employing longitudinal or 
randomized trial designs to corroborate the observed effects and 
confirm causal associations. Second, the data of variables were 
collected by self-report, but these were directly or indirectly related to 
the prevalence of the disease. In subsequent study, it is necessary to 
compare factors affecting heart health behaviors by classifying 
subgroups according to the presence or absence of disease. 
Additionally, as the study focused exclusively on Korean women, 
finding generalizability to middle-aged working women in different 
geographical regions remains limited. Therefore, future studies should 
include more diverse participants from other geographical areas to 
explore the mechanisms influencing heart health behaviors in middle-
aged working women.

5 Conclusion

This study confirmed that stress coping strategy, health self-
efficacy, and social support had significant direct effects on 
SOC. Furthermore, it found that SOC had a direct effect on 
occupational and family stress, and that SOC and occupational and 
family stress had direct effects on heart health behaviors. SOC was 
also shown to have a significantly partial mediating effect on heart 
health behaviors through occupational and family stress. 
Consequently, interventions should focus on effectively fostering 
SOC, so that middle-aged working women can improve their heart 
health behaviors. This study’s findings also emphasize that reducing 
family and occupational stress can improve heart health behaviors in 
this population.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional 
Review Board of Korea University. The studies were conducted in 

TABLE 5 Sobel’s Z test for verifying mediated effect.

Path Indirect effect (B) Sobel’s Z Value of p

SOC → Occupational stress → Heart health behaviors 0.15 3.17 0.002

SOC → Family stress → Heart health behaviors 0.09 2.26 0.024

SOC, sense of coherence.

153

https://doi.org/10.3389/fpubh.2024.1333867
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Moon and Seo 10.3389/fpubh.2024.1333867

Frontiers in Public Health 09 frontiersin.org

accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

JM: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Supervision, Validation, Visualization, Writing – original 
draft. ES: Writing – original draft, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported by Basic Science Research Program through the National 
Research Foundation of Korea funded by the Ministry of Education 
(grant number: 2021R1I1A1A01042277).

Acknowledgments

The author would like to acknowledge the middle-aged working 
women who participated in the online survey.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. The World Bank. Labor force participation rate, female (% of female population 

ages 15+) (modeled ILO estimate) (2023). Available online at: https://data.worldbank.
org/indicator/sl.tlf.cact.fe.zs. (Accessed October 20, 2023)

 2. United States Bureau of Labor Statistics. Women in the workforce before, during, 
and after the great recession. (2017). Available online at: https://www.bls.gov/
spotlight/2017/women-in-the-workforce-before-during-and-after-the-great-recession/
home.htm. (Accessed December 10, 2023)

 3. Statistics Korea. Economically active population survey (2021). Available online at: 
https://gsis.kwdi.re.kr/statHtml/statHtml.do?orgId=338&tblId=DT_1DA7012&conn_
path=I2. (Accessed February 14, 2023)

 4. Takefuji Y. Impact of COVID-19 on mortality and excess mortality of midlife from 
40 to 64 age groups. Aging Health Res. (2023) 3:100167. doi: 10.1016/j.ahr.2023.100167

 5. Smith-DiJulio K, Woods NF, Mitchell ES. Well-being during the menopausal 
transition and early postmenopause: a longitudinal analysis. Menopause. (2008) 
15:1095–102. doi: 10.1097/gme.0b013e3181728451

 6. Sung KM, Lee SM. Adolescent parenting stress and posttraumatic growth of middle 
aged women. J Digit Converg. (2019) 17:267–77. doi: 10.14400/JDC.2019.17.5.267

 7. Oshio T, Kan M. Impact of parents’ need for care on middle-aged women’s lifestyle 
and psychological distress: evidence from a nationwide longitudinal survey in Japan. 
Health Qual Life Outcomes. (2018) 16:63. doi: 10.1186/s12955-018-0890-2

 8. Ko SH, Kim HS. Menopause-associated lipid metabolic disorders and foods 
beneficial for postmenopausal women. Nutrients. (2020) 12:202. doi: 10.3390/
nu12010202

 9. Ryu H, Moon J, Jung J. Sex differences in cardiovascular disease risk by 
socioeconomic status (SES) of workers using National Health Information database. Int 
J Environ Res Public Health. (2020) 17:2047. doi: 10.3390/ijerph17062047

 10. Park H, Jung HS. Health behaviors by job stress level in large-sized company with 
male and female workers. J Korean Acad Nurs. (2010) 40:852–62. doi: 10.4040/
jkan.2010.40.6.852

 11. Kim GS. Work stress and related factors among married working women in the 
manufacturing sector. J Korean Public Health Nurs. (2003) 17:212–23.

 12. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, et al. 
Defining and setting national goals for cardiovascular health promotion and disease 
reduction: the American Heart Association’s strategic impact goal through 2020 and 
beyond. Circulation. (2010) 121:586–613. doi: 10.1161/CIRCULATIONAHA.109.192703

 13. Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bittencourt MS, et al. 
Heart disease and stroke statistics-2022 update: a report from the American Heart 
Association. Circulation. (2022) 145:e153–639. doi: 10.1161/CIR.0000000000001052

 14. El Khoudary SR, Aggarwal B, Beckie TM, Hodis HN, Johnson AE, Langer RD, 
et al. Menopause transition and cardiovascular disease risk: implications for timing of 
early prevention: a scientific statement from the American Heart Association. 
Circulation. (2020) 142:e506–32. doi: 10.1161/CIR.0000000000000912

 15. Lecca LI, Campagna M, Portoghese I, Galletta M, Mucci N, Meloni M, et al. Work 
related stress, well-being and cardiovascular risk among flight logistic workers: an 

observational study. Int J Environ Res Public Health. (2018) 15:15. doi: 10.3390/
ijerph15091952

 16. Kim D, Kim Y, Chung J. Work-family conflict and health impact among Korean 
women in dual-earner families: Focused on working hours. Seoul: Korean Women's 
Development Institute (2013).

 17. Roxburgh S. Parental time pressures and depression among married dual-earner 
parents. J Fam Issues. (2012) 33:1027–53. doi: 10.1177/0192513X11425324

 18. Antonovsky A. Health, stress, and coping. San Francisco: Jossey-Bass (1979).

 19. Antonovsky A. Unraveling the mystery of health: How people manage stress and stay 
well. Hoboken, NJ: Jossey-Bass (1987).

 20. Nahlén C, Saboonchi F. Coping, sense of coherence and the dimensions of affect 
in patients with chronic heart failure. Eur J Cardiovasc Nurs. (2010) 9:118–25. doi: 
10.1016/j.ejcnurse.2009.11.006

 21. Mato M, Tsukasaki K. Factors promoting sense of coherence among 
university students in urban areas of Japan: individual-level social capital, self-
efficacy, and mental health. Glob Health Promot. (2019) 26:60–8. doi: 
10.1177/1757975917691925

 22. Urakawa K, Yokoyama K, Itoh H. Sense of coherence is associated with reduced 
psychological responses to job stressors among Japanese factory workers. BMC Res 
Notes. (2012) 5:247. doi: 10.1186/1756-0500-5-247

 23. Lee HG, Kim SH. Structural analysis of the health related quality of life in working 
women with preschool children. J Korean Acad Community Health Nurs. (2020) 
31:223–33. doi: 10.12799/jkachn.2020.31.3.223

 24. Morita Y, Ohta M, Inoue T, Honda T, Konno Y, Eguchi Y, et al. Sense of coherence 
is significantly associated with both metabolic syndrome and lifestyle in Japanese 
computer software office workers. Int J Occup Med Environ Health. (2014) 27:967–79. 
doi: 10.2478/s13382-014-0322-4

 25. Kara B, İşcan B. Predictors of health behaviors in Turkish female nursing students. 
Asian Nurs Res. (2016) 10:75–81. doi: 10.1016/j.anr.2015.12.001

 26. Jabar MA. Factors influencing health-seeking behavior among overseas Filipino 
workers. Int J Healthc Manag. (2021) 14:10–22. doi: 10.1080/20479700.2019.1603665

 27. Tabachnick BG, Fidell LS, Ullman JB. Using multivariate statistics. Boston: Pearson 
(2007).

 28. Comrey AL, Lee HB. A first course in factor analysis. 2nd ed. Hillsdale, NJ: 
Lawrence Erlbaum Associates Inc (1992).

 29. American Heart Association (2021). How much physical activity do you need? 
Available online at: https://www.heart.org/en/healthy-living/fitness/fitness-basics/aha-
recs-for-physical-activity-infographic#:~:text=Fit%20in%20150%2B,preferably%20
spread%20throughout%20the%20week. (Accessed April 15, 2021)

 30. World Health Organization. The Asia-Pacific perspective: Redefining obesity and its 
treatment. Sydney: Health Communications Australia (2000).

 31. Lazarus RS, Folkman S. Stress, appraisal, and coping. New York City: Springer 
Publishing Company (1984).

154

https://doi.org/10.3389/fpubh.2024.1333867
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://data.worldbank.org/indicator/sl.tlf.cact.fe.zs
https://data.worldbank.org/indicator/sl.tlf.cact.fe.zs
https://www.bls.gov/spotlight/2017/women-in-the-workforce-before-during-and-after-the-great-recession/home.htm
https://www.bls.gov/spotlight/2017/women-in-the-workforce-before-during-and-after-the-great-recession/home.htm
https://www.bls.gov/spotlight/2017/women-in-the-workforce-before-during-and-after-the-great-recession/home.htm
https://gsis.kwdi.re.kr/statHtml/statHtml.do?orgId=338&tblId=DT_1DA7012&conn_path=I2
https://gsis.kwdi.re.kr/statHtml/statHtml.do?orgId=338&tblId=DT_1DA7012&conn_path=I2
https://doi.org/10.1016/j.ahr.2023.100167
https://doi.org/10.1097/gme.0b013e3181728451
https://doi.org/10.14400/JDC.2019.17.5.267
https://doi.org/10.1186/s12955-018-0890-2
https://doi.org/10.3390/nu12010202
https://doi.org/10.3390/nu12010202
https://doi.org/10.3390/ijerph17062047
https://doi.org/10.4040/jkan.2010.40.6.852
https://doi.org/10.4040/jkan.2010.40.6.852
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://doi.org/10.1161/CIR.0000000000001052
https://doi.org/10.1161/CIR.0000000000000912
https://doi.org/10.3390/ijerph15091952
https://doi.org/10.3390/ijerph15091952
https://doi.org/10.1177/0192513X11425324
https://doi.org/10.1016/j.ejcnurse.2009.11.006
https://doi.org/10.1177/1757975917691925
https://doi.org/10.1186/1756-0500-5-247
https://doi.org/10.12799/jkachn.2020.31.3.223
https://doi.org/10.2478/s13382-014-0322-4
https://doi.org/10.1016/j.anr.2015.12.001
https://doi.org/10.1080/20479700.2019.1603665
https://www.heart.org/en/healthy-living/fitness/fitness-basics/aha-recs-for-physical-activity-infographic#:~:text=Fit%20in%20150%2B,preferably%20spread%20throughout%20the%20week
https://www.heart.org/en/healthy-living/fitness/fitness-basics/aha-recs-for-physical-activity-infographic#:~:text=Fit%20in%20150%2B,preferably%20spread%20throughout%20the%20week
https://www.heart.org/en/healthy-living/fitness/fitness-basics/aha-recs-for-physical-activity-infographic#:~:text=Fit%20in%20150%2B,preferably%20spread%20throughout%20the%20week


Moon and Seo 10.3389/fpubh.2024.1333867

Frontiers in Public Health 10 frontiersin.org

 32. Oh GS, Han JS. A study on the grief and coping pattern of mothers who have a 
chronically ill child. Korean Nurse. (1990) 29:73–88.

 33. Sarkar S, Taylor WC, Lai D, Shegog R, Paxton RJ. Social support for physical 
activity: comparison of family, friends, and coworkers. Work (Reading, Mass). (2016) 
55:893–9. doi: 10.3233/WOR-162459

 34. Procidano ME, Heller K. Measures of perceived social support from friends and 
from family: three validation studies. Am J Community Psychol. (1983) 11:1–24. doi: 
10.1007/BF00898416

 35. Kava CM, Passey D, Harris JR, Chan KCG, Hannon PA. The workplace support 
for health scale: reliability and validity of a brief scale to measure employee perceptions 
of wellness. Am J Health Promot. (2021) 35:179–85. doi: 10.1177/0890117120949807

 36. Lee J, Hong H, Park J. Validation study of the Korean self rated abilities for health 
practices: health self-efficacy measure (K-SRAHP). Stress. (2018) 26:140–8. doi: 
10.17547/kjsr.2018.26.3.140

 37. Becker H, Stuifbergen A, Oh HS, Hall S. Self-rated abilities for health practices: a 
health self-efficacy measure. Health Values: J Health Behav Edu Promot. (1993) 17:42–50.

 38. Chang SJ, Koh SB, Kang D, Kim SA, Kang MG, Lee CG, et al. Developing an 
occupational stress scale for Korean employees. Korean J Occup Environ Med. (2005) 
17:297–317. doi: 10.35371/kjoem.2005.17.4.297

 39. Kim GS, Cho WJ. Development of a questionnaire to measure family stress among 
married working women. J Korean Acad Nurs. (2006) 36:761–9. doi: 10.4040/
jkan.2006.36.5.761

 40. Kang SW. The validity and reliability of a lifestyle evaluation tool for patients with 
metabolic syndrome. J Korean Acad Fundam Nurs. (2010) 17:487–97.

 41. Yu JP. The concept and understanding of structural equation modeling. Seoul: 
Hannare Publishing Co (2012).

 42. Fornell C, Larcker DF. Evaluating structural equation models with unobservable 
variables and measurement error. J Market Res. (1981) 18:39–50. doi: 
10.1177/002224378101800104

 43. Hu L, Bentler PM. Cutoff criteria for fit indexes in covariance structure analysis: 
conventional criteria versus new alternatives. Struct Equ Model Multidiscip J. (1999) 
6:1–55. doi: 10.1080/10705519909540118

 44. Bentler PM. Comparative fit indexes in structural models. Psychol Bull. (1990) 
107:238–46. doi: 10.1037/0033-2909.107.2.238

 45. Steiger JH. Understanding the limitations of global fit assessment in structural 
equation modeling. Personal Individ Differ. (2007) 42:893–8. doi: 10.1016/j.
paid.2006.09.017

 46. Preacher KJ, Leonardelli GJ (2001). Calculation for the Sobel test: an interactive 
calculation tool for mediation tests. Available online at: http://quantpsy.org/sobel/sobel.
htm. (Accessed February 10, 2023)

 47. Ministry of Health and Welfare (2021). Criteria median income and livelihood/
medical benefit selection criteria and minimum level of coverage. Available online at: 

https://www.mohw.go.kr/react/jb/sjb0406vw.jsp?PAR_MENU_ID=03&MENU_
ID=030406&page=65&CONT_SEQ=366747. (Accessed February 22, 2023)

 48. Ochiai R, Daitou S, Aoki K. Relationship between sense of coherence and 
lifestyle in middle-aged workers in Japan. Health. (2012) 4:20–5. doi: 10.4236/
health.2012.41005

 49. da-Silva-Domingues H, del-Pino-Casado R, Palomino-Moral PÁ, López Martínez 
C, Moreno-Cámara S, Frías-Osuna A. Relationship between sense of coherence and 
health-related behaviours in adolescents and young adults: a systematic review. BMC 
Public Health. (2022) 22:477. doi: 10.1186/s12889-022-12816-7

 50. Lim HJ, Im AJ, Cho HA, Choi ES. The association between Antonovsky’s sense of 
coherence and job stress among dental hygienists in Korea. Int J Dent Hyg. (2020) 
18:307–13. doi: 10.1111/idh.12435

 51. de-Pedro-Jiménez D, Meneses-Monroy A, de Diego-Cordero R, Hernández-
Martín MM, Moreno-Pimentel AG, Romero-Saldaña M. Occupational and leisure-time 
physical activity related to job stress and job satisfaction: correspondence analysis on a 
population-based study. Int J Environ Res Public Health. (2021) 18:18. doi: 10.3390/
ijerph182111220

 52. Backé EM, Seidler A, Latza U, Rossnagel K, Schumann B. The role of psychosocial 
stress at work for the development of cardiovascular diseases: a systematic review. Int 
Arch Occup Environ Health. (2012) 85:67–79. doi: 10.1007/s00420-011-0643-6

 53. Pender NJ, Pender AR. Illness prevention and health promotion services provided 
by nurse practitioners: predicting potential consumers. Am J Public Health. (1980) 
70:798–803. doi: 10.2105/AJPH.70.8.798

 54. Joo AR. A study on the relationship between family stress and health promoting 
behavior of the dual earner couples. Korean J Occup Health Nurs. (2011) 20:221–9. doi: 
10.5807/kjohn.2011.20.2.221

 55. Wiesmann U, Hannich HJ. Salutogenic perspectives on health maintenance: the 
role of resistance resources and meaningfulness. GeroPsych. (2011) 24:127–35. doi: 
10.1024/1662-9647/a000040

 56. Tan KK, Chan SWC, Wang W, Vehviläinen-Julkunen K. A salutogenic program to 
enhance sense of coherence and quality of life for older people in the community: a 
feasibility randomized controlled trial and process evaluation. Patient Educ Couns 
patient ed. (2016) 99:108–16. doi: 10.1016/j.pec.2015.08.003

 57. Kim NY, Choi YH. The development and effects of a salutogenic program for 
married immigrant women. Korean J Health Serv Manag. (2016) 10:197–212. doi: 
10.12811/kshsm.2016.10.4.197

 58. Langeland E, Riise T, Hanestad BR, Nortvedt MW, Kristoffersen K, Wahl AK. The 
effect of salutogenic treatment principles on coping with mental health problems: a 
randomised controlled trial. Patient Educ Couns patient ed. (2006) 62:212–9. doi: 
10.1016/j.pec.2005.07.004

 59. Yun J, Park HS. The effect of sense of coherence enhancement program based on 
salutogenesis for elderly with metabolic syndrome. Innov Aging. (2019) 3:S142. doi: 
10.1093/geroni/igz038.513

155

https://doi.org/10.3389/fpubh.2024.1333867
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3233/WOR-162459
https://doi.org/10.1007/BF00898416
https://doi.org/10.1177/0890117120949807
https://doi.org/10.17547/kjsr.2018.26.3.140
https://doi.org/10.35371/kjoem.2005.17.4.297
https://doi.org/10.4040/jkan.2006.36.5.761
https://doi.org/10.4040/jkan.2006.36.5.761
https://doi.org/10.1177/002224378101800104
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1037/0033-2909.107.2.238
https://doi.org/10.1016/j.paid.2006.09.017
https://doi.org/10.1016/j.paid.2006.09.017
http://quantpsy.org/sobel/sobel.htm
http://quantpsy.org/sobel/sobel.htm
https://www.mohw.go.kr/react/jb/sjb0406vw.jsp?PAR_MENU_ID=03&MENU_ID=030406&page=65&CONT_SEQ=366747
https://www.mohw.go.kr/react/jb/sjb0406vw.jsp?PAR_MENU_ID=03&MENU_ID=030406&page=65&CONT_SEQ=366747
https://doi.org/10.4236/health.2012.41005
https://doi.org/10.4236/health.2012.41005
https://doi.org/10.1186/s12889-022-12816-7
https://doi.org/10.1111/idh.12435
https://doi.org/10.3390/ijerph182111220
https://doi.org/10.3390/ijerph182111220
https://doi.org/10.1007/s00420-011-0643-6
https://doi.org/10.2105/AJPH.70.8.798
https://doi.org/10.5807/kjohn.2011.20.2.221
https://doi.org/10.1024/1662-9647/a000040
https://doi.org/10.1016/j.pec.2015.08.003
https://doi.org/10.12811/kshsm.2016.10.4.197
https://doi.org/10.1016/j.pec.2005.07.004
https://doi.org/10.1093/geroni/igz038.513


TYPE Original Research

PUBLISHED 12 February 2024

DOI 10.3389/fpubh.2023.1281214

OPEN ACCESS

EDITED BY

Jessica García González,

University of Almeria, Spain

REVIEWED BY

David Lozano-Paniagua,

University of Almeria, Spain

Lola Rueda-Ruzafa,

University of Vigo, Spain

*CORRESPONDENCE

Jian Huang

huangjian_chn@163.com

RECEIVED 22 August 2023

ACCEPTED 29 December 2023

PUBLISHED 12 February 2024

CITATION

Huang J (2024) The causal e�ect of two

occupational factors on osteoarthritis and

rheumatoid arthritis: a Mendelian

randomization study.

Front. Public Health 11:1281214.

doi: 10.3389/fpubh.2023.1281214

COPYRIGHT

© 2024 Huang. This is an open-access article

distributed under the terms of the Creative

Commons Attribution License (CC BY). The

use, distribution or reproduction in other

forums is permitted, provided the original

author(s) and the copyright owner(s) are

credited and that the original publication in

this journal is cited, in accordance with

accepted academic practice. No use,

distribution or reproduction is permitted

which does not comply with these terms.

The causal e�ect of two
occupational factors on
osteoarthritis and rheumatoid
arthritis: a Mendelian
randomization study

Jian Huang*

Clinical Laboratory Center, The First A�liated Hospital of Guangxi Medical University, Nanning, China

Background:Osteoarthritis (OA) and rheumatoid arthritis (RA) are two common

types of arthritis. We conducted a two-sample Mendelian randomization (MR)

study to estimate the causal e�ects of two common occupational factors—

job involves heavy manual or physical work and job involves mainly walking or

standing—on OA and RA in individuals of European ancestry.

Methods: Instruments were chosen from genome-wide association studies

(GWASs) that identified independent single nucleotide polymorphisms (SNPs)

robustly linked to job involves heavy manual or physical work (N = 263,615)

as well as job involves mainly walking or standing (N = 263,556). Summary

statistics for OA and RA were taken from the Integrative Epidemiology Unit (IEU)

GWAS database; both discovery and replication GWAS datasets were considered.

The primary analysis utilized the inverse variance weighted (IVW) MR method

supplemented by various sensitivity MR analyses.

Results: In the IVW model, we found that genetically predicted job involves

heavy manual or physical work was significantly associated with OA in both the

discovery [odds ratio (OR) = 1.034, 95% confidence interval (CI): 1.016–1.053, P

= 2.257 × 10−4] and replication (OR = 1.857, 95% CI: 1.223–2.822, P = 0.004)

analyses. The causal associations were supported in diverse sensitivity analyses.

MR analyses suggested no causal e�ect of genetically predicted job involves

heavy manual or physical work on RA. Similarly, our data provided no evidence

that genetically predicted job involves mainly walking or standing was related to

OA and RA.

Conclusions: Our MR study suggests that job involves heavy manual or physical

work is a risk factor for OA. It is of utmost importance to create preventive

strategies aimed at reducing its impact on OA at such work sites.

KEYWORDS

Mendelian randomization, osteoarthritis, rheumatoid arthritis, occupational factor,

causal e�ect

Introduction

Arthritis is a prevalent condition that leads to joint pain and inflammation. It is

estimated that arthritis affects more than 200 million people worldwide (1). The most

common types of arthritis are osteoarthritis (OA) and rheumatoid arthritis (RA) (1).

OA, also known as degenerative arthritis, is characterized by synovial inflammation,

the breakdown of joint cartilage, chronic pain, and functional impairment. In Europe,
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approximately 40 million people suffer from OA; the estimated

annual cost related to OA can reach e817 billion (2). RA, on

the other hand, is a chronic inflammatory disorder that can affect

multiple joints in the body. It is characterized by morning stiffness,

symmetrical and erosive synovitis, production of autoantibodies,

and progressive joint damage (3). Each year, approximately 2.3

million people in Europe are diagnosed with RA (4). The estimated

annual cost of RA in Europe amounts to e45.3 billion (4). Due to

their significant burden, the prevention of OA and RA presents a

major challenge in public health.

Observational studies have long observed associations between

occupational factors and arthritis, although the results remain

inconsistent. For example, many researchers showed that jobs

involving heavy manual or physical work, such as long-term heavy

lifting work and carrying heavy weights, might be important risk

factors for developing OA (5–10). A few observational studies also

revealed a positive association between heavy physical work and

RA development (11, 12). However, these observational studies

had some limitations. Specifically, under a cross-sectional design,

most studies depended on subjects reporting their occupation

status retrospectively, which greatly increased the likelihood

of recall bias (8). In addition, the presence of OA or RA

symptoms may affect subjects’ occupation selection or physical

task, thereby introducing bias (5). Furthermore, one key limitation

of observational investigations is the inability to assess causality.

Therefore, it is necessary to use effective and complementary

approaches to investigate the relationship between occupational

factors and OA and RA.

Mendelian randomization (MR) is a statistical method utilizing

genetic variations as instruments to infer the causal impact

of an exposure. The method has two advantages: it reduces

FIGURE 1

Overview of the Mendelian randomization analysis design.

confounding and diminishes reverse causality as genetic variants

are randomly assigned at conception and cannot be altered

by the disease’s development and progression (13, 14). In the

present study, we conducted MR to estimate the causal effects of

two common occupational factors, including job involves heavy

manual or physical work and job involves mainly walking or

standing on OA and RA. Our efforts focus on identifying specific

workplace activities that may be related to the risk of OA and

RA. By using the MR technique, our study can provide a more

robust assessment of the causal relationships, offering valuable

information for public health interventions targeting occupational

risk factors. Moreover, our study may help healthcare providers

and policymakers develop targeted strategies to promote healthy

work environments and reduce the risk of developing these

debilitating conditions.

Methods and materials

Overview

The present two-sample MR study employed summary data

obtained from publicly accessible genome-wide association studies

(GWASs). Utilizing a two-sample design can enhance study power

in that it allows for the incorporation of larger sample sizes (13).

For each exposure, we estimated its association with OA or RA in a

large discovery dataset, which was then followed by replicating the

analysis using a second dataset. All GWASs acquired appropriate

consent from participants and obtained ethical approval. Our study

design is shown in Figure 1. Our analytic process adhered to the

STROBE-MR guidelines (Supplementary Table 1).
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TABLE 1 Significant SNPs associated with job involves heavy manual or physical work (r2 < 0.001).

SNP Position Chromosome EA OA EAF Beta SE P

rs2091329 110042079 1 G A 0.288 −0.016 0.003 2.00E-09

rs12089815 91189933 1 A G 0.549 −0.015 0.002 3.10E-10

rs2819348 201884952 1 C T 0.352 0.015 0.002 5.60E-09

rs6544763 44813233 2 C T 0.660 0.014 0.003 3.20E-08

rs11678979 100802891 2 C T 0.272 −0.015 0.003 3.00E-08

rs34700731 203360745 2 A G 0.135 0.020 0.003 1.50E-08

rs11130889 62562748 3 G C 0.075 −0.025 0.005 4.50E-08

rs35999162 49597230 3 G C 0.310 −0.025 0.003 7.40E-22

rs2318540 67831581 4 G T 0.572 −0.014 0.002 3.70E-09

rs11726786 106120756 4 G T 0.366 0.017 0.002 2.40E-11

rs1081158 88004616 5 T C 0.582 0.017 0.002 2.70E-12

rs56194430 67824690 5 T C 0.169 0.019 0.003 4.50E-09

rs4580876 98322872 6 A G 0.476 −0.022 0.002 3.00E-20

rs11756123 152218079 6 T A 0.635 −0.014 0.002 3.20E-08

rs4731992 133702097 7 G A 0.782 −0.017 0.003 4.00E-09

rs13250996 13957985 8 C G 0.504 −0.013 0.002 2.70E-08

rs77823953 143524185 8 T C 0.033 −0.037 0.007 3.80E-08

rs62511803 115992376 8 A G 0.141 −0.021 0.003 7.50E-10

rs10820625 99203606 9 C T 0.221 −0.016 0.003 2.90E-08

rs7467480 23354940 9 A T 0.416 −0.016 0.002 1.70E-10

rs7108077 95838005 11 G A 0.380 −0.013 0.002 4.90E-08

rs1370059 58523077 13 G A 0.232 0.018 0.003 1.80E-10

rs8054111 71990651 16 G A 0.730 −0.015 0.003 1.20E-08

rs3785354 28550667 16 T C 0.368 0.014 0.002 3.70E-08

rs11663824 50745236 18 A C 0.397 0.014 0.002 2.50E-08

EA, effect allele; EAF, effect allele frequency; OA, other allele; SE, standard error; SNP, single nucleotide polymorphism.

Data for exposures

For the MR analysis, genetic association estimates for job

involves heavy manual or physical work were taken from a

GWAS dataset (GWAS identifier: ukb-b-2002) constructed by the

Medical Research Council-Integrative Epidemiology Unit (MRC-

IEU) consortium including 263,615 European participants. Genetic

variants for job involves mainly walking or standing were retrieved

from another MRC-IEU GWAS dataset (GWAS identifier: ukb-b-

4461) involving 263,556 European individuals. In these GWASs,

the adjustment process considered 10 principal components of

genetic ancestry, as well as age and sex. Based on data from the

UK Biobank, a touchscreen questionnaire was used to obtain the

participants’ information on occupational factors. For job involves

heavy manual or physical work, the participants were asked, “Does

your work involve heavy manual or physical work?” This included

work that involved the handling of heavy objects and the use of

heavy tools. If the participants had more than one “current job,”

they should answer this question for their main job only. Regarding

job involves mainly walking or standing, the participants were

asked the question: “Does your work involve walking or standing

for most of the time?”

Data for outcomes

Summary-level data for the associations of exposure-associated

SNPs with OA were taken from a GWAS (GWAS identifier:

ukb-a-106) by the Neale Lab involving 28,257 OA patients

and 308,902 controls (discovery analysis). Additionally, data

from another GWAS (GWAS identifier: ebi-a-GCST005811) were

utilized, including 12,658 patients with OA and 50,898 controls

(replication analysis) (15). In these GWAS, OA cases were defined

based on self-reported information. The controls were those who

did not self-report OA. Summary statistics for RA were selected

from a GWAS (GWAS identifier: ukb-d-M13_RHEUMA) by the

Neale Lab involving 1,605 RA cases and 359,589 controls (discovery

dataset). We also took summary data on RA from another GWAS

dataset (GWAS identifier: ebi-a-GCST90013534) by Ha et al.

(16), involving 14,361 patients with RA and 43,923 controls for
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TABLE 2 Significant SNPs associated with job involves mainly walking or standing (r2 < 0.001).

SNP Position Chromosome EA OA EAF Beta SE P

rs11264886 153997346 1 A G 0.283 0.019 0.003 1.10E-08

rs10922907 91193049 1 T A 0.549 −0.019 0.003 4.50E-10

rs13019832 60710571 2 A G 0.416 −0.019 0.003 1.50E-09

rs9836291 49697459 3 A G 0.294 −0.027 0.003 3.30E-16

rs7661349 106066982 4 C T 0.634 −0.020 0.003 1.60E-10

rs6882046 87968864 5 G A 0.268 −0.025 0.003 4.90E-13

rs79248502 111012600 5 G C 0.060 −0.038 0.006 3.10E-09

rs9341742 79440229 6 T C 0.399 0.017 0.003 2.00E-08

rs1487445 98565211 6 T C 0.482 −0.031 0.003 6.80E-24

rs4731992 133702097 7 G A 0.782 −0.022 0.004 1.30E-09

rs78928669 71782460 7 G A 0.034 −0.048 0.008 7.70E-09

rs603625 95554283 11 A G 0.419 −0.018 0.003 2.20E-09

rs6603030 83230103 15 G A 0.794 −0.021 0.004 2.40E-08

rs3785354 28550667 16 T C 0.368 0.018 0.003 7.50E-09

rs8054111 71990651 16 G A 0.730 −0.021 0.003 5.30E-10

rs613872 53210302 18 T G 0.825 0.024 0.004 3.90E-09

EA, effect allele; EAF, effect allele frequency; OA, other allele; SE, standard error; SNP, single nucleotide polymorphism.

the replication analysis. RA patients were defined according to

the 1987 American College of Rheumatology (ACR) criteria or

were diagnosed by rheumatologists. The controls were individuals

without RA (16). For reducing bias from population stratification,

we selected all patients and controls of European ancestry.

Instrumental variable selection

We selected SNPs that displayed a significant association with

each exposure in the respective data source GWAS, reaching

genome-wide significance (P < 5 × 10−8), to serve as instruments

for the exposure. To ensure the independence of genetic variants,

a window size of 10Mb and a maximum linkage disequilibrium

of r2 = 0.001 were used to clump the instruments. The selection

of SNPs and clumping were done utilizing the TwoSampleMR

package in R software (version 4.1.3) (17).We obtained 25 genome-

wide significant SNPs for job involves heavy manual or physical

work and 16 genome-wide significant SNPs for job involves mainly

walking or standing. Tables 1, 2 show the characteristics of the

instruments, including effect size (beta), standard error (SE), p-

value, effect allele, other allele, and minor allele frequency. The

F-statistics for the instruments in both job involves heavy manual

or physical work (ranging from 22 to 121) and job involves

mainly walking or standing (ranging from 28 to 107) surpassed 10,

indicating enough strength for MR analyses.

Statistical analysis

As the primary analysis approach, inverse variance weighted

(IVW) MR was employed (18). This method operates under

the assumption that the instrumental variables employed are

valid and the average pleiotropic effect is null. However, bias

can arise from horizontal pleiotropy when genetic instruments

influence the outcome through pathways unrelated to the

exposure. To account for potential pleiotropy, we supplemented

the IVW method with sensitivity analysis including maximum

likelihood, Mendelian randomization-Egger (MR-Egger), and

weighted median (18–20). In maximum likelihood-based MR, the

genetic impacts on exposures and outcomes are directly modeled

as a bivariate normal distribution through the implementation

of a maximum likelihood approach. Employing the MR-Egger

method allows for the examination of genetic variants’ pleiotropic

impact on the outcome (19). Additionally, MR-Egger generates

a consistent estimation of the causal association, relying on

the assumption of INstrument Strength Independent of Direct

Effect (InSIDE) (19). For the weighted median method to be

applicable, it is necessary for valid genetic variants to represent

at least 50% of the total weight of the instrument (20).

Moreover, we conducted leave-one-SNP-out analyses to check

whether any specific SNP drove the causal relationship, and

this could evaluate the robustness of the IVW estimates. The

potential impact of pleiotropy was assessed by analyzing the

regression intercept obtained through the MR-Egger method

(19). In addition, the MR-PRESSO method includes a global

significance test for the detection of horizontal pleiotropy (21–

23). The application of Cochran’s Q statistic allowed for the

evaluation of heterogeneity in SNP estimates within each MR

association. An online tool was used to evaluate statistical

power (24). The results of the statistical power calculation are

presented in Supplementary Table 2. All tests were conducted with

two-sided analyses using the TwoSampleMR and MR-PRESSO

packages in R software (version 4.1.3). The main manuscript and
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TABLE 3 Causal e�ect estimates on the association between occupational factors and OA and RA.

Stage Occupational factor Outcome MR method Number
of SNPs

Causal e�ect estimate

OR 95% CI P-value

Discovery Job involves heavy manual or

physical work

OA IVW 24 1.034 1.016–1.053 2.257× 10−4

Weighted median 24 1.027 1.001–1.054 0.043

Maximum likelihood 24 1.035 1.016–1.054 2.494× 10−4

MR-PRESSO 24 1.034 1.017–1.050 0.001

MR-Egger 24 1.081 0.992–1.178 0.086

Job involves heavy manual or

physical work

RA IVW 24 1.003 0.999–1.007 0.159

Weighted median 24 1.005 0.999–1.011 0.141

Maximum likelihood 24 1.003 0.999–1.007 0.153

MR-PRESSO 24 1.003 0.999–1.005 0.157

MR-Egger 24 1.012 0.992–1.032 0.261

Job involves mainly walking

or standing

OA IVW 15 1.015 0.994–1.036 0.156

Weighted median 15 1.014 0.989–1.039 0.283

Maximum likelihood 15 1.015 0.998–1.033 0.086

MR-PRESSO 15 1.015 0.996–1.034 0.151

MR-Egger 15 1.021 0.932–1.118 0.664

Job involves mainly walking

or standing

RA IVW 15 0.999 0.994–1.003 0.543

Weighted median 15 0.998 0.992–1.004 0.543

Maximum likelihood 15 0.999 0.994–1.003 0.476

MR-PRESSO 15 0.999 0.994–1.003 0.553

MR-Egger 15 0.999 0.978–1.020 0.910

Replication Job involves heavy manual or

physical work

OA IVW 24 1.857 1.223–2.822 0.004

Weighted median 24 1.268 0.728–2.211 0.402

Maximum likelihood 24 1.917 1.304–2.817 0.001

MR-PRESSO 24 1.856 1.230–2.794 0.008

MR-Egger 24 3.573 0.470–27.167 0.231

Job involves heavy manual or

physical work

RA IVW 23 1.417 0.803–2.498 0.229

Weighted median 23 1.169 0.666–2.054 0.587

Maximum likelihood 23 1.457 0.995–2.135 0.053

MR-PRESSO (corrected) 22 1.121 0.848–1.482 0.584

MR-Egger 23 0.321 0.028–3.638 0.369

Job involves mainly walking

or standing

OA IVW 15 1.284 0.830–1.986 0.261

Weighted median 15 1.017 0.582–1.777 0.953

Maximum likelihood 15 1.299 0.900–1.874 0.163

MR-PRESSO 15 1.284 0.827–1.782 0.280

MR-Egger 15 1.472 0.209–10.357 0.704

(Continued)
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TABLE 3 (Continued)

Stage Occupational factor Outcome MR method Number
of SNPs

Causal e�ect estimate

OR 95% CI P-value

Job involves mainly walking

or standing

RA IVW 15 1.241 0.834–1.845 0.287

Weighted median 15 0.949 0.550–1.637 0.850

Maximum likelihood 15 1.251 0.869–1.803 0.229

MR-PRESSO 15 1.241 0.716–1.785 0.305

MR-Egger 15 0.323 0.055–1.899 0.233

CI, confidence interval; IVW, inverse variance weighted; MR-Egger, Mendelian randomization-Egger; MR-PRESSO, Mendelian Randomization-Pleiotropy RESidual Sum and Outlier; OA,

osteoarthritis; OR, odds ratio; RA, rheumatoid arthritis; SNP, single nucleotide polymorphism.

FIGURE 2

Forest plots and scatter plots for the Mendelian randomization (MR) analyses analyzing the causal association of job involves heavy manual or

physical work with osteoarthritis. (A) A forest plot for the discovery MR analysis analyzing the causal association of job involves heavy manual or

physical work with osteoarthritis. (B) A scatter plot for the discovery MR analysis analyzing the causal association of job involves heavy manual or

physical work with osteoarthritis. (C) A forest plot for the replication MR analysis analyzing the causal association of job involves heavy manual or

physical work with osteoarthritis. (D) A scatter plot for the replication MR analysis analyzing the causal association of job involves heavy manual or

physical work with osteoarthritis.

Supplementary Tables 1, 2 contain all the data and results generated

in this study.

Results

We found that genetically predicted job involves heavy manual

or physical work was significantly associated with OA in both

the discovery [odds ratio (OR) = 1.034, 95% confidence interval

(CI): 1.016–1.053, P = 2.257 × 10−4] and replication (OR =

1.857, 95% CI: 1.223–2.822, P = 0.004) analyses (Table 3 and

Figure 2). The observed association was confirmed to be reliable

through a heterogeneity check, as there was no heterogeneity

found in the distribution of effect estimates of individual SNPs

(Cochran’s Q-test P = 0.486 for the discovery analysis; Cochran’s

Q-test P = 0.200 for the replication analysis) (Table 4). The

causality between genetically predicted job involves heavy manual

or physical work and OA was supported by sensitivity analyses
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TABLE 4 Heterogeneity and pleiotropy detection.

Stage Occupational factor Outcome Test of heterogeneity MR-Egger regression MR-PRESSO
global test

Cochran’s Q P-value Intercept P-value P-value

Discovery Job involves heavy manual or

physical work

OA 22.576 0.486 −0.001 0.316 0.539

RA 21.414 0.556 −0.002 0.389 0.614

Job involves mainly walking or

standing

OA 19.763 0.138 −0.0001 0.899 0.185

RA 19.277 0.155 −5.647× 10−6 0.982 0.164

Replication Job involves heavy manual or

physical work

OA 28.438 0.200 −0.011 0.524 0.218

RA 52.862 2.374× 10−4 0.027 0.231 <0.001

Job involves mainly walking or

standing

OA 20.551 0.114 −0.003 0.890 0.122

RA 17.096 0.251 0.031 0.152 0.242

OA, osteoarthritis; RA; rheumatoid arthritis.

including weight median, maximum likelihood, and MR-PRESSO

(Table 3). Directional pleiotropy was not observed (MR-Egger

intercept P= 0.316 for the discovery analysis and P= 0.524 for the

replication analysis) (Table 4). The global test of the MR-PRESSO

approach did not identify horizontal pleiotropy (Table 4). The

leave-one-out analysis demonstrated that the removal of a single

SNP did not substantially change the effect estimates (Figure 3).

The IVW MR results did not show a statistically significant

causal association between genetically predicted job involves heavy

manual or physical work and RA (discovery dataset: OR = 1.003,

95% CI: 0.999–1.007, P = 0.159; replication dataset: OR = 1.417,

95% CI: 0.803–2.498, P = 0.229) (Table 3). Null effect estimates

were also found in sensitivity analyses using the weighted median,

maximum likelihood, and MR-Egger models (Table 3). Evidence

of effect heterogeneity (Cochran’s Q-test P = 2.374 × 10−4) was

detected, but the MR-Egger intercept did not suggest directional

pleiotropy (Table 4). The MR-PRESSO approach identified one

SNP as an outlier (rs11678979); the outlier-corrected analysis

after removing this SNP showed consistent results with the IVW

estimate (OR = 1.121, 95% CI: 0.848–1.482, P = 0.584) (Table 3).

When conducting a leave-one-out analysis, it was observed that

the exclusion of any individual SNP did not lead to significant

alterations in the effect estimates (not shown).

Next, we evaluated the association of genetically predicted

job involves mainly walking or standing with OA and RA. No

evidence of causal effects was detected in either the primary

MR analysis using the IVW method or sensitivity analyses

using other MR models (Table 3). There was no effect of

heterogeneity and directional pleiotropy (Table 4). The global

test of the MR-PRESSO approach did not indicate horizontal

pleiotropy (Table 4).

Discussion

In this large two-sample MR study using summary-level data,

we found that genetically predicted job involves heavy manual or

physical work was associated with an increased risk of OA but

not RA in individuals of European ancestry. We did not find a

significant association between genetically predicted job involves

mainly walking or standing and OA and RA.

The results we obtained are in line with prior observational

studies, which have consistently indicated that heavy labor jobs

pose a risk for OA (5–10). Although the specific mechanisms

are not entirely clear, there are potential biological explanations

that have been proposed for this association. First, one possible

mechanism by which job involves heavy manual or physical

work may increase the risk of OA is through joint overloading.

The joints can experience heightened stress and strain on the

articular cartilage when subjected to repetitive or excessive loading,

such as heavy lifting or carrying, which may ultimately result

in cartilage degradation and the development of OA over time.

Second, job involves heavy manual or physical work often involves

a higher risk of joint injuries and microtrauma (25–28). Acute

injuries, such as fractures or ligament tears, can disrupt normal

joint mechanics and increase the likelihood of developing OA

later in life. Additionally, repetitive microtrauma can lead to

cumulative damage to the joint structures, triggering inflammation

and cartilage degeneration (28). Third, job involves heavy manual

or physical work can induce chronic low-grade inflammation in the

joints (29). Inflammatory responses are known to contribute to the

development and progression of OA (30). Inflammatory cytokines,

such as tumor necrosis factor-α and interleukin-1β, can promote

cartilage breakdown, induce synovial changes, and inhibit repair

mechanisms, thereby increasing the risk of OA (31). Fourth, many

jobs involving heavy physical labor often do not provide sufficient

rest and recovery time for the musculoskeletal system (25). The

absence of adequate rest intervals during continuous exertion may

impede the proper repair and reconstruction of tissues, which can

negatively affect the health of joint structures, increasing their

susceptibility to degeneration andOA. Fifth, the risk of OA in heavy

physically demanding occupations can be significantly influenced

by ergonomic factors (32, 33). Improper joint alignment, excessive

joint loading, and unnatural movement patterns can result from
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FIGURE 3

A leave-one-out analysis for the association of job involves heavy manual or physical work with osteoarthritis. (A) A leave-one-out analysis using the

discovery outcome dataset. (B) A leave-one-out analysis using the replication outcome dataset.
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poorly designed workstations or equipment (32, 33). These factors

may contribute to joint misalignment and heighten the likelihood

of cartilage wear and tear, thus promoting the development of OA.

Our study highlights the need for stringent occupational health

and safety regulations to protect workers engaged in heavy manual

or physically demanding jobs. Employers should implement

appropriate measures to minimize the risk of developing OA

among their employees, such as providing adequate rest breaks,

ergonomic equipment, proper training on work-related techniques,

and early detection of OA. In addition, our results may increase

public awareness of the causal relationship of job involves heavy

manual or physical work with OA. Individuals should pay more

attention to their occupational choices and work environments

to protect their health. Furthermore, our study may provide new

research directions for future MR studies on OA, such as exploring

whether other occupational factors play a role in the development

of OA and how to prevent and treat OA.

In agreement with a number of observational studies (5, 34–

37), we found no causal association between job involves mainly

walking or standing and OA. A recent comprehensive systematic

review and meta-analysis summarizing 11 case–control or cohort

studies also suggested no increased risk of OA related to walking

and standing (38). In addition to the results related to OA, we

estimated whether job involves heavy manual or physical work

and job involves mainly walking or standing are associated with

RA: however, we did not find a causal link. Compared with

observational studies, our study has several strengths related to

study design. First, using a two-sample MR approach, our analysis

minimized the impact of confounding, reverse causation, and

exposure measurement errors that are non-differential. Second,

with a focus on robustness, our study adopted a strategy to

avert weak instrument bias. This was achieved by limiting our

selection to SNPs demonstrating noteworthy instrument strength

(F > 10) and an association with their respective outcomes at

the GWAS significance threshold (P < 5 × 10−8). The exclusion

of SNPs in linkage disequilibrium added an additional layer of

refinement to our approach. Third, despite the impossibility of

entirely dismissing pleiotropy, we tackled this issue through diverse

sensitivity analyses. The robustness of theMR estimates was evident

across the different sensitivity analyses conducted. It is worth

mentioning that, as a reliable approach for sensitivity analysis, the

MR-PRESSO method can identify and exclude potential outlier

SNPs that display horizontal pleiotropic effects (21). It showed

homogeneous results with the IVW method in our analyses.

Fourth, the validation of our findings using additional large GWAS

datasets yielded comparable causal estimates.

Despite these strengths, caution should still be employed

because our study has limitations. First, inflated type 1 error

rates and biased effect estimates may arise if the assumption of

independent samples for the instrument variable and the outcome

is violated in two-sample MR. However, this consideration is

only relevant when dealing with continuous outcomes, which

differ from the binary outcomes investigated in our current

study (39). Second, within the evidence-based pyramid, MR

studies are positioned below randomized clinical trials (RCTs) and

meta-analyses of RCTs. Thus, well-designed RCTs are necessary

to confirm our findings in the future. Third, as our study

solely involved European participants, it is important to avoid

generalizing the findings to diverse ethnic populations. However,

there are several advantages to using summary statistics from

a single ethnic population. For example, it ensures a more

homogeneous genetic background, reducing confounding due

to population stratification and minimizing bias in the causal

estimates. In addition, European populations often have a more

extensive collection of genome-wide association studies, providing

a larger sample size and greater statistical power for analysis. In

anticipation of the availability of extensive GWAS summary-level

data on occupational factors in various ethnic groups including

East Asians and Latin Americans, it is our hope that future MR

studies can encompass a greater range of ethnic groups, which

would enable the exploration of the causal link between the two

occupational factors and OA and RA in a more diverse population.

Fourth, although our MR study evaluated causality for association,

it could not assess whether intervening in the two occupational

factors would have beneficial effects for OA and RA. We anticipate

that future meticulously planned RCTs would assess the positive

impact of intervening in these occupational factors on diminishing

the likelihood of OA and RA.

In conclusion, our large two-sample MR study

demonstrated that genetically predicted job involves heavy

manual or physical work was causally associated with

OA but not RA risk. Our data provided no evidence

that genetically predicted job involves mainly walking or

standing was related to OA and RA. Our findings may

help in developing strategies to prevent OA by focusing on

limiting the amount and duration of physically demanding

job-related activities.
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Evaluation of biological markers 
for the risk assessment of carbon 
black in epidemiological studies
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1 MY EpiConsulting, Duesseldorf, Germany, 2 Brigham and Women’s Hospital, Pulmonary Division, 
Harvard Medical School, Boston, MA, United States

Background/objectives: Engineered nanomaterials (ENMs) have been suggested 
as being capable of promoting inflammation, a key component in the pathways 
associated with carcinogenesis, cardiovascular disease, and other conditions. 
As a result, the risk assessment of biological markers as early-stage indicators 
has the potential to improve translation from experimental toxicologic findings 
to identifying evidence in human studies. The study aims to review the possible 
early biological changes in workers exposed to carbon black (CB), followed 
by an evidentiary quality evaluation to determine the predictive value of the 
biological markers.

Methods: We conducted a literature search to identify epidemiological studies 
that assessed biological markers that were involved in the inflammatory process 
at early stages among workers with exposure to CB. We reviewed the studies with 
specific reference to the study design, statistical analyses, findings, and limitations.

Results: We identified five Chinese studies that investigated the potential impact 
of exposure to CB on inflammatory markers, bronchial wall thickening, genomic 
instability, and lung function impairment in CB production workers. Of the five 
Chinese studies, four were cross-sectional; another study reported results 
at two-time points over six years of follow-up. The authors of all five studies 
concluded positive relationships between exposure and the inflammatory 
cytokine profiles. The weak to very weak correlations between biomarkers and 
early-stage endpoints were reported.

Conclusion: Most inflammatory markers failed to satisfy the proposed evidentiary 
quality criteria. The significance of the results of the reviewed studies is limited 
by the cross-sectional study design, inconsistency in results, uncertain clinical 
relevance, and high occupational exposures. Based on this review, the risk 
assessment relying on inflammatory markers does not seem appropriate at this 
time. Nevertheless, the novel research warrants further exploration in assessing 
exposure to ENMs and corresponding potential health risks in occupational 
settings.

KEYWORDS

epidemiological studies, nanomaterials, carbon black, biological markers, 
inflammatory markers, cross-sectional studies, causality
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Introduction

With the increasing production and use of engineered 
nanomaterials (ENMs), it is crucial to understand and evaluate ENMs 
regarding their possible health impacts. Carbon black (CB) is a 
powdered form of elemental carbon (EC) with a primary particle size 
of 10–300 nanometers (nm). CB particulates are usually highly 
agglomerated, with 10–1,000 particle aggregates per agglomerate 
having aerodynamic diameters of up to 200–400 nm. Based on the 
definition of the European Commission in 2011 that 50% of the 
primary particles (constituent of the aggregate) measured in the 
number size distribution have a diameter that is less than or greater 
than 100 nm, commercially available CB grades fall into one of the two 
categories: nanoforms of CB or non-nanoforms of CB, with the vast 
majority of CB grades falling into the nanoform category (1). In 
occupational inhalation exposure scenarios, CB particles satisfying the 
nano definition form agglomerates. After deposition in the lungs, these 
particles do not translocate to remote organs from the lungs (2).

In addition to its structure and fine particulate nature, CB gained 
regulatory attention since the European Commission is currently 
assessing substances categorized as poorly soluble particulates with 
low toxicity (PSLT), including titanium dioxide (TiO2) and CB, 
regarding their potential carcinogenic effect in humans through 
inhalation. PSLTs are considered chemically inert and are without 
known specific or inherent toxicity, i.e., a lack of biochemical reaction 
between the molecules at their surface or dissolved from their surface 
and the embedding lung fluid (3, 4).

Considering the conceptual mechanism, inflammation is a potential 
key factor in any potential carcinogenic pathway associated with 
CB. Inflammatory responses are a dynamic process that is a normal 
response to prevent disease, however may instead cause disease, if it is 
inappropriate and/or uncontrolled. Excessive exposure to CB in rodents 
causes chronic inflammation that may result in impaired particle clearance 
and increased particle retention, a phenomenon described as “lung 
overload” in the alveolar region of the lung, and consequently induces 
tumors in rats, but not in mice and hamsters. The research group of 
Mauderly et al. and Nikula et al. found an increase in lung tumors in all the 
exposed groups of rats to elevated concentrations of diesel exhaust and CB 
particles (5, 6). Heinrich et al. conducted similar studies, in which exposure 
to CB was used as an inert control particulates in a study of diesel engine 
exhaust particulates (7) or to tar pitch condensation aerosols (8). In both 
studies, long-term exposures to CB particles produced lung tumors in the 
rats. Contrary to the rats study meta-analyses of large occupational cohort 
studies of CB production workers do not indicate elevated mortality for 
lung cancer (9) or cardiovascular diseases (10).

The results from animal inhalation studies with PSLTs like CB are 
limited in their appropriateness for direct extrapolation to human risk 
because of differences in deposition and dosimetry between rats and 
humans, among others. Translational toxicology might not be  the 
appropriate method to interpret all the inter-species differences in terms 
of mode of action (MoA) and adverse outcome pathways (AOPs). The 
epidemiological investigation of early outcomes at the physiological level 
will provide more insight into a potential AOP in humans, if present.

Biological plausibility of inflammatory 
markers to predict lung cancer

The European Center for Ecotoxicology and Toxicology of 
Chemicals (ECETOCs) proposed that in particle-overload exposed 

rats, continuous exposures promote enhanced transfer of particles to 
lymph nodes, the accumulation of particles in the lung, increases in 
lung weight, the alveolar macrophage accumulation, pulmonary 
inflammation, the alveolar epithelial hyperplasia (proliferation), 
metaplasia, fibrosis, and eventually leads to cancer (ECETOC, 2013). 
These findings are consistent with scientific evidence that supports a 
threshold model for PSLT particles causing adverse respiratory tract 
effects in humans (11, 12).

Conceptual mechanisms of inhalation-mediated cardiovascular 
toxicity include the activation of pro-inflammatory pathways, i.e., 
the involvement in the upregulation of inflammatory reactions, 
and/or oxidative stress, alterations in autonomic balance, and 
potentially direct actions upon the vasculature of particle 
constituents capable of reaching the systemic circulation (13). The 
potential relationship between exposure to airborne particulates 
and cardiovascular diseases has been investigated in environmental 
epidemiological studies and some occupational cohorts. The 
American Heart Association (AHA) published a position paper on 
particulate matter (PM) and heart disease and considered PM2.5 to 
be a trigger of cardiovascular morbidity and mortality (14). The 
European Society of Cardiology has drawn similar conclusions (15). 
Moreover, AHA indicated that the ultrafine particulates from air 
pollution elicit numerous biological responses, including systemic 
inflammation, which may further augment future cardiovascular 
risk over long-term exposure (14).

The value of biomarkers in risk assessment

While biomarkers, in particular inflammatory markers, are still 
novel in the risk assessment of chemical substances, their conceptual 
benefits have been thoroughly addressed in the drug discovery, 
development, and approval process.

Along with the contentious application of biomarkers to support 
regulatory decisions, one of the major challenges in biomarker 
research is to reliably identify a suitable biomarker for guiding clinical 
and regulatory decisions. The concepts of biomarker qualification and 
validation processes have been developed by the US Food and Drug 
Administration – National Institutes of Health (FDANIH).

Biomarkers, EndpointS, and other Tools (BEST) resource was 
developed in 2016 by the FDANIH to clarify and harmonize 
terminology and thus promote research, development, and testing of 
novel methodologies in particular biomarkers (16). According to 
BEST, biomarkers are defined as “A defined characteristic that is 
measured as an indicator of normal biological processes, pathogenic 
processes, or responses to an exposure or intervention, including 
therapeutic interventions” (17).

The BEST resource defines a surrogate marker as a “laboratory 
measurement or physical sign that is used in therapeutic trials as a 
substitute for a clinically meaningful endpoint” (BEST, 2016). The 
majority of known biomarkers lack sufficient data to prove the direct 
relation between the level of a biomarker and the clinical outcome; 
that is, the change in the biomarker does not necessarily explain the 
change in the clinical outcome (18).

Analogous to drug development, the use of suitable biomarkers in 
risk assessment can contribute to understanding mechanisms, 
detecting early biological changes, identifying sensitive workers, 
monitoring and predicting toxicity issues, and finally enhancing the 
safe use of potentially hazardous materials significantly. The concept 
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and the validation process can be adopted in the risk assessment of 
chemical substances.

To date, limited human data can be  found on the biological 
changes at the early stages induced by ENMs. A former review (19) 
first assessed the value of biomarkers based on epidemiological 
studies, including several ENMs, such as nanosilver, carbon 
nanotubes, silica dioxide, TiO2, and nanoresin. The authors 
reviewed biological markers used in various studies, including, 
cardiovascular, lung fibrosis, pulmonary inflammation, systemic 
inflammatory markers, nucleic acids, lipid and protein oxidative 
stress markers, antioxidant enzyme activity, and genotoxicity 
markers. However, CB was excluded since the authors were 
uncertain about the categorization of CB as an ENM (19). To 
address this gap in the literature, we aimed to identify and review 
the recent studies focusing on biological changes among 
CB-exposed workers populations.

The primary objective of this review is to critically evaluate the 
possible relationship between occupational exposure to CB, 
inflammatory responses, and possible clinical outcomes. For each 
possible association, we addressed three key questions: (1) Are the 
findings clinically relevant? (2) Are these findings consistent? (3) Are 
there reliable links to support the conceptual AOP?

Materials and methods

This review was conducted according to the principles of the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) checklist (20). We  searched the scientific 
literature to identify epidemiological studies of workers exposed to 
CB, in which inflammatory responses were assessed, either systemic 
or specific, in target organs. Keywords used in our search included 
“carbon black,” “health effect,” “biomarkers,” and “epidemiology” to 
identify related publications from PubMed and Medline through 
December 2023. Animal and in vitro studies were excluded from this 
review. We focused on the methodological quality assessment of 
each study identified and integrated the evidence across the studied 
mechanistic pathways.

We adopted the evidentiary criteria of biomarkers used in drug 
approval processes, which were developed based on “Biomarker 
Qualification Workshop: Framework for Defining Evidentiary Criteria” 
organized by the FNIH Biomarkers Consortium/FDA in 2016 (BEST, 
2016). The purpose of the workshop was to enhance the clarity, 
predictivity, and harmonization of biomarker qualification with a 
standard framework.

According to the defined evidentiary criteria, a number of aspects 
of the FNIH/FDA Workshop is shown in Table 1 Leptak et al. (21).

Results

Among the 112 studies identified by our search terms, 5 Chinese 
studies met the search criteria. These studies investigated the potential 
impact of exposure to CB on inflammatory markers, bronchial wall 
thickening, genomic instability, and lung function impairment in CB 
production workers.

Exposed populations were recruited from acetylene black 
production facilities (22–26).

For the CB packers from an acetylene black production site, the 
median exposure duration was 9.3 years, ranging from 1.3 to 31 years 
(23). The mean concentration of CB measured by personal air samples 
was 14.9 mg/m3 (23, 24).

The CB exposure of the packers from the manufacturing plant was 
assessed by PM2.5, PM2.5-related EC, organic carbon (OC), and total 
carbon (TC). The results of air samplings were reported at two-time 
points. Dai et  al. (26) reported measurements from 2012, which 
yielded an average of 800 μg/m3 for PM2.5 and an average of 657.0 μg/
m3 for PM2.5-related EC. Cheng et al. (25) reported the measurements 
from the visit in 2018, which yielded a geometric mean of 637.4 μg/m3 
for total PM2.5, and 364.6 μg/m3 for PM2.5. The ratio of PM2.5-related 
EC to TC is 92.5% in two air samples collected from CB bagging areas.

Table 2 provides an overview of the five reviewed studies. Later, 
we will discuss the evidentiary quality of the studies.

In the first study (24), the authors evaluated the exposure to CB 
and the possible alteration of lung function and inflammatory 
responses. An exposed group of 81 CB packers was compared with 
104 controls. The average age, body mass index (BMI), smoking and 
drinking habits, employment duration, and shift work status were not 
statistically significantly different. Zhang et al. reported a statistically 
significant increase in pro-inflammatory cytokines levels (IL-1ß, IL-6, 
IL-8, MIP-1ß, and TNF-alpha) and reduced lung function parameters 
(FEV1%, FEV1/FVC, MMF%, and PEF, FVC marginally 
non-significant) among the CB-exposed workers. The results of lung 
function parameters, however, were within the normal range among 
the exposed workers and thus of uncertain clinical significance.

In a study at another CB manufacturing plant, Dai et al. aimed to 
address a similar question. Dai et  al. (26) evaluated relationships 
between occupational exposure to CB and blood cell counts, 
lymphocyte subsets, and the levels of cytokines in the serum. The 
authors recruited 106 packers with exposure to CB, compared with 
112 unexposed male workers whose frequency matched by age and 

TABLE 1 Evidentiary criteria of biomarkers according to the BEST 
resource.*

I. Characterization of the relationship between the biomarker and clinical outcome.

In the risk assessment of PSLTs, the purpose is to identify biomarkers to diagnose 

the biological changes at early stages or to predict the clinical outcomes at 

advanced stages.

II. Biological rationale for the use of biomarker (if known)

In vivo and/or in vitro findings that are usually given before a hypothesis is 

postulated in epidemiological research.

III. Type of data and study design

According to the study design, data can be categorized into descriptive, cross-

sectional, prospective, or retrospective studies.

IV. Independent data sets for qualification

A sufficient amount of independent data sets from different production conditions, 

exposure scenarios provide consistent findings.

V. A comparison to the current standard. A thorough evaluation of the risk and 

benefit relationship will be necessary.

VI. Assay performance

Validated tests with high accuracy are generally expected.

VII. Statistical methods

A careful evaluation of statistical approaches is critical because some assumptions/

claims may be unfounded if based on inappropriate statistical analyses.

*Adapted from this reference.
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smoking status at a water plant in the same region. The distributions 
of age, BMI, and history of smoking and alcohol consumption were 
balanced. Eosinophil counts increased among the exposed group, 
although the difference did not reach the statistical significance level 
(p = 0.072) after adjustment for age, BMI, smoking status, and alcohol 
use. Noticeably, the relationship between serum cytokines and CB 
exposure was not reported.

Concerning the relationship between blood cell counts and serum 
cytokine levels, correlation analyses were used. Pearson’s correlation 
coefficients between blood cell counts and the levels of cytokines 
ranged from 0.2 to 0.27, with statistical significance. However, the 
magnitude of the correlation coefficients indicated very weak 
correlations. Thus, a link between white blood cell counts and the 
levels of pro-inflammatory cytokines was not supported 
with confidence.

In a follow-up study based on the same study population as Yang 
et al. (23) and Zhang et al. (24) focused on the potential impact of CB 
exposure on peripheral cell damage and pulmonary blood barrier 
permeability by means of Clara cell secretory protein (CC16) and 
surfactant-associated protein (SP-A) levels in relation to lung 
function parameters. However, the numbers of the study population 
showed a minor discrepancy, consisting of 99 CB-exposed and 115 
controls. The authors reported a 20% decrease in CC16 and a 15% 
increase in SP-A among the CB packers, along with reduced lung 
function parameters (FEV1/FVC, MMF%, PEF25%, and PEF75%, 
p < 0.05).

To explore the relationship with lung function, the authors 
categorized the serum CC16 and SP-A levels into tertiles. Lung 
function parameters as a dependent variable were then adjusted for 
age, BMI, smoking status, and alcohol consumption. In all subjects 

TABLE 2 Epidemiological studies of inflammatory responses in workers with exposure to carbon black.

Studies Workplace/
operations

Study design Exposed/non-
exposed 
workers

Biomarkers Clinical findings

Zhang et al. (24) CB baggers from 

an acetylene black 

facility

Cross-sectional Male packers exposed to 

acetylene black (N = 81); 

non-exposed male 

workers (N = 104)

Pro-inflammatory cytokines 

levels: Interleukin(IL)-1ß, IL-6, 

MIP-1ß, and TNF-alpha

Increased pro-inflammatory cytokines 

levels among the exposed.

No changes found in chest X-ray 

images;

Significant, though no pathological 

reduction of lung function parameters.

Dai et al. (26) Packing in an 

acetylene black 

facility

Cross-sectional Male packers exposed to 

pure CB (N = 106); 

non-exposed controls 

from a water plant in 

the same region, 

frequency-matched by 

age and smoking status 

(N = 112)

Peripheral blood cell counts and 

lymphocyte subsets;

IL-1ß, IL-6, and MIP-1ß

In total, 30.8% of increased peripheral 

blood eosinophil count, though in the 

normal range.

No significant difference in other cell 

counts.

Positive correlations between cell 

counts and the levels of cytokines in 

the serum of exposed workers with 

correlation coefficient ranging from 

0.20 to 0.27

Yang et al. (23) CB baggers from 

an acetylene black 

facility

Cross-sectional N = 99, male packers; 

N = 115, healthy male 

controls

Markers for peripheral cell 

damage and pulmonary blood 

barrier permeability: clara cell 

secretory protein (CC16) and 

surfactant-associated protein 

(SP-A)

A 20% decrease in CC16 and a 15% 

increase in SP-A among the CB 

packers. No consistent trends 

concerning CC16 and SP-A and lung 

functions, in the subgroups according 

to the exposure status

Cheng et al. (25) Packing in an 

acetylene black 

facility

Cross-sectional, 

longitudinal

At baseline in 2012: 85 

CBPs vs. 106 Non-

CBPs;

2018 FU visit: 53 CBPs 

vs. 55 non-CBPs

Carbon content in airway 

macrophage (CCAM);

proportion of cytoplasm area 

occupied by carbon particles 

(PCOC);

IL-1ß, IL-6, IL-8, MIP-1ß, CRP; 

and TNF-alpha; cytokinesis-

block micronucleus (CBMN)

PCOC level: CBP-C > CBP-F > Non-

CBP;

Positive linear relationship between 

PCOC and CBMN endpoints

Cao et al. (22) CB packers from 

an acetylene black 

facility

Cross-sectional N = 58 current CB 

packers (CBP); 95 non-

CBP

Carbon content in airway 

macrophage (CCAM); small 

airway wall thickness measured 

by wall area percent (WA%)

Significant, but very weak to weak 

correlation between CCAM and WA% 

(0.20 to 0.26), also negligible 

correlations between WA% and lung 

function parameters (from −0.07 to 

−0.26)
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combined, positive associations were found between CC16 and all 
the lung function parameters, whereas negative associations 
between SP-A and lung function parameters.

The trends could not be recognized after dividing the subjects 
according to the exposure status, neither in the CB-exposed group 
nor in the control group. Thus, there is no suggestion that exposure 
to CB would modify the link between CC16 and SP-A and 
lung functions.

In a further study, Cheng et al. (25) studied the potential link 
between CB exposure and genomic instability in peripheral 
lymphocytes with the use of cytokinesis-block micronucleus (CBMN) 
endpoints, since the CBMN assay was thought to detect injuries that 
survive at least one metonic cycle and reflect unrepaired fixed 
DNA damage.

The investigators measured carbon content in airway 
macrophages (CCAMs) in sputum as a proxy for determining chronic 
exposure to CB aerosol and PM (PM2.5, PM2.5-related EC) in air 
pollution. The proportion of cytoplasmic area occupied by carbon 
particles (PCOC) is a quantification of the carbon content in each 
macrophage. The investigators reported an apparent gradient of 
PCOC in current CB packers compared to former CB packers and 
compared to controls. CBMN was used to quantify the unrepaired 
DNA damage after injuries that resulted from exposure. The 
measurements of CBMN endpoints were reported both for the 2012 
visit and replicated for the 2018 follow-up. The authors described  
the 232 study subjects as cohort members but analyzed the data in 
accordance with the cross-sectional study design, with no 
consideration of change over time from a longitudinal perspective. 
At both time points, significantly increased levels of CBMN endpoints 
were reported. A marked increase was observed among current CB 
packers compared to former CB packers and compared to 
non-exposed. A positive linear relationship between PCOC and 
CBMN was reported, after adjustment for age, BMI, current smoking 
and drinking status, and pack years. Furthermore, the investigators 
used mediation analyses to evaluate the mediating effect of circulatory 
inflammation on the relationship between CB exposure and 
CBMN endpoints.

In the following study, Cao et  al. (22) studied CCAM in 
sputum in relationship with bronchial wall thickness measured by 
wall area percent (WA%) of the sixth and ninth generations of 
airways, which represents a measure for airway remodeling. 
Elevated levels of CCAM in sputum were found among CB 
packers, both for ever smokers and never smokers. Significantly 
increased WA% was found in CB packers vs. non-CB packers for 
both generations of airways. Interestingly, cigarette smoking 
status and pack years showed no effect on any of these 
measurements. Using correlation analyses, they found weak to 
very weak correlations between the CCAM and wall thickness 
(WA%), with significant correlation coefficients ranging from 0.20 
to 0.26 (cf. Figure 3 from (22)). Furthermore, they reported very 
weak correlations between WA% and pulmonary function 
parameters, with correlation coefficients ranging from −0.07 
(p = 0.38) to −0.26 (p = 0.001) (cf. Figure 4 from (22)). The weak 
to very weak correlations between CCAM and WA% could not 
support a certain relationship between CB exposure and wall 
thickness. Similarly, the correlation between WA% and pulmonary 
function parameters was weak to very weak.

Evaluation of evidentiary quality of the studies

Table 3 shows the evaluation of the individual studies according 
to the BEST quality criteria proposed by the FNIH/FDA.

 I. In consideration of the characterization of the relationship 
between the biomarker and clinical outcome, the inflammatory 
markers should predict the clinical outcome at advanced stages 
of biological processes. Zhang et al. (24) and Dai et al. (26) 
made comparisons between the CB-exposed workers and 
controls. Prediction was not the subject of the studies.

 II. The biological rationale for the postulated hypotheses was 
given based on the findings from in vivo or in vitro studies.

 III. In light of the data type and study design, four studies used a 
cross-sectional design; one study reported results from two 
visits, in 2012 and 2018. Thus, an intra-individual comparison 
in a longitudinal manner was feasible. However, an intra-
individual comparison was neither performed nor reported by 
the authors. We tentatively compared the changes between the 
groups in Table 4, implying that the worsening effect among 
the CBPs might actually be slower than the controls over the 
next 6 years.

 IV. The data included in this review were highly dependent. 
Exposed populations were recruited from two workplaces. 
Independent data from other populations and exposure 
scenarios would enhance the statistical power and consistency 
of the findings.

 V. The current standard definition of an adverse event relied on 
clinically manifested outcomes. Using biological markers has 
the potential of added value. A thorough consideration of the 
risk–benefit relationship would be  necessary, both for the 
researchers and for the regulators. To address the accuracy of a 
biological marker, both sensitivity and specificity need to 
be  addressed, to minimize false-positive or false-negative 
results. In this series of studies, only sensitivity was analyzed.

 VI. The author believed in using the validated test assay.
 VII. Correlation analysis is the most commonly used statistical 

approach to quantifying the strength of relationships. 
Mediation analysis is used to test and estimate the mediation 
effects of the studied biological markers on transmission from 
exposure to its effects. The conditions for performing a 
mediation analysis are explained in the discussion.

Discussion

The present paper reviewed human studies that investigated 
biological changes in the early phase after occupational exposure to 
CB, with the purpose of evaluating the biomarkers and their predictive 
values for clinical outcomes. Five epidemiologic studies from two 
Chinese research groups provided the first wave of evidence. The 
study subjects of three studies (22, 24, 25) were male packers in an 
acetylene black production facility compared to non-exposed male 
workers. The investigators found statistically significant increases in 
pro-inflammatory cytokine levels and reduced but not abnormal lung 
function parameters (24). Yang et al. reported a 20% decrease in CC16 
and a 15% increase in SP-A, markers for peripheral cell damage, and 
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reduced lung function among the exposed workers. Positive 
relationships were found between CC16 and lung function parameters; 
similarly, negative relationships were found between SP-A and lung 
function parameters among the combined study subjects. In 
stratifying the subjects according to exposure status, no trends were 
observed. The modifying effect of exposure to CB could not 
be concluded. In the following study, weak to very weak correlations 
were found between CCAM and bronchial wall thickness (WA%), and 
WA% with lung function parameters as well (22).

Another group of researchers recruited packers exposed to 
acetylene black compared with non-exposed packers from a water 
plant in the same region, with frequency matching by age and smoking 
status. In Dai et al.’s study (26), no peripheral blood cell count except 
eosinophils were found to be increased but not in an abnormal range. 
The correlations between blood cells and pro-inflammatory cytokines 
that are involved in the upregulation of inflammatory reactions were 
weak to very weak, despite statistical significance. Furthermore, the 
authors found noticeable outcomes regarding increased CBMN 
endpoints, both in 2011 and 2018 visits (25).

Inconsistency across the reviewed studies

Considering the conceptual AOP after exposure to CB, we found 
inconsistent and contradictory findings regarding associations between 

(i) white blood cells and pro-inflammatory cytokines levels, (ii) CCAM 
and WA%, and (iii) WA% and lung function parameters. The weak to 
very weak correlations indicated that the clinical relevance of the 
results is still uncertain, despite some statistical significance.

The inconsistent findings do not support a full understanding of the 
complex mechanisms for ENM-induced health effects. The investigators 
of the reviewed papers postulated that inflammation was an adverse 
event that may either initiate or promote a carcinogenic pathway. In 
Poland et al.’s study (27), the authors raised the concern of whether 
pulmonary inflammation is a valid predictor of particle-induced lung 
pathology, based on case analyses of two particulates. Considering the 
technological advancement and increased sensitivity of biomarkers, the 
authors pointed out the challenges in the risk assessment relying on 
biomarkers: (i) to distinguish an “effect” from an “adverse effect” and (ii) 
a valid predictor must be sensitive and specific as well.

To evaluate biological markers or pre-clinical endpoints in 
contrast to manifested clinical outcomes, quality criteria for 
evaluations are needed for clinical and regulatory decisions.

Evaluation of evidentiary quality of the 
studies

In all reviewed studies, exposure was dichotomized into CB 
exposed and non-exposed in all statistical analyses. Quantitative 

TABLE 3 The evaluation of the individual studies according to the evidentiary quality criteria.

Quality criteria Zhang et al. (24) Dai et al. (26) Yang et al. (23) Cheng et al. (25) Cao et al. (22)

I Characterization No prediction No prediction Explore the link to 

AOP

Explore the link to AOP Explore the link to 

AOP

II Biological rationale Given Given Given Given Given

III Study design Cross-sectional Cross-sectional Cross-sectional Cross-sectional design, 

with repeated 

measurements

Cross-sectional

IV Independent data, 

consistent findings

Limited data Limited data No consistent trends Inconsistent findings Weak to very weak 

correlations

V Comparison to 

standard

Cytokine profile Peripheral white cell 

counts

Epithelial cell integrity Genomic instability Bronchial wall 

thickness

VI Assay performance Valid Valid Valid Valid Valid

VII Statistical methods Multivariate analyses for serum 

cytokines with adjustment for 

confounders;

Univariate analyses for lung 

function parameters

Correlation analyses 

yielded weak to very 

weak correlations

Categorized analyses; 

subgroup analyses;

With adjustment for 

confoundsers

Correlation analyses;

Mediation analysis

Correlation analyses;

Mediation analysis

TABLE 4 Comparisons of within-group changes of cytokinesis-block micronucleus (CBMN) endpoints [abstracted from Cheng et al. (25), Table 1].

Endpoints Controls Current carbon black packers

2012 2018 Ratio 2018/2012 2012 2018 Ratio 2018/2012

MN (‰) 4.53 6.11 1.35 8.19 7.16 0.87

NPB (‰) 0.29 0.46 1.59 0.51 0.74 1.45

BUD (‰) 0.89 4.38 4.92 2.62 6.26 2.39

CBMN (‰) 5.66 10.95 1.93 11.29 14.16 1.25

NDI 1.82 1.40 0.77 1.79 1.44 0.80

MN, micronucleus; NPB, nucleoplasmic bridge; BUD, nuclear bud; NDI, nuclear division index; CBMN, cytokinesis-block micronucleus.
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assessment of exposure measures, for example, mass or surface area 
of the nanoparticles, was not the subject of the analyses; therefore, the 
reviewed studies could not explain the relationship between the dose 
and inflammatory responses and lung function outcomes in 
CB-exposed workers.

This review of the Chinese cross-sectional studies identified showed 
elevated pro-inflammatory cytokines among workers with considerably 
high exposure to CB. The mean concentration of 14.9 mg/m3 measured 
by personal air samples was up to 4-fold greater than the American 
Conference of Governmental Industrial Hygienists (ACGIH) threshold 
limit value (TLV) value for CB of 3 mg/m3 (inhalable fraction) or 
worldwide CB OELs which generally range from 2-4 (3 mg/m3) as the 
inhalable fraction (1).

Furthermore, it is essential to distinguish statistical significance 
from clinical relevance. As shown in Table 2, Zhang et al. (24) reported 
reduced, but not abnormal (i.e., values below the lower limit of 
normal), lung function parameters. Similarly, elevated eosinophil 
counts, but not in the pathological range (28), were reported in Dai 
et al.’s study Dai et al. (26); significant, but weak correlations were 
observed between CCAM and WA% (correlation coefficient ranging 
from 0.20 to 0.26). The very weak to weak correlations were reported 
between WA% and lung function parameters (correlation coefficient 
ranging from −0.07 to −0.26) in Cao et  al.’s study (22). Pearson’s 
correlation coefficient is a measure of the correlation between two sets 
of data, ranging from −1 to 1 (29). Generally, a correlation coefficient 
of less than 0.7 is not considered strong (30). Thus, a statistically 
significant correlation but weak in magnitude would not imply 
certainty of clinical relevance.

In the studies of Cao et al. (22) and Cheng et al. (25), the authors 
used mediation analyses to explain and estimate the underlying 
mechanism of the inflammatory markers on the pathway of exposure 
to CB and biological outcomes. To estimate and test the mediation 
effects of the biomarkers, the validity of the following three steps is 
required: (i) exposure–mediator, (ii) mediator–outcome, and (iii) 
exposure–outcome (31). In Cheng et al.’s study (25), 6 out of 15 tests 
noted a statistically significant mediation effect. A clear pattern, 
however, was not presented. In Cao et al.’s study (22), the authors found 
statistically significant—but weak—associations between airway wall 
thickening (WA%) and spirometry parameters, while none of the 
associations between CB exposure and spirometry parameters were 
statistically significant. It is noted that the association of the main 
pathway, here CB exposure to the outcome, is not provided; thus, the 
required assumption (iii) of the mediation analysis is therefore not 
fulfilled. Hence, the validity of the statistical handling and the resulting 
findings to estimate the mediation effects seem doubtful.

Finally, the major limitation of the studies is the cross-sectional 
study design, which inherently cannot conclude causality. Only one 
study, Cheng et al. (25), reported results from two subsequent visits. 
Comparing the ratios of the respective biomarkers from 2018 to 
2012  in Table  4, our tentative analysis considering within-group 
changes in a longitudinal manner implied that the worsening effect 
among the CBPs might possibly be slower than those non-exposed 
over the 6-year period of study. A finding of an intra-individual 
change over time is statistically more efficient, and the methodological 
soundness to answer the research question was unfortunately not 
reported in the publication. A review (32) highlighted that a 
prospective study design would satisfy this major methodological 
challenge. In general, cross-sectional studies using effect biomarkers 

are limited for drawing causality inferences about the relationship 
between exposure to ENMs and observed effects, especially when the 
biomarkers reflect early biochemical or functional changes that lack 
clinical significance. Furthermore, co-exposures in the workplace and 
individual lifestyle factors require rigorous assessment to control for 
potential confounding biases. The authors concluded that only a 
longitudinal follow-up of a large number of workers exposed to (the 
same) ENMs could ultimately resolve the question of health risks (32).

Consistency of the present review to other 
reviews of PSLT

According to the aforementioned criteria, the publications included 
in this review provide limited evidence of a conclusive relationship 
between inflammatory markers and biological responses (19, 33). Liou 
et al. (19) reviewed six published and nine unpublished epidemiological 
studies using biomarkers, among workers with exposure to ENMs, 
including nanosilver, carbon nanotubes, silica dioxide, TiO2, and 
nanoresin. CB was excluded from this review. The authors categorized 
the biological effects into lung, cardiovascular, immunological, and 
oxidative damages. Lung markers included increased lung fibrosis 
markers (serum TGF-ß1 and sputum KL-6); lung inflammatory 
markers, such as sputum IL-1ß and IL-8; fractional exhaled nitric oxide 
(FENO); and increased exhale breath condensate (EBC) biomarkers.

The findings were strongly dependent on the study design. All 11 
cross-sectional studies reported positive relationships between the 
studied biomarkers and ENM exposures; three of four longitudinal 
studies showed a negative relationship; the fourth showed positive 
findings after a 1-year follow-up. The review by Liou et  al. (19) 
enhanced the fact that the findings were strongly dependent on the 
study design; the cross-sectional studies found positive relationships 
between the biomarkers and health effects while the longitudinal 
studies failed to lead to consistent results.

Our review is in agreement with the conclusions of another review 
including two studies of CB (24, 26) that indicated limited evidence of 
adverse health effects with studied ENMs, based on the majority of 
cross-sectional studies reviewed (33).

Summary

Based on the Chinese studies reviewed, evidence is lacking to 
“specific target organ toxicity” for respiratory systems under repeated 
exposure to CB. The five reviewed human studies of biological markers 
provide no clear or consistent evidence for adverse effects on lung 
function of clinical relevance or markers of airway 
inflammatory changes.

The inflammatory markers that were most studied failed to satisfy 
the evidentiary quality criteria. The significance of the results of the 
reviewed studies is limited by cross-sectional study design, inconsistency 
in results, unclear clinical relevance, and high occupational exposures. 
As a risk assessment relying on biological markers does not seem 
appropriate at this time. Nevertheless, the novel research warrants 
exploration and understanding of exposure to ENMs and potential 
health risks in an occupational setting. The major strength of the present 
review is the focus on the (same) exposure to CB rather than the 
evaluation of different ENMs.
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The potential value and benefits of applying biomarkers for the risk 
assessment of ENMs are generally recognized. Valid data on the 
biomarkers, which require validation and standardization, are essential 
so that biomarkers can be used as decision-making tools in the future.
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Introduction: Work-related burnout is a state of physical and psychological 
fatigue and exhaustion resulting from chronic workplace stress related to work. 
The police workforce is vulnerable to this psychosocial hazard, which affects 
service delivery by police workers. However, there is little evidence about the 
prevalence of work-related burnout and associated factors among police 
officers in Ethiopia. Therefore, this research investigated the prevalence and 
predictor variables of work-related burnout among police officers in central 
Gondar zone, Northwest Ethiopia, 2023.

Methods: An institution-based cross-sectional study was carried out from 
April 12 to May 12, 2023. A sample of 633 police officers was recruited through 
multistage random sampling techniques. To measure work-related burnout, a 
standardized, self-administered Copenhagen Burnout Inventory was used. To 
enter the collected data, EpiData V 4.6 and to analyze SPSS V 26 were used. 
To examine the association between work-related burnout and its predictor 
variables, both bivariable (p  <  0.2) and multivariable (<0.05) logistic regression 
analyses were performed, and statistical significance was established via 
multivariable logistic regression.

Results: The response rate in this study was 96.05% (n  =  608). The majority, 452 
(74.3%) of the police officers, were male; the median (IQR) age of participants 
was 28. In the past six months, 45.7% of the police officers had experienced 
work-related burnout (n  =  278). Being female, having a high job demand, having 
a high level of organizational police stress, having a moderate level of operational 
police stress, having a high level of operational police stress, experiencing job 
dissatisfaction, and sleeping troubles were risk factors significantly related to the 
occurrence of work-related burnout among police officers.

Conclusion: According to this study, a significant number of police officers 
suffer from burnout due to their work. Police officers’ work-related burnout 
was found to be influenced by factors such as sex, job demands, job satisfaction, 
workplace stress, organizational police stress, and sleeping troubles. To 
address this problem, improving the handling of work pressure, developing a 
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stress management program, finding joy at work by improving interpersonal 
relationships and working conditions, offering support and inspiration to female 
police officers, and ensuring sufficient and restful sleep are advised.

KEYWORDS

Copenhagen Burnout Inventory, work-related burnout, police officer, prevalence, 
psychosocial risk factors, burnout, Ethiopia

Introduction

Work-related burnout (WRB) is a condition of both physical and 
psychological fatigue and exhaustion that arises due to the inability to 
effectively cope with chronic stress in the workplace (1). It is a gradual 
decline in enthusiasm, motivation, vitality, and empathy due to the 
demands of the job (2). It is distinguished by feelings of fatigue, a 
greater mental distance from one’s work, feelings of cynicism about 
one’s employment, and a decline in professional competence (3). 
According to the 11th International Classification of Diseases (ICD-
11), burnout is considered an “occupational phenomenon” by the 
World Health Organization (WHO) (4). WRB is a prominent 
occupational hazard of the twenty-first century, and it is presently 
attaining epidemic proportions in the realm of employment, 
impacting worker efficiency and diminishing organizational 
effectiveness (5).

Police work is mandatory for the development of a country since 
national development might not be feasible if a nation’s peace and 
security are at stake, and without it, there is a threat due to civil unrest 
and insecurity. Police officers therefore play a crucial role in upholding 
public order, combating crime, and enforcing the law (6). There are 
numerous professional challenges that make police work vulnerable 
to work-related burnout. Their job is one of the most demanding and 
stressful jobs in the world (7), characterized by long working hours, 
demanding schedules, irregular shift work, and frequent night shifts, 
which revealed burnout (8). In addition, on a daily basis, they face 
challenging and potentially dangerous situations, such as the 
occurrence of murder, and violent crimes are frequent. They also 
regularly encounter distressing situations and stressors associated with 
managing and organizing their work, and these demanding job 
requirements and responsibilities might lead to more time constraints 
and less flexibility in how the work is done, which leads to 
psychological strain and burnout (9, 10). When comparing 
occupational stress among different professions, police work was the 
second-most stressful and challenging job (11), with a wide range of 
operational and work-related stressors, such as face-to-face violence, 
negative interactions with citizens (12), continued critical life-
threatening situations, and injuries that put them at risk for burnout. 
This stress, in turn, adversely affects their mental and physical well-
being, performance, and interactions with the public. Mental health 
problems become rampant due to the increasing prevalence of 
precursors, including burnout, depression, and anxiety among police 
officers (13). Police officers had a higher suicide rate than the whole 
working population as a result of burnout at work (14). Work-related 
burnout is the most common cause of reduced productivity, 
absenteeism, suicidal ideation (15), worse job performance, increased 
turnover (16), cynicism, fatigue, aggression, violence (11), alcohol or 

substance misuse (17), and physical health issues (e.g., high blood 
pressure, ischemic heart disease, poor sleep, cardiovascular disease, 
obesity, etc., compared with the general population) (18).

The peculiar nature of policing increasingly becomes a reason for 
the ever-growing burden of work-related burnout around the world 
(19). In the United States, 19% were emotionally exhausted, and 13% 
experienced severe depersonalization (20), Spain (32.2%) (21), 
Sweden (28%) (22), and Chile (28%) (23). In a developing country, 
Bulgaria (74.53%) (24); Mexico (31.1%) (25); South Africa, where a 
high prevalence of exhaustion and cynicism was due to passive coping 
strategies (26); and Kenya (30.9%) (27). The occurrence of WRB 
among police officers is multifactorial: inadequate salary and unpaid 
overtime; excessive workloads (28); work–family conflicts (29); 
overburdened administrative roles; policy changes; and staff 
shortages (30).

Previous research has shown that sex (17, 31, 32), age (33, 34), 
years of experience (21, 35, 36), educational level (37), marital 
status and family size (21), monthly salary (38), organizational 
rank, and working position (39) all play a role in burnout. For 
example, the highest stressor that causes burnout in police officers 
is experienced after six to ten years (36), and accumulated 
experience leads to wisdom and better coping skills (35); police 
officers who did not have a partner scored significantly higher on 
the burnout scale than did those who did; and police officers 
without children showed a higher level of personal achievement 
than did those with children (21). Organizational rank and working 
positions were statistically associated with burnout; that is, the rate 
of burnout increases with seniority and is greater in day-to-day 
criminal investigations than in other roles (39). Low salaries were 
the main predictor of burnout (38). Officers with higher educational 
levels were less affected by burnout (37). Rural police officers were 
more likely to experience somatization as compared with their 
urban counterparts, and the perceived inadequate resources and 
training may partly explain the rural–urban differences (40). Urban 
police officers are more likely to have both depression and burnout, 
and the rise in burnout symptoms explains the depressive symptoms 
(41). Police officers who smoke, take substances that make them 
drowsy, or promote sleep usage in an attempt to remain awake, 
which leads to burnout, increased stress, and errors due to tiredness 
(42). Physical activity has been demonstrated to be positively and 
significantly correlated with a lower risk of burnout (17, 43). Several 
studies have investigated the psychosocial health indicators 
associated with WRB. For example, officers who worked more 
extended shifts had a greater chance of experiencing emotional 
exhaustion (44), and those who worked both day and night shifts 
more commonly experienced high levels of burnout compared with 
those who worked only during the daytime (45). The main 
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predictors of burnout are inadequate resources and an 
overwhelming workload (38), and burnout increases with poor 
leadership, role conflicts, the fear of violence, and time constraints 
(39). Workplace control, job demand, and job uncertainty are all 
associated with burnout (31). Job dissatisfaction was the main 
predictor of burnout (46). Dealing with family conflicts, abusing 
children, killing someone while performing their duties, and 
witnessing the death of a fellow officer are the most commonly 
reported stressors that cause burnout (47).

Higher levels of social support were protective factors against 
burnout (48). Excessive demands on individuals’ ability to control, 
work overload, role conflicts and ambiguity, personal work 
relationships, lack of recognition, little or no participation in decisions, 
and job stability uncertainty are critical factors that contribute to work 
stress and ultimately burnout (25). Organizational factors, including 
inadequate resources, poor working conditions, feeling unfairly 
compensated, a lack of opportunities for promotion, and inadequate 
time with family, are causes of burnout (49). Work-related burnout 
needs to be addressed immediately, as it is the most significant health 
issue affecting the service delivery of policing in Ethiopia. However, 
there is scanty evidence regarding the prevalence of WRB and its 
predicted variables among police officers. Therefore, this study was 
carried out to investigate the prevalence and predicted variables of 
WRB among police officers in central Gondar zone, Northwest 
Ethiopia. The findings of this research will offer baseline information 
for designing and promoting wellness programs for specific 
professionals to minimize and control WRB. In addition, the study’s 
findings will give pertinent information for stakeholders, police 
administrators, and legislators to develop and put into practice 
efficient preventive and control measures.

Methods and materials

Study design, period, and setting

An institutional-based cross-sectional study was carried out from 
April 12 to May 12, 2023. The study was conducted in the central 
Gondar zone, which is the oldest and most historical place in 
northwestern Ethiopia. It is located 737 km from Addis Ababa, the 
capital city of Ethiopia, and 173 km from Bahirdar, the regional capital 
city of Amhara (50). Based on the information obtained from the 
central Gondar zone and the Gondar city police administration, the 
central Gondar zone has 15 woredas and a 4-woreda city 
administration that puts its main location in Gondar city, 1,272 police 
officers, 26 police stations, and more than 40 police centers 
(community policing). Among them, 420 police officers worked in 
Gondar city, and 852 worked in 15 woredas and 4 woreda 
city administrations.

Population and eligibility criteria

The study population consisted of all police officers in the central 
Gondar zone. Police officers who had at least six months of experience 
in the selected woredas (an administrative division of Ethiopia, 
managed by a local government) were eligible for this study (51, 52). 
Participants who were on annual leave, maternity leave, sick leave, or 

had an apprentice status during the data collection period were 
excluded from the study.

Sample size determination and sampling 
procedure

The sample size was calculated using a single population 
proportion formula with the following assumptions: proportion 
(p = 0.5), margin of error (d = 5%), and Z score (Zα /2  = 1.96) 
corresponding to 95% of the confidence interval.

 

n Z
p p

d
n

= ( )
−( ) 

= ( ) −( )  ( ) =

α / ,

. ^ . . / . ^

2
2

2

1

1 96 2 0 5 1 0 5 0 05 2 3844

Considering a 10% nonresponse rate and 1.5 design effects, the 
total sample size (n) was: 384* 0.1 + 384 = 38.4 + 384 = 422, and after 
multiplication by 1.5, it became 633.

The sample was taken from the central Gondar zone and included 
a total of 1,272 police officers. The Central Gondar Zone has 420 
police officers from Gondar city and 852 police officers from four 
woreda city administrations and 15 woredas.

By considering Gondar city and four woreda administrations as 
five woredas, the total number of woredas in the central Gondar zone 
becomes 20. Since these woredas are dispersed among each other, it is 
difficult to account for all 20 woredas due to feasibility issues (time, 
money, transport, and hassles). Therefore, based on WHO sampling 
assessment standards, 40% of the total woredas became 8 (53). Simple 
random sampling (lottery method) was used to select eight woredas. 
To allocate a representative sample in each woreda, a proportional 
allocation to the size of the population was used. Finally, a simple 
random sampling method was used to select study participants from 
each selected woreda.

Operational definitions and measurement 
of variables

Work-related burnout: was measured using a Copenhagen 
Burnout Inventory (seven items). The presence or absence of work-
related burnout was indicated by an average total score of 50, < 50= 0 
(no burnout) and ≥50 = 1 (burnout) (1, 54).

Police officers: are professionals who focus on keeping or enforcing 
law and order, investigating crime, and supporting crime prevention 
(55). The police officers in this research were those who worked for 
Gondar city and the central Gondar zone police administration and 
had at least six months of experience.

Alcohol drinking: the consumption of any alcohol-based beverage, 
whether locally or industrially produced, by police officers at least 
twice per week (56).

Khat chewing: A police officer chewed khat three times a week for 
the last six months prior to the study (57). Khat is a plant whose leaves 
are chewed and drunk as tea in the East African region, as well as in 
some parts of the Middle East, for stimulation or enlightenment (58).

Cigarette smoking: a police officer who smoked at least one stick 
of cigarettes per day for the six months prior to the study (59).
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Doing physical exercise: individuals who perform any kind of 
physical exercise at least two times per week for 30 min (60).

Medication use was assessed using a single, yes-or-no question to 
gauge participants’ coping strategies for burnout at work (61).

Psychosocial work factors

Job stress: operational and organizational police stress tools were 
used to assess the job stress of police personnel. A score of less than 
2.6 on the organizational police stress scale was considered low stress; 
a score between 2.7 and 3.9 was considered moderate stress; and a 
score of 4.0 or higher was considered high stress. According to the 
operational police stress tool, a score less than 2.0 indicated low stress, 
a score between 2.1 and 4.6 indicated moderate stress, and a score of 
4.7 or higher indicated high stress (51).

Role conflict: four items; role clarity and social relations: three 
items; and job security: two items with a five-point Likert scale and 
dichotomized by their mean value (62).

Sleeping trouble with four items, job recognition with three items 
(63), and job demand with four items (9) on a five-point Likert scale 
and dichotomized by their median value.

Job satisfaction: Ten items from a generic job satisfaction scale 
were used to measure job satisfaction; a score of 10–31 indicated 
satisfaction, while a score of 32 or higher indicated dissatisfaction (64).

Social support: Participants answered nine questions concerning 
the assistance they received from family, coworkers, and superiors. A 
mean scale score falling between 1 and 2.9 categorized as low social 
support, a score between 3 and 5 as moderate social support, and a 
score between 5.1 and 7 as high social support (30, 65).

Work–family conflicts: six items on a four-point Likert scale, 
ranging from 0 never to 4 often, and dichotomized by median value 
(66). Of the six questions, work–family conflict was addressed in the 
first four, and family–work conflict was addressed in the final two (66).

Data collection procedures and tools

Standardized, self-administered Copenhagen Burnout 
Inventory (CBI) questionnaires were used to collect the data. The 
survey had four sections. The socio-demographic characteristics 
such as age, sex, education, work experience, having children, 
monthly salary, organizational rank, and working position were 
covered in the first section. The questions in the second category 
were designed to evaluate data regarding burnout at work. Work-
related burnout was measured using the Copenhagen Burnout 
Inventory, which has been applied and validated in earlier studies 
(67, 68). Behavioral factors such as alcohol consumption (yes or 
no), khat chewing (yes or no), cigarette smoking (yes or no), 
medication use for stress relevance (yes or no), physical exercise 
(yes or no), and work misconduct issues (yes or no) were included 
in the third section of the questionnaires. The operational and 
organizational police stress and Copenhagen Psychosocial 
Questionnaire are both employed in the fourth item, which assesses 
numerous working conditions. Operational and organizational 
police stress were used to assess the job stress of police officers. They 
are reliable and valid indicators of policing stressors. Each 
questionnaire had 20 items that were scored from 1 (no stress at all) 

to 7 (a lot of stress). They are free for non-commercial, educational, 
and research purposes (51). Participants indicate the degree to 
which each item contributed to their burnout during the preceding 
six months. The mean of each scale was used to obtain the summary 
scores. Copenhagen Psychosocial Questionnaire: one item related 
to job demand, “Do you have enough time for your work tasks?” 
was reversed (54). Burnout status was divided into three subscales 
according to the Copenhagen Burnout Inventory: personal, work-
related, and client-related burnout (69, 70). The questionnaire’s 
three distinct sections were created to be  utilized in various 
contexts. However, we used the WRB domains of the CBI’s in this 
investigation. The seventh and final item on the list—“Do you have 
enough energy for family and friends during leisure time?”—was 
reversed in scoring (69, 70). The reliability and validity of CBI are 
confirmed by the PUMA project (Burnout, Motivation, and Job 
Satisfaction). The results showed that the three scales had minimal 
non-response rates and extremely good internal reliability. This tool 
has been translated into seven languages, i.e., English, Japanese, 
Mandarin, Cantonese, Swedish, Finnish, French, and Slovenian, 
and is currently being used in many nations (1). It is a generic 
instrument for evaluating workplace risk factors that is free to use. 
The reliability and validity of CBI were tested in Africa among 
Nigerian resident doctors and showed the highest Chronbach’s 
alpha (71). In Ethiopia, this tool is used to assess burnout among 
midwives and school teachers, with a high reliability (Chronbach’s 
alpha) of 0.89 (72, 73). The seven items on the list on the CBI were 
used to measure burnout at work. The internal consistency of the 
current investigation was 0.86. The items elicited responses ranging 
from very low/never = 1, low/rarely = 2, somewhat/sometimes = 3, 
high/often = 4, and very high/always = 5. Each question has a 
5-point Likert scale (never, seldom, sometimes, often, and always) 
response option, which study participants picked from. Before 
calculating the mean scores for each of the components, the 
negatively worded questions were reversed where necessary. 
Weighted scores (percentages) were assigned to each option as 
follows: never (0), seldom (25), sometimes (50), often (75), and 
always (100). The scale labels were recorded in accordance with the 
questionnaire designers’ instructions, using the following formats: 
1 = 0, 2 = 25, 3 = 50, 4 = 75, 5 = 100; for reverse coding, 1 = 5, 2 = 4, 
3 = 3, and then all the items were summed (70, 74). Measurements 
and calculations were performed for Chronbach’s alpha reliability 
test. For instance, organizational police stress 20 items (Chronbach’s 
alpha = 0.871), operational police stress 20 items (Chronbach’s 
alpha = 0.911), role clarity three-items (Chronbach’s alpha = 0.74), 
role conflict four items (Chronbach’s alpha = 0.77), sleeping troubles 
four items (Chronbach’s alpha = 0.84), job demand four items 
(Chronbach’s alpha = 0.74), job recognition three items (Chronbach’s 
alpha = 0.72), social relations three items (Chronbach’s alpha = 0.73), 
job satisfaction ten items (Chronbach’s alpha = 0.79), social support 
nine items (Chronbach’s alpha = 0.90), and work–family conflict six 
items (Chronbach’s alpha = 0.78). Therefore, the above data were 
collected by considering the police officer’s time, place, and person. 
In terms of time, study participants were approached by considering 
their work schedules, mobility at home, field work, and office work. 
In terms of place, we approach them either individually or in groups 
at their offices for privacy and honesty in their information. In 
addition, in terms of personnel, four data collectors and two 
supervisors were assigned to collect the data.
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Data quality assurance

The questionnaires were originally written in English, translated into 
Amharic, the native tongue, and then returned to English by the author 
with the assistance of linguists. Two psychiatric experts who had prior 
expertise and knowledge of the data collection procedure were hired as 
supervisors, and four environmental, occupational health, and safety 
specialists were hired to gather the data. Before beginning the actual data 
collection, the supervisors and data collectors attended two days of 
training and orientation covering topics such as informed consent, study 
goals, confidentiality, and how to ask clear and concise questions. Both 
lectures and discussions were used to deliver the training. Before the 
actual data collection, thirty-two samples were pre-tested on the 
questionnaires, which were excluded from the final analysis. Estimates 
of the time required for data collection were determined, and based on 
the pre-test results, some adjustments were made for question 
misinterpretations. For instance, based on their information, the 
organizational rank, working position, and educational level were 
rearranged. Every day, the investigator verified that the questionnaire 
was accurate and comprehensive.

Data management and analysis

After the data were verified to be accurate, they were imported into 
Epi-data version 4.6, exported, cleaned, and analyzed with SPSS version 
26. Cross-tabulations were performed to assess the relationship between 
the explanatory variables and the outcome variable, and frequency 
distributions and percentages were employed to show descriptive 
statistics. The variables’ multicollinearity, outliers, and normality were 
assessed before the bivariable and multivariable binary logistic regression 
analyses were performed. To manage the effect of the confounding 
variable during the design and analysis stages, restriction, randomization, 
standardization, and multivariable analysis were used. The variance 
inflation factor was used to verify the multicollinearity assumption 
(VIF < 2.15). To account for potential confounding variables, the 
variables that demonstrated statistically significant relationships with the 
dependent variable at p-values <0.2 (73, 75, 76) in the bivariable logistic 
regression analysis were subsequently deemed suitable for a multivariable 
logistic regression. The Hosmer and Lemeshow goodness-of-fit test was 
used to check the model’s fitness, and it was well fitted (p value >0.05). 
Finally, a multivariable binary logistic regression model was used to 
identify variables with a p-value <0.05. The degree of association was 
indicated by an adjusted odds ratio (AOR) with a 95% confidence interval.

Results

Socio-demographic characteristics of the 
study participants

Out of the 633 samples that were chosen, 608 were able to 
participate, yielding a 96% response rate. Of these, 452 (74.3%) were 
male and 156 (25.7%) were female. Among these, 248 (40.8%) were 
married. The majority of participants were orthodox religious 
followers (556 (91.4%)) and Muslims (52 (8.6%)). The participants’ 
ages ranged from 21 to 54, with a median age (IQR) of 28. The 
majority of police officers work in community policing; 308 (50.7%) 
and 220 (36.2%) of the participants had a college diploma (Table 1).

TABLE 1 Socio-demographic characteristics of police officers working in 
central Gondar zone, Northwest Ethiopia, 2023 (n  =  608).

Variable Category Frequency 
(n)

Percent

Sex Male 452 74.3

Female 156 25.7

Age of 

participants’

21–29 334 54.9

30–38 179 29.5

39–47 65 10.7

≥48 30 4.9

Religion Orthodox 556 91.4

Muslim 52 8.6

Marital status Single 337 55.4

Married 248 40.8

Divorced 23 3.8

Educational level Grade 10th 

complete

142 23.4

Grade 11 and 12 

complete

169 27.8

Diploma 220 36.2

Bachelor’s degree 

and above

77 12.6

Work-experience 

in policing

<5 years 255 41.9

5–9 years 119 19.6

10–14 years 87 14.3

≥15 years 147 24.2

Work place Urban 250 41.1

Rural 358 58.9

Children No 362 59.5

At least one 

children

246 40.5

Number of 

children

1–2 153 25.2

3–6 93 15.3

Monthly salary 1,825–3,825 ETB 227 37.3

3,826–4,358 ETB 86 14.2

4,359–5,646 ETB 160 26.3

5,647 ETB and 

above

135 22.2

Organizational 

rank

Constable 188 30.9

Sagen 296 48.7

Inspector 94 15.5

Commander 30 4.9

Working position CPC 308 50.7

PSC 13 2.1

Administrative 

staff

195 32.1

Traffic police 50 8.2

Crime investigator 

police

42 6.9

CPC, community policing chief; PSC, police station chief; ETB, Ethiopian birr.

180

https://doi.org/10.3389/fpubh.2024.1355625
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Bezie et al. 10.3389/fpubh.2024.1355625

Frontiers in Public Health 06 frontiersin.org

Behavioral characteristics of the study 
participants

Of the participants, 155 individuals (25.5%) drank alcohol. The 
majority (98.7%) of the police officers did not chew khat, and all of 
them were found to be non-smokers. Only 7.9% of them have work 
misconduct issues. Of participants, 15.8% use medication for stress 
relevance, and 434 (71.4%) of participants perform physical exercises 
(Table 2).

Work-related characteristics of police 
officers working in central Gondar zone, 
Northwest Ethiopia, 2023 (n  =  608)

In terms of work-related risk factors, job demand was high for 
52.8% of participants; 40.1% had low job recognition; 48.4% had high 
sleeping troubles; in addition, 14.1% had experienced high levels of 
organizational stress related to their organization; and 29.4% had high 
operational stress because of their work duties. Concerning their role 
at work, 49% of them had low role clarity, and 56.1% had practiced 
role conflict. In terms of daily working hours, 90% of the police 
officers worked more than 8 h per day, and 95.5% of them worked both 
day and night shifts (Table 3).

Response format and scoring method of 
the instrument for work-related burnout 
among police officers in central Gondar 
zone, Northwest Ethiopia, 2023 (n  =  608)

The response format and scoring method of the instrument are as 
follows: The items that elicited responses have a five-point Likert scale 
ranging from very low/never = 1, low/rarely = 2, somewhat/
sometimes = 3, high/often = 4, and very high/always = 5. After the data 
was collected, each Likert scale label was recoded using the following 
formats: 1 = 0, 2 = 25, 3 = 50, 4 = 75, 5 = 100; for reverse coding, 1 = 5, 2 = 4, 
3 = 3, and then all the items were summed. Next, each choice was given 
one of the following weighted ratings (percentages): never (0%), seldom 
(25%), sometimes (50%), often (75%), and always (100%) (Table 4).

Prevalence of work-related burnout 
among police officers

According to the study’s findings, 45.7% of police officers in the 
central Gondar zone had experienced work-related burnout (WRB) 
in the previous six months [95% CI (41.75, 49.69)]. Table 4 displays 
the results of all seven work-related burnout items, together with the 
corresponding frequency and mean scores.

Factors associated with work-related 
burnout among police officers

According to the bi-variable logistic regression analysis, WRB was 
shown to be associated with the following factors: sex, age, place of 
work, marital status, having children, organizational rank, medication 
use for stress relevance, exercising, organizational police stress, 
operational police stress, work-family imbalance, job satisfaction, 
sleeping troubles, role clarity, job demand, monthly salary, job 
security, and work experience in policing (p < 0.2). However, after 
adjusting for confounding variables in the multivariable binary logistic 
regression analysis, the statistically significant variables associated 
with work-related burnout included participant sex, job demand, job 
satisfaction, sleeping troubles, and organizational and operational 
police stress (p-value <0.05).

Consequently, individuals with high job demands had a 1.56-
fold increased chance of having WRB than did those with low job 
demands [AOR: 1.561; 95% CI (1.045, 2.332)]. The odds of 
developing work-related burnout (WRB) were 1.91 times higher 
among participants who were dissatisfied with their jobs than 
among those who were satisfied [AOR: 1.910, 95% CI (1.054, 
3.461)]. Compared to male participants, female participants had a 
4.3-fold increased risk of having WRB [AOR: 4.298; 95% CI (3.274, 
8.573)].

The chance of having WRB was 2.23 times greater for those with 
high organizational police stress than for those with low organizational 
police stress [AOR: 2.231; 95% CI (1.076, 4.624)]. The risk of developing 
work-related burnout (WRB) was 2.35 times greater for police officers 
with moderate operational police stress than for those with low stress 
[AOR: 2.349; 95% CI (1.309, 4.216)]. The risk of developing WRB was 
4.88 times higher for police officers with high operational police stress 
compared to those with low operational police stress [AOR: 4.881; 95% 
CI (2.385, 9.992)]. Compared to other participants, those with a high 
degree of sleep troubles had a 1.52 times higher risk of developing WRB 
[AOR: 1.522; 95% CI (1.032, 2.244)] (Table 5).

Discussion

According to our research, 45.7% (n = 278) of the police officers 
had experienced WRB [95% CI (41.75, 49.69)]. WRB was shown to 
be significantly associated with sex, job demand, organizational and 
operational police stress, sleeping troubles, and job satisfaction. This 
study’s WRB prevalence was nearly identical to that of other studies 
on police officers in Costa Rica (44.4%) (77) and Mexico (44.16%) 
(25). This similarity may be explained by the fact that police officers 
experience burnout in nearly every country worldwide, regardless of 
their level of development or living conditions (1).

TABLE 2 Behavioral characteristics of police officers working in the 
central Gondar zone, Northwest Ethiopia, 2023 (n  =  608).

Variables Category Frequency 
(n)

Percent

Alcohol drinking Yes 155 25.5

No 453 74.5

Chat chewing Yes 8 1.3

No 600 98.7

Medication use Yes 96 15.8

No 512 84.2

Physical exercise Yes 434 71.4

No 174 28.6

Work misconduct 

issue

Yes 48 7.9

No 560 92.1
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Nonetheless, in comparison with research conducted in Kenya 
(30.9%) (27), Sri  Lanka (31.1%) (52), Mexico (31.1%) (25), Chile 
(28%) (23), and Spain (32.2%) (21), we found a greater prevalence of 
WRB. This might be due to variations in the assessment tools used, 
resource availability such as poor remuneration, poor workplace 
conditions, high workloads, and low training opportunities (38, 78), 

unpaid overtime, and the data collection period. During data 
collection, there was instability, which made police officers more likely 
to work loaded. In addition, there are not enough technological 
devices available to minimize their workload, such as computers, 
security cameras, road traffic lights, and vehicles for emergencies, 
compared with those available in Spain and Chile (79, 80). Our study 
result is higher due to sex differences in burnout, and the incorporated 
variables; both operational and organizational police stress and 
sleeping troubles may be highly stressful factors in this study. Other 
possible explanations for such differences might include variations in 
the research setting, the data collection method, and the variables 
we are interested in studying, which may affect the results. In this 
study, a large sample size and appropriate data collection and sampling 
techniques were used.

In contrast, research conducted in Mexico (54.9%) (48), Brazil 
(64%) (81), and Nigeria (55.2%) (82) revealed a lower prevalence of 
work-related burnout. These discrepancies might be  attributed to 
demographic disparities within the research group, for example, the 
high incidence of violence and assault among military families and the 
gap in socioeconomic level (83). Compared to their civilian 
counterparts, military police are more often seen to have difficult 
employment, and their reduced involvement in organizational 
decision-making may contribute to their job dissatisfaction and stress 
(84). Moreover, a high rate of intimate parental violence in military 
families contributed to a stressful lifestyle brought on by frequent 
relocation or family separations, which may have a greater negative 
influence on relationship satisfaction than it does on civilian police. 
This could result in a serious public health issue that eventually leads 
to burnout (85). In Mexico, there was a significant increase in road 
traffic accidents that made traffic police overly demanding and 
stressful, which caused burnout (86).

This study finding confirmed that, compared to males, women 
were shown to be more affected by WRB. This result was consistent 
with studies done in the United States (87), Oregon, southwestern 
Washington (87), and Nigeria (32). Possible reasons: male and female 
employees frequently hold disparate opinions about what constitutes 
stress, where stress comes from, and how to deal with stress when it 
becomes an issue (88). Compared to men, who are more skilled at 
problem-focused coping strategies, they are more likely to employ 
emotional-focused coping techniques (89). Moreover, police 
organizational culture, such as higher levels of harassment and overt 
hostility, may cause more female burnout (90). In addition, female 
officers may experience higher levels of burnout in a work 
environment marked by feelings of unfairness, sex discrimination, and 
a lack of friendship (91). Furthermore, they also have a higher 
likelihood of experiencing emotional exhaustion from their jobs 
because of their dual responsibilities as policewomen and primary 
caregivers for their children (32).

Our study’s findings demonstrated a statistical relationship 
between job demand and WRB. This affirms the fact that there was 
more job demand during study times in which police officers were 
required to shoulder the volatile work conditions due to the 
dissolution of the special police division of law enforcement 
agencies. This finding was supported by studies in Norway (92), 
Poland (93), and Kenya (27). This association might be due to the 
fact that some organizational, social, or physical needs of the work 
are more difficult to meet; in turn, a lack of resources to balance 
these demands causes exhaustion and may lead to WRB (94). The 

TABLE 3 Work-related characteristics of police officers in the central 
Gondar zone, Northwest Ethiopia, 2023 (n  =  608).

Variable Category Frequency 
(n)

Percent

Job demand Low 287 47.2

High 321 52.8

Job security Low 307 50.5

High 301 49.5

Job recognition Low 244 40.1

High 364 59.9

Social support Low 97 16

Moderate 374 61.5

High 137 22.5

Social relations Poor 231 38

Good 377 62

Intention to 

turnover

High 573 94.2

Low 35 5.8

Job satisfaction Unsatisfied 79 13.0

Satisfied 529 87.0

Organizational 

police stress

Low 224 36.8

Moderate 298 49.1

High 86 14.1

Operational police 

stress

Low 125 20.6

Moderate 304 50

High 179 29.4

Daily working 

hour

≤8 h 61 10.0

>8 h 547 90.0

Work–family 

conflicts

No 225 37

Yes 383 63

Sleeping troubles Yes 294 48.4

No 314 51.6

Role conflict High 341 56.1

Low 267 43.9

Role clarity Poor 298 49.0

Good 310 51.0

Shift work Morning only 12 2.0

Evening only 15 2.5

Moring and 

evening

581 95.5

Nature of shift 

work

Fixed 445 73.2

Irregular 30 4.9

Rotating 133 21.9
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other possible reasons were that their work was characterized by 
long hours, demanding schedules, irregular shift work, frequent 
night shifts, and significant unpaid overtime, which revealed 
burnout (8). In addition, these demanding job requirements and 
responsibilities might lead to more time constraints and less 
flexibility in how the work is done, which could result in a higher 
WRB (9). Serious health problems are linked to high work 
demands among police officers, and having employment resources 
is a protective factor against WRB (95). Furthermore, it has been 
frequently noted that officers become fatigued due to long hours 
and rigorous work schedules, which deplete their energy, 
compromise their performance, and lead to WRB (96).

In addition, this study demonstrated a strong association between 
operational police stress and WRB. This finding was in agreement 
with studies done in Turkey (97) and Nigeria (32). The most likely 
explanation is that greater levels of occupational stress were 
associated with higher WRB (98). In addition, a high level of work-
related stress can deplete physical and mental resources excessively, 
which can result in a severe case of WRB (99). The other likely 
reasons are that police officers who are under stress may not have 
enough free time to spend with their friends and family, disrupted 
sleep patterns or low moods that make them exhausted, loss of 
emotional resources, and exposure to WRB (12). Additional reasons 
that might be given Operational stresses include public criticism of 
police behavior, societal perceptions of policing, fear of overuse of 
force, hostile contact, and work–family conflict, all of which 
contribute to work-related burnout (WRB) (100).

Moreover, this study revealed a statistically significant association 
between organizational police stress and WRB. This finding was 
corroborated with studies in Scotland (101) and Trinidad and Tobago 
(30). This may be the result of problematic organizational aspects of 
working as a police officer, such as staff shortages, inadequate 
resources, time constraints, work overload, excessive administrative 
tasks, frequent organizational or policy changes, lack of 
communication among organization members, and staff shortages 

or inconsistent leadership styles, which are major contributing 
factors to burnout (7). In addition, organizational stressors, such as 
insufficient help from superiors and a lack of cooperation with 
coworkers, are more likely to persist for officers, which may increase 
the likelihood that they will experience burnout (102).

Furthermore, high sleeping trouble was significantly associated 
with WRB. This study was supported by studies in North America 
(44), Sweden (103), Belgium (104), and Mexico (25). Possible reasons: 
Insufficient rest or irregular sleep patterns (sleep deprivation) may 
lead to WRB. A troubled circadian rhythm and poor sleep habits may 
cause fatigue and stress, which are important factors in the 
development of WRB (105). Furthermore, reduced sleep also impairs 
cognitive function and may be  crucial in the development of 
WRB (103).

Finally, this study’s results revealed that job satisfaction was 
significantly associated with WRB. Burnout was more likely to occur 
among police officers who were dissatisfied with their work. This study 
result was reconcilable with studies in South Korea (106), Turkey (97), 
Sri  Lanka (52), India (107), and Kenya (27). Possible reason: job 
satisfaction is used as a buffer against work-related burnout and 
increases the success of their objectives; in contrast, dissatisfied 
employees actively search for and come up with new ways but respond 
passively to their job (108). This is because job satisfaction, which is a 
positive emotional feeling and a resource, has a significant negative 
association with WRB. Moreover, job dissatisfaction may result in 
reduced efficiency and workers’ well-being in general, which in turn 
causes WRB (97).

Strengths and limitations of the study

This study is among the few that have examined the prevalence 
and factors associated with WRB among police officers in Ethiopia. 
This study used a standardized and reliable tool with a sufficient 
sample size from several locations, including both urban and rural 

TABLE 4 Response format and scoring method of the instrument for work-related burnout among police officers in central Gondar zone, Northwest 
Ethiopia, 2023 (n  =  608).

Work-related burnout items 
(Chronbach’s alpha  =  0.86)

Response category and scoring

Never 
scoring

Seldom 
scoring

Sometimes 
scoring

Often 
scoring

Always 
scoring

Score 
mean (SD)

0% 25% 50% 75% 100%

1. Is your work emotionally exhausting? 10.7 16.4 20.9 23.4 28.6 60.69 (33.45)

2. Do you feel burnout because of your work? 13.7 21.5 26.2 18.3 20.4 52.55 (33.09)

3. Does your work frustrate you? 18.8 31.3 24.7 14.1 11.2 41.94 (31.12)

4. Do you feel worn out at the end of the 

working day?

11.7 32.2 27.3 16 12.8 46.51 (30.05)

5. Are you exhausted in the morning at the 

thought of another day at work?

33.3 25.5 24.2 9.4 7.2 32.73 (30.74)

6. Do you feel that every working hour is tiring 

for you?

28.9 33.6 21.1 7.2 9.2 33.55 (30.66)

7. Do you have enough energy for family and 

friends during leisure time? (Reversed scoring)

3.9 5.9 10.2 24.8 55.1 80.30 (27.41)

Total average score 49.75 (30.93)
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police departments, and we could extrapolate our results to the 
whole central Gondar zone police force as well as other similar 
police organizations in the world. Moreover, this research may 
contribute to international research as a piece of literature for other 
researchers intending to work in this area of study and to find 
pooled prevalence figures of WRB among police officers. However, 

this finding is limited due to its cross-sectional nature, which 
cannot rule out the effect of self-reporting bias. Since the data were 
self-reported prior experiences of police officers, reporting bias 
and an underestimation of burnout levels may be  present. To 
minimize this bias, we restricted the data to recent experiences 
only. In addition, it is difficult to generalize the results to other 

TABLE 5 Bivariable and multivariable binary logistic regression analysis of the factors associated with police officers’ work-related burnout in central 
Gondar zone, Northwest Ethiopia, 2023 (n  =  608).

WRB COR (95% CI) AOR (95% CI)

Variables Categories Yes No

Age 21–29 121 213 0.649 (0.306,1.376) 0.706 (0.257,1.940)

30–38 107 72 1.698 (0.781,3.694) 1.111 (0.431,2.864)

39–47 36 29 1.419 (0.595,3.380) 0.700 (0.261,1.877)

≥48 14 16 1 1

Sex Male 163 289 1 1

Female 115 41 4.973 (3.317,7.456) 4.298 (3.274,8.573)**

Marital status Single 120 217 1 1

Married 144 104 2.504 (1.788,3.506) 1.298 (0.734,2.296)

Divorced 14 9 2.813 (1.183,6.691) 1.945 (0.683,5.543)

Place of work Urban 105 145 1 1

Rural 173 185 1.291 (0.932,1.788) 0.975 (0.631, 1.507)

Organizational rank Constable 60 128 0.410 (0.188,0.895) 1.076 (0.358,3.235)

Sagen 144 152 0.829 (0.391,1.759) 1.442 (0.534,3.896)

Inspector 58 36 1.410 (0.615,3.230) 1.579 (0.568,4.388)

Commander 16 14 1 1

Medication use Yes 50 46 1.354 (0.875,2.095) 1.041 (0.613,1.770)

No 228 284 1 1

Physical exercise Yes 170 264 1 1

No 108 66 2.541 (1.770,3.649) 1.427 (0.898,2.267)

Job demand Low 103 184 1 1

High 175 146 2.141 (1.545,2.967) 1.561 (1.045,2.332)*

Organizational police stress Low 70 154 1 1

Moderate 147 151 2.142 (1.491,3.077) 1.380 (0.870, 2.190)

High 61 25 5.368 (3.114,9.253) 2.231 (1.076, 4.624)*

Operational police stress Low 28 97 1 1

Moderate 130 174 2.588 (1.605,4.174) 2.349 (1.309, 4.216)*

High 120 59 7.046 (4.175,11.892) 4.881 (2.385,9.992)**

Work–family conflicts No 161 222 1 1

Yes 117 108 1.494 (1.073,2.080) 1.005 (0.670,1.508)

Job satisfaction Satisfied 227 302 1 1

Unsatisfied 51 28 2.423 (1.481,3.964) 1.910 (1.054,3.461)*

Sleeping troubles Yes 161 133 2.038 (1.474,2.819) 1.522 (1.032,2.244)*

No 117 197 1 1

Role clarity Low 152 146 1.520 (1.103,2.095) 1.379 (0.916,2.076)

High 126 184 1 1

Job security Low 125 182 1 1

High 153 148 1.505 (1.092,2.074) 1.362 (0.919,2.020)

AOR, Adjusted odds ratio; CI, confidence interval; WRB, work-related burnout; 1, reference category; **statistically significant at p < 0.001; *statistically significant at p < 0.05.
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workplaces since it is a cross-sectional study that is specific to 
police institutions, i.e., police officers. Future studies need to 
account for a variety of workplaces in order to demonstrate the 
relationship between various employment features and WRB. With 
the exception of these restrictions, we  believe this study offers 
reliable evidence to address this work-related burnout among 
police officers.

Conclusion

According to this study, a significant number of police officers 
suffer from burnout due to their work. Police officers’ work-related 
burnout was found to be predicted by factors such as sex, job demands, 
job satisfaction, workplace stress, organizational police stress, and 
sleeping troubles. To address this problem, improving the handling of 
work pressure, developing a stress management program, finding joy 
at work by improving interpersonal relationships and working 
conditions, offering support and inspiration to female police officers, 
and ensuring sufficient and restful sleep are advised.
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Introduction: Work-related musculoskeletal disorders (WMSDs) are considered 
major public health problems globally, deteriorating the quality of life of workers 
in various occupations. Kitchen work is reported as among the occupations 
most prone to these maladies. Nevertheless, prevalence of WMSDs, contributing 
factors, and impacts on the quality of life of hospitality industry kitchen workers 
are insufficiently documented in Ethiopia. Therefore, this study aimed to assess 
the prevalence of WMSDs, their associated factors, and impact on the quality of 
life of hospitality industry kitchen workers in Bahir Dar city, Ethiopia.

Methods: An institution-based, cross-sectional study was conducted from 
17 April to 17 May 2023. A total of 422 participants were included using 
a simple random sampling technique. WMSDs were evaluated using an 
interviewer-administered Nordic standardized questionnaire. The short form-
36 questionnaire was used to assess quality of life. The data were collected 
using the Kobo tool box. SPSS version 26 software was used to perform both 
bivariable and multivariable binary logistic regression analyses. Independent t-
tests were used to show the impact of WMSDs on quality of life scales across 
groups with and without WMSD symptoms.

Result: In this study, the response rate was 98.34% (n  =  415). The 1-year prevalence 
of WMSDs among kitchen workers was 82.7% [95% CI: (79.1, 86.3)]. Age group 
between 30 and 39  years [AOR: 2.81; 95% CI: (1.46–5.41)], job dissatisfaction 
[AOR: 2.45; 95% CI: (1.34–4.45)], anxiety [AOR: 2.26; 95% CI: (1.12–4.52)], 
prolonged standing [AOR: 3.81; 95% CI: (1.58–9.17)], and arm overreaching 
[AOR: 2.43; 95% CI: (1.34–4.41)] were significantly associated factors with work-
related musculoskeletal disorders. Work-related musculoskeletal disorders had 
a significant impact on all quality of life dimensions, in which the mean SF-36 
scores of participants with WMSDs were lower than those of their non-WMSD 
counterparts.

Conclusion: This study revealed that the prevalence of WMSDs was relatively 
high. Age between 30 and 39  years, job dissatisfaction, anxiety, prolonged 
standing, and arm overreaching were identified as significant determinants of 
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WMSDs among kitchen workers in hospitality industries. The presence of one 
or multiple WMSDs, in turn, is associated with worse quality of life dimensions 
of individuals.

KEYWORDS

work-related musculoskeletal disorders, Nordic, quality of life, SF-36, kitchen workers, 
Ethiopia

1 Introduction

In recent decades, prompt industrialization, technological 
advancements, and shifts in the global work force structure made 
work-related musculoskeletal disorders (WMSDs) as a leading costly 
occupational disease burden contributor (1–3).

Work-related musculoskeletal disorders (WMSDs), also known as 
cumulative trauma disorders or repetitive strain injuries, are 
inflammatory or degenerative conditions of the muscles, tendons, 
ligaments, joints, nerves, bones, and the localized blood circulation 
system in different body regions presenting with ache, pain, tension, 
and discomfort that are induced or intensified by work and the 
immediate environment in which work is performed (4–6). They may 
occur within weeks, months, or even years prominently elicited 
following repeated exposure to work place risk factors such as 
sustained working posture, frequently repeated tasks, heavy weight 
manual lifts, and others for an extended period of time and rarely due 
to the emergence of acute injuries after a sudden strain and severe 
trauma happened (4, 7).

According to the World Health Organization (WHO) report, 
approximately 1.71 billion people worldwide have musculoskeletal 
disorders, of which 50–70% comprising workers in various 
occupations (2, 8). In the United States and United Kingdom, these 
disorders constitute more than half of all reported occupational 
illnesses (9, 10). Moreover, it significantly affects low- and middle-
income countries (LMICs), including Africa, despite limitations in 
reporting systems (11). A systematic review stated that in many 
African countries, the prevalence of any musculoskeletal disease 
ranged from 15 to 93.6% (12). Studies carried out on the working 
population of Ethiopia have also shown similar trend with prevalence 
varying between 47.7 and 81.5% (13–17). As various evidence studies 
indicated, these figures are likely attributed from the multiple effects 
of biomechanical, work organizational, psychosocial, and/or other 
individual factors (6, 7, 18, 19).

Globally, WMSDs cause a paramount impact on employees and 
organizations, as they lead to sickness absenteeism and decreased 
productivity, and deleteriously affect the quality of life (QoL) of the 
working population (4, 20, 21). The WHO defines QoL as an 

individual’s perceptions of their position in life regarding the context 
of the culture and value systems in which they live and in relation to 
their goals, expectations, standards, and concerns, as the relationship 
between health and illness at work is directly related to QoL (9, 20, 
22). Several studies held in different parts of the world suggested that 
lowered QoL domains were highly associated with having one or 
more WMSD symptoms (5, 21, 23). A recent global burden of 
disease report also indicated that WMSDs were among the foremost 
contributors of disability-adjusted life years (DALYs) in all 
continents and economies (24, 25). In addition, these illnesses 
impose enormous costs on society and national health systems 
across the world, leaving them the second most common and 
disabling public health problem (3, 5, 7, 10, 26).

Multisite WMSDs are considered a significant health problem 
among kitchen workers in the hospitality industry (26). Various 
studies held in different countries which implied its seriousness; for 
instance, in Taiwan 85.2%, Nepal 60%, and China 47%, prevalence of 
WMSDs was reported (27–29). A more recent study in Egypt carried 
out on kitchen workers showed a 90.6% WMSD prevalence in which 
highly intensified pain on the lower back (64.8%), knee (46.9%), foot 
(46.1%), neck (29.7%), and shoulders (23.4%) was reported (8). As 
various studies inferred, the high prevalence of WMSDs among cooks 
is colossally linked with heavy lifting activities in an awkward posture, 
long working hours, prolonged standing, highly repetitive tasks, and 
force overexertion (27–29). Additionally, the quick preparation of 
quality food for an unpredictable number of customer orders may put 
excess mental and physical strain that consequently leads to the 
development of these deficits (26, 29, 30).

In Ethiopia, there has been little progress in addressing the 
complexity of occupational diseases and employment conditions 
through the adoption and enactment of occupational health and 
safety legal provisions (31–33). Nevertheless, ensuring the health 
and safety of neglected working populations in relative to the general 
working population, including hospitality industry kitchen workers, 
is still challenging as these existing judicial tools disregard labor 
needs and requirements unique to various industries and labor 
dynamics (34).

Moreover, the sector is not sufficiently explored as it firms as 
the main auxiliary of tourism activities and contributor of GDP 
development of the country and provides wide employment 
opportunities for numerous professions, such as cook, that were 
not well investigated by the previous local studies on hospitality 
business employees (35). Evidence has also claimed that 
psychosocial factors have gained little emphasis as they are 
evolving over time in parallel with human advancement and has 
suggested the need for further investigation (18, 23, 28, 29, 36, 
37). Despite continuous research on the impact of WMSDs on 

Abbreviations: BMI, Body Mass Index; DALYs, Daily Adjusted Life Years; DASS, 

Depression Anxiety Stress Scale; DMQ, Dutch Musculoskeletal Questionnaire; 

GDP, Gross Domestic Product; ILO, International Labour Organization; LMICs, 

Low and Middle Income Countries; QoL, Quality of Life; SD, Standard Deviation; 

SF-36, Short Form-36 Health Survey; SPSS, Statistical Package for Social Sciences; 

THI, Total Hospitality Industries; WHO, World Health Organization; WMSDs, Work-

Related Musculoskeletal Disorders.

189

https://doi.org/10.3389/fpubh.2024.1358867
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Abebaw et al. 10.3389/fpubh.2024.1358867

Frontiers in Public Health 03 frontiersin.org

quality of life (QoL), the issue is still understudied and warrants 
greater emphasis. Thus, this study aimed to assess the prevalence 
of WMSDs and their associated factors and impact on QoL among 
kitchen workers in hospitality industries.

Therefore, the findings may serve as an input for further 
investigations, particularly on neglected working populations. It may 
also aid in the development and implementation of tailored WMSD 
prevention and control programs on contemporarily evolving health 
hazards such as workplace ergonomics and psychosocial determinants 
of health to improve QoL and reduce their economic burden in the 
long run.

2 Objectives

2.1 General objective

The general objective of this study is to assess the prevalence and 
associated factors of WMSDs and their impact on QoL among 
hospitality industry kitchen workers in Bahir Dar City, Amhara 
Administrative Regional State, Northwest Ethiopia, 2023.

2.2 Specific objectives

The specific objectives of this study are to determine the 
prevalence of WMSDs among hospitality industry kitchen workers in 
Bahir Dar City, to identify factors associated with WMSDs among 
hospitality industry kitchen workers in Bahir Dar City, and to assess 
the impact of WMSDs on the QoL of hospitality industry kitchen 
workers in Bahir Dar City.

3 Methods

3.1 Study design and period

An institution-based cross-sectional study was employed from 17 
April to 17 May 2023.

3.2 Study area

The study was conducted in Bahir Dar City situated at an altitude 
of 1820 m above sea level. The city is located approximately 578 km 
north–northwest of Addis Ababa. Bahir Dar City has six subcities, 
namely, Atse Tewodrose, Dagmawi Menelik, Gish Abay, Fasilo, Tana, 
and Belay Zeleke. In the city, there are 408 hospitality industries that 
provide services for customers with 816 kitchen workers, as inferred 
by the regional and Bahir Dar City culture and tourism bureau and 
various sector administration offices of each sub city.

3.3 Source and study population

All kitchen workers in the hospitality industry found in Bahir Dar 
City and hospitality industry kitchen workers available during data 
collection were used as the source and study population, respectively.

3.4 Inclusion and exclusion criteria

All kitchen workers in hospitality industries having at least 1 year 
of experience were included in the study. Meanwhile, hospitality 
industry kitchen workers who had a previous history of traumatic 
injuries or accidents other than work, such as car accidents, fall 
causing musculoskeletal system fractures, and dislocations, MSDs 
due to other causes not related to work, such as congenital and 
medical conditions, including surgeries resulting in physical 
deformity and pregnant women, those who were on sick, annual, and 
maternity leave were excluded from the study.

3.5 Sample size determination

The optimal sample size for the study was determined using a 
single population proportion formula based on the 
following assumptions:

Z = 95% Confidence interval at α level 5% = 1.96.
Proportion of WMSD prevalence among kitchen workers 

(P) = 50% (0.5). There is no previous study held on hospitality industry 
kitchen workers in our local context.

Margin of error (d) = 0.05 (5%).
Non-response rate = 10%.
The sample size was computed as follows:
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After adding the non-response rate (10%), i.e., 10% percent of 384 
were equal to 38.4 ≈ 38, so the total sample size was 384 + 38 = 422.

3.6 Sampling technique and procedure

The needed 422 study subjects were proportionally allocated to each 
subcity, according to the total number of hospitality industry kitchen 
workers. A simple random sampling technique was employed to select 
all the proportionally allocated representative samples based on the list 
provided by each hospitality business authority during actual data 
collection, and conclusions were made about the study area (Figure 1).

3.7 Operational definition

Hospitality industry: Hospitality industries are service-giving 
hotels, restaurants, cafeterias, resorts, and lodges (38).

Kitchen workers: Kitchen workers are cookers who were working 
in hospitality industries.

WMSDs: A musculoskeletal disorder was considered work related 
if the kitchen workers began to experience the musculoskeletal 
symptoms after being employed in the kitchen profession and if those 
symptoms happened only during the working hours in relation to 
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work tasks and not to any recent or past trauma, worsened at work, 
and relieved during holidays. WMSDs were considered present if the 
respondent reported the occurrence of work-related musculoskeletal 
symptoms such as ache, pain, numbness, tingling, or discomfort in 
any body parts during the last 12 months (5).

Impact of WMSDs on QoL: The effect of WMSDs on the resulting 
mean score difference on the eight SF-36 QoL domains among 
participants with WMSDs and without WMSDs (5, 39, 40).

Body mass index (BMI): Weight in kilograms divided by the 
square of the height in meters (kg/m2) (41). Underweight = BMI < 18.50, 
Normal range = BMI b/n 18.50–24.99, Overweight = BMI b/n 25.00–
29.99, and Obese = BMI ≥30.00.

Job satisfaction: Hospitality industry kitchen workers were 
considered satisfied with a job when their sum of generic job 
satisfaction scale score was 32 or above (42).

Job stress: Hospitality industry kitchen workers were considered 
stressed with a job when their sum of generic job stress scale score was 
16 and above, whereas less than 16 was categorized as non-stressed (43).

Physical exercise: Performing any type of physical exercise away 
from work at least two times/week for 30 min (19).

Repetitive task: Work involving repeating the same motion with 
little or no variation every few seconds for 2 or more hours (44).

Awkward posture includes working with the neck and/or back 
bent without support, working with a bent wrist, squatting, and 
kneeling for 2 or more hours (44).

Prolonged standing: standing for more than 4 h (45).
Alcohol drinking is the consumption of any kind of alcohol by 

hospitality industry kitchen workers at least two times per week (46).

Cigarette smoking: Smoking at least one stick of cigarette per 
day (46).

Khat chewing: Chewing khat three times a week (47).
Anxiety: Individuals who scored greater than or equal to 8 for 

questions related to anxiety in a DAS scale were considered 
anxious (48).

Sleep disturbance: Individuals who scored less than 5 in the sleep 
hygiene index were considered to have sleep disturbance (49).

3.8 Data collection tools

A structured interviewer-administered questionnaire developed 
from various literature studies and standardized measurement 
scales was used. Section I contains sociodemographic variables. 
Section II contains individual or behavioral characteristics. Section 
III contains psychosocial variables. Section IV contains workplace 
environment variables. Section V contains questions regarding 
WMSDs. Section VI contains questions concerning coping 
strategies, and Section VII contains questions regarding quality of 
life (QoL).

The questions used to investigate the sociodemographic, individual, 
or behavioral and psychosocial and workplace environment were 
developed from the literature about the potential risk factors for 
WMSDs and from the standardized Dutch Musculoskeletal 
Questionnaire (DMQ), Depression and Anxiety using Depression 
Anxiety Stress Scale (DASS), Job stress scale, Job satisfaction scale, and 
Step Sleep Hygiene Index.

809
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Study subjects were selected using simple random sampling technique from the lists of kitchen 

workers provided at each hospitality industries during actual data collection.
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The numbers of subjects at each sub city were allocated using proportional allocation formula.

FIGURE 1

Diagrammatic representation of the sampling procedure.
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A standardized Nordic questionnaire was used regarding the 
WMSD prevalence in the different body parts. To assess the impact 
of WMSDs on an individual’s quality of life, the 36-item Short Form 
Health Survey (SF-36) questionnaire was used, and it has eight scales 
in which scores are described as weighted sums of the questions in 
each section that range from 0 to 100. Lower scores indicate a lower 
quality of life dimension, and higher scores indicate a good quality of 
life dimension. Sections include: Physical functioning consists of 10 
items concerning the subject level of performing vigorous activities, 
such as running, lifting heavy objects, and participating in strenuous 
sports; moderate activities, such as moving a table, pushing a vacuum 
cleaner, bowling or playing, lifting or carrying groceries, climbing 
several flights of stairs, climbing one flight of stairs, bending, kneeling 
or stooping, walking more than a mile, walking several blocks, 
walking one block, and bathing or dressing;

Body pain consists of two items related to subjects’ experience of 
body pain and how much did pain interfere with their normal work, 
including both work outside the home and housework.

General health perception consists of five items concerning 
subjects’ current experience of sickness and health status in relation 
to others and how they expect their health status in their future life.

Physical role functioning consists of four items related to subjects’ 
amount of time spent on work or other activities, level of 
accomplishment, and difficulties in performing their work or 
other activities.

Emotional role functioning consists of three items concerning the 
amount of time subjects spent on work or other activities and level of 
accomplishment and how they carefully perform work activities 
than usual.

Social role functioning consists of two items regarding subjects’ 
extent of physical health or emotional problems interfered with their 
normal social activities with family, friends, neighbors, or groups and 
how much of the time their physical health or emotional problems 
interfered with their social activities, such as visiting friends 
or relatives.

Mental health consists of five items regarding subjects’ life 
experiences and their perception and emotional reactions to their 
life events.

Energy/vitality/fatigue consists of four items related to the 
experiences of subjects and incorporates questions focusing on 
feelings of being worn out, tired, and pep experiences.

The remaining item is the health transition item (HTI), which 
focuses on individuals’ perceptions of their current health status 
relative to the previous year.

3.9 Data collection procedure and quality 
control

Interviewer-administered data were collected using kobo tool box 
software by five personnel with B.Sc. in health professions who were 
guided by two MPH supervisors.

Before the data collection, data collectors and supervisors were 
given 2 days of training on the study’s purpose, data collection 
techniques, data collection tools, respondent approach, data 
confidentiality, and respondent rights. The assessment tools were 
translated into local language/Amharic for easy communication of 
data collectors and participants’ understanding of enquire.

A pretest was conducted on 5% (21 questionnaires) of hospitality 
industry kitchen workers in Gondar city, and appropriate 
modifications were made. Brief explanation about the studies’ purpose 
was given to the respondents before preceding an interview, and 
finally, the data collectors conducted interviews with those who gave 
their verbal consent to participate in the study.

Accordingly, the reliability test results revealed that Cronbach’s 
alpha coefficient for each QoL scale was as follows: physical 
functioning (Cronbach’s ∝ = 0.968), role limitations due to physical 
health problems (Cronbach’s ∝  = 0.863), role limitations due to 
emotional health problems (Cronbach’s ∝ = 0.947), pain (Cronbach’s 
∝ = 0.931), social functioning (Cronbach’s ∝ = 0.928), emotional/
mental health (Cronbach’s ∝ = 0.852), vitality (Cronbach’s ∝ = 0.817), 
and general health (Cronbach’s ∝ = 0.861).

Actual data collection was held based on the findings of the 
pretest. The supervisors were monitoring and examining 
the completeness and accuracy of the collected data every day. The 
gathered data were cleaned up and cross-checked before analysis.

3.10 Data processing and analysis

Quantitative data were checked, edited, and exported to SPSS 
version 26 for analysis. Descriptive statistics of the sociodemographic, 
individual, and psychosocial characteristics, work organizational and 
physical or ergonomic characteristics, prevalence of overall WMSDs 
and at each specific body site, and quality of life dimension scores 
were computed.

The descriptive findings were summarized using the mean, 
standard deviation, median, and interquartile range for quantitative 
data and frequencies and percentages for categorical variables and are 
presented using tables and graphs.

A comparison between the two groups of kitchen workers who 
reported WMSDs and not reported WMSDs over the last 12 months 
to detect the basic statistical mean difference between the independent 
QoL dimensions was evaluated using an independent t-test. A 
two-sided p-value ≤0.05 significance level was used for this study. 
Additionally, the multicollinearity assumption was checked through 
the variance inflation factor (VIF), and all variables showed a 
VIF < 1.31.

A binary logistic regression analysis model was used to show the 
presence of a statistically significant association between WMSDs and 
independent variables (sociodemographic, individual, psychosocial, 
work organizational, and ergonomic factors) with a 95% CI, and all 
variables in the bivariable with a p-value less than 0.2 were included 
in the multivariable logistic regression analysis, and a p-value of less 
than 0.05 was considered statistically significant. Goodness of fit was 
checked by the Hosmer and Lemeshow test (p-value = 0.986), which 
showed that the model fit well.

4 Results

4.1 Sociodemographic characteristics of 
participants

A total of 422 participants were recruited with a 98.34% (415) 
response rate. The majority, 396 (95.4%), of the participants were 
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female. The mean (±SD) age of the participants was 26 ± 5 years. The 
median monthly salary of participants was 3,500 ETB with an 
interquartile range (IQR) of 3,000 to 4,500 birr. Over half of the 
participants also had work experience of less than or equal to 4 years 
(Table 1).

4.2 Individual or behavioral and 
psychosocial factors

Out of 415 study participants, 288 (69.4%) had a BMI of 18.50–
24.99 kg/m2. Only 54 (13.0%) had a habit of engaging in physical 
exercise at least 2 days per week. In higher proportions, 382 (92%) of 
participants were non-alcohol drinkers.

Regarding psychosocial factors, nearly all, 401 (96.6%), of the 
participants reported job stress, as opposed to sleep disturbance in 
which equal number of participants had not experienced any. On the 
other hand, the majority of respondents, 301 (72.5%), were not 
satisfied with their job. Over half, 275 (66.3%), of the participants had 
no anxiety symptoms (Table 2).

4.3 Work-environment factors

In terms of work-environment factors, over three-fourth, 316 
(76.9%), of the participants spent more than 8 h per day in work. None 
of the participants had taken training concerning on issues of 
ergonomics. A large proportion, 375 (90.4%), of the respondents 
reported prolonged standing in their kitchen work; similarly, almost 
all 387 (93.2%) of the participants also reported that their job involved 
repetitive work. Participants reported that their cooking task needed 
overreaching movements of arms also accounted for 206 (48.8%). 

However, the majority, 378 (91.1%), of the respondents’ kitchen task 
allowed them to handle loads less than or equal to 5 kg of weight 
(Table 3).

4.4 Prevalence of work-related 
musculoskeletal disorders among 
hospitality industry kitchen workers

The findings of this study revealed that among the 415 kitchen 
workers, 343 participants reported WMSD complaints in any body 
parts. The overall prevalence of self-reported WMSDs over the last 
12 months was 82.7% [95% CI: (79.1, 86.3)], and the past 1-week 
prevalence was 71.3% (n = 308) [95% CI: (66.7, 75.8)].

The present study revealed that ankle or foot pain (80.7%) [95% 
CI: (76.6–84.8)] was the most prevalent WMSD among kitchen 
workers over the past 12 months, and lower back pain (68.7%) [95% 
CI: (64.3–73.3)] was the second most common WMSD complaint, 
followed by shoulder pain (36.6%) [95% CI: (31.6–41.0)], knee pain 
(28.9%) [95% CI: (24.4–32.5)], and wrist pain (28%) [95% CI: (23.2–
32.3)]. In low proportions, neck (12.8%), upper back (12.3%), hip/
thigh (5.1%), and elbow (3.1%) constitute the least WMSD-affected 
category of body regions (Figure 2).

In the previous 12 months, some of those WMSD-affected sites 
prevented participants from doing their normal work at home or away 
from home, mainly due to ankle or foot pain (13.7%), lower back pain 
(9.9%), and knee pain (8.7%). Moreover, kitchen workers’ hospital 
visits related to WMSD troubles also predominantly resulted from 
ankle or foot (16.6%), lower back (10.1%), and knee (5.5%) 
musculoskeletal problems (Figure 3).

Approximately 81 (19.5%) of the participants had no more than 
two WMSD-affected sites. In equal number, 106 (25.5%) of the 

TABLE 1 Sociodemographic characteristics of hospitality industry kitchen workers in Bahir Dar city, Northwest Ethiopia, 2023 (n =  415).

Variables Categories Frequency Percent (%)

Sex Male 19 4.6

Female 396 95.4

Age 18–29 214 51.6

30–39 166 40.0

> = 40 35 8.4

Marital status Single 245 59.8

Married 124 29.9

Divorced 33 7.7

Widowed 14 3.4

Education Unable to read and write 69 16.6

Read and write 29 7.0

1–8 145 34.9

9–12 100 24.1

12 + (certificate/diploma/degree) 72 17.3

Monthly salary <=3,500 253 61.0

>3,500 162 39.0

Specific work experience <=4 years 239 57.6

>4 years 176 42.4
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TABLE 2 Behavioral and psychosocial factors of hospitality industry kitchen workers in Bahir Dar city, Northwest Ethiopia, 2023 (n =  415).

Variables Categories Frequency Percent (%)

Cigarette smoking Yes 0 0.00

No 415 100

Khat chewing Yes 0 0.00

No 415 100

Alcohol drinking Yes 33 8.0

No 382 92.0

Physical exercise Yes 54 13.0

No 361 87.0

Body mass index (BMI) Underweight 18 4.3

Normal 288 69.4

Overweight 109 26.3

Systemic illness Yes 33 8.0

No 382 92.0

Job stress Stressed 401 96.6

Not stressed 14 3.4

Job satisfaction Satisfied 114 27.5

Unsatisfied 301 72.5

Depression Depressed 31 7.5

Not depressed 384 92.5

Anxiety Anxious 140 33.7

Not anxious 275 66.3

Sleep disturbance Yes 14 3.4

No 401 96.6

TABLE 3 Work environment factors of hospitality industries in Bahir Dar city, Northwest Ethiopia, 2023 (n =  415).

Variables Categories Frequency Percent (%)

Working hour <=8 99 23.1

>8 316 76.9

Shift work Yes 105 25.3

No 310 74.7

Ergonomics training Yes 0 0.00

No 415 100

Prolonged standing Yes 375 90.4

No 40 9.6

Repetitive work Yes 387 93.2

No 28 6.74

Awkward posture Yes 309 74.5

No 106 25.5

Loads lifting/carrying/pushing (kg) <=5 378 91.1

>5 37 8.9

Arm overreaching Yes 206 48.8

No 216 51.2

Force overexertion Yes 38 9.2

No 377 90.8
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respondents had trouble with three and four WMSDs. Fifty (12%) of 
the participants had five or more WMSD symptoms at any body parts 
(Figure 3).

4.5 Self-adopted WMSD coping up 
mechanisms

The results of this study indicated that a major proportion (88.1%) 
of kitchen workers with WMSD symptoms at any body parts preferred 
to take sufficient rest at work or away from work to obtain adequate 
relief and return to their work with full capacities. Similarly, those who 
had performed position modifications and relied on homemade 
remedies accounted for approximately 93.58 and 92.7%, respectively 
(Table 4).

4.6 Factors associated with work-related 
musculoskeletal disorders

In the bivariable logistic regression analysis, age, BMI, physical 
exercise, job dissatisfaction, anxiety, repetitive work, prolonged 
standing, and arm overreaching were factors associated with WMSDs. 

However, after controlling the confounding variables in the 
multivariable binary logistic regression analysis, age group between 
30 and 39 years, job dissatisfaction, anxiety, prolonged standing, and 
arm overreaching were found to be significant variables associated 
with WMSD problems at various body segments (Table 5).

Accordingly, the probability of developing WMSDs was 2.81 times 
higher among participants aged between 30 and 39 years than among 
their younger counterparts [AOR: 2.81; 95% CI: (1.46–5.41)]. 
Participants who had dissatisfaction with their job were 2.5 times at 
high risk of developing WMSDs compared with those who had 
satisfaction with their job [AOR: 2.45; 95% CI: (1.34–4.45)]. The odds 
of developing WMSDs were 2.25 times higher among participants 
who had experienced anxiety symptoms than among those who had 
not experienced anxiety symptoms [AOR: 2.26; 95% CI: (1.12–4.52)]. 
The likelihood of developing WMSDs was 3.98 times higher among 
participants who had been exposed to prolonged standing compared 
with those who had not been exposed [AOR: 3.81; 95% CI: (1.58–
9.17)]. Participants whose work persuaded overreaching of arms were 
2.4 times more likely to develop WMSDs than those whose work did 
not persuade overreaching of arms [AOR: 2.43; 95% CI: (1.34–4.41)] 
(Table 5).

4.7 Impact of WMSDs on quality of life 
(QoL)

Concerning the mean values of QoL scales in the SF-36 health 
survey questionnaire, the mean ± SD score of physical functioning was 
66.98 ± 11.83, that of role limitations due to physical health problems 
was 77.59 ± 13.43, that of role limitations due to emotional problems 
was 73.21 ± 9.69, that of vitality was 51.02 ± 5.36, that of mental 
health was 70.62 ± 5.93, that of social functioning was 78.73 ± 15.43, 
that of bodily pain was 68.73 ± 18.04 and that of general health was 
68.61 ± 8.32.

The impact of WMSDs on each SF-36 quality of life domain was 
observed using an independent t-test, and the mean values were lower 
with respondents with WMSDs, and the computed p-values were less 
than 0.05 for all QoL scales (Table 6).
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Prevalence of WMSDs by body regions in the past 12  months and 7  days among the studied kitchen workers (n =  415).
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5 Discussion

The prevalence of WMSDs in this study was 82.7% [95% CI: (79.1, 
86.3)]. The middle age (30–39 years) group, job dissatisfaction, anxiety, 
prolonged standing, and arm overreaching were identified as risk 

factors for work-related musculoskeletal disorders among kitchen 
workers in Bahir Dar’s hospitality industry.

Furthermore, a significant difference in the mean scores of the 
eight quality of life dimensions between participants with and without 
WMSD symptoms was observed.

TABLE 4 Self-adopted management strategies for work-related musculoskeletal complaints of hospitality industry kitchen workers in Bahir Dar city, 
Northwest Ethiopia, 2023 (n =  415).

Variables Categories Frequency Percent (%)

Didn’t do any things Yes 72 82.7

No 343 17.1

Taking sufficient rest Yes 302 88.1

No 41 11.9

Reduced working hours Yes 14 4.08

No 329 95.9

Visited a physician Yes 85 24.8

No 258 75.2

Stop attending to customers if it causes 

or worsens discomfort

Yes 43 12.5

No 300 87.5

Modifying the position to 

be comfortable

Yes 321 93.58

No 22 6.41

Take homemade management Yes 318 92.7

No 25 7.28

TABLE 5 Bivariable and multivariable binary logistic regression analysis of factors associated with work-related musculoskeletal disorders among 
hospitality industry kitchen workers in Bahir Dar city, Northwest Ethiopia, 2023 (n =  415).

Variables Categories WMSDs COR (95% CI) AOR (95% CI)

Yes No

Age 18–29 164 50 1 1

30–39 151 15 3.06 (1.65–5.69) 2.81 (1.46–5.41)**

> = 40 28 7 1.22 (0.50–2.96) 1.27 (0.48–3.35)

BMI Underweight 11 7 1 1

Normal 238 50 3.02 (1.11–8.19) 2.04 (0.67–6.24)

Overweight 94 15 3.98 (1.33–11.89) 1.93 (0.56–6.55)

Physical exercise Yes 38 16 1 1

No 305 56 2.29 (1.19–4.39) 1.44 (0.69–2.98)

Job satisfaction Satisfied 84 30 1 1

Unsatisfied 259 42 2.20 (1.29–3.73) 2.45 (1.34–4.45)**

Anxiety Anxious 127 13 2.66 (1.40–5.05) 2.26 (1.12–4.52)*

Not anxious 216 59 1 1

Repetitive work Yes 326 61 3.45 (1.10–11.62) 0.99 (0.21–4.88)

No 17 11 1 1

Prolonged standing Yes 319 56 3.79 (1.89–7.59) 3.81 (1.58–9.17)**

No 24 16 1 1

Arm

overreaching

Yes 182 21 2.74 (1.58–4.76) 2.43 (1.34–4.41)**

No 161 51 1 1

WMSDs, work-related musculoskeletal disorders, COR, crude odds ratio, CI, confidence interval; AOR, adjusted odds ratio; *P-value < 0.05; **P-value < 0.01; Hosmer and Lemeshow 
test = 0.986.
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The magnitude of WMSDs in the present study was comparable 
to the study findings conducted among cooks in Taiwan (85.2%) (28). 
This consistent prevalence could be  due to similarity of activities 
dominantly prevailing in kitchen work, and WMSDs affect various 
nations’ food-serving establishment workers irrespective of the 
difference in living standards and development status (8, 50, 51).

In contrast, the finding of this study was higher than the study 
findings carried out on kitchen workers in southern India (67.5%) (36) 
and Nepal (45.3%) (29). The possible reason for this disparity might 
be that kitchen workers in the present study were exposed to a more 
intensive manual working process coupled with longer standing 
working hours. Additionally, women were the dominant workforce, 
and in addition to time spent in household activities, biologically, they 
are more susceptible to MSDs due to high hormonal fluctuations, 
reduced aerobic power, and muscle strength (52).

The other reason for this relatively high prevalence of WMSDs 
might be due to the prevailing poor occupational health and safety 
services in Ethiopia, including inadequate health and safety 
professionals, personal protective equipment (PPE), modern 
ergonomic aids, and training (17, 53). Furthermore, in the Indian 
study (36), it was observed that the younger age groups and 
participants with considerable job satisfaction were taking the highest 
proportions that might contribute to the lower magnitude of WMSDs 
in contrast to the current study, where relatively older age groups and 
participants who were dissatisfied with their job constituted 
larger proportions.

On the other hand, the current study finding was lower than the 
study findings held among pastry chefs and kitchen workers in 
Malaysia (92.3%) (26) and Egypt (90.6%) (8). The possible reason for 
these variations might be the difference in proportions of age groups 
and experience of participants included. For instance, in the Malaysian 
study, participants had a minimum of 10 years of work experience; 
similarly, in the Egyptian study, over three-fourth of participants had 
more than 10 years of work experience, and the majority of 
respondents were also above 30 years of age. In the present study, 
younger age and participants with fewer years of work experience 
were included.

Despite the difference in the prevalence of WMSDs, similar 
studies support the present bodily site-specific findings in this similar 
and other related study population.

The magnitude of ankles/feet pain (80.7%) in the previous 
12 months was in line with the finding in Malaysia (76.9%) 
conducted among pastry chefs as confined in kitchen work in both 
studies involved long standing and working hours that imparted 
plantar pressure and reduced the pain threshold on the feet (54).

Conversely, the magnitude of ankle/feet pain in this study was 
higher than studies conducted in Turkey (29%) (55), Malaysia 
(59.5%) (56), Nepal (27.5%) (29), Taiwan (42.8%) (57), Egypt 
(46.1%) (8), and Ethiopia (41.3%) (17). With regard to the 
Taiwanese study, this discrepancy could be  justified as over 
one-third of the respondents (44.4%) preferred to self-manage the 
pain in the ankles and 17.8% were seeking alternative medicine, 
such as massage and physical therapies. While in the current study, 
only 16.6% of the respondents with ankle troubles preferred to visit 
healthcare facilities.

The result of the present study in terms of low back musculoskeletal 
problem (68.7%) was in line with a study carried out in India (65.8%) 
(36) in which it exclusively focused on male kitchen workers and 
nearly all of the participants had less than a daily working hour of 
eight as well as the majority also had work experience of less than or 
equal to 5 years, so these factors might make the result comparable 
with the finding of the present study.

In contrary, the magnitude of low back trouble was higher 
compared with studies held in Malaysia [(55.8), (52.4%)] (26, 56), 
Turkey (26%) (55), Taiwan [(40.1%), (56.9%), (52%)] (18, 28, 57), 
Egypt (53.1) (8), and Ethiopia (53.8) (17). This disparity might 
be  attributed to participants’ preference for site-specific WMSD 
management strategies, and either medical or self-adopted coping 
mechanisms were also enhanced in parallel with advancements in 
educational levels, as illustrated in the Turkish study.

With regard to the prevalence of wrist pain, the result of the 
current study (28%) was disproportionately higher compared with 
the exact similar findings in both Nepal (29) and Bangladesh, where 
only 5% of the participants were reported (58). This discrepancy 

TABLE 6 Impact of work-related musculoskeletal disorders on the quality of life of hospitality industry kitchen workers in Bahir Dar city, Northwest 
Ethiopia, 2023 (n =  415).

Scales All kitchen workers 
(n  =  415)

Mean  ±  SD

With WMSDs
(n  =  343)

Mean  ±  SD

Without WMSDs (n  =  72)
Mean  ±  SD

P-value

Physical functioning 66.98 ± 11.83 62.94 ± 8.05 86.25 ± 7.05 0.000

Role limitations due to physical 

health

77.59 ± 13.43 73.57 ± 10.65 96.7 ± 7.56 0.000

Role limitations due to emotional 

problems

73.21 ± 9.69 72.57 ± 9.56 76.27 ± 9.75 0.003

Energy/Fatigue /Vitality 51.02 ± 5.36 49.73 ± 5.97 51.29 ± 5.19 0.025

Emotional well-being (Mental 

health)

70.62 ± 5.93 69.95 ± 5.83 73.81 ± 5.4 0.000

Social Functioning 78.73 ± 15.43 75.67 ± 14.33 92.88 ± 12.25 0.000

Pain 68.73 ± 18.04 64.55 ± 15.56 88.64 ± 15.69 0.000

General health 68.61 ± 8.32 66.31 ± 6.58 79.57 ± 6.89 0.000

The final score of the SF-36 ranges from 0 to 100, with higher scores indicating higher levels of function and/or better health. *p < 0.05, **p < 0.01, ***p < 0.001. p-values were calculated using 
an independent t test.
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might be attributed to the fact that the proportion of men was over 
three-fourths in the Banglans study, whereas women were the 
dominant workforce in this study, and proness to wrist pain might 
be favored from the repetitive nature of kitchen work, as it causes 
nerve entrapments at this site beyond the difference in naturally 
predisposing factors in comparison to men (52, 59).

Nevertheless, the magnitude of this wrist pain was lower than 
that in studies conducted in Malaysia [(57.7%), (46.8%)] (26, 56), 
Taiwan [(46.5%), (38.2%)] (18, 57), and Ethiopia (51.6%) (17). The 
possible explanation for this disparity might be the difference in 
ways of work organization, for instance, in the Malaysian (26) study, 
kitchen tasks were chiefly characterized by lifting, carrying, or 
pushing heavy loads that are greater than 5 kg of weight and force 
overexertion in manipulating tools, and except for the numeric 
explanation, the possible justification is also the same for the 
Taiwanese study (18).

In summary, the difference in the overall or site-specific 
magnitude of WMSDs between different study findings might 
be  attributed from the difference in the distribution of 
sociodemographic, psychosocial, and work environment factors.

In this study, it was found that age cohort of 30–39 years, job 
dissatisfaction, anxiety, prolonged standing, and arm overreaching 
were identified as risk factors of work-related musculoskeletal 
disorders. Participants aged between 30 and 39 years were more 
likely to develop WMSDs than lower age groups.

This finding is consistent with studies performed in India (36), 
Bangladesh (58), Egypt (8), and Ethiopia (17, 53). This could 
possibly be  explained by the fact that the biological structures, 
particularly the musculoskeletal system, may degenerate as age 
increases in addition to loss of tissue strength and diminution of 
bone, which may induce pain, and individuals who are in the 
mid-thirties also prominently experience WMSD symptoms in the 
form of back pain (52, 60).

The other risk factor having a significant association with 
WMSDs was job dissatisfaction. This finding is supported by studies 
conducted in Ethiopia (17, 53), China (61), and New Zealand (62). 
The possible reason might be that workers who feel unsatisfied with 
their work are prone to develop stress, which leads to frequent 
arterial spasms and muscle tension, which may initiate pain in the 
musculoskeletal system (62–64).

Being anxious was also significantly associated with WMSDs, 
and a study in Chile (23), Iran (65), Italy (66), and China (61) 
supported this finding. A possible explanation might be  that 
anxious individuals overreact to potentially dangerous situations 
that lead to nonadaptive responses, and individuals’ perception of 
pain may be intensified, which impairs circulation and the supply 
of oxygen to tissues and halts repair processes; as a result, it 
increases the risk of WMSDs (67).

Moreover, this study revealed that prolonged standing had a 
significant association with WMSDs. This finding was in accordance 
with findings in Ethiopia (68), Malaysia (26), Iran (65), and 
Bangladesh (58). The corresponding explanation might be undue 
pressure on tissues, lumbar spine stress, and muscle stiffness created 
due to long standing hours that eventually leads to musculoskeletal 
system fatigue and the development of WMSDs (68).

Furthermore, arm overreaching movements were identified as 
significantly associated risk factors for WMSDs. For instance, 
studies conducted in Malaysia (26) and Ethiopia (17, 53) noted this 

bodily movement as one of the most contributing WMSDs 
harboring risk factors. This might be explained by the fact that arm 
overreaching movements are inalienable to the tendons, ligaments, 
joints, and muscles in a neutral posture and result in unnecessary 
pressure (19, 53), consequently leading to the development 
of WMSDs.

With regard to the impact of WMSDs on the quality of life of 
kitchen workers, respondents who developed WMSD complaints 
had significantly diminished quality of life scores in all SF-36 
functioning scales compared with those without WMSD complaints.

This finding agrees with studies in India (40), Brazil (69), 
Chile (23), and Egypt (5) performed among light engineering 
maintenance personnel, patients, and teachers, where all eight 
components had a significant relation with the presence of 
WMSD-affected sites. In addition, the findings of the present 
study were also supported by similar studies conducted in Brazil 
(70), Turkey (71), and Saudi  Arabia (39) among dockworkers, 
teachers, and cashiers, respectively, in which the mean scores of 5 
and more of the 8 functioning scales for individuals with WMSDs 
were detrimentally lower compared with their non-WMSD 
counterparts. This implies that kitchen workers with WMSDs 
would have worse quality of life.

6 Limitation and strength

Recall bias may have occurred, as the study is based on the 
previous 12-month symptom experience. Despite, this study is the first 
to assess the quality of life of kitchen workers in the hospitality sector.

7 Conclusion

This study revealed that the prevalence of WMSDs was relatively 
high among kitchen workers in the Bahir Dar hospitality industry. The 
various risk factors such as age (30–39 years), job dissatisfaction, 
anxiety, prolonged standing, and arm overreaching were identified as 
significant risk factors. Workers with WMSDs had a demonstrably 
lower QoL across all eight measured dimensions. Tailored strategies 
to reduce the magnitude of WMSDs and their impact on QoL crucially 
should focus on ergonomics training, avoidance of prolonged standing 
and arm overreaching movements, and maintenance of good 
psychosocial health.
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Carpal Tunnel Syndrome (CTS) has traditionally been viewed as a specialized 
medical condition. However, its escalating prevalence among professionals 
across a multitude of industries has sparked substantial interest in recent years. 
This review aims to delve into CTS as an occupational disease, focusing on its 
epidemiological patterns, risk factors, symptoms, and management options, 
particularly emphasizing its relevance in professional environments. The complex 
interaction of anatomical, biomechanical, and pathophysiological factors that 
contribute to the development of CTS in different work settings underlines the 
critical role of ergonomic measures, prompt clinical identification, and tailored 
treatment plans in reducing its effects. Nevertheless, the challenges presented by 
existing research, including diverse methodologies and definitions, highlight the 
need for more unified protocols to thoroughly understand and tackle this issue. 
There’s a pressing demand for more in-depth research into the epidemiology 
of CTS, its injury mechanisms, and the potential role of targeted medicine. 
Moreover, recognizing CTS’s wider ramifications beyond personal health is 
essential. The economic burden associated with CTS-related healthcare costs, 
productivity losses, and compensation claims can significantly impact both 
businesses and the broader society. Therefore, initiatives aimed at preventing 
CTS through workplace interventions, education, and early intervention 
programs not only benefit the affected individuals but also contribute to the 
overall well-being of the workforce and economic productivity. By fostering 
a collaborative approach among healthcare professionals, employers, 
policymakers, and other stakeholders, we can strive towards creating safer and 
healthier work environments while effectively managing the challenges posed 
by CTS in occupational settings.
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1 Introduction

Carpal Tunnel Syndrome (CTS) has transitioned from being 
perceived primarily as a specialized medical condition to becoming a 
central concern in contemporary healthcare (1). This shift is attributed 
to its escalating prevalence among professionals across diverse 
industries, sparking significant attention over the recent decades. 
Historically, CTS might have been confined to discussions within the 
realms of neurology and occupational medicine. However, the 
increasing incidence of CTS among workers engaged in repetitive, fine 
motor tasks—ranging from computer work to assembly line 
operations—has broadened its relevance (2). This heightened 
prevalence underscores the evolving nature of work environments and 
the emerging recognition of occupational health hazards associated 
with modern professional practices. Consequently, CTS has not only 
become a topic of concern for healthcare professionals but also for 
employers, policymakers, and occupational health specialists, reflecting 
its wide-reaching implications (3). CTS is notably significant in its 
observable influence on individuals who are involved in professions that 
require intricate fine motor skills, including tasks such as keyboarding, 
assembly line operations, or data input (4). This increasing susceptibility 
stems from the repetitive and forceful characteristics of manual tasks, 
prolonged wrist flexion, and extended exposure to inherent ergonomic 
risk factors present in contemporary occupational environments (5).

This rising prevalence highlights the need for an occupational 
medicine approach that encompasses prevention, early detection, and 
management tailored to the workplace. Occupational medicine plays a 
pivotal role in understanding CTS within the context of work 
environments, where factors such as repetitive hand movements, 
ergonomic stress, and workplace safety significantly contribute to its 
development. The field focuses on modifying these work-related risk 
factors, advocating for ergonomic improvements, and implementing 
workplace interventions that can prevent or alleviate the onset of 
CTS. Moreover, occupational health specialists are essential in the early 
diagnosis and treatment of CTS, ensuring that affected workers receive 
appropriate care that is coordinated with their work demands and health 
requirements. This relationship between CTS and occupational 
medicine is crucial because it not only emphasizes the health of 
individual workers but also addresses broader implications for 
workplace productivity and healthcare costs. By integrating principles 
of occupational health, the approach to managing CTS can be more 
proactive and preventive, offering significant benefits not just to affected 
individuals but also to employers and the healthcare system at large. In 
the context of Carpal Tunnel Syndrome (CTS), clinical manifestations 
can exhibit a broad spectrum of symptoms, ranging from nocturnal 
paresthesia, characterized by numbness and tingling sensations 
predominantly affecting the thumb, index, and middle fingers, to 
functional impairment manifesting as weakness and discomfort during 
the execution of repetitive hand movements (6). This variability in 
clinical presentation underscores the significant impact of CTS on the 
professional landscape, as these symptoms can profoundly affect an 
individual’s ability to perform tasks requiring fine motor skills, thereby 
influencing occupational capacity and productivity (7). The nocturnal 
exacerbation of symptoms associated with Carpal Tunnel Syndrome 
(CTS) particularly highlights the pathological consequences of median 
nerve compression within the carpal tunnel (8). This phenomenon not 
only serves as a diagnostic hallmark of CTS but also underscores the 

profound disruption it poses to an individual’s life—both personally and 
professionally. Such symptoms, which intensify during the night, can 
significantly impair sleep quality, leading to daytime fatigue and reduced 
cognitive function, thereby exacerbating the challenges faced in 
professional settings (9). Furthermore, the functional limitations 
encountered during daily professional activities due to CTS manifest the 
syndrome’s capacity to undermine work performance and overall quality 
of life. Individuals affected by CTS may experience difficulty in executing 
tasks that require fine motor skills, precision, or sustained hand strength, 
which are essential in various occupational roles (10). The cumulative 
effect of these limitations can result in decreased productivity, increased 
errors, and potentially, the need for modified duties or even career 
changes, highlighting the broader implications of CTS on individual 
livelihoods, workplace dynamics and socio-economic fabric (7, 11).

Carpal Tunnel Syndrome has a significant impact on a large 
portion of the workforce (12). It influences productivity, interacts with 
workplace risks, creates economic challenges, and requires a 
comprehensive approach involving healthcare, workplace regulations, 
and societal support. Apart from its physiological expressions, Carpal 
Tunnel Syndrome represents a dual challenge by impacting both the 
quality of life for affected individuals while simultaneously imposing 
a noteworthy economic burden through healthcare, absenteeism, 
reduced productivity, and expenses (13). Employers and policymakers 
are faced with the necessity to approach CTS not only as a medical 
disorder but also as an occupational distress that influences the 
resilience and efficacy of industries that are normally dependent on a 
robust workforce. A thorough examination of age and gender 
variations in the prevalence of CTS underscores the requirement for 
customized interventions, given that certain demographic groups 
might bear an uneven or unequal influence (14).

This review enhances the scientific understanding of Carpal Tunnel 
Syndrome (CTS) as a significant occupational disease by 
comprehensively synthesizing current research on its epidemiology, 
causal factors, clinical presentations, and management options in 
occupational contexts. Employing a scoping review methodology, it fills 
gaps in the literature and provides valuable insights for professionals, 
employers, healthcare providers, and policymakers for the formulation 
of effective prevention and management strategies. The urgency to 
address CTS stems not only from its impact on individual well-being but 
also from its profound socio-economic ramifications, underscoring its 
status as a critical occupational health concern in contemporary society.

2 Methods

2.1 Methodology for literature review

Given the multifaceted nature of this condition and its implications 
across various occupational settings, a scoping review methodology was 
chosen to map the existing literature, identify gaps, and provide a 
comprehensive overview of the subject matter. This approach allows for 
the inclusion of diverse study designs, methodologies, and sources of 
evidence, thereby facilitating a thorough examination of CTS as an 
occupational disease from multiple perspectives. The database utilized 
for this review incorporates a thorough range of scientific works, 
employing an interpretative scoping literature review. As such, primary 
sources of scientific literature, including PubMed, PEDro, Cochrane 
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Library, TRIP Database, SCOPUS, and Clinicaltrials.gov—
acknowledged for their wide recognition and comprehensiveness in the 
medical domain—were selected. Initially, we identified keywords and 
defined filters to ensure the inclusion of only the most relevant articles 
published in the last 20 years. Our emphasis was placed on terms such 
as: “Carpal Tunnel Syndrome,” “Work,” “Occupational,” “Clinical,” 
“Clinical Trial,” “Work Related” (Table 1). The article selection process 
was guided by precise medical and academic criteria. We specifically 
chose articles published within the past two decades, spanning from 
2004 to 2024, thus ensuring the inclusion of up-to-date research 
findings. A language criterion was established to only consider articles 
written in English. The scope of the review was deliberately tailored to 
encompass various dimensions relevant to occupational CTS, including 
epidemiology, etiology, clinical manifestations, diagnostic 
methodologies, management options, rehabilitation strategies, and the 
socio-economic implications of the condition. This inquiry facilitated a 
thorough exploration of CTS as an occupational disease. In synthesizing 
the collected data, the review adhered to rigorous academic and medical 
standards, excluding literature that did not meet predefined criteria.

2.2 Article inclusion

The article selection process for this review was meticulously 
structured in 4 stages. This structured and phased approach to article 
selection not only ensured the inclusion of high-quality, relevant 
literature but also facilitated a transparent review process (Figure 1).

Stage 1: Comprehensive Database Search: Initially, a search 
was conducted across selected databases using a predefined set of 
keywords. This strategic approach was aimed at capturing a broad 
spectrum of articles related to occupational CTS, spanning a period 
of 20 years.

Stage 2: Title and Abstract Screening: Following the database 
search, the titles and abstracts of retrieved articles were scrutinized by 
a panel of three independent reviewers. This critical assessment aimed 

to evaluate the relevance of each article, ensuring alignment with the 
objectives and scope defined for the investigation. Articles deemed 
non-relevant or not meeting the established thematic and 
methodological criteria were excluded.

Stage 3: Full-Text Evaluation and Selection: Articles passing the 
initial screening underwent a more thorough evaluation, with their 
full texts carefully examined by the review team. This detailed analysis 
facilitated a deeper understanding of the study methodologies, 
findings, and conclusions. Only those articles that satisfied all 
predefined criteria and were deemed to provide valuable insights into 
occupational CTS were selected for further analysis.

Stage 4: Data Extraction and Synthesis: For the articles selected 
through the rigorous screening process, a meticulous data extraction 
phase was undertaken. Key information and data pertinent to the 
review’s objectives were extracted, including study characteristics, 
methodologies, findings, and implications.

3 Results

3.1 Epidemiology of Carpal Tunnel 
Syndrome in occupational settings

3.1.1 Workplace
Over the past two decades, epidemiological investigations have 

significantly enhanced our understanding of the incidence and 
prevalence of CTS as a professional disease. Numerous studies have 
established connections between CTS and various professional groups 
shedding light on the interplay between professional exposure and 
demographic variables (12).

For instance, Dias et al. (15) identified an increased prevalence of 
CTS in workers in manufacturing and line assembly, attributing the 
increased risk to repetitive manual tasks. The link between CTS and 
prolonged keyboard use has been a controversial subject in the past 
decades (16). Nonetheless, recent data show that there is an increased 
prevalence when it comes to computer-related workplaces, therefore 

TABLE 1 Literature search results on Carpal Tunnel Syndrome (CTS) and occupational factors.

Database Keywords Search criteria Number of articles

PEDro Carpal Tunnel Syndrome, work related Published since: 2004.

Method: Clinical Trial.

When searching: Match all search terms (AND).

3

Cochrane library Carpal Tunnel Syndrome AND occupational 

AND work

Years: 2004–2024

Trials

Language: English

21

SCOPUS Carpal AND tunnel AND syndrome AND 

occupational AND work AND clinical AND 

clinical trial

Document type: Article

Years: 2004–2024

Language: English

21

PubMed Carpal Tunnel Syndrome AND work AND 

occupational

Years: 2004–2024

Article type: clinical trial

Language: English

13

TRIP database Carpal Tunnel Syndrome AND work Years: since 2004

Filter results: Controlled trials

42

Clinicaltrials.gov Condition: Carpal Tunnel Syndrome

Other terms: work related

Years: 01/01/2004–01/03/2024 20
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affirming a connection between CTS and prolonged keyboard use 
(17). Another domain contributing to the elevated prevalence of 
Carpal Tunnel Syndrome (CTS) is agriculture, primarily due to the 
strenuous and repetitive nature of the work (18). Checkout operators 
in supermarkets, cashiers, and assembly line workers are also at risk 
of developing CTS (15). Furthermore, numerous workers in the 
clothing industry were affected by this ailment, establishing a 
connection between CTS as a professional disease and this complex 
industry (19). Interestingly, individuals engaged in electrical (TV) 
assembly have an increased risk of developing CTS due to the complex 
manipulation of extremely small components and wiring, exerting 
constant and continuous pressure on the median nerve (20). Forestry 
workers utilizing chainsaws can easily develop CTS as a consequence 
of repetitive gripping but also due to exposure to vibrational forces 
(21). Ski manufacturing operatives, who must perform actions such 
as sanding, drilling, and shaping, are also at risk of CTS (22). Similarly, 
automobile and aircraft assembly workers engage in repetitive 
maneuvers during assembly line work, increasing the risk of CTS (23). 
Collectively, these vocations represent a spectrum of professions 
wherein the repetitive and forceful nature of tasks accentuates the 
vulnerability to CTS onset over time. These epidemiological 
observations highlight the complex and varied nature of Carpal 
Tunnel Syndrome (CTS) incidence, indicating the involvement of 
multiple factors such as occupational demands, ergonomic conditions, 
individual susceptibility, and other environmental and lifestyle factors 
(Table 2) (17, 33, 34). Consequently, there is a compelling need for 
personalized preventive measures and interventions tailored to 
address the unique characteristics and requirements of different 
occupational demographics and industries.

3.1.2 Gender variance
In the realm of occupational health, gender variance emerges as a 

crucial factor in understanding the prevalence of Carpal Tunnel 
Syndrome, as underscored by recent research. A notable study 
published in 2016 by Bao et al., delves into the influence of gender on 
the incidence of Carpal Tunnel Syndrome. This study highlights that 
women, particularly those employed in healthcare professions, are at 

a heightened risk of developing CTS (36). Women tend to engage in 
occupations characterized by intricate tasks, frequently involving 
repetitive movements demanding fine finger manipulation, and 
typically requiring less physical exertion compared to occupations 
predominantly undertaken by men (37). The increased prevalence of 
Carpal Tunnel Syndrome in women is also due to hormonal influences 
which predisposes them to edema, regardless of whether these 
changes are triggered internally (such as during pregnancy or 
menopause) or externally (through contraceptive usage). CTS cases 
that may appear during pregnancy usually do not require any 
intervention and they tend to slowly disappear after childbirth. 
Furthermore, the risk of CTS significantly rises after menopause (37). 
When it comes to CTS in women, the elevated risk is usually a 
combination between work conditions, household duties and 
hormonal modifications. However, attributing the elevated risk of CTS 
in women solely to one of these risk factors would be inaccurate (38). 
Despite this increased susceptibility among women, further 
investigations into occupational Carpal Tunnel Syndrome reveal a 
contrasting severity pattern: men, although less frequently afflicted, 
tend to experience more severe symptoms of CTS and consequently, 
are more often recommended for surgical interventions compared to 
women facing similar conditions (39, 40).

TABLE 2 Categories of risk factors and specific causes for Carpal Tunnel 
Syndrome (CTS).

Work-
related 
factors

Occupation-
specific risks

Occupational 
ergonomics

Repetitive hand 

and wrist 

movements (24)

Typing-intensive 

professions (17)

Poorly designed 

workstations (25)

Forceful and 

prolonged gripping 

(26)

Dental hygienists and 

dental professionals (27)

Unsupported forearm and 

wrist posture (28)

Abnormal wrist 

postures (29)

Musicians and instrument 

players (30)

Absence of ergonomic 

training (25)

Vibration exposure 

(24)

Manufacturing and 

assembly line workers (18)

Inadequate keyboard and 

mouse ergonomics (31)

Sustained wrist 

flexion (32)

Cashiers and checkout 

operators (15)

Insufficient rest breaks (33)

High-force 

activities (e.g., 

power tools) (34)

Construction and power 

tool operators (34)

Rapid and 

repetitive keyboard 

or mouse use (17)

– –

Prolonged periods 

of manual labor 

(35)

– –

Frequent use of 

vibrating tools (24)

– –

Performing 

assembly line tasks 

(15)

– –

FIGURE 1

Flow diagram showing the results of a combined database search 
and subsequent article review.
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3.2 Etiology and pathophysiology of Carpal 
Tunnel Syndrome as a professional disease

The intricate relationship between occupational factors and the 
development of Carpal Tunnel Syndrome (CTS) has garnered 
significant attention in recent scientific research. This section delves 
into the etiological and pathophysiological dimensions of CTS as a 
professional disease, focusing on how anatomical, biomechanical, and 
pathophysiological factors collectively contribute to its onset and 
progression. Through a meticulous analysis of recent studies, 
we  dissect the anatomical and biomechanical underpinnings that 
predispose individuals to this condition, alongside the complex 
pathophysiological mechanisms triggered by median nerve 
compression. Additionally, we explore the impact of repetitive tasks, 
forceful hand movements, and poor ergonomic practices on the 
development of CTS.

3.2.1 Anatomical and biomechanical factors
Gaining insight into the etiology of Carpal Tunnel Syndrome 

(CTS) necessitates a detailed understanding of its anatomical 
intricacies. Recent studies have underscored the pivotal role of carpal 
tunnel anatomy in both the onset and severity of the disease (41). 
Research indicates that individuals with narrower carpal tunnels are 
at a heightened risk of developing CTS, primarily due to heightened 
nerve compression (14). This finding underscores the significance of 
anatomical variations in predisposing individuals to CTS. In dissecting 
the biomechanics of the disease, considerable attention has been given 
to forceful hand movements and repetitive tasks (42). Özdemir et al. 
(15) and De Kesel et al. (16) have conducted extensive research into 
the effects of biomechanical forces during various manual tasks, 
ranging from assembly line work to keyboard typing. Their studies 
have revealed that wrist postures characterized by flexion are 
particularly prone to exert increased pressure within the carpal tunnel, 
potentially leading to the development of chronic CTS (15, 16). These 
findings highlight the critical role of biomechanical factors in the 
pathogenesis of CTS and emphasize the importance of ergonomic 
interventions to mitigate risk (43). Moreover, a study by Armstrong 
et al. demonstrated that individuals engaged in occupations requiring 
repetitive hand and wrist movements, such as data entry clerks and 
assembly line workers, exhibit a higher prevalence of CTS compared 
to individuals in less repetitive occupations (44). Similarly, a meta-
analysis by Harris-Adamson et  al. found a significant association 
between forceful exertions and CTS risk, particularly in occupations 
involving manual labor tasks (18). These findings collectively 
underscore the intricate interplay between biomechanical stressors 
and CTS development, highlighting the importance of ergonomic 
interventions and workplace modifications to prevent and manage 
this debilitating condition.

3.2.2 Pathophysiological mechanisms
The pathophysiology of Carpal Tunnel Syndrome (CTS) is 

fundamentally tied to the repercussions of median nerve compression 
within the carpal tunnel. Recent studies, including the research by 
Gervasio et al., have shed light on the intricate series of events initiated 
by chronic compression of the median nerve, which paves the way for 
the onset of CTS (17). This body of work has been instrumental in 
deepening our understanding of how prolonged nerve compression 
can disrupt normal hand function, leading to the characteristic 

symptoms of CTS (45). It has been observed that chronic compression 
can result in demyelination, axonal loss, and hypoxia, contributing to 
both motor and sensory deficits specific to CTS (46). Importantly, 
inflammation, oxidative stress, and ischemia emerge as prominent 
pathophysiological features of this chronic condition (19). Previous 
studies have linked nerve edema and fibrosis to chronic inflammation, 
which exacerbates compression within the carpal tunnel (18). This 
persistent compression disrupts blood flow, leading to ischemia, 
which, in turn, increases oxidative stress and further perpetuates 
nerve damage (19). Additionally, the pro-inflammatory cytokines, 
such as TNF-α, IL-1, IL-6 and IL-8 released during the inflammatory 
process can lead to the upregulation of fibrotic pathways, exacerbating 
fibrosis and further narrowing the carpal tunnel (45). The 
accumulation of reactive oxygen species due to oxidative stress can 
damage cellular components and exacerbate inflammation and nerve 
injury (47). Moreover, the hypoxic environment resulting from 
reduced blood flow can impair nerve function and contribute to the 
development of CTS symptoms (48). Altogether, these findings 
underscore the multifaceted nature of CTS pathophysiology, 
highlighting the interplay between inflammation, oxidative stress, 
ischemia, and fibrosis in the progression of the disease (45).

3.3 Clinical presentation and diagnosis in 
Carpal Tunnel Syndrome as a work-related 
disease

3.3.1 Clinical presentation of CTS
Carpal Tunnel Syndrome (CTS), a condition deeply intertwined 

with occupational factors, manifests through a variety of symptoms 
that can significantly impact an individual’s work performance and 
quality of life. The complexity of its pathophysiology gives rise to a 
wide array of clinical presentations (Table 3). Notably, sensory and 
motor deficits emerge as key indicators of the syndrome (50). 
Individuals afflicted with CTS frequently report experiencing 
paresthesia, which includes symptoms such as numbness, tingling, 

TABLE 3 Common signs and symptoms of Carpal Tunnel Syndrome (49).

Symptom Description

 1. Numbness Loss of sensation in the thumb, index, 

and middle fingers.

 2. Tingling sensation Pins and needles sensation, often in the 

affected fingers.

 3 Hand weakness Reduced hand strength, particularly in 

the thumb.

 4. Pain and discomfort Aching or burning pain in the hand, 

wrist, or forearm.

 5. Nighttime symptoms Worsening symptoms during sleep or 

upon waking up.

 6. Radiating pain Pain that may radiate up the arm 

towards the shoulder.

 7. Difficulty gripping Challenges in holding objects or making 

a fist.

 8. Reduced fine motor skills Impaired ability to perform precise hand 

movements.
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and a peculiar sense of altered sensation (41). These symptoms 
predominantly affect the thumb, index, middle fingers, and the radial 
half of the ring finger. A characteristic feature of these sensory 
disturbances is their tendency to worsen at night, leading to disrupted 
sleep patterns and a consequent reduction in daytime functioning and 
overall well-being (51). Beyond these sensory symptoms, CTS patients 
often face significant motor challenges (50). Muscle atrophy, 
particularly noticeable in the thenar eminence, is a prevalent 
symptom, severely hampering the ability to perform fine motor tasks 
like gripping or manipulating small objects, thus directly affecting 
professional capabilities (52). Further compounding these issues, CTS 
sufferers may also experience a decrease in hand strength and 
dexterity, leading to frequent dropping of objects and an inability to 
perform tasks requiring precise hand movements (10). Chronic pain, 
extending from the wrist to the arm, can act as a persistent reminder 
of the condition, further limiting function and productivity (53). 
Additionally, some patients report a swelling sensation in the fingers, 
even when no visible swelling is present, which can exacerbate the 
feeling of discomfort and dysfunction (54). These symptoms 
collectively not only delineate the clinical landscape of CTS but also 
highlight the intricate relationship between occupational activities and 
the development of this debilitating syndrome.

Occupational Carpal Tunnel Syndrome is a condition 
characterized by compression of the median nerve at the wrist, 
resulting in symptoms such as pain, numbness, and tingling in the 
hand and fingers (48). Unlike idiopathic CTS, which can appear 
spontaneously, of unknown cause, usually associated with certain 
anatomical and hormonal variations (pregnancy, menopause), 
genetics or other diseases (diabetes, rheumatoid arthritis) (55), work-
related CTS is directly connected to workplace activities and repetitive 
hand movements (43). Symptoms of idiopathic and occupational CTS 
are generally similar and may include numbness, tingling, and pain in 
the thumb, index, middle, and radial half of the ring finger. Symptoms 
usually worsen at night. In occupational CTS, symptoms may be more 
pronounced during or after work hours and improve when resting 
(56). Treatment for Carpal Tunnel Syndrome (CTS) typically follows 
a standard approach, regardless of its cause. However, for Occupational 
CTS, addressing workplace factors and making ergonomic 
improvements are critical for both treatment and prevention, as 
supported by numerous studies (15).

3.3.2 Global diagnostic guidelines for 
occupational Carpal Tunnel Syndrome

Diagnosing occupational Carpal Tunnel Syndrome typically 
requires a combination of clinical evaluation, symptom assessment, 
and diagnostic testing, though specific guidelines can vary by region. 
In Europe, the European Federation of Neurological Societies (EFNS) 
and the European Academy of Neurology (EAN) advocate for a 
multidisciplinary approach that includes clinical evaluations, 
electrodiagnostic tests, and imaging studies as necessary (57). 
Meanwhile, in the United  States, the American Academy of 
Orthopedic Surgeons (AAOS) and the American Association of 
Neuromuscular and Electrodiagnostic Medicine (AANEM) focus on 
clinical history, physical examinations, and nerve conduction studies 
(NCS) as the main components of diagnosis (58). In Japan, the 
Japanese Orthopedic Association (JOA) and the Japanese Society for 
Surgery of the Hand (JSSH) specify a combination of clinical 

symptoms, physical examination findings, and electrophysiological 
testing to confirm median nerve dysfunction as the criteria for 
diagnosing occupational CTS (59). The differences in diagnosing and 
treating Carpal Tunnel Syndrome (CTS) as an occupational disease 
between developed and developing countries reflect variations in 
access to specialized medical services, healthcare infrastructure, and 
occupational health regulations. In developed countries, early 
diagnosis, and treatment of CTS benefit from the availability of 
specialized medical services and diagnostic tests, as well as well-
established regulations and standards in occupational health 
protection. Conversely, in developing countries, limited access to these 
services and infrastructure can lead to delays in diagnosis and 
treatment, with workers exposed to occupational risks without 
adequate protection (60). Overall, while specific diagnostic guidelines 
for occupational CTS may vary between countries and organizations, 
the diagnostic process typically involves a detailed evaluation of 
clinical symptoms, physical examination findings, and confirmatory 
testing such as nerve conduction studies to establish the diagnosis and 
guide appropriate management strategies.

3.3.3 Diagnostics criteria and tools for diagnosis
In recent years, research has elevated Carpal Tunnel Syndrome 

(CTS) to the forefront as a significant occupational ailment, placing 
critical emphasis on aspects such as clinical presentation, diagnostic 
methodologies, and the pivotal role of healthcare professionals (61). 
The initial diagnosis phase involves a thorough examination of the 
patient’s medical history and a detailed physical examination. When 
it comes to physical evaluation, Tinel’s sign and Phalen’s maneuver, 
demonstrated by provocative tests, are some of the most relevant and 
commonly used (62). The absence of a previous standard for 
diagnosing Carpal Tunnel Syndrome has established Nerve 
Conduction Studies (NCS) and Electromyography (EMG) as essential 
diagnostic tools in the evaluation and management of the condition, 
particularly within occupational settings where accurate diagnosis and 
timely intervention are crucial. These tools demonstrate a sensitivity 
ranging from 49 to 84% and a specificity between 95 and 99%, making 
them highly reliable for confirming the presence of Carpal Tunnel 
Syndrome (63, 64). By utilizing Nerve Conduction Studies, clinicians 
can evaluate parameters such as nerve conduction velocity, latency, 
and amplitude, providing objective evidence of median nerve 
dysfunction (63). Nerve Conduction Studies assess the speed and 
strength of electrical impulses along the median nerve, which travels 
through the wrist’s carpal tunnel. Abnormalities in the nerve 
conduction velocity and amplitude identified by NCS are indicative of 
nerve compression or damage, which are key indicators of Carpal 
Tunnel Syndrome (63).

Additionally, Electromyography (EMG) provides insights into 
the muscle’s electrical activity, aiding in the detection of denervation 
and muscle atrophy, both pivotal factors in the diagnostic process 
(65). EMG involves inserting fine, needle-like electrodes into the 
muscles of the hand and forearm to record their electrical activity. 
In cases of CTS, EMG can reveal signs of denervation or muscle 
dysfunction that occur due to long-standing compression of the 
median nerve (63). Together, NCS and EMG can offer indispensable 
information regarding the pathophysiology of CTS. By providing 
objective data on nerve and muscle function, NCS and EMG aid in 
confirming CTS diagnosis and evaluating its severity. NCS and 
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EMG are critical neurological diagnostic tools widely available in 
countries with advanced medical systems, and they are typically 
accessible in most neurophysiological diagnostic centers, as well as 
hospitals and clinics specializing in neurology, physical medicine, 
or rehabilitation. However, the availability of these investigations 
can vary significantly depending on regional healthcare 
infrastructure and resources. Furthermore, the cost of NCS and 
EMG can vary widely depending on the location, the healthcare 
provider, and the complexity of the procedures. Generally, these 
tests are more expensive than other types of imaging or laboratory 
investigations with costs being influenced by the duration of the 
test, the expertise of the specialist conducting the test, and the 
infrastructure necessary for proper execution and interpretation 
(66). However, the data provided by NCS and EMG are invaluable 
in the diagnosis of Carpal Tunnel Syndrome (CTS), as they offer 
unique and complementary information that is not available 
through other investigations.

Moreover, recent advancements in imaging techniques, including 
high-resolution ultrasound and magnetic resonance imaging (MRI), 
have contributed to enhanced diagnostic accuracy (67). Ultrasound 
can visualize median nerve morphology and quantify its cross-
sectional area, thus providing valuable anatomical information (68) 
while MRI offers the advantage of assessing soft tissue structures 
within the carpal tunnel, including ligaments and tendons (67). 
Table  4 provides an overview of the clinical manifestations and 
diagnostic indicators associated with Carpal Tunnel Syndrome (CTS). 
Healthcare professionals should be  vigilant in assessing patients 
presenting with symptoms such as paresthesia, pain, weakness, and 

nighttime discomfort. By promptly identifying and addressing CTS, 
clinicians can improve patient outcomes and quality of life while 
minimizing the risk of long-term complications associated with 
untreated nerve compression.

Notably, early diagnosis of Carpal Tunnel Syndrome is 
fundamental (70). Recent studies underscore the progressive nature 
of CTS thus highlighting the importance of early intervention (71). 
Delayed diagnosis may lead to irreversible nerve damage and 
functional deficits (13). An early CTS diagnosis necessitates 
collaborative efforts among several healthcare professionals such as 
orthopedic surgeons, neurologists, occupational health professionals, 
and physical therapists (71). Together they can recognize CTS 
symptoms, obtain relevant clinical data, and interpret diagnostic tests 
accurately. Additionally, they can implement different treatment 
procedures such as wrist splinting, physical therapy, and, in severe 
cases, surgical release of the carpal tunnel (72). These collective efforts 
are mandatory for slowing the progression of CTS and enabling 
affected individuals to maintain their functional capacity. 
Understanding the benefits and limitations of diagnosing Carpal 
Tunnel Syndrome (CTS) within the occupational context is paramount 
in effectively managing this condition. Table  5 outlines various 
advantages (+) and disadvantages (−) associated with integrating CTS 
diagnosis into occupational health practices. Early identification 
allows for prompt intervention, potentially preventing further 
progression of CTS and reducing the associated impact on individuals’ 
health and productivity (70). Despite these considerations, one 
undeniable fact prevails: early diagnosis holds the key to mitigating 
the consequences of CTS.

TABLE 4 Clinical symptoms and diagnostic tests for Carpal Tunnel Syndrome (69).

Symptom Sensitivity Specificity Comparison Notes

Paresthesia (numbness and 

tingling)

High Moderate Highly sensitive but may not 

be specific to CTS.

Common early symptom, 

affecting thumb, index, 

middle, and radial half of the 

ring finger.

Pain in the wrist and hand Moderate Low Moderately sensitive but lacks 

specificity for CTS.

Often exacerbated during 

repetitive tasks or wrist 

flexion.

Weakness in hand muscles Moderate Low Moderately sensitive but not 

highly specific to CTS.

Particularly affecting the 

thenar eminence.

Nighttime symptoms High Low Sensitive for CTS but less specific. Disturbed sleep due to 

worsened symptoms at night.

Positive Tinel’s sign Moderate High Moderately sensitive and specific 

for CTS.

Provocative test with tingling 

sensation upon tapping the 

median nerve.

Positive Phalen’s maneuver Moderate High Moderately sensitive and specific 

for CTS.

Provocative test with 

symptoms triggered by wrist 

flexion.

Muscle atrophy Low High Less sensitive but highly specific 

for advanced CTS.

Late-stage symptom, 

indicative of chronic nerve 

compression.

Positive Durkan’s test Moderate High Moderately sensitive and specific 

for CTS.

Provocative test with pain 

elicited upon pressure on the 

carpal tunnel.
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3.4 Occupational risk factors and 
prevention of Carpal Tunnel Syndrome

3.4.1 Occupational risk factors for CTS
Understanding the occupational risk factors for Carpal Tunnel 

Syndrome (CTS) demands a broad approach, encompassing the 
examination of various elements, from repetitive hand movements to 
ergonomic challenges in the workplace (25). Recent studies highlight 
the importance of hand and wrist movements as primary risk factors 
for CTS (15, 73, 74). Occupations that require repetitive tasks such as 
data entry, assembly line work and keyboard typing are associated 
with an elevated risk (24). Similarly, occupations that demand forceful 
gripping, frequent operation of power tools, or involve strenuous 
manual labor are also recognized for their potential to exacerbate 
nerve compression within the carpal tunnel (34). Professions like 
dental hygiene where sustained wrist flexion is common, further 
highlight the diverse occupational environments at risk (15). 
Additionally, exposure to hand-arm vibration in sectors such as 
construction and manufacturing presents another recognized risk 
factor for CTS (34). Individuals engaged in these professional fields 
are susceptible to experiencing cumulative microtrauma, ultimately 

contributing to the onset of CTS (70). This cumulative microtrauma 
can lead to irritation and inflammation of the median nerve within 
the carpal tunnel, resulting in the characteristic symptoms of CTS 
(48). Notably, the multifactorial nature of Carpal Tunnel Syndrome, 
besides repetitive hand movements and ergonomic challenges, also 
involves considering additional risk factors such as obesity, diabetes, 
genetic predisposition, and inflammatory conditions (75). Pregnancy-
related hormonal changes, previous wrist injuries, anatomical 
variations in the carpal tunnel, and medical conditions such as 
rheumatoid arthritis and hypothyroidism can contribute to the 
development of CTS (41). Comprehending these dynamics not only 
deepens our understanding of CTS etiology but also enables us to 
implement effective preventive measures.

3.4.2 Prevention strategies in managing CTS
Workplace strategies aimed at reducing the risk of Carpal Tunnel 

Syndrome (CTS) development are founded on interventions that have 
shown significant efficacy in recent trials. Specifically, ergonomic 
interventions aimed at optimizing workstation layout and equipment 
design have been found to significantly decrease the prevalence of CTS 
among workers in various industries (76). These include adjustable 
workstations, ergonomic keyboard designs, and the use of wrist 
supports, all of which have demonstrated the capacity to promote 
neutral wrist postures and diminish strain on the carpal tunnel (25). 
Ergonomic workstation designs that promote proper wrist alignment 
and reduce repetitive strain can significantly decrease the incidence of 
CTS (25). Additionally, adjusting tool handles to minimize wrist 
deviation and providing training on proper lifting techniques can help 
alleviate strain on the wrist and reduce the likelihood of developing 
CTS symptoms (77). Overall, recognizing the role of repetitive tasks, 
forceful hand movements, and ergonomics in CTS etiology 
underscores the importance of implementing proactive measures to 
prevent and manage this debilitating condition in occupational settings 
(35). Implementing strategies such as regular breaks to allow for rest 
and recovery of the hand and wrist muscles can further mitigate the 
risk of CTS among workers engaged in repetitive tasks (4, 25).

Another key component is represented by workplace education, 
highlighting the importance of knowledge about CTS risk factors and 
appropriate hand and wrist techniques (77). Such educational initiatives 
form the foundation of an entire culture of prevention (74). Notably, 
recent studies have underscored the effectiveness of ergonomic training 
programs tailored to specific professions. These programs equip workers 
with the necessary tools to identify and address ergonomic risk factors, 
thus enhancing preventive efforts within different occupational contexts 
(75). The literature reveals numerous correlations between preventive 
measures and reduced risks of Carpal Tunnel Syndrome (CTS). 
According to Trillos- Chacón et al., the implementation of ergonomic 
interventions and educational programs can lead to a decrease in CTS 
incidence (5). Similarly, studies by Peters et  al. reported significant 
enhancements in worker outcomes, inclusive of reduced pain levels and 
heightened productivity, following the integration of ergonomic 
strategies (78). Furthermore, a study conducted by Wipperman et al. 
highlights the potential advantages arising from collaborative initiatives 
involving employers, employees, and occupational health specialists in 
the execution of preventive measures (6).

Proactive workplace strategies, including ergonomic 
modifications, regular breaks for hand and wrist stretches, prove to 
be crucial in mitigating the risk of Carpal Tunnel Syndrome (CTS). 

TABLE 5 Advantages (+) and disadvantages (−) of integrating Carpal 
Tunnel Syndrome diagnosis in the occupational context.

Factor Advantages (+) Disadvantages (−)

Recognition and 

awareness

Raises awareness about 

CTS as an occupational 

risk.

May lead to potential 

stigmatization of affected 

workers.

Preventive measures Encourages 

implementation of 

preventive measures.

May increase employer 

liability and compensation 

claims.

Occupational safety Promotes workplace 

ergonomics and safety.

Could be perceived as a 

barrier to certain professions.

Access to healthcare Facilitates early access to 

medical care and 

treatment.

May lead to disputes over 

causation and compensation.

Data collection Allows for 

comprehensive data 

collection on CTS cases.

Difficulties in establishing 

causal links in complex cases.

Diagnostic 

challenges

Simplifies diagnosis and 

streamlines treatment.

Can be challenging to 

differentiate work-related 

and non-work-related cases.

Legal complexities May facilitate workers’ 

compensation claims.

Legal disputes and 

administrative burden for 

employers.

Occupational 

restrictions

Allows for tailored job 

accommodations and 

restrictions.

Potential limitations on 

career choices for affected 

individuals.

Costs and resources Can allocate resources 

for workplace 

interventions.

Increased healthcare and 

administrative costs for 

employers.

Societal implications Highlights the societal 

consequences of CTS.

May foster misconceptions 

about the prevalence of CTS 

in the workforce.
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Employing ergonomic principles, equipment modification, and task 
rotation, can help decrease the risk of CTS by reducing strain on the 
hands and wrists (68). Importantly, promoting awareness and 
providing education on proper ergonomics and hand hygiene 
practices can significantly contribute to prevention efforts in high-risk 
occupational settings (68).

3.5 Occupational rehabilitation and 
management in CTS as a professional 
disease

Recent medical research has shed light on the effectiveness of 
various rehabilitation options for Carpal Tunnel Syndrome (CTS), 
including physical therapy and splinting (79). It also highlights the 
importance of managing CTS in an occupational context through 
accommodations and return-to-work programs (80). The vital 
contributions of occupational therapists and healthcare providers in 
delivering comprehensive rehabilitation are emphasized. 
Rehabilitation strategies for CTS typically involve a range of 
interventions. Notably, physical therapy has been highlighted for its 
beneficial role in CTS management (79). Physical therapists use 
techniques such as nerve gliding exercises, manual therapy, and 
therapeutic exercises to alleviate symptoms and enhance hand and 
wrist function (81). Structured physical therapy regimens can 
effectively improve nerve gliding, alleviate compression, and mitigate 
pain associated with CTS (82). Additionally, the use of customized 
wrist splints has emerged as a non-invasive intervention gaining 
recognition in CTS management (83). Recent research indicates the 
efficacy of nocturnal wrist splinting, maintaining a neutral wrist 
position during sleep to alleviate nighttime symptoms and enhance 
median nerve mobility. This approach is particularly suitable for 
professionals experiencing exacerbated symptoms during periods of 
rest (83).

In the occupational management of Carpal Tunnel Syndrome 
(CTS), workplace accommodations play a pivotal role in facilitating 
the continued engagement of individuals in their professional 
activities (25). Tailored accommodations, customized according to 
individual needs and specific job tasks, are identified as effective 
measures in alleviating wrist strain and minimizing the exacerbation 
of symptoms (81). Moreover, recent literature has presented “Return-
to-Work Programs” designed explicitly for individuals in the recovery 
phase from CTS (80). These programs involve a graduated approach 
to work reintegration, incorporating modified work tasks and 
schedules to facilitate a seamless return to full work duties (84). Such 
programs are very effective in encouraging sustained employment 
while contributing to overall worker well-being (24). In the context 
of Carpal Tunnel Syndrome rehabilitation within occupational 
settings, occupational therapists and healthcare providers assume 
integral roles (70). Recent scholarly investigations highlight the 
proficiency of occupational therapists in conducting thorough 
assessments, prescribing splints, and performing ergonomic 
evaluations (83). Collaborating with healthcare providers, 
occupational therapists actively contribute to the development of 
personalized rehabilitation plans tailored to the specific demands of 
an individual’s profession. Furthermore, healthcare providers, 
including orthopedic surgeons and neurologists, contribute their 
diagnostic expertise, oversee medical management when required, 

and guide rehabilitation endeavors (85). Their involvement proves 
extremely important in ensuring precise diagnosis, optimizing 
treatment strategies, and coordinating care seamlessly with 
occupational therapists (83).

In summary, the rehabilitation and management of CTS within a 
professional context necessitates a nuanced and individualized 
approach. Recent medical research underscores the efficacy of 
interventions such as physical therapy, splinting, workplace 
accommodations, and return-to-work programs in mitigating the 
impact of CTS on professionals. The collaborative efforts of 
occupational therapists and healthcare providers are essential in 
delivering comprehensive rehabilitation strategies that align with 
occupational demands and individual needs. Acknowledging the 
pivotal role of these professionals is paramount to ensuring the 
successful rehabilitation and the resumption of productive professional 
activities for individuals with CTS.

3.6 Treatment strategies for occupational 
Carpal Tunnel Syndrome

When managing Carpal Tunnel Syndrome (CTS) as an 
occupational disease, the treatment strategy is phased according to 
symptom severity and progression. Initially, prevention is key, 
especially in jobs that involve repetitive motions (43). Ergonomic 
interventions such as job rotation, modifying tasks to reduce 
repetitive wrist movements, and providing ergonomic equipment 
help prevent the onset of CTS. If symptoms develop, treatment 
options include wearing wrist splints to prevent further nerve 
compression, using anti-inflammatory drugs for pain management, 
and engaging in physical therapy to strengthen the muscles and 
improve flexibility (77). Ultrasound therapy may also be used to 
reduce inflammation and promote healing. If these measures are 
insufficient and symptoms worsen, surgical intervention may 
be required to cut the carpal ligament and relieve pressure on the 
median nerve, thus restoring hand function (86). Table 6 offers a 
comprehensive overview of the current therapeutic interventions 
for Carpal Tunnel Syndrome (CTS). Overall, effectively managing 
occupational CTS necessitates a holistic approach that combines 
medical and occupational strategies.

3.7 Ongoing clinical trials in Carpal Tunnel 
Syndrome

Examining clinical trial registries is essential for gaining an 
approximate overview of ongoing research efforts. Our group 
conducted a search in the National Institutes of Health’s (NIH) 
ClinicalTrials.gov registry, up to and including March 1, 2024, using 
“Carpal Tunnel Syndrome” as a keyword. No exemption criteria were 
applied, and the search encompassed both completed and actively 
enrolling studies. The search yielded results indicating that 
ClinicalTrials.gov currently lists a total number of 20 studies. Out of 
these, there are 10 completed clinical trials, 5 actively recruiting, 2 
actively enrolling but not recruiting, and 2 trials with unknown 
statuses related to Carpal Tunnel Syndrome (CTS). Notably, one trial 
has been terminated with results. While ongoing efforts to advance 
understanding and treatment options for CTS are evident, it is 
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noteworthy that the number of ongoing clinical trials for this 
condition is comparatively lower than for other medical conditions.

4 Future directions

Carpal Tunnel Syndrome has become one of the most prevalent 
occupational health concerns, attracting extensive research over the 
past two decades (96). This review approaches crucial findings from 
recent literature, providing insights into the multifaceted nature of 
CTS as a professional disease. Through an in-depth analysis, 
we  explore the implications, preventive measures, management 
strategies, and future research avenues, all while recognizing and 
addressing the associated socio-economic factors of this condition. 
Recent studies have significantly advanced our understanding of 
work-related CTS, revealing a high prevalence among certain 
professions characterized by repetitive hand movements and sustained 
wrist flexion (4, 17, 33, 34, 97). The economic and societal impact is 
notable, manifesting in increased healthcare costs, workers’ 
compensation claims, and diminished productivity (98). CTS’s 

intrinsic connection to occupational health and safety is increasingly 
recognized, prompting employers to adopt ergonomic modifications 
to align with regulatory obligations (25). Multifactorial etiology, 
encompassing anatomical, biomechanical, and pathophysiological 
factors, has been a focal point of recent research (32). Advances in 
diagnostic tools and clinical assessment contribute to improved early 
diagnosis, facilitating timely interventions (99).

Occupational diseases, including Carpal Tunnel Syndrome (CTS), 
significantly impact the social economy by reducing productivity, 
increasing healthcare costs, and diminishing the quality of life for 
affected individuals. These conditions can notably affect a country’s 
overall GDP and productivity. In the United States, the economic 
damage attributed to CTS is substantial, with estimates around $100 
billion affecting insurance companies, consumers, large corporations, 
and private companies (66). Carpal Tunnel Syndrome has profound 
economic and societal implications, making it imperative to assess its 
impact on employers, employees, healthcare systems, and society at 
large (19). Drawing upon recent studies, this article evaluates the 
economic ramifications of CTS, explores its societal consequences, 
including disability claims and healthcare utilization, and discusses 

TABLE 6 Current therapeutic interventions for Carpal Tunnel Syndrome.

Treatment line Intervention Example

1. Conservative Wrist Splinting A wrist splint worn at night and during activities that aggravate symptoms (such as typing) (83)

Activity Modification Frequent breaks from repetitive tasks Avoid prolonged wrist flexion or extension (76)

Ergonomic Assessment and Workplace 

Modifications

Implement adjustments of the workstation (proper chair height and keyboard position) (25)

Physical Therapy (Stretching, 

Strengthening)

Specific exercises to stretch and strengthen the muscles around the wrist and forearm (57)

Non-Steroidal Anti-Inflammatory 

Drugs (NSAIDs)

NSAIDs (ibuprofen) – to reduce inflammation and alleviate pain (72)

Ultrasound Therapy Ultrasound therapy to the affected area – reduces inflammation and promotes tissue healing (87)

2. Pharmacological Corticosteroid Injections Corticosteroid injections into the carpal tunnel – reduce inflammation and relieve symptoms (88)

Oral Steroids A course of oral steroids – reduce inflammation and alleviate symptoms (89)

Topical NSAIDs Topical NSAID creams or gels applied directly to the affected area for localized pain relief (90)

3. Minimally invasive Endoscopic Carpal Tunnel Release 

(ECTR)

Using an endoscope to release the transverse carpal ligament and decompress the median nerve (91)

4. Surgical Open Carpal Tunnel Release (OCTR) Open surgery to release the transverse carpal ligament and decompress the median nerve (92)

Revision Surgery (if necessary) A second surgery if symptoms persist or recur after initial intervention (93)

5. Rehabilitation Postoperative Rehabilitation Postoperative physical therapy following surgical intervention to improve range of motion, strength, 

and function (94)

Occupational Therapy (Hand Therapy) Occupational therapy to improve hand and wrist function, teach adaptive techniques, and facilitate 

return to work (95)

Work Conditioning Programs Structured rehabilitation programs designed to gradually reintroduce individuals to work-related 

tasks and activities (24)

6. Preventive measures Ergonomic Training and Education Ergonomic training sessions to educate employees on proper workstation setup and safe work 

practices (23)

Regular Breaks and Rest Periods Regular breaks for employees to rest and stretch their hands and wrists during prolonged periods of 

work (25)

Rotational Job Assignments Rotating employees through different job tasks to reduce the repetitive strain on the hands and 

wrists associated with CTS (76)

Use of Ergonomic Equipment Providing employees with ergonomic equipment, such as ergonomic keyboards and mice, to reduce 

wrist strain during computer work (77)
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the implications for workforce productivity and sustainability. The 
economic ramifications of Carpal Tunnel Syndrome are multi-faceted 
and extend to various stakeholders within the occupational landscape 
(100). For employers, the burden is evident through increased 
healthcare expenditures, increased rates of absenteeism, and 
diminished productivity (101). Recent scholarly investigations 
highlight the significant direct and indirect costs incurred by 
employers due to Carpal Tunnel Syndrome (CTS). These costs 
encompass medical expenses related to CTS treatment, such as 
diagnostic tests, consultations, and interventions. According to 
Gabrielli et al. (102), surgical treatment for CTS incurs lower mean 
costs compared to conservative approaches, proving to be a more cost-
effective strategy. Additionally, employers face financial burdens 
associated with temporary staffing to cover absent workers affected by 
CTS-related disabilities (98). Furthermore, losses attributed to 
reduced work efficiency among employees grappling with CTS 
symptoms contribute to the overall economic impact. Estimates 
suggest that these costs range from $2.7 to $4.8 billion per year, 
emphasizing the substantial financial implications of CTS for 
employers and the broader economy (98). Such economic situations 
may ultimately lead to diminished organizational profitability. 
Conversely, individuals with CTS often encounter a reduction in 
income due to the time away from work that they require and the 
potential onset of long-term disability (13). As noted by Franklin et al. 
(103) CTS can precipitate to work-related disability claims, thereby 
engendering financial hardships for affected employees. The economic 
repercussions for employees entail not only lost wages but also out-of-
pocket healthcare expenses and potential constraints on career 
advancement (13). Furthermore, the impact of CTS reverberates 
within healthcare systems, manifesting as a substantial burden due to 
diagnostic and treatment costs. Recent research underscores that the 
utilization of healthcare resources related to CTS, including physician 
consultations, diagnostic procedures, and surgical interventions, 
contributes to the escalation of overall healthcare expenditures (80). 
This financial strain impacts healthcare resources and allocation.

Carpal Tunnel Syndrome has several societal consequences, 
marked by disability claims and a decline in workforce participation 
(61). An investigative study, exemplified by Newington et  al. (61) 
noted the repercussions of CTS on individuals’ occupational 
capacities, revealing its association with prolonged disability and 
premature retirement. These disability claims not only impact affected 
individuals but also impose a strain on social security and disability 
insurance systems. Furthermore, CTS necessitates heightened 
healthcare utilization, encompassing consultations with specialists, 
surgical interventions, and rehabilitation services (101). This demand 
exerts pressure on healthcare infrastructure and resources, potentially 
resulting in extended waiting times for other patients (104). In terms 
of workforce productivity and sustainability, CTS can precipitate 
diminished work efficiency among affected employees. Recent 
scholarly inquiries, such as the study conducted by Hassan et al. (45), 
illustrate how CTS symptoms impede job performance, leading to 
reduced productivity, increased absenteeism, and the occurrence of 
presenteeism—where employees are physically present but exhibit 
diminished productivity due to symptomatic constraints (13). The 
presence of CTS within the workforce raises pertinent concerns 
regarding long-term sustainability. The high prevalence rates of CTS 
and the potential for associated disability claims underscore the 
imperative of proactive measures aimed at ensuring the health and 

productivity of the workforce. The implementation of preventive 
strategies, ergonomic interventions, and the early diagnosis and 
treatment of CTS emerges as a pivotal approach contributing to 
workforce sustainability (12).

Future research in work-related CTS should prioritize robust 
epidemiological studies to assess evolving prevalence rates and 
identify high-risk industries. Investigating precise biomechanical and 
anatomical factors contributing to CTS in specific occupational 
settings is essential. Long-term studies tracking the progression of 
CTS and factors influencing its evolution, along with exploring 
precision medicine approaches and developing comprehensive risk 
assessment tools, are critical. Rigorous assessments of workplace 
interventions and ergonomic strategies will contribute to refining 
preventive measures. Additionally, considering psychosocial factors 
such as job satisfaction, stress, and organizational culture in relation 
to CTS risk and outcomes is important. Leveraging advancements in 
technology, such as wearable sensors and telemedicine, can facilitate 
remote monitoring of CTS symptoms and timely intervention (105).

In summary, Carpal Tunnel Syndrome (CTS) represents a 
significant occupational health issue with wide-reaching economic, 
societal, and healthcare implications. The burden it places on 
individuals, employers, and healthcare systems underscores the urgent 
need for comprehensive strategies to prevent, diagnose, and manage 
this condition effectively. The insights garnered from recent studies 
emphasize the complexity of CTS’s etiology, highlighting the 
importance of multifactorial approaches that consider anatomical, 
biomechanical, and pathophysiological contributors to its 
development. As the workforce continues to evolve, with changing 
occupational roles and technologies, the need for adaptable and 
effective ergonomic interventions and workplace practices becomes 
increasingly critical. Furthermore, the impact of CTS on workforce 
productivity and sustainability calls for proactive measures to mitigate 
its effects and ensure the health and efficiency of employees across 
various sectors. Future research endeavors must focus on deepening 
our understanding of CTS within occupational contexts, enhancing 
diagnostic and management tools, and rigorously evaluating the 
effectiveness of workplace interventions. Such efforts will 
be instrumental in reducing the prevalence of CTS, minimizing its 
impact on individuals and society, and fostering a healthier, more 
productive workforce. The collaborative efforts of researchers, 
healthcare professionals, employers, and policy makers will 
be  paramount in addressing this pervasive condition, ultimately 
contributing to the well-being of workers and the economic health of 
industries worldwide. This review not only acknowledges the existing 
body of knowledge but also emphasizes the recent perspectives and 
additional value brought forth by recent studies, thus maintaining an 
up-to-date analysis on the topic. It is based on the literature published 
over the past two decades, ensuring its relevance and contemporaneity 
to the topic at hand.

5 Conclusion

In conclusion, this review has provided a detailed exploration of 
work-related Carpal Tunnel Syndrome (CTS) over the past two 
decades, shedding light on its multifaceted nature and significant 
impact on occupational health. Through analysis of recent literature, 
we  have gained valuable insights into the intricate interplay of 
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anatomical, biomechanical, and pathophysiological factors 
contributing to CTS development in various professional settings. Key 
findings underscore the pivotal role of ergonomic interventions, early 
clinical diagnosis, and tailored therapeutic strategies in mitigating the 
impact of CTS on affected individuals. While recent research has 
significantly advanced our understanding of work-related CTS, 
several challenges and areas for improvement remain. Variations in 
research methodologies and diagnostic criteria highlight the need for 
standardized approaches to ensure comprehensive evaluation and 
management of CTS across different occupational contexts. Future 
investigations should prioritize robust epidemiological studies to 
assess evolving prevalence rates and identify high-risk industries. 
Moreover, exploring precise biomechanical and anatomical factors 
contributing to CTS development and evaluating the efficacy of 
workplace interventions and ergonomic strategies are essential for 
refining preventive measures. Looking forward, ongoing research, 
evidence-based interventions, and collaborative efforts among 
healthcare professionals, employers, and policymakers are crucial for 
safeguarding the well-being and productivity of the workforce. By 
addressing the multifactorial nature of work-related CTS and 
implementing proactive measures, we  can strive towards creating 
healthier and safer work environments while minimizing the burden 
of this debilitating condition on individuals and society.
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Background: Low back pain (LBP) is one of the most common problems of 
public health and creates a burden globally. The aim was to assess the Polish 
population’s back pain prevention behaviors and beliefs and to examine how 
these health behaviors and beliefs vary across sociodemographic factors and 
physical activity.

Methods: A cross-sectional survey was carried out among 208 randomly 
selected patients of the public general practitioner clinic. The differences in 
LBP-related beliefs and attitudes were determined due to participants’ status of 
requiring or non-requiring LBP treatment.

Results: More than half of the respondents did not engage in behaviors that 
protect against back pain. Individuals with higher education levels and those 
who exercised at least once a week were significantly more likely to adopt 
behaviors to protect their backs. Less than half of the participants reported 
having a workplace that was adequately prepared to protect against back pain, 
and only 35.1% of the participants reported receiving instruction while taking 
up work on how to avoid back pain while working. According to respondents’ 
opinions, preventive actions are necessary to protect against back pain. 
Inappropriate exercises and stress can be contributors to back pain, with these 
opinions reported more often by women and participants with higher education 
levels. Participants who received treatment for LBP showed a significantly higher 
expression of behaviors to protect against back pain compared to participants 
who did not require treatment. However, there were no significant differences 
in participants’ beliefs about back pain prevention between the group requiring 
LBP treatment and the group not requiring LBP treatment.

Conclusion: The study provides valuable insights into the association between 
LBP treatment, back pain prevention behaviors, and beliefs, suggesting potential 
avenues for future research and intervention development. By addressing 
workplace ergonomics and promoting a culture of back health, it may 
be possible to reduce the burden of LBP in Poland.
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1 Introduction

Low back pain (LBP) is one of the most common problems of 
public health and creates a burden globally (1). In 2020, low back pain 
affected 619 million people globally, and it is projected more than 800 
million people will have low back pain in 2050 (2). Low back pain is 
one of the main global causes of disability-adjusted life years (DALYs) 
(2). Disability-related low back pain has been at the highest level in 
working-age groups for years (3, 4). About 70–80% of people 
experience low back pain at least once in their life, especially in 
developed countries (5, 6). LBP is a very frequent symptom in all age 
groups, even in very young people (7, 8). Because back pain occurs 
among young people of reproductive age, this could have an impact 
on the economic situation both for them individually and for the 
government (7, 9).

In addition to being a common disorder worldwide, low back pain 
has a significant impact on quality of life and is associated with 
depressive symptoms (10, 11). Moreover, low back pain is one of the 
most common causes of sick leave and work absence. Wynne-Jones 
et al. (12) determined that 93% of people with back pain returned to 
work after 6 months or more. Saes-Silva et al. (11) showed that 31% of 
Brazilian adults with chronic back pain missed work. Incorrect sitting 
position could cause numerous musculoskeletal pain syndromes, 
mostly among people who spend many hours working with a 
computer (13). Work-related musculoskeletal symptoms, especially 
neck and low back pain, have been studied worldwide for many years, 
and their risk factors have been reported from various perspectives. 
Modifications at the workplace, such as re-organization of work, time 
work, improvement of work environment, postures during work and 
usability of machines, could shorten the time of returning to work, 
limit sickness absence and reduce back pain (14–16). It is necessary to 
draw attention to education on the principles of ergonomic sitting. 
The education of back pain prevention behaviors and beliefs from an 
early age of children can be crucial in back pain prevention. Adults 
who demonstrate healthy behaviors and correct beliefs about back 
pain prevention are positive role models for children. All preventive 
back pain interventions could play a significant role in improving 
quality of life and decreasing disability.

The aim of the study was to assess the Polish population’s back 
pain prevention behaviors and beliefs and to identify a specific 
demographic group that does not adhere to back pain prevention. A 
secondary aim was to examine how these health behaviors and beliefs 
vary across sociodemographic factors (including gender, education, 
age, and BMI) and physical activity longer than 30 min at least once a 
week. The differences in LBP-related beliefs and attitudes were 
determined due to participants’ status of requiring or non-requiring 
LBP treatment.

2 Materials and methods

2.1 Definitions and clarifications

LBP (low back pain) is defined as pain localized between the 12th 
ribs and the gluteal folds, with or without leg pain (17). Treatment for 
LBP depends on the nature of the pain and whether it is non-specific 
or specific. Pharmacological LBP management is the management of 
LBP with medications. Pharmacological and/or surgical treatments 

for LBP are connected with using medication such as for example, 
non-steroidal anti-inflammatory drugs, skeletal muscular drugs, 
opioids, or a combination of opioid and nonopioid analgesia. 
Non-pharmacological interventions for LBP means non-drug and 
non-invasive treatment in the management of LBP and include, for 
example, acupuncture, dry needling, education, electrophysical 
modalities, exercise programs, heat and cold therapies, manual 
therapies and psychological therapies (18–21).

Although nonpharmacologic treatment is preferred over 
pharmacologic treatment for the first-line management of LBP, they 
are commonly used together in clinical practice by doctors. Treatments 
for LBP can be provided by GPs or specialists such as rheumatologists, 
orthopedic spinal surgeons, pain management physicians, or other 
healthcare professionals, for example, physical therapists or osteopaths.

2.2 Participants, the inclusion and 
exclusion criteria

This study was a cross-sectional survey. The study was carried out 
among 208 randomly selected patients of the public general 
practitioner clinic between May 2022 and July 2023 in Poland. The 
inclusion criteria were as follows: age ≥ 18 years old. The exclusion 
criteria were individuals who had never experienced LBP and people 
who experienced LBP and undertook self-treatment without visiting 
a GP or other healthcare providers because of LBP.

Participants were divided into two groups. The first group (group 
requiring LBP treatment) included participants who had been 
pharmacologically or non-pharmacologically treated for LBP by GPs, 
specialists, or other healthcare providers. The second group (not 
requiring LBP treatment) included participants who did not require 
treatments for LBP. They had never experienced LBP that required 
pharmacological or non-pharmacological interventions.

2.3 Questionnaire

The questionnaire used for this study was created based on general 
principles (22). The questionnaire consisted of 11 main closed-ended 
items (related to behaviors to protect back pain, opinions about 
prevention of LBP and workplace adjustment to prevent back pain) 
and was supplemented with five demographic questions. The Polish 
and English questionnaires are presented in the 
Supplementary material. The verification of a proper understanding 
of the questionnaire’s items was conducted on a group of 20 pilot study 
participants. The questions were revised and modified.

The validation procedure of the questionnaire was conducted on a 
group of 50 respondents. The comprehensibility and acceptability of the 
questionnaire were independently evaluated by two public health 
specialists using a designed semi-structured interview. Most 
respondents indicated that the form of the questionnaire was good 
(98%) and sufficiently long (98%). All respondents claimed that the font 
size was big enough. For 48 respondents (96%) the questions were 
understandable. Only one individual indicated that there were 
questions he/she did not want to answer and only 12% of respondents 
said they found it difficult to answer some questions. The time taken for 
completion of the survey ranged from 1 to 15 min (median time 2 min). 
One-fifth of respondents (10 individuals) claimed that by completing 
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this questionnaire they noticed important aspects related to LBP 
prevention that they had not recognized before participation in the 
current study. A reliability analysis of the questionnaire was used to 
estimate the compliance of the answers. The same questionnaire was 
done twice by the same group of participants in a two-week interval, 
and the degree of repeatability of responses was estimated by Kappa-
Cohen’s coefficient. The values of the Kappa-Cohen’s coefficient range 
from 0 to 1, and values were interpreted as: 0.81–1.00 very good 
repeatability, 0.61–0.80 good repeatability, 0.41–0.60 moderate 
repeatability, 0.20–0.40 poor repeatability, <0.21 very poor repeatability 
(23). The results of the reliability analysis showed very good repeatability 
for all main items (Kappa-Cohen’s coefficient ranged from 0.92 to 1.00).

The self-administered questionnaire was distributed among 
participants by interviewers. No incentives were given to the 
participants. The interviewers recruited participants to study using 
selection questions. Respondents who were under the age of 18 and 
respondents who were involved in exclusion criteria (mentioned in 
section 2.2.) did not participate in the survey. The survey was 
voluntary and anonymous. Participants gave consent to participate by 
starting the survey.

The sample size for the current cross-sectional study was 
calculated to be representative based on previous studies (24–26) and 
our pilot study carried out on a group of 50 participants. In the pilot 
study, the Kish-Leslie formula (25) was used to determine the sample 
size sufficient for validating the findings. Based on the prevalence of 
LBP in analyzed group of 16%, a margin error of 5% and a standard 
normal deviation of (1.96) corresponding to the 95% confidence 
interval, the calculated sample included 206 participants.

2.4 Statistical analysis

Data were collected using a nominal scale (11 main items, gender, 
education) and a continuous scale (age, weight, height). The Body 
Mass Index (BMI) was calculated and used in the analysis as a 
continuous variable or a dichotomous variable (≤30 vs. >30). The 
subgroups of variable frequency of physical activity longer than 
30 min were combined and used as a dichotomous variable (at least 
once a week vs. no exercise). Descriptive statistics were used to 
characterize the study group. The normality distribution of age and 
BMI was tested by the Shapiro–Wilk test. Non-parametric tests were 
used to estimate the differences in participants’ behaviors and beliefs 
for protecting back pain due to continuous variables (age and BMI) 
using the Mann–Whitney test (for two subgroups) or Kruskal-Wallis 
test (for >2 subgroups) and due to categorical variables (gender, 
education, physical activity status and participants’ status of requiring 
or non-requiring LBP treatment) using the chi-square test. A p-value 
<0.05 was considered to be significant. The analysis was conducted 
using Statistica (data analysis software system), version 13. https://
www.statsoft.pl/statistica_13/ (accessed on 1 August 2022).

3 Results

3.1 Characteristics of participants

The study involved 208 respondents between the ages of 18 and 
82 years, with a median age of 39 years. Among them, 85 were men 

(40.9%), and 123 were women (59.1%). Almost half of the participants 
had completed secondary school (47.6%). BMI ranged from 18 to 44, 
with a median BMI of 25. A total of 30 respondents (14.4%) had a BMI 
greater than 30, indicating obesity. Regarding physical activity, 
one-fifth of the respondents (20.2%) reported exercising for more than 
30 min once a week, while only about 5% engaged in physical activity 
more than three times a week. Half of the participants did not exercise 
regularly. Furthermore, one-third of the respondents (37.5%) reported 
spending their free time with little or no physical activity. Almost half 
of the participants (49.5%) did not exercise regularly, and only 
one-fifth of the respondents performed physical exercise for more 
than 30 min once a week (Table 1).

3.2 Behaviors for preventing back pain

More than half of the respondents did not exhibit behaviors that 
protect against low back pain. Specifically, only 35% of participants 
used lumbar support for their back while sitting in chairs or armchairs 
during TV watching. Additionally, 47% of respondents used a bed, 
mattress, or pillow with ergonomic standards to maintain proper 
spinal alignment. Furthermore, 45.7% of respondents demonstrated a 
proper lifting technique to avoid back pain, and 37.5% maintained a 
proper body posture throughout the day (Figure 1).

Women had better posture during the day than men, according to 
respondents (46% vs. 25%; p = 0.002), more graduated from high 
school than secondary school (55% vs. 25%, p < 0.001), were younger 
(median age 38 vs. 40; p = 0.02), with lower BMI (p < 0.001) and were 
physically active at least a once a week compared with those who did 
not exercise (44% vs. 31%, p = 0.06) (Table 2).

Respondents who had a proper lifting technique to avoid back 
pain significantly more frequently graduated from high school 

TABLE 1 Characteristics of participants.

Age median (25–75% 

IQR)

39 (32–48)

BMI median (25–75% 

IQR) 25 (23–28)

Gender n (%)

Male 85 (40.9)

Female 123 (59.1)

Education n (%)

Primary 17 (8.2)

Secondary 99 (47.6)

High 88 (42.3)

No data 4 (1.9)

Frequency of physical activity longer than 30 min n (%)

Once a week 42 (20.2)

Twice a week 31 (14.9)

Three times a week 21 (10.1)

More than three times a 

week
11 (5.3)

No exercise 103 (49.5)

IQR – interquartile range.

217

https://doi.org/10.3389/fpubh.2024.1396558
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.statsoft.pl/statistica_13/
https://www.statsoft.pl/statistica_13/


Kuśmierek et al. 10.3389/fpubh.2024.1396558

Frontiers in Public Health 04 frontiersin.org

compared with secondary school (64% vs. 30%; p < 0.001) and were 
physically active at least once a week in comparison with those who 
did not exercise (56% vs. 35%; p = 0.002) (Table 2).

Respondents who graduated high school used a bed, mattress, or 
pillow with ergonomic standards for proper spinal alignment more 
often than participants after secondary education (57% vs. 37%; 
p = 0.008). Similarly, once a week, physically active respondents more 
often used a bed, mattress, or pillow with ergonomic standards for 
proper spinal alignment in comparison with those who did not 
exercise (59% vs. 35%; p < 0.001) (Table 2). Older respondents more 
often used the lumbar support for the back in chairs/armchairs while 
watching TV than younger respondents (median age 43 vs. 37; 
p = 0.006) (Table 2).

3.3 Workplace

More than half of the participants (55.3%) indicated that their 
workplace was not prepared in accordance with the rules to protect 
the back, such as proper chairs or adequately constructed machines. 
Only 35.1% of participants were instructed by their employer or 
general practitioner on how to avoid back pain during work 
(Figure 2).

Participants who were instructed by their employer or general 
practitioner on how to avoid back pain during work significantly more 
often claimed that their workplace was prepared in accordance with 
the rules to protect the back (respectively: 67% vs. 33%; p < 0.001).

3.4 Beliefs about back pain prevention

In general, respondents believed that taking preventive actions is 
necessary to protect against back pain (81.7%), and that inappropriate 

exercises could have a negative effect on the back (69.2%). 
Additionally, they believed that back pain could be related to stress 
(41.3) (Figure 3).

Women significantly more often thought that back pain could 
be related to stress than men (46% vs. 35%; p = 0.02). Respondents 
who graduated from high school more often reported negative back 
effects from inappropriate exercises compared to secondary school 
participants (83% vs. 61%; p < 0.001) (Table 2).

3.5 Associations between participants’ 
status of requiring or non-requiring LBP 
treatment and demographic factors, 
physical activity, behaviors, and beliefs for 
preventing back pain

A total of 96 participants (46%) experienced low back pain (LBP), 
and they had been pharmacological or non-pharmacologically treated 
for LBP by GPs, specialists or other healthcare providers (Group 1, 
requiring LBP treatment). In total, 112 participants (54%) did not 
require treatments for LBP (Group 2, non-requiring LBP treatment). 
Participants in Group 1 were significantly older than participants in 
Group 2 (median age 43 years vs. 37 years; p < 0.001). Participants who 
required LBP treatment had more frequent BMI > 30 than participants 
who had never been treated for LBP (22% vs. 8%; p = 0.005) (Table 3).

Participants who were treated for LBP, in comparison with 
participants who did not require treatments for LBP, claimed that they 
significantly more often used a bed, mattress, or pillow with ergonomic 
standards for proper spinal alignment (58.3% vs. 37.5%; p = 0.003) and 
the lumbar support for the back in chairs/armchair while watching TV 
(44.8% vs. 26.8%; p = 0.03). There were no significant differences in 
participants’ beliefs about back pain prevention due to participants’ 
status of requiring or non-requiring LBP treatment (Table 4).

37.5 

45.7 

47.1 

35.1 

62.5 

54.3 

52.9 

38.0 26.9 

0% 20% 40% 60% 80% 100%

Proper body posture during day

Proper li�ing technique to avoid back pain

Using a bed, ma�ress, or pillow with
ergonomic standards to proper spinal

alignment

Using the lumbar support for the back in
chairs/armchair during watching tv

yes no I do not know

FIGURE 1

Behaviors to protect back pain.
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TABLE 2 Behaviors and beliefs for preventing back pain by demographic factors and physical activity.

Gender Education Age BMI Physical activity longer than 
30  min

Female
n (%)

Male
n (%)

p
Secondary

n (%)
High
n (%)

p Median
(25–
75% 
IQR)

p Median
(25–75% 

IQR)
p

At least 
once a 
week
n (%)

No 
exercise
n (%)

p

Beliefs about 

back pain 

prevention

Inappropriate exercises could have a negative effect on the back

Yes 91 (75) 53 (62) 0.10 60 (61) 72 (83) <0.001 39 (32–48) 0.09 25 (22–27) 0.05 74 (71) 70 (68) 0.05

No 8 (6) 5 (6) 5 (5) 7 (8) 38 (29–43) 23 (22–24) 10 (10) 3 (3)

I do not know 23 (19) 27 (32) 34 (34) 8 (9) 42 (35–53) 27 (23–30) 20 (19) 30 (29)

Back pain could be related to stress

Yes 56 (46) 30 (35) 0.02 40 (40) 42 (48) 0.20 38 (32–45) 0.48 24 (22–27) 0.06 46 (44) 40 (39) 0.32

No 27 (22) 11 (13) 15 (15) 18 (20) 40 (36–48) 24 (22–26) 15 (14) 23 (22)

I do not know 40 (32) 44 (52) 44 (45) 28 (32) 39 (31.5–52) 25 (23–29) 44 (42) 40 (39)

Back preventive actions need to be taken to protect back pain

Yes 107 (87) 63 (74) 0.06 80 (81) 75 (85) 0.44 40 (33–50) 0.10 25 (23–28) 0.18 84 (80) 86 (83) 0.62

No 3 (2) 4 (5) 4 (4) 1 (1) 41 (22–66) 22 (22–24) 3 (3) 4 (4)

I do not know 13 (11) 18 (21) 15 (15) 12 (14) 38 (26–44) 24 (22–27) 18 (17) 13 (13)

Behaviors to 

protect back 

pain

Proper body posture during the day

Yes 57 (46) 21 (25) 0.002 25 (25) 48 (55) <0.001 38 (30–43) 0.02 24 (22–26) <0.001 46 (44) 32 (31) 0.06

No 66 (54) 64 (75) 74 (75) 40 (45) 40 (33–51) 25 (23–29) 59 (56) 71 (69)

Proper lifting technique to avoid back pain

Yes 58 (47) 37 (44) 0.61 30 (30) 56 (64) <0.001 39 (36–45) 0.97 25 (22–27) 0.19 59 (56) 36 (35) 0.002

No 65 (53) 48 (56) 69 (70) 32 (36) 40 (31–51) 25 (23–29) 46 (44) 67 (65)

Using a bed, mattress, or pillow with ergonomic standards for proper spinal alignment

Yes 61 (50) 37 (44) 0.39 37 (37) 50 (57) 0.008 40 (34–51) 0.09 25 (23–

27)

0.37 62 (59) 36 (35) <0.001

No 62 (50) 48 (56) 62 (63) 38 (43) 39 (31–46) 25 (22–

28)

43 (41) 67 (65)

Using the lumbar support for the back in chairs/armchairs while watching TV

Yes 43 (35) 30 (35) 0.40 28 (28) 32 (36) 0.47 43 (36–55) 0.006 25 (23–

28)

0.72 40 (38) 33 (32) 0.37

No 43 (35) 36 (43) 41 (42) 34 (39) 37 (30–43) 24 (23–

27)

35 (33) 44 (43)

I do not know 37 (30) 19 (22) 30 (30) 22 (25) 40 (33–47) 25 (22–

28)

30 (29) 26 (25)
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4 Discussion

The findings of this cross-sectional survey provide valuable 
insights into the selected LBP prevention behaviors and beliefs among 
the Polish population and their associations with demographic factors 
and physical activity. Physical activity levels were relatively low, with 
only 20.2% of respondents exercising for longer than 30 min once a 
week. Previous research has shown that physical inactivity is a 
common risk factor for LBP (7, 27). Regarding behaviors related to 
LBP prevention, more than half of the respondents did not engage in 
preventive practices. For instance, only 35% of participants used 
lumbar support for the back in chairs during TV watching, and less 

than half (47%) used a bed, mattress, or pillow with ergonomic 
standards for proper spinal alignment. Furthermore, only 45.7% of 
respondents reported adopting a proper lifting technique to avoid 
back pain. These results suggest a need for greater awareness of 
preventive behaviors promotion, such as ergonomic standards for 
sitting, sleeping, and lifting heavy objects to minimize strain on the 
spine. Comfortable mattresses that meet ergonomic standards can 
improve sleep quality and alleviate back pain. Ancuelle et al. (28) 
showed a significant reduction of cervical dorsal and lumbar pain 
after 4 weeks of using a properly selected mattress. Other studies 
determined the relationship between LBP and inadequate posture and 
the way of lifting objects. Squat lifting often remains the recommended 

41.3
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55.3

62.0

3.4

2.9

0% 20% 40% 60% 80% 100%

Workplace was prepared in accordance
with the rules to protect the back, for

example: proper chair, properly
constructed machines.

Par�cipants were instructed by their
employer or general prac��oner how to

avoid back pain during work

yes no never worked
FIGURE 2

Back pain protection and the workplace.
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lifting technique, but the findings of von Arxet et  al. (29) study 
provide evidence that there is no one-size-fits-all approach, especially 
when considering that squat lifting produced higher anterior shear 
forces in the L5/S1 segment. It should be pointed out that not only the 
kind of lifting technique is vital in avoiding spinal loads but also the 
duration of the lifting task (30) and awareness of using a lifting 
technique that optimizes movement by calming tissue down (31). The 
current results suggest a need for greater preventive awareness and 
promotion of preventive behaviors to reduce the burden of LBP in the 
Polish population. The results indicate that there is room for 
improvement in promoting back pain prevention practices, as more 
than half of the respondents did not engage in behaviors to protect 
against back pain (Figure 1). This highlights a significant gap in back 
pain prevention efforts within the Polish population and aligns with 
previous studies highlighting the global burden of LBP and its impact 
on disability-adjusted life years (DALYs) and healthy life expectancy 
(HALE) (3).

Interestingly, the current study identified certain demographic 
factors associated with back pain prevention behaviors. Women were 
more likely than men to maintain a proper body posture during the 
day. Additionally, participants with higher education levels and those 
who engaged in physical activity at least once a week demonstrated 
more frequent use of ergonomic beds, mattresses, or pillows. There 
were encouraging trends observed among individuals with higher 
education levels and those who engaged in physical activity for at least 
30 min once a week (Table  2). These subgroups demonstrated 
significantly higher adherence to back pain prevention practices by a 
higher likelihood of adopting behaviors to protect their back, 
suggesting that educational attainment and regular physical activity 
could be  potential factors promoting back health awareness and 
proactive measures. These findings are consistent with previous 
research emphasizing the relationship between education and physical 
activity with back pain prevention behaviors (32–34).

The current study also highlighted workplace-related issues 
concerning back pain prevention. Less than half of the participants 
reported having a workplace adequately prepared to protect the back, 
and more than half of the participants indicated that their workplace 
was not prepared in accordance with the rules to protect the back, 
such as proper chairs and adequately constructed machines. Another 
concerning finding was that only a minority of the participants 
received instructions from their employers or occupational physicians 
on how to avoid back pain during work (Figure  2). This lack of 
emphasis on workplace ergonomics and back health aligns with 
previous studies showing the importance of addressing work-related 
risk factors for LBP (12, 35). Improper working conditions and lack of 
awareness of ergonomic issues could be a reason for low back pain 
(36). A systematic review (13) proved that incorrect sitting posture 
and spending many hours in sedentary working conditions with 
minimal physical activity could be a reason for many musculoskeletal 
disorders. Work from home, and LBP may be associated with the 
quality of the work environment. In Japan, the association between 
the frequency of teleworking in poor work conditions at home and 
LBP was reported, especially during the COVID-19 pandemic (37, 
38). Uncomfortable posture, insufficient room to concentrate, 
inadequate lighting, desk space and foot space, and cold temperature 
could be risk factors for LBP among workers who work from home 
(39, 40). Additionally, the lack of room to work at home could generate 
psychological stress, which seems to be also a risk factor for LBP (41–
43). Identifying and diminishing work-related psychosocial stressors 
can be paramount in combating the high prevalence of LBP in the 
working environment (42). The workers, including health workers 
(26) need ergonomic job organization, courses on correct lifting 
techniques, and building health public policies for new worker recruits.

Absence from work due to back pain or musculoskeletal disorders 
can be  a big problem for both individuals and companies. Some 
authors also determined that musculoskeletal pain was a risk for long-
term work absence (33). Watanabe et al. (44) showed that 35.4% of 
shipyard workers experienced absence from work due to back pain. A 
systematic review and meta-analysis (12) also confirmed that most 
people with back pain return to work after at least 6 months or more. 
A potential lack of emphasis on workplace ergonomics and back 
health is a big problem. Addressing this issue could lead to significant 
improvements in preventing work-related lower back pain and 
reducing the associated economic burden and productivity losses.

In the current study, the participants’ beliefs about back pain 
prevention were also assessed, and it was found that respondents 
perceived back preventive actions as necessary efforts in protection 
against back pain. Most of the participants claimed that inappropriate 
exercises could have a negative effect on the back (Figure 3). Our 
findings align with previous studies that individuals have a 
predominant belief in the potentially back-damaging effects of activity 
exercise (45, 46). However, there was significant variation in beliefs 
regarding preventing back pain based on gender and educational 
status. Participants who graduated from secondary school, in 
comparison with high school participants, expressed such beliefs less 
often. Opinions that inappropriate exercises and stress can be  a 
contributor to back pain were more frequently expressed by women 
and individuals with higher education (Table 2). This suggests that 
targeted educational interventions, particularly tailored to these 
demographic groups, may be effective in promoting a culture of back 
health awareness and preventive measures (32). Tan et  al. (32) 

TABLE 3 Correlations between participants’ status of requiring or non-
requiring LBP treatment and demographic factors.

Group 1 Group 2 p

Age 

median 

(25–75% 

IQR)

43 (37–52) 37 (29–43) <0.001

BMI n (%)

≤30 75 (78.1) 103 (92.0)
0.005

>30 21 (21.9) 9 (8.0)

Gender n (%)

Male 36 (37.5) 49 (43.8) 0.36

Female 60 (62.5) 63 (56.2)

Education n (%)

Secondary 46 (54.1) 53 (52.0) 0.77

High 39 (45.9) 49 (48.0)

Physical activity longer than 30 min n (%)

Minimum 

once a week
44 (45.8) 61 (54.5) 0.21

No exercise 52 (54.2) 51 (45.5)
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determined that younger Chinese healthcare professionals and those 
working in regional community health centers had more frequent 
negative LBP-related beliefs, including beliefs about the inevitable 
consequences of back pain. Other authors showed that back pain 
beliefs could differ due to culture, education, place of employment or 
LBP disability (35, 47).

The study also explored the differences between participants who 
had received treatment for LBP and those who had not. In the current 
study, participants who required LBP treatment tended to be older and 
have a higher body mass index (BMI > 30) compared to those who had 
never been treated (Table 3). This finding highlights the importance 
of addressing age and obesity as potential risk factors for LBP and 
implementing targeted preventive strategies in these high-risk groups. 
Similar results were obtained by Jonsdottir et  al. (48), who 
demonstrated that increased BMI > 30 and older age was related to the 
prevalence of acute back pain. Other authors also confirmed that 
increasing age and obesity are associated with back pain (49–51). 
Moreover, obesity is a risk factor for LBP-related disability (52). 
Interestingly, participants who required LBP treatment demonstrated 
a higher frequency of expressing behaviors to protect against back 
pain compared to those who had never received treatment (Table 4). 
This could be attributed to increased awareness and understanding of 
back pain management and prevention behaviors among individuals 

who had experienced LBP first-hand. These findings align with 
previous studies that emphasize the importance of learning from 
previous LBP experiences to promote better preventive behaviors (14, 
16). However, there were no significant differences in participants’ 
beliefs about back pain prevention between those treated and those 
untreated for LBP. This suggests that while treatment experiences may 
influence behavior, there might be a shared understanding of beliefs 
for protecting back pain across the study population.

Overall, this cross-sectional survey sheds light on the state of low 
back pain prevention behaviors and beliefs among the Polish 
population. Educational programs focused on promoting back pain 
prevention practices, particularly among individuals with lower 
educational attainment and sedentary lifestyles, could lead to a 
reduction in the burden of LBP in Poland (53). Moreover, addressing 
workplace ergonomics and promoting preventive actions could have 
a significant impact on reducing work-related LBP and improving 
overall well-being and productivity among the workforce (15, 36).

It is essential to acknowledge some limitations of this study, 
including the cross-sectional design, which limits causal inferences. 
In the current study, there were no collected data of characteristics of 
low back pain (kind of LBP, time of LBP), except information on 
whether patients with LBP require or non-require treatment. A 
standardized pain rating scale was not used to assess pain intensity. 

TABLE 4 Correlations between participants’ status of requiring or non-requiring LBP treatment and their behaviors and beliefs for protecting back pain.

Group 1
n (%)

Group 2
n (%)

p

Beliefs about back pain 

prevention

Inappropriate exercises could have a negative effect on the back 0.46

Yes 67 (69.8) 77 (69.4)

No 4 (4.2) 9 (8.1)

I do not know 25 (26.0) 25 (22.5)

Back pain could be related to stress 0.87

Yes 39 (40.6) 47 (42.0)

No 19 (19.8) 19 (17.0)

I do not know 38 (39.6) 46 (41.0)

Back preventive actions need to be taken to protect against back pain 0.58

Yes 80 (83.3) 90 (80.4)

No 4 (4.2) 3 (2.7)

I do not know 12 (12.5) 19 (16.9)

Behaviors to protect back pain

Proper body posture during the day 0.08

Yes 42 (43.8) 36 (32.1)

No 54 (56.2) 76 (67.9)

Proper lifting technique to avoid back pain 0.38

Yes 47 (49.0) 48 (42.9)

No 49 (51.0) 64 (57.1)

Using a bed, mattress, or pillow with ergonomic standards for proper spinal alignment 0.003

Yes 56 (58.3) 42 (37.5)

No 40 (41.7) 70 (62.5)

Using the lumbar support for the back in chairs/armchairs while watching TV 0.03

Yes 43 (44.8) 30 (26.8)

No 31 (32.3) 48 (42.9)

I do not know 22 (22.9) 34 (30.3)
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Longitudinal studies could provide further insights into the factors 
influencing the adoption of back pain prevention behaviors over time. 
Additionally, self-reported data may be subject to recall bias or social 
desirability bias. Future research could incorporate objective measures 
and employ a mixed-methods approach to gain a more comprehensive 
understanding of the factors influencing back pain prevention 
behaviors and beliefs.

Synthesis of key points to conclude all obtained and 
discussed results:

(1) More than half of the respondents did not engage in behaviors 
that protect against back pain. (2) Individuals with higher education 
levels and those who exercised at least once a week were significantly 
more likely to adopt behaviors to protect their backs. (3) Less than half 
of the participants reported having a workplace that was adequately 
prepared to protect against back pain, and only 35.1% of the 
participants reported receiving instruction while taking up work on 
how to avoid back pain while working. (4) According to respondents’ 
opinions, preventive actions are necessary to protect against back 
pain. Inappropriate exercises and stress can be contributors to back 
pain, with these opinions reported more often by women and 
participants with higher education levels. (5) Participants who 
required treatment for LBP were significantly older and had a 
BMI > 30 compared to participants who had never been treated for 
LBP. (6) Participants who received treatment for LBP showed a 
significantly higher expression of behaviors to protect against back 
pain compared to participants who did not require treatment. 
However, there were no significant differences in participants’ beliefs 
about back pain prevention between the group requiring LBP 
treatment and the group not requiring LBP treatment.

5 Conclusion

In closing, this study contributes valuable information on LBP 
prevention behaviors and beliefs among the Polish population. The 
findings underscore the importance of targeted interventions to 
promote health awareness and preventive practices, particularly 
among vulnerable demographic groups. By addressing workplace 
ergonomics and promoting a culture of back health, it may be possible 
to reduce the burden of LBP and improve the overall quality of life for 
individuals in Poland. Finally, the study provides valuable insights into 
the association between LBP treatment, back pain prevention 
behaviors, and beliefs, suggesting potential avenues for future research 
and intervention development.
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Association between single and
mixed exposure to polycyclic
aromatic hydrocarbons and
biological aging
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Children’s Hospital of Nanjing Medical University, Nanjing, Jiangsu, China

Background: Aging is one of the most important public health issues. Previous

studies on the factors a�ecting aging focused on genetics and lifestyle, but

the association between polycyclic aromatic hydrocarbons (PAHs) and aging is

still unclear.

Methods: This study utilized data from the National Health and Nutrition

Examination Survey (NHANES) 2003–2010. A total of 8,100 participants was used

to construct the biological age predictors by using recent advanced algorithms

Klemera–Doubal method (KDM) andMahalanobis distance. Two biological aging

indexes, recorded as KDM-BA acceleration and PhenoAge acceleration, were

used to investigate the relationship between single PAHs and biological age using

a multiple linear regression analysis, and a weighted quantile sum (WQS) model

was constructed to explore the mixed e�ects of PAHs on biological age. Finally,

we constructed the restricted cubic spline (RCS) model to assess the non-linear

relationship between PAHs and biological age.

Results: Exposure to PAHs was associated with PhenoAge acceleration. Each

unit increase in the log10-transformed level of 1-naphthol, 2-naphthol, and

2-fluorene was associated with a 0.173 (95% CI: 0.085, 0.261), 0.310 (95% CI:

0.182, 0.438), and 0.454 (95% CI: 0.309, 0.598) -year increase in PhenoAge

acceleration, respectively (all corrected P < 0.05). The urinary PAH mixture was

relevant to KDM-BA acceleration (β = 0.13, 95% CI: 0, 0.26, P = 0.048) and

PhenoAge acceleration (β = 0.59, 95% CI: 0.47, 0.70, P < 0.001), and 2-naphthol

had the highest weight in the weighted quantile sum (WQS) regression. The RCS

analyses showed a non-linear association between 2-naphthol and 2-fluorene

with KDM-BA acceleration (all P < 0.05) in addition to a non-linear association

between 1-naphthol, 2-naphthol, 3-fluorene, 2-fluorene, and 1-pyrene with

PhenoAge acceleration (all P < 0.05).

Conclusion: Exposure to mixed PAHs is associated with increased aging, with

2-naphthol being a key component of PAHs associated with aging. This study

has identified risk factors in terms of PAH components for aging.
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PAH, aging, mixed exposure, NHANES, association study
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1 Introduction

Aging refers to the gradual physiological changes that occur

in an organism, leading to a decline in biological function and a

decreased ability of the organism to adapt to metabolic stress. Age-

related disease burdens account for approximately 51.3% of the

total disease burden globally (1). Biological age is a predictor of

aging and indicates the likelihood of people developing chronic

diseases that can be separated from chronological age. In recent

years, heredity and lifestyle factors have been reported to be related

to biological age. However, research on the effect of environmental

chemicals on biological age remains unclear.

To date, there are only a few reports on the association between

environmental chemicals and biological age. Li et al. observed

that exposure to polycyclic aromatic hydrocarbons (PAHs) may

be associated with an adverse impact on DNA methylation and

aging (2). Campisi et al. found that PAHs may accelerate biological

aging as indicated by a series of detected indicators, including

lymphocyte DNA methylation age (DNAmAge), telomere length

(TL), and early nuclear DNA (nDNA), which are hallmarks of non-

mitotic and mitotic cellular aging, and mitochondrial DNA copy

number (mtDNAcn) (3). Pavanello et al. observed that everyday

life exposure to PAHs may increase the aging risk by reducing

leukocyte telomere length (LTL) and mitochondrial DNA copy

number (LmtDNAcn) (4). Li et al. found that exposure to PAHs

might be associated with an adverse impact on human aging and

epigenetic alterations in Chinese populations (2). Vriens et al.

found that metals, organohalogens, and perfluorinated compounds

were associated with mitochondrial DNA content and leukocyte

telomere length, two putative biomarkers of aging (5). Recently,

metals have been reported to be associated with accelerated

aging (6). These epidemiological studies suggested an association

between environmental chemicals and aging. However, the above

biomarkers related to aging, including DNA methylation aging,

mitochondrial DNA content, and telomere length, may have

deficiencies. In recent years, the biological age algorithm that

combines standard clinical parameters has been proven to be one

of the most accurate algorithms for predicting morbidity and

mortality (7).

The present study obtained 12 clinical indicators from the

National Health and Nutrition Examination Survey (NHANES)

research subjects and calculated two biological age indicators based

on the Klemera–Doubla Method—Biological Age (KDM-BA) and

the PhenoAge algorithms. We first explored the associations

between exposure to mixed PAHs and biological age through a

weighted quantile sum (WQS) regression model. In addition, we

also investigated the dose–response curve of the selected PAH

components and biological age through the restricted cubic splines

(RCS) method.

2 Methods

2.1 Study population

This study extracted data fromNHANES 2003–2010. NHANES

was a large-scale, cross-sectional survey performed by the

U.S. Centers for Disease Control and Prevention, which used

FIGURE 1

Flow chart of study population selection. NHANES, National Health

and Nutrition Examination Survey; PAH, polycyclic aromatic

hydrocarbon; WQS, weighted quantile sum; RCS, restricted cubic

spline.

a multistage probability sampling design to collect nationally

representative health information from non-institutionalized US

civilians (8). The survey details regarding its protocol, design,

operation, and quality controls have been elaborated previously

(9–11). The NHANES items were approved by the research ethics

committee of the Centers for Disease Control and Prevention,

National Center for Health Statistics, and all participants provided

informed consent forms. Data from four cycles of the NHANES

survey (2003–2004, 2005–2006, 2007–2008, and 2009–2010) were

used for this study. Of these populations, first, we included subjects

in whom PAHs were detected (n = 19,500). Then, their clinical

biochemical indicators were obtained, and their biological age was

constructed according to the algorithm. Thereafter, persons with

missing information about their biological age were excluded (n =

11,400). Eventually, a total of 8,100 participants were included in

the subsequent analysis (Figure 1).

2.2 Measurement of biological age and age
accelerations

We used the data available in the NAHNES public database to

construct KDM-BA and PhenoAge using blood chemistry-derived
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measurement methods, which are among the best-validated

algorithms to present biological age (12–14). In brief, KDM-BA

is calculated based on the following 12 indicators: albumin (g/L),

alkaline phosphatase (µ/L), C-reactive protein (natural logarithmic

transformation, mg/dL), total cholesterol (mg/dL), creatinine

(natural logarithmic transformation, mg/dL), glycated hemoglobin

(HbA1C, %), systolic blood pressure (mmHg), blood urea nitrogen

(mg/dL), uric acid (mg/dL), lymphocyte percent, mean cell volume

(fl), and white blood cell count (1,000 cells/µL). PhenoAge is

calculated based on eight blood chemical indicators, seven of

which overlap with the indicators of KDM-BA (albumin, alkaline

phosphatase, creatinine, HbA1C, mean cell volume, white blood

cell count, and lymphocyte percent) and red cell distribution width

according to the previous study (15). Next, we conducted KDM-

BA accelerations and PhenoAge accelerations via the divergence

of KDM-BA and PhenoAge from chronological age, where values

>0 indicate accelerated aging and values ≤0 represent an equal

or lower risk (physiological aging). The aging indicators were

calculated with the “BioAge” R package (15, 16). The package is

available on GitHub (http://github.com/dayoonkwon/BioAge) and

is licensed under the GNU General Public License v3.0.

2.3 Assessment of urinary polycyclic
aromatic hydrocarbons

Urinary PAHs were measured in a randomly sampled

subpopulation of participants aged 6 years and older using

capillary gas chromatography combined with high-resolution

mass spectrometry and were reported as ng/L urine (17). For

each sample, values below the lower limit of detection (LLD) were

defined as the LLD divided by the square root of 2. Urine specimens

were processed, stored, and shipped to the Division of Laboratory

Sciences, National Center for Environmental Health, and Centers

for Disease Control and Prevention, for analysis. The measurement

and assessment of urinary PAHs involve the enzymatic hydrolysis

of glucuronidated/sulfated OH-PAH metabolites in urine,

extraction by online solid phase extraction, and separation and

quantification using isotope dilution high-performance liquid

chromatography-tandem mass spectrometry (online SPE-HPLC-

MS/MS). All procedures for sample handling, transportation,

storage, and other processes were performed strictly in accordance

with laboratory standards. The detailed content can be reviewed

on the NHANES website (https://wwwn.cdc.gov/nchs/nhanes/

default.aspx) and in the NHANES Laboratory Procedure Manual

(https://wwwn.cdc.gov/nchs/data/nhanes/2013-2014/labmethods/

PAH_H_MET_Aromatic_Hydrocarbons.pdf). In this study, we

included six PAH components for the main analyses: 1-naphthol,

2-naphthol, 3-fluorene, 2-fluorene, 1-phenanthrene, and 1-pyrene.

The distribution of these six PAH components is presented in

Supplementary Table S1.

2.4 Assessment of variates

Covariates were available from the questionnaires and

laboratory examinations in the NHANES dataset. In this study, we

included the following variables in the multivariate analysis. Details

were as follows: age (continuous and year), sex (male and female),

race (Mexican American, Other Hispanic, Non-Hispanic white,

Non-Hispanic Black, and other race), education level (high school

or less, some college, college graduate or above, and missing),

activity (no or low, moderate, vigorous, and missing), body mass

index (<25 kg/m2, 25–29.9 kg/m2, ≥30 kg/m2, and missing),

poverty income ratio (<1, ≥1, and missing), serum cotinine

(<LOD, LOD-10, >10, and missing), alcohol consumption (no,

yes, and missing), creatinine (continuous and mg/dL), NHANES

cycle (2003–2004, 2005–2006, 2007–2008, and 2009–2010),

diabetes (yes and no), and hypertension (yes, no, and missing).

In addition, the detailed assessment of the above variables was

as follows: the low physical activity group was defined as those with

no reported leisure-time physical activity; the moderate activity

group was defined as self-reported metabolic equivalents ranging

from 3 to 6 of five or more times per week; and the vigorous

activity group was defined as self-reported metabolic equivalents

>6 of three or more times per week (18). BMI was calculated as

weight in kg divided by height in meters squared and classified as

normal (<25 kg/m2), overweight (25–29.9 kg/m2), and obese (≥30

kg/m2) according to the standard Centers for Disease Control and

Prevention classifications (19). The poverty income ratio (PIR) was

defined as the ratio of family income to the poverty threshold (<1

or ≥1) (19). Serum cotinine, a key marker of smoking exposure,

was divided into less than the limit of detection (LOD), LOD

to 10 ng/mL, and LOD more than 10 ng/mL (20). Information

on alcohol consumption was obtained through the questionnaire:

“Have you had at least 12 drinks of any type of alcoholic beverage?”

The mean amounts were 12 oz. of beer, one 4 oz. glass of wine, or

one ounce of liquor. The answers were “no” and “yes.”

2.5 Statistical analysis

In this study, continuous variables are shown as mean ±

standard deviation (SD) and were analyzed with one-way ANOVA

tests, while categorical variables are presented as numbers and

their proportions and were analyzed with Chi-squared tests. The

regression coefficient and corresponding 95% confidence intervals

(CIs) were calculated using multiple linear regression analyses to

investigate the associations between each unit increase in the log

10-transformed level of urinary PAHs and biological age after

adjusting for age, sex, race, education level, activity, BMI, PIR,

smoking status, alcohol consumption, urinary creatinine, NHANES

cycle, diabetes, and hypertension. Subgroup analysis was used to

evaluate the effect of positive PAHs on the age (<60, ≥60 years)

and sex groups. The above analyses were conducted with Stata

version 15.1 (Stata Corp.). To investigate the comprehensive impact

of mixed exposure to PAHs and to evaluate the contribution of

individual PAHs, we adopted a “mixed” method based on the WQS

regression analysis, which aims to evaluate the comprehensive and

discrete effects of predictive factors for multiple PAH components

in high-dimensional mixed backgrounds. Models were adjusted

for age, sex, race, education level, activity, BMI, PIR, smoking

status, alcohol consumption, urinary creatinine, NHANES cycle,

diabetes, and hypertension. The weight estimation was calculated
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from 10,000 bootstrap samples. The random seed was set to 2023.

The weight was limited to a sum of 1 and varied between 0 and

1 for comparison. To better evaluate the relationships between

PAHs and two biological age indices (KDM-BA acceleration and

PhenoAge acceleration), we used the restricted cubic spline (RCS)

algorithm to assess their possible non-linear association in the

multivariable-adjusted model. Then, we adjusted three knots to

fit the RCS curve based on the result of the Akaike information

criterion (AIC) and Bayesian information criterion (BIC). ANOVA

F statistic was performed to assess the potential non-linearity, and

a line plot was used to visualize the results. The WQS analysis

was performed with the gWQS package, and aging indicators were

calculated with the BioAge package in R software (version 4.1.1).

The Holm–Bonferroni correction was used to perform multiple

comparisons for each PAH variable. A two-sided P-value of < 0.05

was considered to be statistically significant.

3 Results

3.1 Baseline characteristics

A total of 8,100 participants aged 12–85 years (mean age, 40.9

years) were included in this study. Table 1 summarizes the baseline

characteristics of the study population by age quartile categories.

Compared with low-age participants (mean age, 15.7 years old),

participants with a mean age of 70.9 years were more likely to be

educated at the high school level or less, overweight, physically

inactive, never smokers, drinkers, and have more comorbidities

such as diabetes or hypertension (all P < 0.001). At baseline,

Supplementary Figure S1 shows that both KDM-BA (r = 0.962, P

= 2.2 × 10−16) and PhenoAge (r = 0.971, P = 2.2 × 10−16) are

positively correlated with chronological age.

3.2 Association between urinary PAHs and
KDM-BA acceleration and PhenoAge
acceleration

As shown in Supplementary Figure S2, the majority of urinary

PAHs are associated with each other except for 1-naphthol and

1-phenanthrene or 1-pyrene, ranging from moderate to high

correlation (Spearman’s r = 0.03–0.93). Table 2 presents the

relationship between urinary PAHs and KDM-BA acceleration and

PhenoAge acceleration. After adjusting for age, sex, race, education

level, activity, BMI, PIR, smoking status, alcohol consumption,

creatinine, NHANES cycle, diabetes, and hypertension, each unit

increase in the log10-transformed level of 1-phenanthrene is

associated with a 0.191 (95% CI: −0.331, −0.050) decrease in

KDM-BA acceleration. However, these relationships were not

statistically significant after a Holm–Bonferroni correction. After

the same multiple variable adjustment, each unit increase in the

log10-transformed level of 1-naphthol, 2-naphthol, 3-fluorene, and

2-fluorene is associated with a 0.173 (95% CI: 0.085, 0.261), 0.310

(95% CI: 0.182, 0.438), 0.159 (95% CI: 0.026, 0.292), and 0.454

(95% CI: 0.309, 0.598) -year increase in PhenoAge acceleration,

respectively. After Holm–Bonferroni multiple corrections, these

associations remain statistically significant except for 3-fluorene

(all corrected P < 0.05). The results of RCS present a non-

linear association between 2-naphthol (P = 0.032) and 2-fluorene

(P = 0.001) and KDM-BA acceleration (Figure 2). In addition,

we observed a J-shaped curve association between 1-naphthol (P

< 0.001), 2-naphthol (P = 0.001), 3-fluorene (P < 0.001), 2-

fluorene (P = 0.029), and 1-pyrene (P = 0.006) with PhenoAge

acceleration (Figure 3). The results of the subgroup analysis are

listed in Supplementary Table S2. We observed that the effect of 1-

naphthol is more significant in the age (≥60 year) and male group

(all P < 0.05); the effect of 2-naphthol is more obvious in the <60-

year-old and male group (All P < 0.05); and the effect of 2-fluorene

is more obvious in the <60-year-old and male group (all P < 0.05).

3.3 Mixture e�ects of multiple PAHs on
KDM-BA acceleration and PhenoAge
acceleration

In the fully adjusted WQS regression model, the WQS index

was negatively associated with KDM-BA acceleration (β[95%CI]:

0.13[0, 0.26], P = 0.048) and PhenoAge acceleration (β[95%CI]:

0.59[0.47, 0.70], P < 0.001). The estimated PAH metabolite

weights of KDM-BA and PhenoAge are presented in Figure 4.

The highest weighted PAH metabolite in both the KDM-BA

acceleration and PhenoAge acceleration was 2-naphthol (weighted

55.4% in the KDM-BA acceleration and 43.5% in the PhenoAge

acceleration, respectively).

4 Discussion

Our results in the present study showed that individual and

mixed exposure to PAHs is positively associated with biological age,

with 2-naphthol contributing the most, and 2-naphthol this PAH

has a dose–response relationship with biological age indicators.

Our results revealed that increased PAH exposure is related to

an increase in biological age, and each unit increase in the log10-

transformed level of 1-naphthol, 2-naphthol, 3-fluorene, and 2-

fluorene is associated with a 0.173-, 0.310-, 0.159- and 0.454-year

increase in PhenoAge acceleration, leading to the suggestion that

increased PAH concentration may cause aging. Our results are in

conflict with previous evidence regarding PAHs causing aging. Li

et al. found that PAH exposure was positively associated with DNA

methylation aging in 1,149 subjects. The result suggested that every

one unit increase in 1-hydroxypyrene and 9-hydroxyphenanthrene

was associated with a 0.53- and 0.54-year increase in aging markers

(2). Another research showed that every one unit increase in the

sum of 1- and 2-hydroxynaphthalene was associated with a 0.37-

year increase in PhenoAge acceleration in 2,579 subjects (21). To

date, these studies are the only reports of epidemiological studies

on PAHs and aging. The difference between our research and the

other studies mentioned is that we have found for the first time

a correlation between 1-naphthol, 2-naphthol, 3-fluorene, and 2-

fluorene and aging indicators. In addition, we also found for the

first time that exposure to mixed PAHs is associated with aging

indicators.Mixed exposure often better reflects real-world exposure

and identifies risk factors for diseases compared to individual
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TABLE 1 Baseline characteristics of participants by age in the NHANES datasets.

Variables Age (quartile)

Q1 Q2 Q3 Q4 P

Age (years, mean± SD) 15.7± 2.4 29.7± 5.6 49.0± 5.6 70.9± 7.4 <0.001

Sex (n [%]) 0.001

Male 1,087 (51.9) 945 (46.1) 991 (50.6) 1,004 (50.3)

Female 1,008 (48.1) 1,106 (53.9) 968 (49.4) 991 (49.7)

Race (n [%]) <0.001

Mexican American 607 (29.0) 467 (22.8) 368 (18.8) 313 (15.7)

Other Hispanic 149 (7.1) 176 (8.6) 140 (7.1) 106 (5.3)

Non-Hispanic white 616 (29.4) 891 (43.4) 967 (49.4) 1,197 (60.0)

Non-Hispanic black 629 (30.0) 395 (19.3 394 (20.1) 323 (16.2)

Other race 94 (4.5) 122 (5.9) 90 (4.6) 56 (2.8)

Education (n [%]) <0.001

High school or less 61 (2.9) 985 (48.0) 976 (49.8) 1,207 (60.5)

Some college 39 (1.9) 644 (31.4) 559 (28.5) 420 (21.1)

College graduate or above 1 (0.1) 422 (20.6) 420 (21.5) 366 (18.3)

Missing value 1,994 (95.1) 0 (0) 4 (0.2) 2 (0.1)

BMI (kg/m2 , mean± SD) 24.2± 6.3 28.4± 6.7 29.4± 7.0 28.8± 5.7 <0.001

BMI (kg/m2 , n [%]) <0.001

Normal (<25) 1,368 (65.3) 712 (34.7) 511 (26.1) 501 (25.1)

Overweight (25 to 29.9) 396 (18.9) 646 (31.5) 669 (34.2) 756 (37.9)

Obesity (≥30) 314 (15.0) 684 (33.4) 766 (39.1) 709 (35.5)

Missing value 17 (0.8) 9 (0.4) 13 (0.6) 29 (1.5)

Activity (n [%]) <0.001

No or low 627 (29.9) 856 (41.7) 908 (46.3) 1,144 (57.3)

Moderate 396 (18.9) 519 (25.3) 517 (26.4) 562 (28.2)

Vigorous 1,034 (49.4) 670 (32.7) 515 (26.3) 237 (11.9)

Missing value 38 (1.8) 6 (0.3) 19 (1.0) 52 (2.6)

PIR (n [%]) <0.001

<1 636 (30.4) 471 (23.0) 343 (17.5) 264 (13.2)

≥1 1,358 (64.8) 1,444 (70.4) 1,489 (76.0) 1,550 (77.7)

Missing value 101 (4.8) 136 (6.6) 127 (6.5) 181 (9.1)

Serum cotinine (n [%]) <0.001

<LOD 359 (17.2) 326 (15.9) 343 (17.5) 516 (25.9)

LOD-10 1,431 (68.3) 1,059 (51.6) 1,001 (51.1) 1,143 (57.3)

>10 302 (14.4) 666 (32.5) 614 (31.3) 333 (16.7)

Missing value 3 (0.1) 0 (0) 1 (0.1) 3 (0.1)

Alcohol drinking (n [%]) <0.001

No 37 (1.8) 449 (21.9) 453 (23.1) 675 (33.8)

Yes 61 (2.9) 1,450 (70.7) 1,389 (70.9) 1,233 (61.8)

Missing value 1,997 (95.3) 152 (7.4) 117 (6.0) 87 (4.4)

Creatinine, urine (mg/dL) 164.6± 89.1 142.5± 84.6 128.0± 79.4 107.6± 68.4 <0.001

(Continued)
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TABLE 1 (Continued)

Variables Age (quartile)

Q1 Q2 Q3 Q4 P

Diabetes (n [%]) <0.001

No 2,081 (99.3) 2,007 (97.9) 1,763 (90.0) 1,546 (77.5)

Yes 14 (0.7) 44 (2.1) 196 (10.0) 449 (22.5)

Hypertension (n [%]) <0.001

No 1,998 (95.4) 1,577 (76.9) 1,191 (60.8) 566 (28.4)

Yes 54 (2.6) 286 (13.9) 765 (39.1) 1,429 (71.6)

Missing value 43 (2.0) 188 (9.2) 3 (0.1) 0 (0)

1-Naphthol (ng/L, median [IQR]) 1,696 (791, 4,373) 2,145 (905, 8,061) 2,663 (936, 9,998) 2,204 (929, 6,555) <0.001

2-Naphthol (ng/L, median [IQR]) 3,922 (2,062, 7,665) 4,884 (2,100, 11,433) 4,473 (1,938, 10,486) 2,629 (1,219, 5,962) <0.001

3-Fluorene (ng/L, median [IQR]) 108 (57, 217) 118 (50, 429) 107 (48, 424) 58 (32, 144) <0.001

2-Fluorene (ng/L, median [IQR]) 276 (152, 516) 331 (150, 874) 309 (145, 880) 182 (98, 414) <0.001

1-Phenanthrene (ng/L, median [IQR]) 144 (80, 262) 163 (89, 277) 163 (86, 293) 118 (64, 226) <0.001

1-Pyrene (ng/L, median [IQR]) 130 (71, 257) 133 (66, 278) 111 (55, 244) 60 (30, 127) <0.001

Data were presented as mean ± SD, numbers and (proportions). Continuous variables were compared by one-way ANOVA Tests and categorical variables were compared by Chi-square tests.

NHANES, National Health and Nutrition Examination Survey; SD, standard deviation; BMI, body mass index; PIR, Poverty income ratio; LOD, limit of detection; IQR, interquartile range.

TABLE 2 Association of urinary polycyclic aromatic hydrocarbons and aging indexes.

PAH KDM-BA acceleration PhenoAge acceleration

β (95% CI) P β (95% CI) P

1-Naphthol 0.007 (−0.884, 0.102) 0.892 0.173 (0.085, 0.261) 1.1 × 10
−04

2-Naphthol 0.097 (−0.041, 0.236) 0.168 0.310 (0.182, 0.438) 2.2 × 10
−06

3-Fluorene −0.102 (−0.245, 0.041) 0.163 0.159 (0.026, 0.292) 0.019

2-Fluorene 0.166 (0.010, 0.322) 0.038 0.454 (0.309, 0.598) 8.3 × 10
−10

1-Phenanthrene −0.132 (−0.295, 0.031) 0.112 0.128 (−0.023, 0.279) 0.097

1-Pyrene −0.191 (−0.331,−0.050) 0.008 0.077 (−0.054, 0.207) 0.250

The urinary concentrations of 6 polycyclic aromatic hydrocarbons (ng/L) were log-transformed in the regression models. The log-transformed level of each PAH was separately included in

the single-exposure models, with adjusted for age (continuous, year), sex (male, female), race (Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black, Other Race),

education level (high school or less, some college, college graduate or above, missing), activity (no or low, moderate, vigorous, missing), body mass index (<25 kg/m2 , 25 to 29.9 kg/m2 , ≥30

kg/m2 , missing), poverty income ratio (<1, ≥1, missing), serum cotinine (<LOD, LOD-10, >10, missing), alcohol consumption (no, yes, missing), creatinine (continuous, mg/dL), NHANES

cycle (2003–2004, 2005–2006, 2007–2008, and 2009–2010), diabetes (yes, no) and hypertension (yes, no, missing). Bolded values indicate statistically significant associations at Holm-Bonferroni

correction <0.008 (0.05/6). PAH, polycyclic aromatic hydrocarbon; KDM-BA, Klemera Double method Biological Age; CI, confidence interval; LOD, limit of detection.

exposure (22). Previous publications have also demonstrated that

mixed exposure to PAHs may increase the incidence of adverse

health outcomes, such as metabolic syndrome (23), liver function

(24, 25), hypertension, and lung function (26). Our study further

expands the hazards of mixed exposure to PAHs and suggests a

correlation between PAHs and aging.

Although we found an association between PAHs and aging

in this study, as our study design was cross-sectional, we

cannot directly demonstrate the role of PAHs in aging. However,

previous research has provided biological evidence for PAH-

induced aging. Aging is characterized by telomere dysfunction,

oncogene activation, and sustained DNA damage (27). First, PAHs

were found to cause telomere dysfunction during aging and

apoptosis in male germ cells (28). Additionally, PAHs have been

regarded as carcinogens (29), with the ability to activate oncogenes.

Moreover, PAH–DNA adduct formation has been reported in

previous studies (30, 31), providing evidence that PAHs cause DNA

damage. These previous reports have demonstrated that PAHs can

induce molecular mechanisms that drive the aging process. This

body of evidence from previous reports suggests that PAHs may

cause aging in terms of molecular biology.

Our research findings may have public health implications.

At present, our understanding of aging is insufficient. To reduce

the occurrence of aging at the population level, the premise is to

clarify the causes and risk factors of aging. Previous studies have

pointed out that genetics and lifestyle are the main risk factors

for aging (32, 33). In this study, we found that high exposure to

PAHs is also a risk factor for increased aging. Further research is

needed to confirm that PAHs are a risk factor for aging in the

future. Our findings suggest that one of the possible clues to slow

down aging is to implement possible measures to reduce PAH

exposure. At present, the main pathways of human exposure to
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FIGURE 2

Association between urinary polycyclic aromatic hydrocarbons and KDM-BA acceleration based on the RCS analysis. (A) 1-Naphthol; (B) 2-Naphthol;

(C) 3-Fluorene; (D) 2-Fluorene; (E) 1-Phenanthrene; (F) 1-Pyrene. The relationships were examined using multivariate ordinary least squares (OLS)

regression models based on restricted cubic spline (RCS) analysis. The solid lines represent the estimates of e�ects and the dashed line represents

the 95% CIs. The model was adjusted for age, sex, race, education level, activity, BMI, PIR, serum cotinine, alcohol consumption, creatinine, NHANES

cycle, diabetes, and hypertension. RCS, restricted cubic splines; CI, confidence interval; KDM-BA, Klemera–Doubal Method—Biological Age.

PAHs are anthropogenic pollution sources, including industrial,

mobile, domestic, and agricultural pollution sources (34, 35).

Therefore, staying away from PAH exposure sources can reduce

risks; in addition, PAH concentrations in environmental media

need to be reduced through physical, chemical, and biological PAH

remediation (36). In addition, personal protectionmeasures against

PAHs can also be increased, which can effectively reduce PAH

exposure levels and ultimately delay the aging caused by PAHs at

the population level. In addition, we can provide a reference for

the mechanism study of PAH exposure and disease. For example,

Duan et al. found that exposure to PAHs may increase the risk

of cardiovascular disease, mortality, all-cause mortality, and the

mediation role of phenotypic aging (37).

Our research has the following advantages: First, the biological

age, an indicator of aging, is based on 12 clinical indicators and

calculations. This indicator is relatively easy to detect compared

with previous markers, such as telomerase activity, telomere

length, DNA methylation, and mitochondrial DNA content, which

is convenient for large-scale popularization in the population.

Second, our study revealed for the first time the associations

between mixed PAH exposure and aging, which supplements the

impact of mixed PAH exposure on aging. Third, based on themixed

exposure model, we observed that 2-naphthol has the greatest

impact on the association between PAH components and aging.

This result suggests that 2-naphthol is a sensitive chemical in the

impact of PAHs on aging.

At the same time, the present study has the following

limitations. First, this study is a cross-sectional study, and due

to the nature of the study design, it is not possible to explain

causal relationships. For such limitations, we provided biological

results for the causal evidence of PAHs and aging in the Discussion

section. Second, the covariate adjustment carried out in this study

is still insufficient, as the impact of genetics on aging cannot

be ignored. However, due to the lack of genetic information in

NHANES, this covariate cannot be included in this study, and

future research needs to consider this factor. In addition, the
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FIGURE 3

Association between urinary polycyclic aromatic hydrocarbons and PhenoAge acceleration based on the RCS analysis. (A) 1-Naphthol; (B)

2-Naphthol; (C) 3-Fluorene; (D) 2-Fluorene; (E) 1-Phenanthrene; (F) 1-Pyrene. The relationships were examined using multivariate ordinary least

squares (OLS) regression models based on restricted cubic spline (RCS) analysis. The solid lines represent the estimates of e�ects and the dashed line

represents 95% CIs. The model was adjusted for age, sex, race, education level, activity, BMI, PIR, serum cotinine, alcohol consumption, creatinine,

NHANES cycle, diabetes, and hypertension. RCS, restricted cubic splines; CI, confidence interval.

FIGURE 4

Weighted quantile sum (WQS) model regression index weights for KDM-BA and PhenoAge in adults. (A) KDM-BA; (B) PhenoAge. Models were

adjusted for age, sex, race, education level, activity, BMI, PIR, serum cotinine, alcohol consumption, creatinine, NHANES cycle, diabetes, and

hypertension.
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underlying mechanisms of PAH exposure and aging should be

further investigated in in vivo/vitro experiments.

5 Conclusion

Exposure tomixed PAH is associated with increased aging, with

2-naphthol being the largest contributor among PAH components.

This study identified risk factors among PAH components

for aging.
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Occupational health disorders 
among physical education 
teachers compared to classroom 
and subject specialist teachers
Neja Markelj *, Marjeta Kovač , Bojan Leskošek  and Gregor Jurak 

Faculty of Sport, University of Ljubljana, Ljubljana, Slovenia

During the course of their work, teachers may be subjected to conditions 
that cause different health problems. This study examines occupational 
health disorders in a representative sample of 858 teachers (528 female; age 
44.0  ±  9.67  years) divided into three groups of teachers with specific occupational 
requirements: specialist physical education teachers (specialist PETs), classroom 
teachers, and specialist teachers. The number of health disorders in the last 
12  months was recorded using the Chronic Health Disorders Questionnaire. 
The differences between the different types of teachers, controlled for sex 
and age, were analyzed using binary logistic regression. The results showed 
that 89% of teachers experienced colds as the most frequently reported 
health problem, followed by 58% for lower back problems, 57% for headaches, 
51% for hoarseness, and 43% for neck problems. A binary logistic regression 
showed that specialist PETs were the group with the highest health risk. They 
were about twice as likely to have musculoskeletal or hearing disorders than 
the other two groups of teachers. They were also significantly more likely to 
suffer from hoarseness. Understanding these different health challenges is 
critical to developing targeted interventions and robust support systems. These 
interventions should include initiatives aimed at raising awareness of health risk 
factors, implementing injury interventions and vocal cord hygiene programs, 
making ergonomic adjustments, and promoting awareness of self-care (both 
mental and physical). Given that the teaching profession is currently struggling 
with an aging workforce and a shortage of teachers, addressing these challenges 
is critical to the continued well-being of the teaching professionals.

KEYWORDS

occupational health problems, health disorders, teachers, physical education teachers, 
musculoskeletal disorders, hoarseness, hearing disorders

1 Introduction

The teaching profession is associated with occupational stress resulting from the specific 
physiological, psychological, and physical demands of the profession (1–4). Teachers cite 
psychosomatic disorders and the symptoms of burnout syndrome as the main reason for the 
higher turnover rate and early retirement of teachers compared to other areas of the public service 
(3, 5). However, the occupational health risk of teachers often leads to voice disorders (6–11) and 
musculoskeletal disorders (lower and/or upper back pain; neck/shoulder pain; upper and lower 
arm pain; wrist, elbow, hip, knee, and ankle/feet pain; upper and lower leg pain) (11–13). Other 
disorders or diseases that teachers often struggle with are varicose veins, high blood pressure, 
autoimmune diseases, cardiovascular diseases, and sinusitis (12).
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Gender, age, duration of employment, education level, weekly 
working hours, unfavorable posture, personality traits, and quality of 
life have been identified as associated risk factors for musculoskeletal 
disorders in several studies (11, 13, 14). A higher prevalence of 
musculoskeletal disorders was found in women, older teachers, 
teachers with longer teaching experience, teachers exposed to 
ergonomic risk factors (prolonged standing or sitting, working at a 
computer, and working with heavy loads), and teachers with an 
unhealthy personal lifestyle (smoking, drinking, too little exercise).

Physical education teachers (PETs) are exposed to similar 
psychological stressors as teachers of other subjects (subject specialist 
teachers) (15). However, compared to other teachers, they are also 
exposed to unique somatic demands of their work (16, 17). PETs 
engage in strenuous physical activity while teaching (e.g., participating 
in demonstrations, drills, and assisting students with exercises) while 
surrounded by high levels of noise (e.g., poor acoustics, shouting, and 
bouncing balls). Research shows that the increased physical strain puts 
significant stress on PETs’ lower limbs (18) and back (19), 
cardiovascular system (20), and respiratory system (19, 21). If PETs 
do not adapt their way of working to the age- and injury-related 
challenges, they may not be able to work until the official retirement 
age (17). In addition, the high noise exposure in the sports halls is a 
specific source of stress for this subgroup (15), which can have a 
significant impact on the prevalence of voice (e.g., hoarseness, 
increased effort to speak, chronic dryness or pain in the throat) and 
hearing problems (aphonia and dysphonia) compared to other 
teaching colleagues (16, 22, 23). The prevalence of voice and hearing 
problems is higher in female PETs (23, 24).

Given the increase in retirement age due to the aging of European 
society (25, 26) and the shortage of teachers (27–29), we conducted a 
cross-sectional study to gain more insight into the epidemiology of 
occupational health problems of different groups of teachers. 
Although previous studies have looked at the health problems of 
teachers in general, more detailed research that distinguishes PETs 
and other teachers remains relatively limited. This article attempted to 
address this gap by highlighting the challenges faced by PETs. 
Understanding these differences is crucial for developing targeted 
preventive measures and support systems to improve teacher well-
being. Therefore, the aim of our study was to determine the current 
prevalence of musculoskeletal injuries, other health issues, and voice 
and hearing disorders in three groups of teachers: specialists PETs, 
classroom teachers teaching PE in lower grades in Slovenia, and 
subject specialist teachers. We hypothesized that the clinical incidence 
of musculoskeletal injuries and voice and hearing disorders would 
be  higher in specialist PETs compared to classroom and subject 
specialist teachers. Further research objectives were to investigate the 
association between specific risk factors (age, sex) and the incidence 
of health problems studied using an odds ratio analysis.

2 Materials and methods

2.1 Subjects

The study was conducted on a nationally representative Slovenian 
sample of 858 teachers (528 female; age 44.0 ± 9.67 years). To control 
for between-school variance in occupational health conditions (e.g., 
gym acoustics, classroom heating), 170 primary (students aged 

6–14 years) and upper secondary schools (students aged 15–18 years) 
were randomly selected from the Slovenian school register (30, 31). 
A total of 28% of the schools were included in the sample. All PETs 
from the selected schools were invited to participate. The response 
rate was around 60%. In the second step, a matched-pair sampling 
method was used. For those who chose to participate, pairs of 
teachers from the same school were identified and invited to the 
study. Where possible, a classroom teacher and a subject specialist 
teacher from the primary school surveyed were selected for the 
specialist PET, both of whom were of a similar age and sex to the 
specialist PET. In a few cases (e.g., when it was not possible to find a 
subject with the same sex), only age was a criterion for selection. In 
the upper secondary schools, a subject teacher was selected who was 
similar to the specialist PET. Music teachers were excluded from the 
sample as they are generally more familiar with speech therapy. Thus, 
the sample comprised 340 specialist PETs (141 female; age 
45.0 ± 9.04), 201 classroom teachers (184 female; 41.7 ± 7.75), and 317 
subject specialist teachers teaching subjects other than PE (203 
female; 42.7 ± 8.71).

2.2 Variables

We used a modified version of a previously conducted survey (18, 
23). This survey consisted of the following parts: (1) demographic data 
(sex, age); (2) anthropometric data (height, weight, and waist 
circumference), (3) characteristics of the teachers’ workplace (length 
of work experience, weekly workload), (4) International Physical 
Activity Questionnaire – Short Form (32), and (5) Chronic Health 
Disorders Questionnaire (23).

For this article’s purposes, only the results on chronic health 
disorders are presented. They were examined using the Chronic Health 
Disorders Questionnaire. They were defined as overuse injuries and/or 
pain in specific joints (e.g., cervical spine pain, lower back pain) and 
disorders and problems related to the teacher’s profession (e.g., voice 
disorders, hearing disorders, colds, etc.) that recurred frequently and 
lasted longer than 1 year. Dependent variables were the number of 
each health disorder in the last 12 months.

2.3 Procedure

Once the principals had given their consent, specially trained 
university physical education (PE) students visited the schools, 
conducted interviews with the teachers, and recorded their responses 
on a web-based form. The teachers were informed of the aims of the 
study and that their participation was voluntary and anonymous. The 
Ethics Committee of the Faculty of Sport in Ljubljana approved 
the study.

2.4 Data analysis

The data was analyzed using IBM SPSS 27 software (33).
The sample statistics of the variable distributions were calculated 

and plotted. For this purpose, the number of health problems in the 
last 12 months was merged into three categories: never (health 
disorder never occurred in the last 12 months), rarely (health disorder 
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occurred 1–10 times in the last 12 months), and often (health disorder 
occurred more than 10 times in the last 12 months).

The differences between the different teacher types, controlled for 
sex and age, were analyzed using binary logistic regression; for this 
analysis, the categories rarely and often were combined.

3 Results

The study participant characteristics are listed in Table 1. The 
average female teacher was 43 years old and had over 18 years of 
teaching experience, while the average male teacher was 44 years old 
and had over 17 years of teaching experience. Both women and men 
work approximately 20 h per week and three additional hours for 
other educational activities. The female and male specialist PETs were 
on average 1–4 years older than the teachers in the other two 
subgroups and therefore had up to 5 years more teaching experience, 
while the workload was similar.

The results (Figures  1, 2) showed that colds were the most 
frequently reported health problem: 89% of respondents were affected 
by them and 56% stated that they occur frequently. Other common 
problems were lower back problems (58% affected; 28% frequently 

affected) headaches (57%; 43%), hoarseness (51%; 1%), and neck 
problems (43%; 19%). Less common health issues, each affecting less 
than a quarter of respondents, included problems with the feet, knees, 
urinary tract, hearing, hips, and elbows.

The frequency analysis indicated differences in musculoskeletal 
and hearing problems between specialist PETs and the other two 
groups of teachers. Binary logistic regression with controlled 
predictors for age and sex (Table 2) revealed that the adjusted odds 
ratios (AOR) for health problems among specialist PETs differed 
significantly from those of classroom and subject specialist teachers 
in several categories. The probability of having a headache was higher 
for classroom teacher (AOR = 1.4) when compared to specialist PETs. 
The probability of catching a cold was higher for subject specialist 
teachers when compared to specialist PETs (AOR = 1.51).

As expected, the likelihood of health problems increased with age, 
except hoarseness and headaches. Sex differences were notable: 
women were significantly more likely than men to have a health 
problem, particularly urinary tract problems (AOR = 2.39), colds 
(AOR = 1.4), headaches (AOR = 1.45), neck problems (AOR = 1.47), 
and hip problems (AOR = 1.43). Conversely, women were significantly 
less likely to have lower back (AOR = 0.79), knee (AOR = 0.65), and 
foot problems (AOR = 0.88).

TABLE 1 Descriptive statistics of teachers’ characteristics.

Characteristic Teachers
Male Female Total

N XA SD N XA SD N XA SD

Age (years) PE 199 44.8 9.7 141 45.4 8.1 340 45.0 9.0

Classroom 17 40.6 7.9 184 41.8 7.8 201 41.7 7.8

Specialist 114 43.1 9.8 203 42.4 8.0 317 42.7 8.7

Total 330 44.0 9.7 528 43.0 8.1 858 43.4 8.7

Body mass index (kg/m2) PE 199 25.4 2.6 140 22.9 3.1 339 24.3 3.1

Classroom 17 25.7 3.6 182 23.3 3.3 199 23.5 3.4

Specialist 114 25.8 3.4 200 23.2 4.1 314 24.1 4.1

Total 330 25.5 2.9 522 23.1 3.6 852 24.1 3.5

Waist circumference (cm) PE 189 88.4 9.2 134 77.3 9.7 323 83.8 10.9

Classroom 16 89.3 11.5 171 78.9 9.5 187 79.8 10.1

Specialist 112 91.8 13.2 194 78.2 10.4 306 83.2 13.2

Total 317 89.6 11.0 499 78.2 9.9 816 82.6 11.7

Years of teaching (years) PE 199 18.6 10.4 141 20.8 9.0 340 19.5 9.9

Classroom 17 13.4 6.8 184 18.3 8.9 201 17.9 8.9

Specialist 114 16.6 10.2 203 17.4 8.8 317 17.1 9.4

Total 330 17.6 10.2 528 18.6 9.0 858 18.2 9.5

Teaching hours per week 

(hours)

PE 199 20.2 3.9 141 20.7 3.2 340 20.4 3.6

Classroom 17 21.8 6.5 184 21.1 4.0 201 21.2 4.3

Specialist 113 20.1 5.8 203 19.6 5.4 316 19.8 5.5

Total 329 20.2 4.8 528 20.4 4.5 857 20.4 4.6

Other organized 

educational activities 

(hours/week)

PE 196 3.5 4.4 141 3.3 4.5 337 3.4 4.4

Classroom 17 3.3 4.8 181 2.9 3.7 198 2.9 3.8

Specialist 113 3.3 5.0 199 3.2 4.9 312 3.2 4.9

Total 326 3.4 4.6 521 3.1 4.4 847 3.2 4.5

N, Number of teachers; XA, Average; SD, Standard deviation.
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4 Discussion

This is one of the few studies that examined the occupational health 
problems of three groups of teachers depending on their specific 
working environment: specialist PETs, classroom teachers and subject 
specialist teachers. The main findings of this study were: (a) the most 
frequently reported health problems of teachers were colds, lower back 
problems, headaches, hoarseness, and neck problems; (b) among 
teachers, specialist PETs were the group with the highest health risk; (c) 
there were differences in teachers’ work-related health problems 
according to sex; and (d) health problems increased with the age 
of teachers.

4.1 Teachers’ general health

The results of this study are consistent with the existing 
literature on the prevalent health problems among teachers and 
point to occupational health risks [e.g., (8, 11, 16, 18, 23, 34–36)]. 
The increased incidence of colds and headaches among all 
teachers may be attributed to their increased susceptibility to viral 
infections due to regular contact with numerous children (37). In 
addition, somatic problems often associated with the stress of the 
teaching profession may contribute to these health problems as 
well (5).

The recurrence of lower back problems, hoarseness, and neck pain 
underpins a well-established trend in the teaching profession that has 
been observed in various studies [e.g., (7, 8, 11, 12)]. Prolonged 
standing and awkward posture may contribute to lower back pain 
(38), while neck pain may be associated with occupational stress (39). 
The prevalence of hoarseness is related to occupational demands for 
extensive verbal communication, which often takes place in noisy 
learning environments (6, 9, 40, 41). In particular, studies indicate a 
higher incidence of voice disorders in teachers compared to the 
general population, ranging from 32 to 58%, as opposed to 1% (6, 34, 
42). These disorders are likely to be multifaceted and influenced by 
environmental, organizational, and predisposing factors that may 
exacerbate or trigger voice-related problems (43).

A comparative analysis of the health problems of different groups of 
teachers shows that the challenges for specialist PETs go beyond those of 
classroom and subject specialist teachers. They are about twice as likely 
to have musculoskeletal or hearing problems than the other two groups 
of teachers, and the risk of suffering from hoarseness is also significantly 
higher. These results are consistent with earlier findings (18, 19, 44).

4.2 Musculoskeletal disorders in teachers

The reported prevalence of musculoskeletal disorders in PETs 
varies widely in the literature, particularly for back pain, ranging 

FIGURE 1

Basic statistics on frequent occupational health problems among teachers in the last 12  months.
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from 4.7 to 76.7% (35). In our study, one-third of specialist PETs 
reported having had no problems with back pain in the last 
12 months, while another third suffered from frequent back pain. 
The prevalence of neck pain reported in the literature is around 10% 

(35), while a higher prevalence (20.9% often and 26.5% rarely) was 
found among specialist PETs in our study. In addition, Slovenian 
specialist PETs reported knee (25.6% rarely and 11.2% often) and 
hip (5.9% rarely and 4.4% often) problems more frequently than 

FIGURE 2

Basic statistics on musculoskeletal problems among teachers in the last 12  months. Values for Hip problems in specialist teachers: 2.2% rarely and 1.9% 
often. Values for Elbow problems in specialist teachers: 1.6% rarely and 0.3% often.

TABLE 2 Binary logistic regression adjusted odds (AOR) of the predictors for teachers’ health problems in the last 12  months.

Predictor

Health problem in 
last 12  months

Teacher type  =  classroom 
teacher

Teacher type  =  specialist 
teacher

Age (years) Sex  =  female

Hoarseness 0.86* 1.01 1.00 1.34*

Cold 1.03 1.51* 1.01* 1.40*

Hearing 0.51* 0.42*** 1.06*** 0.96

Headache 1.40* 1.01 1.00 1.45*

Urinary tract 1.17 0.95 1.03** 2.39***

Neck 0.72* 0.66* 1.02** 1.47*

Lower back 0.66* 0.58** 1.06*** 0.79*

Hip 0.55* 0.43* 1.10*** 1.43*

Knee 0.47** 0.36*** 1.05*** 0.65*

Foot 0.38*** 0.28*** 1.03** 0.88*

Elbow 0.20** 0.14*** 1.05** 0.96

Significance levels: *5%, **1%, ***0.1%. Reference categories are PETs and males.
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their Estonian male counterparts (14% knee pain and 3.9% hip 
pain) (45).

The higher incidence of musculoskeletal health problems in 
specialist PETs compared to other teachers may be interpreted as a 
cumulative effect of workload on their musculoskeletal system (46), 
with activities such as demonstrations, overuse, collisions and 
carrying objects identified as major causes of injuries in PE (16). A 
systematic review by Erick and Smith (14) found a positive 
association between working more than 35 h per week, supervising 
students in a stooped posture and lifting sports equipment with low 
back pain. Intense physical activity during leisure time was also 
positively correlated with neck and knee pain.

Although Slovenian specialist PETs seem to have better working 
conditions than their international counterparts (e.g., most gyms 
have wooden floors and working hours are well below 35 h per 
week), the reasons for the higher prevalence of musculoskeletal 
disorders among them should be further investigated.

4.3 Hearing and voice disorders in teachers

A significant group of common occupational health problems 
faced by PETs concerns hearing (16, 23, 47) and voice disorders (8, 
23, 24, 36). In a meta-analysis by Cantor Cutiva et  al. (8), the 
prevalence of voice problems in teachers ranged from 9 to 37%, with 
a prevalence of 15–80% within 12 months. Allen and Hu (6) attribute 
the variability in prevalence to the different terms and definitions of 
voice disorders in the literature, ranging from general terms such as 
“voice complaints” to more specific definitions. In our study, about 
half of the teachers reported having suffered from voice disorders in 
the last 12 months. The probability of having voice disorders was 
higher for specialist PETs compared to classroom teachers and there 
was no difference when compared to subject specialist teachers. The 
literature suggests that working in noisy environment, as is 
characteristic of PE, and teaching younger students is associated with 
a higher incidence of voice disorders in teachers (8), which is not 
consistent with our findings. We would expect the likelihood of voice 
disorders to be higher among classroom teachers and specialist PETs 
than among subject specialist teachers. This discrepancy may suggest 
that classroom teachers compared to other teachers are more aware 
of the importance of voice care and may incorporate voice production 
techniques and voice care principles, such as appropriate hydration, 
into the classroom. Similar may also apply to PETs compared to other 
subject specialist teachers.

In addition, the prevalence of hearing disorders in specialist PETs 
is at least twice as high as in other teacher groups in Slovenia. About 
a quarter of Slovenian specialist PETs reported having hearing 
problems (often or rarely), in contrast to 65% of Brazilian teachers 
(25% with some degree of measured hearing loss) (48) and 46% of 
Swedish teachers (49).

Several factors contribute to these disorders in teachers. These 
include environmental, organizational, and predisposing elements 
that may exacerbate or trigger voice disorders (43). Key risk factors 
for voice disorders include high noise levels, poor acoustics, gender, 
upper respiratory problems, caffeine consumption, speaking loudly, 
teaching hours per week, and experience of dismissal due to voice 
problems (7, 50). In addition, PETs often work in an environment 
with dust and multiple classes practicing at the same time (16), which 

has a negative impact on teachers’ voices. Another important factor 
contributing to the development of voice disorders is also a lack of 
knowledge about voice production techniques and principles of voice 
care (6).

A higher risk of developing hearing disorders in PETs is also 
associated with several factors (23, 47, 51), including working in 
spaces with high reverberation, exposure to loud activities, dust and 
concurrent teaching, all of which are common in PE (16, 52). Noise 
exposure, particularly in indoor swimming pools and triple gyms, 
often exceeds acceptable levels for acoustic comfort, reaching around 
80 dB(A) (53). Acceptable levels for acoustic comfort are up to 
55 dB(A) (54). Sudden loud noises, such as children shouting, and 
consistent noise levels in classrooms can lead to lesions in the inner 
hair cells over time (55).

Given these conditions, the hearing health of specialist PETs is of 
particular concern. This reflects previous research findings that 
emphasize the increased risk of hearing damage in this subgroup (23, 
47, 51). In addition, the fact that PETs are exposed to noise for 
prolonged periods of time without adequate protection, often in an 
attempt to discipline students or counteract environmental noise 
(e.g., bouncing balls or music), puts stress also on their vocal organs 
and contributes to vocal problems such as hoarseness, increased 
effort when speaking, chronic dryness, or pain in the throat (8, 16, 
23, 24, 47). The prevalence of voice and hearing problems tends to 
be higher in female PETs (23, 24).

4.4 Differences in occupational health 
problems among teachers according to sex 
and age

Our study also shows some sex differences in occupational 
health problems among teachers. Female teachers have a higher risk 
of urinary tract problems, hoarseness, colds, headaches, and neck 
and hip problems than their male counterparts, which has already 
been confirmed in previous studies [e.g., (6, 35)]. A higher risk of 
voice disorders in female teachers has also been found in other 
studies [e.g., (40, 42, 44)]. This can be partly explained by gender-
specific differences in the larynx (56). In addition, social and 
cultural factors (e.g., greater vocal demands in class to maintain 
class order) may contribute to speech problems in females (41). 
More frequent colds, headaches, and hip and neck problems in 
females than males are consistent with trends in the general 
population (57–60). In contrast, the male teachers in our study were 
more prone to musculoskeletal problems, with the exception of hip 
problems. This could be  explained by their recreational sports 
activities, where males choose activities with a higher risk of 
musculoskeletal problems compared to females (e.g., ball and racket 
games) (61) or they practice moderate and vigorous intensity sports 
more often than females (62).

In line with the literature [e.g., (3, 11, 18)], the results of this study 
also emphasize the positive association between teacher’ occupational 
health problems and age, with the exception of hoarseness and 
headaches. We can assume that, as in the general population, teachers’ 
health problems are influenced by aging processes (63, 64) as well as 
by the cumulative effect of workload in a given work environment (i.e., 
vocal demands, many encounters with people, rigorous schedule, 
standing for long hours) (6, 65, 66).
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4.5 Possible prevention measures

Understanding the specific health challenges faced by different 
groups of teachers is therefore crucial for developing tailored 
interventions and support systems to prevent their work-related 
health problems (22). Interventions may include raising teachers’ 
awareness of health risk factors, teaching appropriate tasks to reduce 
specific health risks (e.g., voice care or injury prevention), introducing 
school-based exercise for them to increase their general health and 
well-being, ensuring outdoor teaching conditions, ergonomic 
adaptations in the classroom (e.g., lifting tables that allow sitting or 
standing) and, specifically for PETs, teaching strategies for managing 
physical exertion that meet the particular demands of PE.

Injury prevention measures have already proven successful in 
reducing injuries among PETs. Vercruysse et al. (67) familiarized an 
intervention group of PETs with eight injury prevention strategies 
(seven intrinsic strategies: correct execution, warm-up, cool-down, 
stretching, core stability, balance, and functional strength and one 
extrinsic: appropriate footwear) in a 2-day training session. The results 
showed that teachers in the intervention group had a lower number 
of injuries per 1,000 h of instruction than the control group and used 
a broader range of injury prevention strategies. Similar results can also 
be seen in vocal hygiene awareness programs for teachers. Allen and 
Hu (6) reported that teachers who had participated in such a program 
(tips on vocal use and misuse, the importance of drinking water, 
taking vocal breaks, and avoiding caffeine) showed a statistically 
significant increase in their awareness of vocal care 3 months later.

As the teaching profession struggles with an aging workforce (25, 
26) and a teacher shortage (27–29), addressing these challenges is 
critical to maintaining a healthy teaching environment that is attractive 
for future teachers and for teachers to stay in the teaching profession.

4.6 Study strengths, limitations, and future 
directions

The strength of the study lies in the matched-pair sampling 
method, which controls for hidden variables and eliminates the order 
effect. The sample is therefore representative nationwide.

Although this study provides valuable insights, certain limitations 
must be  acknowledged. The cross-sectional design limits causal 
inferences, and future longitudinal studies could examine the 
trajectory of health problems among teachers. In addition, 
consideration of general lifestyle factors and psychological well-being 
could improve the comprehensive understanding of occupational 
health in the teaching profession.

4.7 Conclusion

Our study contributes to a more nuanced understanding of teachers’ 
occupational health problems and provides insights into the challenges 
specialist PETs face compared to their teaching colleagues, such as 
constant physical exertion in a noisy environment. These challenges, if 
not addressed, could lead to long-term health consequences. This 
reflects previous studies that have pointed to the significant physical 
strain of PETs, particularly on the musculoskeletal system and hearing. 
These findings serve as a basis for training future teachers and for 

targeted interventions to improve teachers’ overall wellbeing, ultimately 
promoting a healthier and more sustainable teaching workforce.
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Work-related injuries of 
rehabilitation therapists and 
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Fengyue Zhang 1, Xiaoqin Duan 1* and Bin Zheng 5*
1 Department of Rehabilitation Medicine, Jilin University Second Hospital, Changchun, China, 
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Background: Rehabilitation therapists often perform physically demanding 
treatments that may result in work-related injuries, yet related studies are 
scarce. This study aimed to investigate the work-related injuries of rehabilitation 
therapists and provide feasible preventive measures.

Methods: A cross-sectional study was carried out in 34 regions across China 
using an online questionnaire. The survey gathered responses primarily from 
1,198 rehabilitative therapists working in 120 health institutes. Following data 
collection, descriptive analysis, chi-square tests, logistic regression, and receiver 
operating characteristic (ROC) curves were employed to analyze the data.

Results: In this study, the incidence of work-related injuries was reported to 
be  87% (n  =  1,041). The top three musculoskeletal issues reported were low 
back pain (12%), neck pain (10%), and shoulder pain (9%). Logistic regression 
and ROC curve analysis identified that working as a physiotherapist and years of 
work experience (OR [95% CI]: 1.03 [0.99–1.07]) were significant contributors to 
the incidence of work-related injuries. Specifically, neuro-physiotherapists (OR 
[95% CI]: 3.04 [1.56–5.92]), musculoskeletal physiotherapists (OR [95% CI]: 2.46 
[1.16–5.18]), and intensive care physiotherapists (OR [95% CI]: 4.70 [1.24–17.88]) 
were at higher risk. Furthermore, five factors were proven to be  associated 
with injury prevention as reported by therapists: patient engagement (OR [95% 
CI]: 0.38 [0.23–0.62]), improving techniques (OR [95% CI]: 0.59 [0.39–0.90]), 
maintaining exercise habits (OR [95% CI]: 0.59 [0.40–0.86]), utilizing instruments 
(OR [95% CI]: 0.80 [0.53–1.19]), and strengthening education (OR [95% CI]: 0.43 
[0.21–0.90]).

Conclusion: The present study investigated the factors contributing to work-
related injuries among rehabilitation therapists, with a focus on identifying 
both risk and preventive measures. These findings offer new perspectives on 
decreasing injury risk.

KEYWORDS

work-related injuries, rehabilitation therapists, prevention, questionnaire survey, 
rehabilitation medicine
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1 Introduction

Rehabilitation therapists provide specialized treatments focused on 
enhancing the movement and functionality of individuals with various 
conditions such as hemiplegia, paraplegia, quadriplegia, and other 
related disorders. These interventions typically involve a combination of 
manipulative techniques and therapeutic exercises aiming at improving 
the overall quality of life for patients. However, it is important to note 
that physical therapists, the most common type of rehabilitation 
therapists, are at a higher risk of experiencing work-related injuries (1, 
2). The increasing incidence of work-related injuries among physical 
therapists has resulted in a significant attrition rate within the profession, 
with many practitioners exiting the field within a few years of practice (3).

Musculoskeletal disorders and injuries are considered to be the most 
common health problems in the contemporary labor force (4). Studies 
have shown that physical therapists experience various work-related 
injuries. Milhem et al. conducted a study that revealed the occurrence of 
musculoskeletal injuries, with lower back issues being the most common 
at 45%, followed by wrist or hand (29.6%), upper back (28.7%), and neck 
(24.7%) disorders (5). Another study highlighted that hand therapists 
often experience work-related injuries or pain concentrated around the 
metacarpophalangeal or carpometacarpal thumb joints (6). Additionally, 
physical therapists specializing in acute care, geriatrics, and pediatrics 
commonly experience lower back problems, whereas those specializing 
in orthopedics and neurology are more prone to neck issues (7).

However, most previous studies were conducted within a single 
institution, focusing on incidents instead of assessment of related 
factors. Warren et al. identified three primary paradigms as the most 
influential work risk models for assessing work-related risks, as 
reported by individuals themselves. These paradigms included 
“performing the same task repeatedly,” “working in the same position 
for prolonged periods,” and “treating a large number of patients within 
a single day” (8). Recent studies have expanded on this by identifying 
specific work practices that increased the risk of therapist-related low 
back pain (LBP), such as lifting weights, transporting patients, and 
performing repetitive movements (5). However, existing studies have 
been limited by their narrow focus on specific work types and 
locations, thereby leaving the global risk factors for occupational 
injuries among rehabilitation therapists largely unexplored. 
Additionally, there is a notable lack of studies that addressing measures 
to mitigate discomfort or injuries related to occupational hazards.

Therefore, the aim of this cross-sectional study was to explore the 
incident of work-related injuries and the potential risk and preventive 
factors measures for work-related injuries among rehabilitation 
therapists. We  surveyed various therapists at multiple institutions 
using an online questionnaire, including physical therapists, 
occupational therapists, speech therapists, traditional chiropractors, 
acupuncturists, and others, to gather information about work-related 
injuries. The self-reported data were used to develop new preventive 
strategies for work-related injuries.

2 Methods

2.1 Study design

A cross-sectional survey was conducted in 34 regions in China in 
April of 2022. The questionnaire (attached in the appendix) consisted 

of twenty-one questions encompassing various aspects, such as basic 
information, workload, time of work, type, and severity of disorders 
or pain, potential causes, and preventive measures. The present survey 
was designed to gather self-reported data on work-related factors 
among physical therapists (PTs), which followed the STROBE 
guidelines for comprehension from this cross-sectional investigation 
(9). Additionally, the initial questions were selected based on 
established instruments used in previous studies (10–12). Before 
sending the questionnaire online, 10 PTs from academic, hospital, and 
private medication institutions additionally reviewed each question 
and evaluated the survey to ensure the validity and clarity of the 
questionnaire. Of note, the questionnaires were only distributed to 
prospective participants who were registered physiotherapists in over 
120 medical organizations. At the same time, therapists who were 
retired or not actively employed at the time of the survey 
were excluded.

2.2 Data collection

The survey was sent to over 120 health institutes through the 
“Questionnaire Star,” a secured online survey App (Ranxing 
Information Technology Co., Ltd., Changsha, China) in Chinese. 
Questionnaires and survey methods used in the study were reviewed 
and approved by the Ethics Review Board of the Second Hospital of 
Jilin University (No. 2022-047). The consent page was displayed to 
each participant at the beginning of the online survey; the survey 
started when a participant clicked on the “Agree” button on the 
consent page.

2.3 Questionnaire content

In this questionnaire, the risk factors associated with work-related 
injuries were derived from two parts: (1) Personal Characteristics: 
This section of the questionnaire gathered participants’ demographics, 
lifestyle, and work-related information, including age, gender, height, 
weight, education, and leisure physical activity. Work-related 
questions comprised years of professional experience, working hours 
per week in the main physical therapy job, and number of patients 
treated per week. (2) Occupation-Related Issues: For participants who 
reported occupation-related discomforts, the questionnaire included 
an additional section listing potential reasons and preventive measures 
for the discomfort, as well as the distribution and degree of the injuries.

2.4 Statistical analysis

Descriptive statistics were used for analyzing the incidence of 
discomfort, injuries, and preventive measures reported by participants. 
To determine the risk factors associated with work-related injuries, 
we performed Chi-square tests to analyze differences among data 
gathered from therapists with self-reported injuries and therapists 
without self-reported injuries. A multivariate logistic regression model 
was constructed using the factors that were considered clinically 
important or that showed a possible univariate connection (p value 
<0.2) with work-related injuries. Finally, we plotted ROC curves to 
estimate risk factors of work-related injuries and preventive measures. 
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All data were statistically analyzed and plotted using SPSS20.0 (IBM 
Corporation, Armonk, New  York, United  States) and R software 
4.3.1.1 Results were reported by mean ± standard deviation; p < 0.05 
was considered to be statistically significant.

3 Results

3.1 Demographics

Between April 19, 2022, and April 22, 2022, we received a total of 
1,198 completed questionnaires from 34 regions in China. 1,041 
therapists (87%) reported experiencing discomfort or injuries due to 
their work with patients. This survey includes various types of 
therapists such as neuro-physiotherapists, musculoskeletal 
physiotherapists, occupational therapists, speech therapists, 
physiotherapists for intensive care units, traditional chiropractors, 
acupuncturists, and others. All therapists were actively involved in 
clinical treatment and regularly engaged in manual work that required 
prolonged physical exertion and energy. Their responses to the 
questionnaire were based on their professional experience. The 
summary of participant characteristics is described in Table 1. Two 
sections were included in the demographical survey: (1) personal 
characteristics: age, gender, BMI, exercise habits, and relevant 
education on prevention for work-related injuries. (2) Work-related 
issues: working time (years), time of work per week (days), time of 
work per day (hours), frequency of treatment of patients per day (n), 
work unit types, and preventive measure of work-related injuries. 
Among the 1,041 therapists who reported discomforts or injuries in 
this survey, 473 were males, and 568 were females, while there were 
80 men and 75 women among 155 participants reported no discomfort 
or injury. The main occupational types were neuro-physiotherapist, 
musculoskeletal physiotherapist, and Occupational therapist. The 
average BMI were 25.3 and 24.6 kg/m2 among therapists with or 
without injuries, respectively.

3.2 Problems and precautions

Table 2 reported the common injuries-related issues among 1,041 
therapists with work-related injuries. The most commonly reported 
discomforts or injuries among 1,041 therapists included low back pain 
(12%), neck pain (10%), and shoulder pain (9%). For the degree of 
pain, over half of the participants reported experiencing significant 
pain levels. The majority of responses indicated that these discomforts 
or injuries typically manifest within 1 to 3 years of starting their 
profession. Self-reports identified frequent manipulation (39%) and 
poor posture (35%) as the primary causes of pain. Additionally, 
among the 1,041 therapists who reported injuries, they also suggested 
various measures to alleviate symptoms, 24% chose to strengthen self-
exercise, 22% chose to rest and allow their bodies to recover, 21% 
sought rehabilitation treatment from their colleagues, 17% preferred 
to adopt labor-saving or protective positions during work (Table 2).

1 https://www.r-project.org/

3.3 Comparisons

A comparison between therapists with and without work-
related injuries revealed several noteworthy findings. When 
we  grouped all participants based on their associated health 
institutes, we  found that participants working at all types of 
institutes reported experiencing injuries and without injuries 
(Tertiary: 67% vs. 61%; Secondary: 18% vs. 19%; Specialized: 11% 
vs. 10%); however, only in those health-related industry 
organization, participants experienced more non-injuries than 
those with injuries (6% vs. 2%, p < 0.05). The proportion of 
therapists who engaged in regular exercise in the non-work-related 
injury group was significantly higher than that in the work-related 
injury group (p < 0.01). Furthermore, a higher percentage of 
therapists in the non-work-related injury group received protective 
education through school curriculum (p < 0.05) or peer 
communication (p < 0.01) compared to that in the work-related 
injury group. The proportion of therapists in the injury group 
receiving protective education through self-study (p < 0.05) or not 
receiving protection education (p < 0.01) was higher than that of 
therapists in the non-work-related injury group. Moreover, the 
percentage of therapists in the non-work-related injury group 
adopting posture change as a protective measure was lower than 
that of the work-related injury group (p < 0.05). A higher proportion 
of therapists working for physical factor therapy in the non-work-
related injury group compared to that of the work-related injury 
group (p < 0.05). Lastly, the percentage of therapists working as 
neuro-physiotherapists in the injury group was higher than that in 
the non-work-related injury group (p < 0.05).

Both groups displayed relatively similar patterns in terms of the 
therapists’ work profiles, with the top three occupations being 
neuro-physiotherapist (40 and 32%), musculoskeletal 
physiotherapist (18 and 15%), and occupational therapist (12 and 
15%). In both groups, therapists received relevant protection 
education through peer communication (39 and 53%), self-study (31 
and 22%), and school education (8 and 14%). The recommended 
order of protective measures for both groups aligned, including 
changing posture (24 and 29%), patient engagement (23 and 20%), 
utilizing equipment (18 and 17%), improving techniques (18 and 
15%), fully utilizing interns and trainees (9 and 9%), and wearing 
protective device (7 and 8%). Notably, the proportion of individuals 
without regular exercise habits was higher in the work-related injury 
group compared to that of individuals with regular exercise habits 
(p < 0.01) (Table 1).

3.4 Diagnostic ability of various factors for 
work-related injuries

To identify potential risk factors and preventive factors for work-
related injuries of physical therapists, we conducted logistic regression 
between various traits reported and the outcome of injuries (Table 3). 
The results indicated specific occupation types positively associated 
with increased work-related injuries, including neuro-
physiotherapists (OR [95%CI]: 3.04 [1.56–5.92], p < 0.01), 
musculoskeletal physiotherapists (OR [95%CI]: 2.46 [1.16–5.18], 
p < 0.01), and intensive physiotherapists (OR [95%CI]: 4.70 [1.24–
17.88], p < 0.05).
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TABLE 1 General information and comparisons of therapists.

Variables Therapist with 
worked-related 

injuries (n =  1,041)

Therapist without 
worked-related 
injuries (n =  155)

p

Age (years) 30.57 ± 6.32 30.51 ± 8.05 0.946

Gender (n) 0.176

Male 473 (45.4%) 80 (51.6%)

Female 568 (54.6%) 75 (48.4%)

BMI (kg/m2) 25.3 ± 10.0 24.6 ± 6.97 0.308

Exercise 0.001**

Have a habit of regular exercise 36% (371) 50% (78)

Do not have a habit of regular exercise 64% (670) 50% (77)

Relevant educational 

pathways

School curriculum 8% (83) 14% (21) 0.024*

Peer communication 39% (409) 53% (83) 0.001**

Self-study 31% (324) 22% (34) 0.020*

Never studied 22% (225) 11% (17) 0.002**

Working time (years) 7.26 ± 5.10 6.46 ± 6.25 0.143

Time of work per week (days) 5.49 ± 0.63 5.50 ± 0.63 0.822

Time of work per day (hours) 7.59 ± 1.07 7.55 ± 1.26 0.716

Frequency of treatment of patients per day (n) 11.69 ± 9.67 10.59 ± 6.58 0.081

Type of occupation Therapist working for physical 

factor therapy

6% (66) 12% (18) 0.016*

Neuro-physiotherapist 40% (420) 32% (49) 0.039*

Musculoskeletal physiotherapist 18% (191) 15% (23) 0.278

Occupational therapist 12% (121) 15% (24) 0.168

Speech therapist 7% (68) 8% (12) 0.572

Intensive physiotherapist 5% (50) 2% (3) 0.106

Traditional chiropractor 2% (26) 4% (6) 0.322

Acupuncturist 3% (32) 5% (7) 0.344

Others 6% (67) 8% (13) 0.363

Work Unit The tertiary general hospitals 67% (696) 61% (94) 0.132

The secondary general hospitals 18% (186) 19% (30) 0.650

The community health 

organizations

2% (20) 4% (6) 0.120

Specialized rehabilitation 

organizations

11% (115) 10% (16) 0.764

Health-related industry 

organizations

2% (24) 6% (9) 0.013*

Protective measures at work Changing posture 29% (922) 24% (130) 0.122

Utilizing equipment 17% (528) 18% (98) 0.005**

Improving technology 15% (483) 18% (99) <0.001***

Wearing protective device 8% (270) 7% (39) 0.914

Patient engagement 20% (643) 23% (127) <0.001***

Making full use of interns and 

trainees

9% (305) 9% (50) 0.510

No protective measures 2% (54) 2% (9) 0.897

Intergroup comparison: *p < 0.05, **p < 0.01, ***p < 0.001.
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Furthermore, the ROC curves were created to assess the diagnostic 
capability of various factors in predicting work-related injuries. To 
assess the diagnostic capability of various factors in predicting work-
related injuries, we created ROC curves. The areas under the curve 
(AUC) of two specific factors, namely work as PTs 

(neuro-physiotherapists, musculoskeletal physiotherapists, and 
intensive physiotherapists) and years of work were greater than 0.5 
(p < 0.05) (Figure 1A).

3.5 Prevention values of various factors for 
work-related injuries

As in Table 3, the results of logistic regression indicated that 
regular exercise (OR [95%CI]: 0.59 [0.40–0.86], p < 0.01) and 
education about work-related injuries (OR [95%CI]: 0.43 [0.21–
0.90], p < 0.05) could be  the potential preventive factors. 
Additionally, two interventive measures were found to 
be  associated with decreased work-related injuries, including 
patient engagement (OR [95%CI]: 0.38 [0.23–0.62], p < 0.001), 
and improving techniques (OR [95%CI]: 0.59 [0.39–0.90], 
p < 0.05).

Consistently, the ROC curves assessed the preventive value of 
different factors for work-related injuries. To assess the preventive 
value of different factors for work-related injuries, we generated ROC 
curves. As shown in Figure 1B, there were five factors demonstrating 
preventive effects for work-related injuries, including patient 
engagement (AUC = 0.601, p < 0.01), improving techniques 
(AUC = 0.587, p < 0.01), regular exercise habits (AUC = 0.574, p < 0.01), 
utilizing equipment (AUC = 0.562, p < 0.05) and receiving relevant 
education for work-related injuries (AUC = 0.551, p < 0.05) 
(Figure 1B).

4 Discussion

We conducted a comprehensive survey encompassing a significant 
number of therapists from various regions in China, who are directly 
involved in patient care. The survey extensively addressed general 
information, work-related injuries, protective measures, and their 
educational experiences in this field. The main findings of the present 
study suggested several work-related factors associated with 
rehabilitation therapists.

Work-related musculoskeletal disorders (WMSD) refer to 
musculoskeletal issues that are either caused or worsened by work 
activities. They are the main type of work-related injuries and are the 
fastest growing contributor to work-related disability (9). Early 
detection and intervention of WMSD based on occupational risk 
factors have been shown to enhance the overall prognosis (10). 
Physical therapists (PTs) are susceptible to WMSD due to the nature 
of their daily tasks, which often involve repetitive movements, 
prolonged postures, and heavy lifting (11). It has been reported that 
approximately 1 in 6 PTs had to modify their workload or even exit 
the profession due to WMSD (12). This study conducted a cross-
sectional survey among PTs from China using a questionnaire, which 
initially identified various types of work-related injuries associated 
with their profession. In the present study, we identified initially the 
types of self-reported WMSD that occurred in PTs. The top three 
discomforts reported by them were low back pain, neck pain, and 
shoulder pain, accounting for the highest incident, which was 
consistent with previous studies. Hence, there is a growing emphasis 
on the importance of proactively addressing and preventing work-
related injuries at an early stage.

TABLE 2 The general work-related issues among the therapist with 
worked-related injuries.

Issues among 
therapist with 
worked-related 
injuries (n =  1,041)

N %

Pain types

Neck pain 810 11.7%

Shoulder pain 711 10.3%

Elbow pain 263 3.8%

Wrist pain 568 8.2%

Hand pain 474 6.8%

Chest and back pain 424 6.1%

Low back pain 920 13.3%

Hip pain 282 4.1%

Knee pain 316 4.6%

Ankle pain 155 2.2%

Foot pain 207 3.0%

Numbness in forearm or finger 259 3.7%

Tired easily 583 8.4%

Headache insomnia 273 3.9%

Chest distress and shortness of 

breath
530 7.7%

Others 147 2.1%

The degree of pain

No pain 9 0.9%

Mild pain 466 44.8%

Significant pain that they could 

tolerate
505 48.5%

Had trouble sleeping due to 

pain
55 5.3%

Extreme pain 6 0.6%

Years of discomfort

Within 1 year 229 22.0%

1–3 years 453 43.5%

3–6 years 263 25.3%

6–9 years 68 6.5%

More than 9 years 28 2.7%

Potential causes of injuries

Poor posture 9 0.9%

Frequent manipulation 466 44.8%

Technique flaw 505 48.5%

Natural degeneration 55 5.3%

Psychological stress 6 0.6%
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Previous studies have reported several risk factors associated 
with work-related injuries in therapists, including age, gender, high 
workload, body mass index, lack of professional experience, working 

in private clinics, and working in a seated position (13, 14). 
However, these studies were all exclusively conducted in Europe. To 
be noted, Campo’s research highlighted that physiotherapists and 
occupational therapists were prone to experiencing high rates of 
work-related pain (15). Similarly, a recent study also confirmed the 
high risk of WMSD among PTs compared to the general population 
(16). In line with these findings, the results of our survey consistently 
suggested that working as physiotherapists (neuro-physiotherapists, 
musculoskeletal physiotherapists, intensive physiotherapists), as 
well as the number of years of work were potential diagnostic factors 
for work-related injuries in China. These findings support that 
different types of occupational roles carry varying risks of work-
related injuries, suggesting the need for precise occupational 
protection for special PTs, especially neuro-physiotherapists, 
musculoskeletal physiotherapists, and intensive physiotherapists. 

TABLE 3 The results of multivariable logistic regression.

Characteristic Beta S.E OR(95%CI) p

Working time (years) 0.03 0.02 1.03 (0.99–1.07) 0.114

Type of occupation

Therapist working for 

physical factor therapy
Ref Ref 1 1

neuro-

physiotherapists
1.11 0.34 3.04 (1.56–5.92) 0.001**

musculoskeletal 

physiotherapists
0.9 0.38 2.46 (1.16–5.18) 0.018*

occupational 

therapists
0.52 0.38 1.68 (0.80–3.55) 0.172

speech therapists 0.36 0.46 1.44 (0.59–3.51) 0.423

physiotherapists for 

intensive care unit
1.55 0.68 4.70 (1.24–17.88) 0.023*

traditional 

chiropractors
0.62 0.61 1.86 (0.57–6.10) 0.307

acupuncturists −0.06 0.55 0.94 (0.32–2.79) 0.914

other therapists 0.62 0.46 1.85 (0.75–4.59) 0.183

Work unit

The tertiary general 

hospitals
Ref Ref 1 1

The secondary general 

hospitals
0.69 0.49 1.99 (0.76–5.25) 0.164

The community health 

organizations
0.65 0.52 1.91 (0.69–5.34) 0.216

Specialized 

rehabilitation 

organizations

−0.09 0.69 0.91 (0.24–3.50) 0.894

Health-related 

industry organizations
0.75 0.56 2.12 (0.71–6.40) 0.180

Exercise

Do not have a habit of 

regular exercise
Ref Ref 1 1

Have a habit of regular 

exercise
−0.53 0.19 0.59 (0.40–0.86) 0.006**

Protective measures at work

Utilizing equipment −0.23 0.21 0.80 (0.53–1.19) 0.271

Improving technology −0.52 0.21 0.59 (0.39–0.90) 0.014*

Patient engagement −0.96 0.25 0.38 (0.23–0.62) <0.001***

Changing posture 0.82 0.27 2.27 (1.33–3.88) 0.103

Relevant educational pathways

Never Ref Ref 1 1

Self-study −0.03 0.33 0.97 (0.50–1.86) 0.919

Peer communication −0.63 0.29 0.53 (0.30–0.95) 0.032*

School curriculum −0.84 0.38 0.43 (0.21–0.90) 0.026*

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

FIGURE 1

(A) ROC curves of various factors for work-related injuries, (B) ROC 
curves of prevention strategies for work-related injuries.

250

https://doi.org/10.3389/fpubh.2024.1398948
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Liu et al. 10.3389/fpubh.2024.1398948

Frontiers in Public Health 07 frontiersin.org

Interestingly, we did not find any association between gender and 
injury risk, warranting further investigation through longitudinal 
cohort studies.

Furthermore, our survey revealed that poor posture (35%) and 
frequent manipulation (39%) were identified as the primary causes of 
discomfort among the participating therapists. This aligns with the 
nature of their work. Physiotherapists often engage in direct patient 
training, which can involve prolonged periods of restricted postures, 
repetitive tasks, application of high-speed forces, and movements that 
require bending and twisting (17). Similarly, Ezzatvar et al. that poor 
posture and high workload were associated with incident of work-
related injuries in physical therapists (13). Physiotherapists may treat 
a substantial number of patients within a single day and even continue 
to work while injured, contributing to the increased risk of injuries (5, 
14, 18). Working in a standing position places mechanical stress on 
the spine, potentially leading to spinal problems among 
physiotherapists (16). Therefore, it is necessary to establish healthy 
posture and therapy range guidelines for therapists, especially for PTs 
working for a long time, which may help lower the risk of work-
related injuries.

To reduce the occurrence of work-related injuries, therapists 
employ various protective measures. Interestingly, our findings 
indicate that a higher proportion of therapists who reported injuries 
opted to change their posture compared to those who did not report 
any injuries. This suggests that simply changing posture may not 
be highly effective in preventing work-related injuries. In our study, 
we recommend employing strategies such as equipment utilization, 
technique improvement, and patient engagement to prevent work-
related injuries. Among these strategies, instrument-assisted soft 
tissue mobilization (IASTM) stands out as a valuable approach that 
utilizes rehabilitative tools to efficiently detect and treat soft tissue 
pathologies, which provides therapists with a more effective treatment 
option (17). Patient engagement, which involves shifting some or all 
of the physical workload to another person, can be  an effective 
measurement for preventing injuries of therapists (17). To be noted, 
regular exercise was supported as a precise protective factor against 
WMSD in the present study, which was consistent with the study by 
Ludewig. Their study has indicated effective protective values of the 
home exercise program on shoulder pain in construction workers 
(19). These findings suggest several preventive measures for 
occupational injuries among physical therapists, advocating for a 
comprehensive strategy that integrates a conducive work environment 
with regular physical activity in daily routines to help reduce the 
likelihood of such injuries.

Among the various factors that contribute to the prevention of 
occupational injuries, education plays a crucial role. Specifically, it is 
essential to offer physiotherapists instruction in ergonomic and 
biomechanical principles, along with practical training in patient care, 
in order to reduce the incidence of work-related injuries (20). 
Insufficient ergonomic training for physical therapists may increase 
their susceptibility to workplace injuries (21). In this study, the 
effectiveness of preventing work-related injuries was demonstrated 
through peer communication, self-study, and school education. The 
findings indicate that purely theoretical instruction aimed at 
improving human mechanics for injury prevention is less effective 
than experiential teaching (3). Consequently, it is important to 
increase practical education for PTs to reduce the incidence of work-
related injuries in the future.

This study has some limitations. There are more than 60,000 
rehabilitation therapists in China at least. However, the number of 
therapists surveyed in this questionnaire was just over 1,000, which may 
not provide a comprehensive representation of the work-related injuries 
of all therapists. Moreover, the assessment of risk and preventive factors 
was primarily done by logistic regression and ROC curve, which may not 
fully capture all relationships. Additionally, this is a cross-sectional study 
with exposure and outcome assessed simultaneously. To validate the 
relationships between risk and preventive factors among PTs, prospective 
cohort studies are essential to conduct.

5 Conclusion

The results of this study suggest that several work-related factors 
among PTs. Specific occupation types of PTs (especially neuro-
physiotherapists, musculoskeletal physiotherapists, and intensive 
physiotherapists) and years of work were identified as risk factors for 
PTs. To prevent such injuries, therapists should be encouraged to use 
equipment, actively involve patients in their treatment, and maintain 
regular exercise. This was particularly crucial for therapists who had 
been practicing for extended periods. Hospitals and health institutes 
should take measures to increase technical training for therapists and 
provide comprehensive education programs on injury prevention. The 
findings of this study may be  taken into account for establishing 
clinical guidelines, interventions, and improved working 
circumstances for physical therapists.
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Background: Sickness presenteeism, the phenomenon of people going to 
work despite being ill, is an occupational and psychosocial condition that hurts 
both the health of workers and organizational productivity. It negatively affects 
health, increases health-related costs, and the risk of contagious diseases. 
Primary school teachers are particularly vulnerable to this problem, although 
little is known about its scope and associated factors. This study aimed to 
determine the prevalence and factors associated with sickness presenteeism 
among school teachers in Northwest Ethiopia.

Methods: An institution-based cross-sectional study was employed and the 
study period was from April 18 to May 18, 2023. A sample of 633 primary school 
teachers was recruited using two-stage stratified random sampling. Data were 
collected using structured self-administered questionnaires. Epi-data version 
4.6 and STATA version 14 were used for data entry and analysis, respectively. 
Binary logistic regression analysis was used. A multivariable logistic regression 
model with an adjusted odds ratio was fitted for statistical significance.

Results: A total of 603 school teachers participated in this study, with a response 
rate of 95.26%. The overall prevalence of sickness presenteeism in the last 
12  months was 54.7% (N  =  330) [95% CI (50.9, 58.7)]. Private school teachers 
[AOR: 2.21, 95% CI (1.14, 4.28)], low supervisor support [AOR: 1.53, 95% CI (1.06, 
2.20)], lack of staff replacement availability [AOR: 2.74, 95% CI (1.85, 4.06)], 
low colleague support [AOR: 2.17, 95% CI (1.40, 3.37)], unsuitable household 
conditions [AOR: 1.49, 95% CI (1.08, 2.34)], and strict attendance control [AOR: 
2.54, 95% CI (1.67, 3.85)] were factors significantly associated with sickness 
presenteeism.

Conclusion: The prevalence of sickness presenteeism was relatively high 
among primary school teachers because of factors such as low support from 
supervisors and colleagues, strict attendance control, lack of staff replacement, 
unsuitable household conditions, and private school type. Strategies to promote 
teachers’ health include fostering a culture of support and collaboration among 
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colleagues, recruiting adequate staff, and implementing liberal attendance 
policies.

KEYWORDS

sickness presenteeism, health at work, primary school, teachers, Ethiopia

Introduction

Sickness presenteeism (SP), the phenomenon of people going to 
work despite being ill, is an occupational and psychosocial condition 
that harms both the health of workers and organizational productivity 
(1, 2). It is often seen as an act of organizational citizenship and a sign 
of commitment and loyalty to employers and colleagues (3, 4). 
However, working while sick can delay recovery, increase the risk of 
future health problems and absenteeism, hamper productivity, and 
lead to errors, accidents, and injuries (5).

Sickness presenteeism (SP) is a global phenomenon affecting 
employees, organizations, and society (6). Sickness Presenteeism 
among school teachers can lead to work-related stress, depression, 
fatigue, exhaustion, burnout, and serious physical health conditions 
like coronary artery disease (7–12). Frequent practice of sickness 
presenteeism has been linked to the spread of communicable diseases, 
which can circulate in workplaces and contribute to pandemics (13–
15). Working while ill can also negatively impact team dynamics and 
morale, as employees may perceive underperformance as a lack of 
competence and motivation, leading to negative effects on team 
performance. Additionally, sickness presenteeism among school 
teachers can indeed harm student’s developmental and learning 
outcomes. When teachers come to work while they are ill, it can affect 
their ability to provide quality instruction and individualized attention 
to students (5, 16, 17).

Evidence in the literature analyzing the effects of presenteeism 
observed in cost estimation studies and economic evaluations showed 
that presenteeism costs exceed absenteeism costs (18). According to 
the Harvard Business Review, the total estimated cost of presenteeism 
in the United  States was more than $150 billion per year, and its 
economic cost was far greater than that of sickness absenteeism or 
disability (16). In Australia, the cost of presenteeism incurred by the 
Australian economy due to teachers attending work while 
experiencing health issues is estimated to be AUD 8092 per teacher, 
indicating the economic burden associated with presenteeism and its 
effects on workforce efficiency and productivity within the educational 
sector (19). Apart from the financial implications for the company, 
employee presenteeism poses a danger to the physical and emotional 
well-being of teachers and students (20). Regarding this adverse 
attribute, presenteeism may result in learning difficulties, mental 
health problems in students, an unhealthy relationship with students, 
and the loss of the ability to be a role model for students (21, 22).

Sickness Presenteeism (SP) is becoming a growing health problem 
in the workplace, and education is one of the most negatively affected 
sectors (23). In a recent study, 46% of education workers reported 
working while sick whereas 44% of those in the care and welfare sector 
reported doing so (24). Preschool teachers were the most likely to 
report sickness presenteeism, with 90% of them saying they had come 
to work while sick in the past year. Primary school teachers were next, 

with 73% reporting SP (25). The prevalence of SP among school 
teachers varies greatly between nations. A study conducted on 
German teachers revealed sickness presenteeism incidence of 57.1% 
(26); Sweden, 55% (27), Leon, Nicaragua, 65.2% (25); and Brazilian, 
43% (28).

Literature explores various theoretical framework models to explain 
the variation in presenteeism prevalence across nations. The variation 
in SP prevalence across nations may be attributed to several factors, 
such as sociodemographic factors including age, sex, marital status, 
income, and education (20, 29, 30), and behavioral factors such as 
treating work as home, being over-committed to work, conservative 
attitude towards absence, alcohol consumption, and physical exercise 
lead to presenteeism (31, 32). Furthermore, evidence in the literature 
used the job-demand-resource (JD-R) theory and effort-reward 
imbalance model to associate sickness presenteeism and various work-
related factors such as job demand, workload, time pressure, job stress, 
job insecurity, job control, lack of staff availability, attendance pressure, 
and job satisfaction influence the decision to experience sickness 
presenteeism (31, 33, 34).

Although most organizations are taking steps to measure and 
manage sick leave, the prevalence and risk factors for SP are largely 
overlooked (35). Organizations can encourage a culture of SP, as 
someone who works sick is often viewed as an ideal employee who 
dedicates and commits to his or her employer (36). Such behavior may 
also be  reinforced in organizations that reward employees with 
exemplary attendance, use medical records as a criterion for 
promotion, or stigmatize or penalize employees whose attendance is 
deemed unsatisfactory (37). Intense and widespread experiences of 
sickness presenteeism among primary school teachers lead to failure 
in classroom management, less time spent on tasks during the days 
when the teacher is present, a loss of moral support, a reduction in 
performance, and decrease in the quality of education (33).

The concept of occupational health in developing countries, 
including Ethiopia, is still young. Employees have the right to be healthy 
in the workplace. The issue of sickness presenteeism among primary 
school teachers is a pressing concern, but its scope is unclear due to 
limited information on health problems and their associated factors in 
the country. Measuring sickness presenteeism would provide a clear 
picture of teachers’ health. In addition, it is important to identify and 
address the factors that contribute to sickness presenteeism to improve 
the health and well-being of teachers and to ensure that they can provide 
their students with the best possible education. Therefore, to fill this gap, 
the present study aimed to determine the prevalence of sickness 
presenteeism and associated factors among primary school teachers in 
Gondar city, Northwest Ethiopia. The findings of this study provide 
evidence for policymakers, educational leaders, and researchers to help 
them identify school interventions that improve the health of teachers 
and learning outcomes and promote the best teaching-learning 
environment possible.
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Materials and methods

Study design, period, and setting

An institution-based cross-sectional study was conducted among 
primary school teachers in Gondar city and the study period was from 
April 18 to May 18, 2023. In 2019, the city’s total population was 
estimated to be 500,788, of whom 300,000 were males. In 2023, based 
on the information obtained from the Gondar city administration 
education bureau, in the city, there are 65 primary schools (44 public 
primary schools and 21 private primary schools). Among these 
schools, there were 1973 primary school teachers (1,470 public 
primary school teachers and 503 private primary school teachers).

Source and study populations

The source populations were all public and private primary school 
teachers in Gondar city. On the other hand, all public and private 
primary school teachers working in the selected schools were 
considered to constitute the study population.

Inclusion and exclusion criteria

All primary school teachers who were working in public and 
private schools in Gondar city for at least 1 year prior to the study were 
included. However, teachers who were on annual, maternity, and sick 
leave during the data collection period were excluded.

Sample size determination and sampling 
technique

The sample size was calculated using a single population 
proportion formula (38) by considering the following statistical 
assumptions: Zα/2 = the value of the standard normal curve score 
corresponding to the given confidence interval (CI); proportion (p) of 
sickness presenteeism among school teachers = 50% since there has 
been no previous study in the country in a similar context; and margin 
of error (d) = 5%. The single proportion formula was used: 

n Z
d

= ( )
−( ) α /2

2

2

1p p , where n is the initial sample size, Z is 1.96, 

the corresponding Z score is the 95% CI, p is the proportion of 
sickness presenteeism, which is 0.5, and d is the margin of error, which 
is 0.05. Then, 

n = ( )
−( ) 1 96

0 5 1 0 5

0 05

2

2
.

. .

.

 = 384. Assuming a 10% 

response rate, 384 + 38 = 422. When considering the design effect, the 
calculated sample size was multiplied by the design effect to correct 
for the estimated sampling variance. Therefore, the overall sample size 
for this study was (384 + 38) *1.5 = 633 primary school teachers.

A two-stage stratified random sampling technique was used to 
recruit study participants. First, stratification was performed based on 
the ownership of the schools as public (44 schools) and private (21 
schools). To ensure representativeness, 30% of each primary school 
was considered, e.g., 30%* 44 public ≈14 and 30%*21 private≈7. The 
required schools were selected by the lottery method. The calculated 
sample was proportionally allocated to all the selected schools. Finally, 

study participants were selected randomly using the Open Epi 
Random Program Version 3.01 (39) from the designated schools using 
the list of teachers obtained from the human resource department as 
a sampling frame (Figure 1).

Operational definitions

Sickness presenteeism
Going to work despite feeling sick or sick at work was measured 

by using an item: In the previous 12 months, have you gone to work 
while feeling sick, even though it would have been truly reasonable to 
take sick leave? Yes/no. Teachers who indicated that they went to work 
despite their sickness in the past 12 months two or more times were 
considered to be  experiencing sickness presenteeism (20, 26, 27, 
37, 40–45).

Primary school teachers
Teachers who are assigned a grade ranging from 1 to 8.

Job stress
Measured by 8 items with responses on a five-point Likert scale 

ranging from 1 = never to 5 = always. The total score for each teacher 
was calculated by summing the scores for all the responses. The sum 
was dichotomized through a stress scale of 16 and above and was 
categorized as stressed (46, 47).

Over-commitment
Personality characteristic that makes it difficult for people to say 

no to other people’s wishes and demands and is measured by 6 items 
with responses on a five-point Likert scale ranging from 1 = strongly 
disagree to 5 = strongly agree (Chronbach’s alpha, α = 0.76). The total 
score for each teacher was calculated by summing the scores for all the 
responses. The sum was categorized with an average score of 22 and 
above and was considered to indicate that the patient was over-
committed to his/her job (31, 48, 49).

Financial problems
Financial difficulties were measured by 4 items with responses on 

a five-point Likert scale ranging from 1 = strongly disagree to 
5 = strongly agree (Chronbach’s alpha, α = 0.78). The total score for 
each teacher was calculated by summing the scores for all the 
responses. The sum of the scores was categorized at a median of 14 
and above and was considered to indicate financial struggle (25).

Colleague support
This variable was measured by 4 items with a seven-point Likert 

scale ranging from 1 = strongly disagree to 7 = strongly agree 
(Chronbach’s alpha, α = 0.83). The sum was dichotomized into low/
high by an average score of 18, and above was considered high 
colleague support (50).

Supervisor support
This variable was measured by 3 items on a five-point Likert scale 

ranging from 1 = very low to 5 = very high. The total score for each 
teacher was calculated by summing the scores for all the responses. 
The sum was dichotomized into low/high by a median score of 11, and 
above was categorized as high supervisor support (50).
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Data collection tools

The data were collected using a self-administered technique, 
and we applied a structured questionnaire, which was adapted 
from several studies regarding sickness presenteeism (25, 26, 42, 
51, 52). The questionnaire is divided into five sections. The first 
part included socio-demographic characteristics such as sex, age, 
marital status, educational status, monthly salary, and work 
experience. The second section encompasses the prevalence of 
sickness presenteeism (yes/no) (20, 25–27). The third section 
contains work-related factors measured by the Copenhagen 

Psychosocial Questionnaire (COPSOQ), such as job satisfaction, 
job stress, staff replacement availability, daily teaching hours, job 
control, job demand, colleague support, supervisor support, job 
insecurity, social support, recognition, attendance pressure, 
school type, over-commitment, and teacher-student relationships 
(53). The fourth section focuses on socioeconomic factors such as 
household conditions, school infrastructure, and financial 
problems (50), and the last section encompasses behavioral factors 
such as physical exercise, khat chewing, alcohol consumption, 
cigarette smoking, and body mass index (BMI) (28). Overall, 
during the data collection, the study participants were recruited 

FIGURE 1

Schematic presentation of the sampling procedure for the prevalence of sickness presenteeism and associated factors among primary school teachers 
in Gondar city, Northwest, Ethiopia, 2023. Keys: HB  =  Hibret, LA  =  Leul-alemayehu, me  =  Meseret, Kebele10, CHE  =  chechela, AZ  =  Azezo, AT  =  Ayer-
tena, AA  =  Addis-alem, BEK  =  Atse-Bekafa, FA  =  Atse-Fasil, EB  =  Ewuket-Ber, EF  =  Ediget-Feleg, RUF=Kilil-rufael, WAL  =  Walaj, AS  =  abbune-Samuel, 
DeSe  =  Debre Selam, TA  =  Tiwuld-Amare, UnCom  =  University community.
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from the selected schools during their working hours, especially 
during break times and free periods.

Data collection procedure

The data were gathered using a pretested and structured Amharic 
version of a self-administered questionnaire after ethical clearance was 
obtained from the Institutional Ethical Review Board (IERB) of the 
University of Gondar and informed written consent was obtained 
from the study subjects. Based on the pretest, necessary modifications 
were made to the questions, and participants involved in the pretest 
were excluded from the actual data analysis. Two days of training were 
given to the data collectors. The data were collected by trained 
data collectors.

Data quality control

To ensure consistency, the questionnaire was developed in English 
first and then translated into Amharic and back into English by the 
authors with the assistance of language experts. Second, we employed 
two data collectors and one supervisor with prior experience and 
knowledge of the data collection process. The data collectors and 
supervisor had 2 days of training and orientation before the actual 
data collection on issues relating to the clarity of the questions, the 
objectives of the study, the confidentiality of the information, and the 
informed consent, as well as the roles and responsibilities maintained 
by both the data collectors and the supervisor during the data 
collection process. The principal investigator supervised both the data 
collectors and the supervisor. Third, we conducted a pretest 1 week 
before the actual data collection period on 5% (32) of the sample of 
Tedda primary school teachers, near Gondar city, to check the 
response, language clarity, appropriateness, and consistency of the 
instrument. Based on the findings from the pretest analysis, 
we  modified some words and misinterpretations, minimized the 
number of questions, and corrected the ambiguous questions. The 
pretested data were not included in the actual data analysis. Problems 
faced during the data collection process were resolved by discussion 
on the spot with the principal investigator, supervisor, and 
data collectors.

Data management and statistical analysis

The collected data were entered in EPI Data version 4.6, cleaned, 
and coded for analysis using STATA version 14. Descriptive statistics 
were carried out and presented with narration, tabulation, and 
graphical presentation. The normality, outliers, and multicollinearity 
of the variables were checked before running the bivariable and 
multivariable binary logistic regression analyses. The multicollinearity 
assumption was checked through the variance inflation factor (VIF), 
and all variables had a VIF < 5. A binary logistic regression (bivariable 
and multivariable binary logistic regression) analysis was performed 
to identify statistically significant variables.

The variables that had statistically significant associations (p-value 
<0.2) with the dependent variable in the bivariable logistic regression 
analysis were further considered candidates for multivariable logistic 

regression to control for the possible effect of confounding variables. 
Finally, statistically significant variables were established at p-values 
<0.05  in a multivariable binary logistic regression model, and an 
adjusted odds ratio (AOR) with a 95% confidence interval (CI) was 
used to measure the strength of the association. The Hosmer–
Lemeshow test (at p-value>0.05) was used to determine the goodness-
of-fit of the final models, and the results revealed that the model was 
well-fitted (p = 0.283).

Results

Socio-demographic characteristics of the 
study participants

A total of 603 out of 633 teachers participated in the study, with a 
response rate of 95.26%. Among the total participants, 344 (57%) of 
the teachers were female. The mean (±SD) age of the teachers was 
34.94 (± 9.22) years. More than half of the teachers, 325 (53.9%) were 
married. Regarding educational level, 363 (60.2%) of the teachers had 
a bachelor’s degree. Nearly half (298, 49.1%) of the teachers had a 
monthly salary of less than 8,000 ETB (Table 1).

Behavioral characteristics of the 
participants

Of all the participants, only 40 (6.6%) drank alcohol, and 13 
(2.15%) drank alcohol three or more times a week. In addition, 
approximately 10 (1.7%) of the teachers were cigarette smokers. Of 
those who chewed khat, 6 (1.02%) were considered khat chewers. 
Regarding physical activity, 133 (22.1%) of the participants performed 
physical exercise at least two times a week (Table 2).

TABLE 1 Sociodemographic characteristics of primary school teachers, 
Northwest Ethiopia, 2023 (n =  603).

Characteristics Categories (n) (%)

Sex Male 259 43.0

Female 344 57.0

Age 18–30 246 40.8

31–45 273 45.3

46–60 84 13.9

Marital status Single 222 36.8

Married 341 56.6

Other# 40 6.6

Educational level Diploma 226 37.5

Bachelor’s degree and 

above
377 62.5

Monthly salary (ETB) <8,000 296 49.1

≥8,000 307 50.9

Teaching experience in 

years

1–10 308 51.1

11–20 170 28.2

21 and above 125 20.7

Keys: #Divorced/Widowed; ETB, Ethiopian birr.
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TABLE 3 Work-related characteristics of primary school teachers, 
Northwest Ethiopia, 2023 (n  =  603).

Characteristics Categories (n) (%)

School type Private 167 27.7

Public 436 72.3

Daily teaching hrs. ≤4 h. 417 69.2

>4 h. 186 30.8

Job demand Low 365 60.5

High 238 39.5

Recognition Yes 200 33.2

No 403 66.8

Supervisor support Low 292 48.4

High 311 51.6

Social support Low 218 36.2

High 385 63.8

Job security Yes 310 51.4

No 293 48.6

Job stress Stressed 225 37.3

Not stressed 378 62.7

Job satisfaction Satisfied 293 48.6

Not satisfied 310 51.4

Over-commitment Overcommitted 210 34.8

Not overcommitted 393 65.2

Strict control of attendance Yes 424 70.3

No 179 29.7

Job control Low 263 43.6

High 340 56.4

Colleague support Low 294 48.8

High 309 51.2

Teacher student 

relationship

Good 302 50.1

Poor 301 49.9

Lack of staff replacement 

availability

Yes 285 47.3

No 318 52.7

Work-related characteristics of participants

Out of the total participants, 436 (72.3%) were public school 
teachers. More than half of the teachers, 365 (60.5%) had low job 
demand, and 292 (48.4%) had low supervisor support. Of the 
total participants, 225 (37.3%) experienced job stress; almost 
half, 293 (48.6%) were satisfied with their jobs; and half of the 
teachers, 302 (50.1%) had good relationships with their students. 
In terms of staff replacement availability, 285 (47.3%) of the 
teachers stated that staff should not be replaced during illness 
absence. Moreover, 424 (70.3%) had strict attendance control due 
to sickness absence from supervisors. Furthermore, among the 
total participants, nearly half; 294 (48.8%) had low colleague 
support (Table 3).

Socioeconomic characteristics of the 
participants

Among the total participants, 247 (41%) had financial problems, 
and more than half, 330 (54.7%) of the teachers stated that their school 
infrastructure was poor. Moreover, 362 (60%) of the teachers’ 
households were unsuitable for resting during illness (Table 4).

Prevalence of sickness presenteeism

This study revealed that the overall prevalence of sickness 
presenteeism experienced over the past 12 months among primary 
school teachers in the study area was 54.7% (n = 330) [95% CI (50.9, 
58.7)]. Of these, 255 (42.3%) had experienced SP between two and five 
sick days, and the remaining 75 (12.4%) had more than five sick days 
(Figure 2).

Reported health conditions in relation to 
sickness presenteeism

Among the teachers who experienced sickness presenteeism, 
musculoskeletal pain was the most common health condition (35.2%), 
followed by gastroenteritis/stomach ulcers (21.2%) and respiratory 
diseases (19.7%) (Figure 3).

Reported reasons for sickness 
presenteeism

The most common reasons for the occurrence of sickness 
presenteeism among primary school teachers were that nobody else 
was able to carry out my duty (32.7%), that they did not want to waste 
students’ time (27.3%), that they were under pressure from supervisors 

TABLE 2 Behavioral characteristics of primary school teachers, 
Northwest Ethiopia, 2023 (n =  603).

Characteristics Categories (n) (%)

Alcohol drinking Yes 40 6.6

No 563 93.4

Drinking frequency <3 days/week 27 4.45

≥3 days/week 13 2.15

Cigarette smoking Yes 10 1.7

No 593 98.3

Khat chewing Yes 13 2.2

No 590 97.8

Chewing frequency/week <3 days/week 7 1.18

≥3 days/week 6 1.02

Physical exercise Yes 133 22.1

No 470 77.9

Body mass index (BMI) Underweight 42 7.0

Normal 478 79.3

Overweight 83 13.7
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(23.6%), that they did not want to burden my colleagues (15.2%), and 
that enjoying their work (13.6%) contributed to their increased sick 
attendance in the study area (Figure 4).

Factors associated with sickness 
presenteeism

Bivariable and multivariable logistic regression analyses were 
performed to identify the factors significantly associated with 
SP. Accordingly, school type, daily teaching hours, supervisor 
support, job stress, lack of staff replacement availability, colleague 
support, job control, teacher-student relationships, financial 
problems, household conditions, commitment, and attendance 
control were found to be the independent variables associated with 
SP in the bivariable binary logistic regression analysis, with p < 0.2. 
However, after controlling for confounding variables in the 
multivariable binary logistic regression analysis, private school 
type, low supervisor support, lack of staff replacement availability, 
low colleague support, unsuitable household conditions, and strict 
attendance control remained significant factors for the occurrence 
of SP (p < 0.05).

Teachers working in private schools were 2.21 times more likely 
to develop sickness presenteeism than teachers working in public 
schools [AOR: 2.21, 95% CI (1.14, 4.28)]. Teachers with low supervisor 

support were 1.53 times more likely to experience sickness 
presenteeism than their counterparts [AOR: 1.53, 95% CI (1.06, 2.20)]. 
The odds of developing sickness presenteeism were 2.74 times greater 
among teachers who lacked staff replacement availability than among 
those who had staff replacement availability [AOR: 2.74, 95% CI 
(1.85, 4.06)].

The probability of experiencing sickness presenteeism was 2.17 
times greater among teachers with low colleague support than 
among those with high colleague support [AOR: 2.17, 95% CI 
(1.40, 3.37)]. The chance of experiencing sickness presenteeism 
was 1.5 times greater among those who had unsuitable household 
conditions for resting during illness than among those who had 
suitable household conditions for resting [AOR: 1.49, 95% CI 
(1.08, 2.34)]. Those teachers who had strict attendance control 
were 2.54 times more likely to experience sickness presenteeism 
than teachers who had less attendance control [AOR: 2.54, 95% CI 
(1.67, 3.85)] (Table 5).

Discussion

Sickness presenteeism is a growing occupational health challenge 
for school teachers in developing countries, including Ethiopia, and is 
poorly recognized. Being able to work while sick can negatively 
influence teachers’ health and the quality of their teaching. Therefore, 
this study primarily aimed to investigate the prevalence and risk 
factors associated with sickness presenteeism in primary 
school teachers.

In the present study, the overall self-reported prevalence of 
sickness presenteeism in the last 12 months was 54.7%, [95% CI (50.9, 
58.7%)]. This finding was in line with that of a study conducted in 
Germany (57.1%) (26) and Sweden (55%) (27). The prevalence 
underlines how much the teachers may feel pressured to work when 
sick to avoid being perceived as unreliable or weak. They may feel that 
they cannot take sick leave due to deadlines, fear of punishment, or a 
strong sense of duty to their students. This can lead to reluctance to 
take sick leave, as teachers may feel a strong sense of duty to their 
students and avoid letting them down.

TABLE 4 Socioeconomic characteristics of primary school teachers, 
Northwest Ethiopia, 2023 (n =  603).

Characteristics Categories (n) (%)

Financial problem Yes 247 41.0

No 356 59.0

School infrastructure Poor 330 54.7

Good 273 45.3

Household for resting Not suitable 362 60.0

Suitable 241 40.0

45.3%
54.7%

Prevalence of sickness presenteeism

Not SP

SP

FIGURE 2

Pie chart showing prevalence of sickness presenteeism among primary school teachers in Gondar city, Northwest Ethiopia, 2023 (n =  603). Keys: 
SP  =  sickness presenteeism.
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FIGURE 3

Bar chart showing causes of sickness Presenteeism among primary school teachers in Gondar city, Northwest Ethiopia, 2023 (n =  603). Keys: 
##Depression, anemia, high blood pressure (HBP), kidney stones, heart problems, thyroid diseases, voice disorder, infection, insomnia/sleeping disorder, 
diabetes mellitus and dental problem.
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FIGURE 4

Bar chart showing reasons for sickness presenteeism among primary school teachers in Gondar city, Northwest Ethiopia, 2023 (n =  603). Keys: 
###Putting pressure on you to come in, worried about being laid off, l wants to maintain my social network, do not want to be considered lazy, my 
pride depends on not taking sick leave.

The present study was in line with a study across occupations of 
sickness presenteeism among healthcare workers in western Ethiopia 
(52.6%) (41). This finding implies that despite professional differences, 
sickness presenteeism is an increasingly common public health 
problem in Ethiopia. Experiencing sick attendance in the workplace 
leads to employees’ loss of performance, delayed recovery from illness, 
and exhaustion (54).

Comparatively, the present study was greater than that in a study 
of Brazilian elementary school teachers (43%) (28). This might 
be because the teachers in the Ethiopian study were more likely to 
be female and younger and to have less experience than the teachers 
in the Brazilian study. These factors could contribute to higher rates 
of SP, as younger teachers may be less likely to take sick leave, and 
women may feel more pressure to come to work even when they are 
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sick. Another possible explanation is that the availability of substitutes 
for teachers in Ethiopia and Brazil may differ, as they may face 
challenges in finding staff substitutes. This may result in teachers 
feeling pressure to work even when sick. Furthermore, teachers in 
Ethiopia lack support from colleagues, supervisors, or administrators, 
increasing their likelihood of working when sick.

The prevalence observed in the current study however was lower 
than a study conducted in Leon, Nicaragua (65.2%) (25). The 
discrepancy might be  that Leon’s workplace culture may be  more 
demanding, leading to increased stress and less sick leave. Individual 
differences, such as being organized and reliable, may also contribute 
to the difference in SP rates. Teachers in León may feel a strong sense 
of duty to their students and their jobs, increasing their likelihood of 
working when sick. Additionally, Leon’s heavy workload may cause 
teachers to become sick at work due to pressure to complete their work. 
Furthermore, teachers in León may have less effective coping strategies 
for dealing with illness (25).

According to the present study, the odds of developing 
sickness presenteeism among private primary school teachers 

were 2.21 times greater than those among public school teachers. 
This result was supported by the findings of a study of Portuguese 
elementary school teachers, which showed that private school 
teachers were 3 times more likely to experience SP than public 
school teachers (55). A possible explanation might be that private 
school teachers are under more pressure to meet difficult goals 
and attain high levels of achievement. This is because private 
schools often compete with each other for students, and they may 
have higher standards for their teachers. Leadership practices in 
private schools are more task-oriented and less employee-oriented 
than those in public schools. This is because private schools are 
often run like businesses, and the focus is on achieving results. 
This can lead to feelings among teachers that they are under 
pressure to perform and that their needs are not met. A teacher’s 
employment status in the private sector is employer-based. This 
means that they are not guaranteed a job and can be fired at any 
time (55, 56).

The present study revealed that teachers who reported low levels 
of supervisor support were more likely to report sickness presenteeism. 

TABLE 5 Bivariate and multivariable binary logistic regression analyses of factors associated with sickness presenteeism among primary school 
teachers, Northwest Ethiopia, 2023 (n =  603).

Characteristics Categories Sickness presenteeism
SP (n  =  603)

COR (95% CI) AOR (95% CI)

Yes (%) No (%)

School type Private 123 44 3.09 (2.09, 4.58)*** 2.21 (1.14, 4.28)*

Public 207 229 1 1

Daily teaching hrs. ≤4 h. 201 216 1 1

>4 h. 129 57 2.43 (1.69, 3.51)** 1.02 (0.54, 1.89)

Supervisor support Low 179 113 1.68 (1.21, 2.32)** 1.53 (1.06, 2.20)*

High 151 160 1 1

Job stress Yes 139 86 1.58 (1.13, 2.22)** 1.16 (0.77, 1.75)

No 191 187 1 1

Lack of replacement availability Yes 202 83 3.61 (2.57, 5.08)*** 2.74 (1.85, 4.06)***

No 128 190 1 1

Job control Low 160 103 1.55 (1.12, 2.15)** 0.98 (0.64, 1.54)

High 170 170 1 1

Colleague support Low 190 104 2.21 (1.59, 3.06)*** 2.17 (1.40, 3.37)***

High 140 169 1 1

Teacher-student relationship Good 179 123 1.45 (1.05, 1.99)* 1.29 (0.87, 1.92)

Poor 151 150 1 1

Financial problem Yes 147 100 1.39 (1.01, 1.93)* 0.95 (0.64, 1.42)

No 183 173 1 1

Over-commitment Yes 128 82 1.48 (1.05,2.08)* 1.36 (0.89, 2.07)

No 202 191 1 1

Household condition Unsuitable 213 149 1.52 (1.09, 2.10)* 1.49 (1.08, 2.34)*

Suitable 117 124 1 1

Attendance control Yes 271 153 3.60 (2.49, 5.21)*** 2.54 (1.67, 3.85)***

No 59 120 1 1

Keys: 1 - reference category; AOR, adjusted odds ratio; CI, confidence interval; COR, crudes odds ratio; *statistically significant at P < 0.05; **statistically significant at p < 0.01, ***significant 
at p < 0.001, Hosmer and Lemeshow goodness of fit test P- value = 0.283.
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This finding was supported by the findings of studies conducted in 
Germany (26) and Leon, Nicaragua (25). A possible explanation 
might be that teachers may feel that they have no other option or that 
they may be afraid of being penalized for taking sick leave. Teachers 
may not successfully negotiate days off due to poor communication 
or because they cannot demonstrate their health issues to their 
director, which motivates SP (50, 57). Another view is that less 
supportive supervisors may be  more focused on the day-to-day 
operations of the school, such as ensuring that all lessons are taught 
and that students are learning, than on the health and well-being of 
their teachers. This can lead to a situation where teachers who are sick 
feel pressured to come to work, even if they are not feeling well. In 
addition, some supervisors may not fully understand the challenges 
that teachers face, such as working long hours, working a high 
workload, and dealing with students and parents. As a result, they may 
not take teachers’ health complaints seriously.

The current study showed that teachers who reported low levels 
of colleague support were 2.17 times more likely to report sickness 
presenteeism. This result was supported by the findings of studies 
conducted in Denmark (31) and Sweden (58). The explanation might 
be  that teachers who feel unsupported by their colleagues may 
be more likely to come to work when they are sick. This is because 
they may feel like they have no other option. Unhelpful colleagues 
can increase the feeling that absence is unjustified.

According to the present findings, a lack of suitable households for 
rest was associated with sickness presenteeism. This result has also been 
observed in other studies (31). This observation might be explained first 
by the fact that staying at home when sick might be more stressful for 
teachers since their busy schedules prevent them from getting enough 
rest. Teachers could feel as though their homes are turning into their 
offices and vice versa. Second, teachers may feel bad about missing work 
even when they are ill since they may be enthusiastic about teaching and 
think that what they do is valuable to society (25, 27).

The present study revealed that lack of staff replacement 
availability was significantly related to sickness presenteeism. Due 
to the lack of substitutes, teachers in the study area had stringent 
work schedules with no room to take sick leave. This finding was 
supported by a study from Sweden (20). A possible explanation 
could be a lack of staff and a lack of professionals with multiple 
qualifications. There could be no one taking on the work of others 
other than those assigned for that particular job or fear of workloads 
when returning from illness. A more possible explanation might 
be that teachers with short staffing schedules do not want to burden 
their colleagues due to their sickness absence and because teachers 
feel responsible for and emotionally connected to their students. As 
a result, they want to minimize canceled lessons and go to school 
even if they are ill.

In this finding, strict attendance control was significantly 
associated with sickness presenteeism. This finding was supported 
by a study in Sweden in which attendance demands contributed to 
SP (59). A possible explanation might be that schools have strict 
attendance policies that require teachers to be  present during 
working hours all day. Schools may also place much emphasis on 
attendance and tight deadlines. This can make it difficult for 
teachers to take time off, even when they are sick. School 
administrators may view perfect attendance as a badge of honor 
that can demonstrate signals to other staff. They may believe that 
teachers who have perfect attendance are more dedicated and 

hardworking. This can create even more pressure on teachers to 
come to work even when they are sick.

Strengths and limitations of the study

This study is the first to investigate the prevalence and associated 
factors of sickness presenteeism among primary school teachers in 
Ethiopia, where the concept of occupational health is still less 
practical. Even though those occupational groups are at risk of 
presenteeism, there is no information on the status of these groups. 
Moreover, the study has limitations, as sickness presenteeism was 
measured via self-reports, which may have introduced recall bias and 
interpersonal differences in perceptions of illness concepts. Despite 
these limitations, we  believe that the study provides a reasonably 
accurate assessment of sickness presenteeism and associated risk 
factors among primary school teachers in Gondar city, 
Northwestern Ethiopia.

Conclusion

Sickness presenteeism is relatively high among primary school 
teachers in the study area compared to that reported in previous 
studies. The results of this study provide evidence that low colleague 
support, low supervisor support, strict attendance control, unsuitable 
household conditions, private school type, and lack of staff 
replacement availability are significantly associated with teachers’ 
sickness presenteeism. Therefore, it is recommended that schools 
should improve staff replacement availability, foster a supportive 
atmosphere, and establish connections with community groups for 
housing and financial assistance. Private school teachers can improve 
their support systems by regularly communicating with supervisors, 
providing mental health resources, and creating a supportive 
environment. Additionally, schools should review attendance control 
policies to ensure flexibility and consideration for employees’ health 
needs, such as paid sick leave and clear time off guidelines. In 
conclusion, although this research represents a first attempt at 
studying a phenomenon that has not yet been examined deeply in the 
Ethiopian context, there is a need for more studies to better 
understand the antecedents and consequences of presenteeism.
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Background: Human services occupations are highly exposed to mental health

risks, thus psychosocial risk management is critical to assure healthy and safe

working conditions, promote mental health and commitment, and prevent

fluctuation of employees. However, still little is known about prominent

psychosocial risk factors in various human services work.

Objectives: To identify prominent psychosocial risk factors of mental health in

human services occupations and to explore their individual and organizational

correlates in 19 European countries.

Methods: Cross-sectional survey using data from the European Union’s Labor

Force Survey among 379,759 active employees in 19 European countries. First,

a descriptive analysis was carried out to establish the prevalence of mental

health risk factors. Then sociodemographic correlates of occupational mental

health risk factors were assessed by means of Pearson’s chi-squared test. Finally,

correlations were explored between perceived psychosocial risk factors and

human vs. non-human services occupations, as well as contextual variables by

applying multilevel logistic and multinomial regression analyses.

Results: The prevalence of mental health risk was 45.1%. Work overload

(19.9%), dealing with di�cult clients (10.2%), and job insecurity (5.8%) were

the most prevalent mental health risk factors among European employees. We

identified significant di�erences in the prevalence of mental health risks and

specific mental health risk factors among employees according to sex, age, and

educational attainment. The prevalence of mental health risks was significantly

higher among women (47.0%, man: 43.3%), workers aged 35–50 years (47.5%,

>50: 44.4%, <35: 42.3%), and those with the higher level of education (51.9%,

secondary with diploma: 42.6%, elementary: 36.2%). Employees working in

healthcare in Northern Europe were most likely to be exposed to mental health

risks (AME = 0.717). Working in healthcare in Northern Europe was the strongest

predictor of reporting work overload (AME = 0.381). Working in social care in

Central and Eastern Europe was the strongest predictor of reporting dealing with

di�cult clients (AME = 0.303) as the most prevalent mental health risk factor.

Conclusion: Understanding the impact of employment in specific human

services occupations on mental health and its specific occupational stressors

are vital to improve mental health and safety at work and maintain high

quality services.

KEYWORDS

EU Labor Force Survey, international comparison, mental health risks at work, social

care, healthcare, education, human services
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1 Introduction

Human resources are the most important resource of society

and economy, therefore health and wellbeing of workforce is of

paramount importance. Today, work-related health impairment

is increasingly mental than physical in nature. However, mental

health is crucial for full-fledged work and individual wellbeing

from one side, and for social cohesion and economy from

the other. And vice versa: a decent work is crucial for

mental health (1, 2, 52). Inadequate and/or harmful working

environment—such as job insecurity, unbalanced workloads, low

autonomy—endanger mental health. In 2019, globally 15% of

working-age population were estimated to live with mental

disorder. As a result, an estimated 12 billion working days

are lost every year to anxiety and depression leading to

US$ 1 trillion of lost productivity per year. Healthy and

safe working conditions promote mental health, wellbeing,

performance and commitment of employees and prevents

fluctuation. Therefore, strategies to address mental health at

work is inevitable. Strategies may include prevention and

psychosocial risk management at work (e.g. flexible work

schedule, anti-violence measures), protection and promotion (e.g.

managerial and worker trainings) and support for those with lived

experiences (3).

Preserving and protecting mental health at work is one of the

priorities of the European Union (EU). Since 1989, the EU has

been promoting improvements in occupational safety and health

through legal instruments (Council Directive 89/391/EEC of 12

June 1989). Since 2014, the Framework Agreement on Work-

Related Stress has provided European employers and workers

with a framework for identifying, preventing or managing work-

related stress. The agreement highlights that stress is not an

individual, but a collective responsibility. On the other hand, the

EU Strategic Framework on Health and Safety at Work 2021–2027

identifies the following psychosocial risks: excessive workloads,

conflicting demands and lack of role clarity, lack of influence

and lack of involvement in making decisions, poorly managed

organizational change, job insecurity, ineffective communication,

lack of support from management or colleagues, psychological

and sexual harassment, and third party violence. In the wake of

previous traditions, the latest European position is a comprehensive

approach to mental health (52), and so is the global one (1).

In the EU, a comprehensive assessment of the relationship

between work and physical and mental health has been conducted

in all sectors since 1990. According to the data, almost one in

four Europeans surveyed after the turn of the millennium was

affected by work-related stress and this was the second most

common occupational health problem (4, 5). On the other hand,

job satisfaction has improved (80%) in Europe, supposedly leading

to better health (6). It has also been shown that workplaces carried

fewer health risks (7). However, insecurity of job and workplace,

emotional demands, ethical conflicts and high requirements have

emerged as new psychosocial risk factors. Lack of autonomy and

work intensity have proven to be persistent problems in Europe.

Meanwhile, a high level of work creativity was seen after 2010,

which had a positive impact on mental health (8). These results

obtained in specific nation-states are, of course, strongly influenced

by the relevant labor market regulations and the health care system

concerned (9).

Overall, the 2015 wave of the European Working Conditions

Survey reported better mental health among workers (10). At the

same time, according to some national data, overwork remained

a significant problem. For instance, the number of employees

working more than 48 h a week increased by 15% since 2010 in

the United Kingdom (11). This work beyond working hours greatly

reduces the time to recover and recuperate, which increases the risk

of mental and other health problems.

Right before the outbreak of the coronavirus, the main

challenges of the European working life were as follows: increasing

psychosocial risks linked to emotional demands and exposure to

hostile social behavior (especially in women-dominated sectors);

increasing work intensity in some sectors (particularly in service

and sales occupations); blurred work and non-work boundaries due

to flexibility in the place and time of work (12). The latter problem

even intensified after the outbreak of COVID-19. The pandemic

caused unprecedented and far-reaching changes in working life

including digitalisation, work-life balance, engagement and trust.

During the pandemic, 30% of workers were marked with strained

jobs in which the job demands were higher than the job recourses.

Improved work quality combined with high anxiety rates and

physical and mental exhaustion affecting more than one in 10

employees were also observed. In terms of sociodemographics,

during COVID-19, men’s mental wellbeing was better than that of

women and, unexpectedly, mental health was better among those

with primary education than that of tertiary education. Work-

related stress levels are still high today, albeit lower than the 28%

rate measured in the last 10 years (12).

Within and in addition to research covering the entire national

economy, numerous studies have drawn attention to the mental

health risks of the human professions. It has been proven that

clients’ emotional needs, especially in case of professions providing

care and support, increase the risk of mental illness (10). Results

by Johnson et al. (13) also show that, teachers and social workers,

alongside paramedics, call center clerks, police officers and prison

officers, are among the six professions characterized by below-

average psychological and physical wellbeing and job satisfaction.

The three sectors with the highest health risks in Europe during

the pandemic were health, agriculture and education. Thus, two out

of three sectors belong to the human services sphere (12). A study

of teachers in Italy found that half of the professionals surveyed

exceeded the reference cut-off figure for depression and one-tenth

for anxiety (14). According to the results of Bauer et al. (15) in

Germany, nearly a third (30%) of teachers struggle with mental

health problems.

The healthcare sector received a lot of attention worldwide

before, during, and after the pandemic due to the significant

physical and emotional strain on the professionals involved in the

field (16–18). For instance, the research by Teles et al. (19) in Brazil

found that at least one in seven primary healthcare workers has a

poor quality of life. During the pandemic, seminal research studied

the mental health of health and social workers from a comparative

perspective. Jordan et al. (20) found nomeaningful difference, while

others showed higher mental burden among those working in the

social sector (21, 22).
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1.1 Study aims

A significant body of evidence in the literature clearly reveals

that human services professions involving intense emotional

work are associated with higher levels of distress and a higher

risk of burnout (3, 23–26, 53). However, limited information is

available on the prevalence of psychosocial mental health risk

factors among employees in various human services occupations.

To address this, we aim to identify prominent psychosocial

risk factors of mental health and explore their prevalence

and associations with specific human services professions

such as healthcare, social services, and education as well as

other sociodemographic and organizational factors among

employees across Europe, i.e., Northern, Southern, Western and

Eastern Europe.

2 Materials and methods

2.1 Data source

Our analyses were conducted using data from the international

database of the 2020 supplementary data collection of the European

Union’s Labor Force Survey (EU LFS). This survey constitutes the

highest harmonized data collection of social statistics in the EU

(27). Since the turn of the millennium, an additional survey, a so-

called ad hocmodule, has been appended to the basic questionnaire

of the labor force survey in the second quarter of the year. For

the purpose of our analysis, we used the database of this ad

hoc module, as this survey assessed the risks to mental health at

work, which were key to our research, in more detail compared to

previous years.

The dataset includes information on 457,430 respondents from

30 national random samples collected through the telephone using

computer-assisted questionnaires, or in some cases by means

of face-to-face interviews. Countries not having sufficient data

quality in terms of two key variables of the analysis (type of

occupation and reporting exposure to mental health risk) were

excluded from the analysis, thus 19 countries are included in

our study. After deleting cases with missing values on our

variables of interest,1 and dropping individuals being older than

65 years of age or inactive as labor force (students, retired

people, etc.), our analysis sample consists of 379,759 individuals.

Since relevant literature (28) suggests that the types of welfare

system influence the prevalence of psychosocial risks at work,

we identified four groups of countries, taking into account

the types of welfare systems. To distinguish welfare states, we

rely on the typology of Soede et al. (29), who identified five

distinct groups of welfare: Nordic, Continental, Anglo-Saxon,

Mediterranean and Eastern European welfare states. As the UK,

even though it belongs to the Anglo-Saxon countries, were not

involved in the 2020 data collection of LFS due to the fact that

it is not a member state of the EU any more, and Ireland was

also excluded from the analysis due to the considerable lack of

key variables, the typology we applied distinguishes only four

1 Based on advice obtained LFS user guide we deleted the missing cases

instead of using imputation methods.

groups of welfare states and not five. The four groups are the

following in this study: (1) Western Europe: Austria, Belgium,

Switzerland, Germany, France and Luxembourg, (2) Northern

Europe: Denmark, Finland, Norway and Sweden (3) Central and

Eastern Europe: Czech Republic, Estonia, Hungary, Lithuania,

Latvia and Romania, and (4) Southern Europe: Greece, Italy

and Spain.

2.2 Measures

2.2.1 Dependent variables
To identify psychosocial risk factors of mental health at work,

we selected one question from the survey inquiring about the most

important factor adversely impacting mental wellbeing among the

employees. The answer categories to the question were as follows:

(1) no significant risk factor for mental wellbeing, (2) mainly severe

time pressure or overload of work, (3) mainly violence or threat

of violence, (4) mainly harassment or bullying, (5) mainly poor

communication or cooperation within the organization, (6) mainly

dealing with difficult customers, patients, pupils, etc., (7) mainly job

insecurity, (8) mainly lack of autonomy, or lack of influence over

the workplace or work processes, (9) mainly another significant risk

factor for mental wellbeing.

Based on the nine response options, we ordered the data into

three variables for the analyses. (1) The first was a dummy variable

with a value of 0 indicating that the respondent was not exposed

to any occupational psychosocial health risk, and 1 indicating that

the respondent was exposed to one of the risk factors assessed.

(2) The second variable was a revised set of eight psychosocial

risk factors by merging the categories “mainly to violence or

threat of violence” and “mainly to harassment or bullying” due to

similar content. (3) As the number of items was low, we further

reduced the response categories to five options as follows: (1) not

exposed to mental health risk factors, (2) the main risk factors are

overtime, time pressure, (3) the main risk factor is management of

difficulties concerning clients, patients and children, (4) the main

risk factor: job insecurity, (5) other main risk factors, including

harassment and violence in the workplace, lack of autonomy

at work, inadequate communication and cooperation within the

organization, and other factors.

2.2.2 Independent variable
To categorize the respondents according to the type of their

occupation, we utilized the ISCO-08 (International Standard

Classification of Occupations) occupational codes available in

the LFS database. According to our research goal, we created

five categories: (1) social care occupations, (2) healthcare

occupations, (3) educational occupations, (4) other human services

occupations that do not directly serve the personal health or

social wellbeing of individual people, but their activities apply

to the society as a whole or smaller or larger communities

and client groups, and (5) non-human services occupations (see

the Supplementary Appendix S1 for a detailed description of the

occupations in each occupational category).
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Győri et al. 10.3389/fpubh.2024.1407998

2.2.3 Contextual variables
In order to explore correlates of mental health risk factors,

we developed contextual variables that were included as controls,

which have been associated with various psychosocial risks at work.

One of our contextual variables was the existence of national-

level legislation on psychosocial risks and/or work-related stress.

According to previous research by Jain et al. (30), we created a

discrete variable where 0 indicated that a country did not have

specific legislation on work-related stress and 1 indicated that a

country did have specific legislation (direct or indirect) on work-

related stress. As of 31 December 2020, 63.2% (12 countries) of the

countries selected for the analyses had specific national legislation

on psychosocial risks and/or work-related stress, while 36.8%

(seven countries) had no specific national legislation. We also used

an additional national-level variable, the so-called “Psychosocial

Risk Management Index” (PRM Index), developed by van Stolk

et al. (31) and Lunau et al. (32) using the database of the European

Survey of Enterprises on New and Emerging Risks (ESENER)

conducted by EU-OSHA (European Agency for Occupational

Safety and Health) in 2019. The PRM Index was created based

on six variables each of which assessing the psychosocial risk

management practices of the employer/organizations as judged by

managers. We used these questions: (1) whether employees had

been informed about psychosocial risks and their effect on health

and safety, (2) whether the organization had a procedure to deal

with work-related stress, (3) whether the organization used health

and safety services (e.g., use a psychologist), (4) whether training(s)

had been provided in the last 3 years to employees dealing with

psychosocial risks, (5) whether workers were informed of whom to

turn to in case of work-related psychosocial problems, (6) whether

they used support from external sources on how to deal with

psychosocial risks at work. The average scores calculated at the

organizational level were summed and averaged at the national

level. The resulting values of the composite PRM index ranged

from 0 to 6, where higher values indicated a higher degree of

psychosocial risk management at the company or organizational

level in the country.

2.2.4 Control variables
We also collected sociodemographic variables and working

conditions at the individual level: sex, age (categorical variables:

under 35, 35–50 years, over 50 years), educational attainment

[categorical variables: primary (ISCED 0–2), secondary (ISCED 3–

4), higher (ISCED 5–6) education], atypical employment (dummy

variable: whether the interviewee worked on a fixed-term contract),

atypical work patterns (dummy variable: whether the interviewee

worked shifts and/or weekend and/or evening/night schedule)

and work experience (continuous variable: number of years at

current employment).

2.3 Statistical analysis

Statistical analyses were performed using STATA 16.0 (Release

16. College Station, TX: StataCorp LLC) software. First, a

descriptive analysis was carried out to establish frequencies of

mental health risk factors in the sample. Sociodemographic

correlates of occupational mental health risk factors were assessed

by means of univariate analysis using Pearson’s chi-squared (χ2)

test. The level of significance was set at p < 0.05. Subsequently,

we explored correlations between perceived psychosocial risk

factors of mental health and the type of occupations (human

vs. non-human services) as well as contextual variables by

applying multilevel logistic and multinomial regression analyses

with random intercepts at the country level. We examined a

blank model first in each case, without explanatory variables,

in order to see whether there is a complex variance behind

the structure of the dependent variables. The models provided

a better match when the clustering of data was taken into

account, suggesting that the impact of the individual and national

levels affects the output variable independently. Multicollinearity

among explanatory variables was checked using variance inflation

factor (VIF).

3 Results

3.1 Background characteristics of the
sample

The characteristics of the sample are depicted in Table 1. The

dataset contains information on 379,759 respondents from 19

countries, with the highest number of respondents in Italy (N =

42,760) and the smallest number in Latvia (N = 3,969). Slightly

more than half of respondents were men (52.5%). Moreover,

a typical respondent was middle-aged (39.7%), graduated from

secondary school (47%) and mostly working as an employee with

an unlimited work contract (88.8%) in a normal shift schedule

(51.9%). The majority of the respondents (71.2%) worked in non-

human serviced fields and the overall proportion of those in human

services occupations, i.e., jobs focusing on individuals as clients,

made up 29% of the sample. Six per cent (N = 22,307) of them

worked in the social sector, 5.2% (N = 19,621) in healthcare, 8.3%

(N = 31,463) in education and 9.5% (N = 35,993) in other human

services areas.

3.2 High prevalence of mental health risk
among employees in Europe

Our results showed that 45.1% of employees aged 15–64 (non-

student and active) reported at least one workplace factor that

negatively affected their mental wellbeing (Figure 1). In other

words, nearly one in two workers felt at risk of adverse mental

health at work. The most frequently reported risk factors of

mental wellbeing were work overload due to time pressure or

extended working hours (19.9%), dealing with difficult clients,

patients and children (10.2%), and job insecurity (5.8%). To a

lesser extent, inadequate communication and cooperation within

the organization (4%), bullying and violent behavior (2.1%), as well

as lack of autonomy (1.3%) were reported as the prominent risk

factor of mental wellbeing among the employees.

We found significant differences in the prevalence of

specific mental health risk factors according to sex, age, and
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TABLE 1 Sample characteristics.

N (%)

Sex Male 199,408 (52.5)

Female 180,351 (47.5)

Age <35 91,891 (24.2)

35–50 150,937 (39.7)

>50 136,931 (36.1)

Education Low 61,122 (16.1)

Medium 178,034 (47.0)

High 139,921 (36.9)

Country Austria 10,793 (3.1)

Belgium 17,484 (5.1)

Switzerland 7,449 (2.2)

Cyprus 4,251 (1.3)

Czech Republic 14,255 (4.1)

Germany 23,060 (6.8)

Denmark 12,324 (3.7)

Estonia 7,210 (2.1)

Spain 37,275 (10.8)

Finland 10,439 (3.0)

Greece 16,296 (4.7)

Hungary 21,288 (6.2)

Italy 42,760 (12.4)

Lithuania 5,323 (1.6)

Luxemburg 5,089 (1.5)

Latvia 3,969 (1.2)

Norway 12,779 (3.7)

Romania 21,662 (6.4)

Sweden 11,561 (3.4)

Employment Permanent job or work contract 18,105 (11.2)

Permanent job or work contract of

unlimited duration

143,185 (88.8)

Atypical work Never 194,321 (51.9)

Usually 180,416 (48.1)

Work experience

(year)

Mean (SD) 10.63 (10.34)

Occupation Social care 22,307 (6.0)

Healthcare 19,621 (5.2)

Education 31,463 (8.3)

Other human services 35,993 (9.5)

Non-human 270,375 (71.2)

All percentages are based on valid responses.

educational attainment. Significantly more women than men

reported at least one psychosocial risk factor of mental health

(Table 2). We found significant sex (47% vs. 43%, P = 0,000)

differences in the prevalence of specific mental health risk

factors (Supplementary Appendix Table S1), i.e., significantly more

women reported challenges with difficult clients/patients/children

thanmen (13.1% vs. 8.3%, P= 0.000), while significantly more men

perceived job insecurity as a prominent mental health risk than

women (6.4% vs. 4.9%, P = 0.000). We found no significant sex

differences in any other mental health risk factors.

Our results demonstrated that respondents aged between 35–

50 years reported significantly higher rates of mental health risk

compared to younger and older employees (47.5% vs. 42.3% and

44.4%, respectively, p = 0.000; Table 2). In the total sample,

respondents aged between 35–50 years reported the highest

prevalence of work overload and job insecurity, whilst those under

the age of 35 perceived difficult clients/patients/children as a

prominent mental health risk (Supplementary Appendix Table S1).

Our data also showed that the highest prevalence of mental

health risks was reported by respondents with the highest level

of educational attainment (Table 2). In contrast, respondents

with the lowest educational attainment reported the highest

prevalence of mental health risk attributed to job insecurity

(Supplementary Appendix Table S1).

3.3 Significant di�erences in exposure to
mental health risks across various human
services occupations and across di�erent
regions in Europe

As a next step, we examined the correlations of perceived

mental health risks with various human services occupations.

Figure 2 illustrates the outcomes of logistic regression analysis. We

assessed the correlations for the four groups of countries separately.

As parameters B of different models cannot be compared in case

of logistic regression models, instead of parameters B, of the

we used—methods developed to compare estimates for different

subsamples—Average Marginal Effects (AME) to present and

interpret the model results, as described by Mize (33). AME values

of the same variable can be compared in different subsamples.

Our results demonstrated that there was a significant

correlation between exposure to mental health risk and the type of

human services occupations in each group of countries (Figure 2).

Our results showed that across Europe, workers in social care,

healthcare, education and other human services occupations were

more likely to be exposed to psychosocial risk factors of mental

health at work than those working in non-human services fields.

Of the types of human services occupations, healthcare workers

were most likely to be exposed to psychosocial mental health risks

at work in all four European regions (AME ranged from 0.537 to

0.717). Employees in the healthcare field in Northern Europe had

the highest probability of exposure to mental health risk (AME =

0.717), followed by employees in Western Europe (AME = 0.639),

then in Southern Europe (AME = 0.554) and then in Central and

Eastern Europe (AME= 0.537). Compared to healthcare, exposure

to mental health risks was lower, but also significant in the social

care field, with the highest coefficient estimation values observed

in Northern Europe (AME = 0.702) and Western Europe (AME

= 0.608), respectively. In addition, those involved in education
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FIGURE 1

Exposure to work-related risk factors of mental health in 19 European countries. Source: EU-LFS 2020 ad hoc module.

TABLE 2 Exposure to mental health risks at work according to sex, age,

and educational attainment.

A�ected by mental
health risk at work

Total (N)

Yes No

Sex (p = 0.000)

Man 43.3 56.7 100.0% (192,593)

Woman 47.0 53.0 100.0% (173,782)

Age (p = 0.000)

<35 42.3 57.7 100.0% (88,456)

35–50 47.5 52.5 100.0% (146,084)

>50 44.4 55.6 100.0% (131,835)

Education (p = 0.000)

Elementary 36.2 63.8 100.0% (59,232)

Secondary with diploma 42.6 57.4 100.0% (171,898)

Higher 51.9 48.1 100.0% (134,658)

Source: EU-LFS, 2020 ad hoc module.

in all four groups of countries (AME values range from 0.447

to 0.655) were more likely to report exposure to mental health

risk factors at the workplace compared to those working in non-

human services fields. Other human services occupational areas

(e.g., human resource management and customer care) were only

related to a higher likelihood of mental health risks in Northern

and Southern Europe and they do not have as significant an impact

as healthcare, social care and education (in Northern Europe AME

= 0.600; in Southern Europe AME= 0.451).

3.4 Working in various human services
occupations predict most prevalent mental
health risks

The results of multinomial regressions predicting most

prevalent mental health risk factors (i.e., work overload, dealing

with difficult clients, and job insecurity) are presented in

Tables 3–6.

Our results showed that employees working in the healthcare

sector in Western, Northern and Central and Eastern Europe

were most likely to report work overload as the most prevalent

psychosocial risk factor of mental health as evidenced by AME

values (0.273, 0.381, and 0.154 in Western, Northern and Central

and Eastern Europe, respectively). Among all the regions in

Europe, employees working in the healthcare sector in Northern

Europe were the most likely to perceive work overload as the

most prevalent mental health risk (AME = 0.381). Employees

working in other human services (other than healthcare, social

care and education) in Central and Eastern Europe were the

least likely to report work overload as the most prevalent mental

health risk factor (AME = 0.113). We also found that working

in the healthcare sector in Central and Eastern Europe was the

least likely to increase the risk of mental health (AME = 0.154)

attributed to work overload compared to that in all other regions

in Europe. Work overload was the most prevalent mental health

risk factor among employees working in social care in Southern

Europe (AME = 0.246). Compared with employees working in

the educational sector in all other European regions, Northern

European professionals in the educational sector were most likely

to report work overload as the most prevalent mental health risk

(AME= 0.329).

Compared to all other regions, employees working in the social

care sector in Central and Eastern Europe weremost likely to report

dealing with difficult clients as the most prevalent mental health

risk factor (AME = 0.303). Dealing with difficult clients was the

least likely to be reported by employees working in social care and

education in Northern Europe as the most prevalent metal health

risk (AME= 0.132 in each occupational sector).

Our results demonstrated that employment in various

occupational groups in human services had a limited albeit

significant impact on the likelihood of reporting job insecurity

as the most prevalent mental health risk. Employment in social

services (AME= 0.034) and healthcare (AME= 0.013) in Western

Europe increased the likelihood of perceiving mental health risks

due to job insecurity. A comparison of average marginal effects also
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Győri et al. 10.3389/fpubh.2024.1407998

FIGURE 2

Average Marginal E�ects (AME) of human services occupations depicting the likelihood of exposure to mental health risk in the di�erent country

groups (Reference Category: non-human services occupations). Black dots indicate e�ects significant at minimum 0.05 level, while blue dots

indicate non-significant e�ects. Reference category: non-human services occupations. All models controlled for age, sex, education, permanent job,

atypical work schedule, work experience, national-level legislation, and PRM index. Source: EU-LFS 2020 ad hoc module. (A) Western Europe. (B)

Northern Europe. (C) Central and Eastern Europe. (C) Southern Europe.

showed that the lowest AME values were calculated for employees

in healthcare (AME=−0.065) and social care (AME=−0.056) in

Southern Europe.

We found that employment in the social care sector in

Western, Northern and Central and Eastern Europe predicted the

perception of other risk factors (e.g., harassment and violence

at work, lack of autonomy at work, inadequate communication

and cooperation within the organization) as the most prevalent

mental health risk (AME = 0.233 in Northern Europe, AME

= 0.147 in Western Europe, AME = 0.078 in Eastern and

Central Europe). In Southern Europe, working in the healthcare

sector (AME = 0.103) showed a significant correlation with

other variables as the most prevalent mental health risk factor.

Employment in the educational sector also showed a positive

marginal effect on reporting other mental health risk factors most

frequently in all four groups of countries, although AMEs were

much lower than those observed in the healthcare and social

care sectors.

Of the four regions, only employees in Northern Europe

working in other human services professions (e.g., customer care

professionals) demonstrated a significant AME value (AME =

0.152), suggesting that they were more likely to be affected by

health risks due to harassment, violence, lack of autonomy at work,

inadequate communication, cooperationwithin the organization or

other factors compared to the employees in non-human services

occupations used as a reference.

4 Discussion

Our research objective was to identify prominent psychosocial

risk factors of mental health in various human services occupations.

We also aimed to explore the predictive relationships between

employment in different human service sectors and specific mental

health risk factors among employees from 19 countries in Europe.

Our results showed that a high proportion of European

employees—almost one in two—was at risk of adverse mental

health hazards at work. In line with previous research (10, 12,

13, 15), we found that across Europe, professionals in social care,

healthcare, education and other human services are proportionally

more exposed to psychosocial mental health risks at work than

those working in non-human services fields. This can be explained

by high emotional stress, frequent traumatic situations (secondary

traumatic stress) (34) and intense interpersonal interactions,
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TABLE 3 Relationships between the most prevalent psychosocial risk factors of mental health at work and the type of human services occupation among employees in Western Europe.

Western Europe

Dependent variable: Most prevalent mental health risk factors

(Ref: Employees not exposed to mental health risk factors in the workplace)

Overload of work Dealing with di�cult clients, pupils, etc. Job insecurity Other†

Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI

Occupation (Ref: non-human)

Social care 0.208∗∗∗ (0.006) 0.196–0.220 0.185∗∗∗ (0.006) 0.173–0.197 0.034∗∗∗ (0.002) 0.029–0.038 0.147∗∗∗ (0.005) 0.137–0.158

Healthcare 0.273∗∗∗ (0.008) 0.257–0.289 0.142∗∗∗ (0.006) 0.130–0.154 0.013∗∗∗ (0.001) 0.009–0.017 0.110∗∗∗ (0.004) 0.101–0.120

Education 0.174∗∗∗ (0.005) 0.164–0.184 0.138∗∗∗ (0.004) 0.129–0.148 −0.024∗∗∗ (0.002) 0.020–0.028 0.103∗∗∗ (0.004) 0.096–0.111

Other human services 0.196 (0.002) 0.185–0.206 0.074 (0.002) 0.068–0.086 0.033 (0.002) 0.028–0.037 0.093 (0.003) 0.086–0.099

Random-e�ects parameters

Individual-level variance 0.124∗∗∗ (0.008) 0.098–0.147

Country-level intercept variance 0.282∗∗∗ (0.021) 0.254–0.313

Log likelihood −128,791.47

N 100,408

Number of groups (countries) 5

The standard errors (SE) are reported in parentheses. In all models, age, sex, education, permanent job, atypical work schedule, work experience, national-level legislation, and PRM index were controlled for.

CI, confidence interval; Ref, reference category.
∗∗∗p < 0.001.
†Other risk factors include harassment and violence, lack of autonomy, etc.

Source: EU-LFS 2020 ad hoc module.
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TABLE 4 Relationships between the most prevalent psychosocial risk factors of mental health at work and the type of human services occupation among employees in Northern Europe.

Northern Europe

Dependent variable: Most prevalent mental health risk factors

(Ref: Employees not exposed to mental health risk factors in the workplace)

Overload of work Dealing with di�cult clients, pupils, etc. Job insecurity Other†

Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI

Occupation (Ref: non-human)

Social care 0.335∗∗∗ (0.007) 0.320–0.351 0.132∗∗∗ (0.008) 0.117–0.148 −0.039∗∗∗ (0.003) 0.032–0.045 0.233∗∗∗ (0.007) 0.219–0.247

Healthcare 0.381∗∗∗ (0.009) 0.362–0.400 0.136∗∗∗ (0.005) 0.125–0.147 −0.031∗∗∗ (0.003) 0.023–0.038 0.211∗∗∗ (0.008) 0.194–0.228

Education 0.329∗∗∗ (0.007) 0.315–0.343 0.132∗∗∗ (0.007) 0.118–0.146 −0.044∗∗∗ (0.003) 0.038–0.052 0.168∗∗∗ (0.006) 0.155–0.180

Other human services 0.302∗∗∗ (0.008) 0.286–0.319 0.078(0.004) 0.069–0.088 0.084 (0.005) 0.074–0.094 0.152∗∗∗ (0.006) 0.139–0.164

Random-e�ects parameters

Individual-level variance 0.112∗∗∗ (0.009) 0.097–0.126

Country-level intercept variance 0.217∗∗∗ (0.014) 0.203–0.238

Log likelihood −16,796.44

N 44,507

Number of groups (countries) 4

The standard errors (SE) are reported in parentheses. In all models, age, sex, education, permanent job, atypical work schedule, work experience, national-level legislation, and PRM index were controlled for.

CI, confidence interval; Ref, reference category.
∗∗∗p < 0.001.
†Other risk factors include harassment and violence, lack of autonomy, etc.

Source: EU-LFS 2020 ad hoc module.
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TABLE 5 Relationships between the most prevalent psychosocial risk factors of mental health at work and the type of human services occupation among employees in Central and Eastern Europe.

Central and Eastern Europe

Dependent variable: Most prevalent mental health risk factors

(Ref: Employees not exposed to mental health risk factors in the workplace)

Overload of work Dealing with di�cult clients, pupils, etc. Job insecurity Other†

Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI

Occupation (Ref: non-human)

Social care 0.136∗∗∗ (0.007) 0.128–0.141 0.303∗∗∗ (0.010) 0.283–0.323 −0.037∗∗∗ (0.005) 0.028–0.047 0.078∗∗∗ (0.006) 0.065–0.091

Healthcare 0.154∗∗∗ (0.007) 0.144–0.165 0.238∗∗∗ (0.008) 0.221–0.255 −0.025∗∗∗ (0.004) 0.017–0.034 0.063∗∗ (0.005) 0.053–0.073

Education 0.144∗∗∗ (0.005) 0.135–0.156 0.228∗∗∗ (0.007) 0.213–0.243 −0.044∗∗∗ (0.004) 0.031–0.049 0.054 (0.004) 0.046–0.061

Other human services 0.113 (0.006) 0.102–0.126 0.136∗∗∗ (0.005) 0.125–0.147 0.061 (0.004) 0.052–0.069 0.052 (0.004) 0.045–0.059

Random-e�ects parameters

Individual-level variance 0.107∗∗∗ (0.007) 0.094–0.121

Country-level intercept variance 0.241∗∗∗ (0.007) 0.232–0.256

Log likelihood −25,781.35

N 83,363

Number of groups (countries) 4

The standard errors (SE) are reported in parentheses. In all models, age, sex, education, permanent job, atypical work schedule, work experience, national-level legislation, and PRM index were controlled for.

CI, confidence interval; Ref, reference category.
∗∗p < 0.01.
∗∗∗p < 0.001.
†Other risk factors include harassment and violence, lack of autonomy, etc.

Source: EU-LFS 2020 ad hoc module.
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TABLE 6 Relationships between the most prevalent psychosocial risk factors of mental health at work and the type of human services occupation among employees in Southern Europe.

Southern Europe

Dependent variable: Most prevalent mental health risk factors

(Ref: Employees not exposed to mental health risk factors in the workplace)

Overload of work Dealing with di�cult clients, pupils, etc. Job insecurity Other†

Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI Average marginal
e�ect (SE)

95% CI

Occupation (Ref: non-human)

Social care 0.246∗∗∗ (0.008) 0.231–0.262 0.142∗∗∗ (0.006) 0.129–0.154 0.080 (0.005) 0.069–0.090 0.090∗∗∗ (0.005) 0.078–0.101

Healthcare 0.190∗∗∗ (0.006) 0.179–0.202 0.149∗∗∗ (0.008) 0.136–0.163 −0.056∗∗ (0.005) 0.047–0.065 0.103∗∗ (0.006) 0.092–0.114

Education 0.199∗∗∗ (0.005) 0.189–0.209 0.134∗∗∗ (0.005) 0.124–0.144 −0.065∗∗∗ (0.004) 0.057–0.073 0.087∗∗∗ (0.004) 0.079–0.096

Other human services 0.179∗∗ (0.002) 0.175–0.183 0.090∗∗ (0.004) 0.083–0.097 0.078∗∗ (0.003) 0.071–0.084 0.077 (0.003) 0.075–0.088

Random-e�ects parameters

Individual-level variance 0.116∗∗∗ (0.008) 0.105–0.127

Country-level intercept variance 0.238∗∗∗ (0.010) 0.226–0.245

Log likelihood −52,847.50

N 93,272

Number of groups (countries) 3

The standard errors (SE) are reported in parentheses. In all models, age, sex, education, permanent job, atypical work schedule, work experience, national-level legislation, and PRM index were controlled for.

CI, confidence interval; Ref, reference category.
∗∗p < 0.01.
∗∗∗p < 0.001.
†Other risk factors include harassment and violence, lack of autonomy, etc.

Source: EU-LFS 2020 ad hoc module.
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which can lead to emotional exhaustion and burnout. On the

other hand, workplace conditions such as high workloads (35),

limited resources and inadequate support (54) further increase

their vulnerability to mental health risks. We also found that

women, middle-aged employees, and those with higher educational

attainment were more at risk, which are also in line with the

conclusions of previous research (12). We also demonstrated that

the largest proportion of respondents perceived work overload

as the most significant psychosocial risk factor of mental health

at work, which confirm data from previous research (11). We

identified two additional prevalent psychosocial risk factors, i.e.,

dealing with difficult clients/patients/children and job insecurity.

These results are in line with data obtained from previous

research by our study group (36) conducted in the social care and

educational sectors.

Results also revealed that female sex and younger age

significantly correlate with higher rates of reporting difficult

interactions with clients/patients/children. This can partly be

explained by the fact that the proportion of women in

the human services professions is a priori higher (37–40).

Human services roles related to care, nursing and support

inherently imply more frequent and intimate interaction with

clients, which increases the possibility of exposure to health

risks arising from conflicted and challenging interactions. The

vulnerability of people under 35 is also consistent with previous

results. In human services professions, longer work experience

proved to be a protective factor (36, 55), since it takes

time to learn how to tackle difficult situations associated

with clients.

It also turned out that middle-aged employees were most at risk

of adverse mental health due to work overload and job insecurity.

This can probably be explained, on the one hand, by the career

ambitions of 35–50-year-olds and the sacrifices that this entails

both at work and at home. On the other hand, today’s technological

advancements, the option for permanent availability and workplace

culture can also play a role in enhancing work overload. The culture

of certain workplaces can encourage long working hours and a

hustle mentality, not only in the early but also in the middle stages

of a career (41).

Our results also revealed that men were more at risk of

adverse mental health resulting from frequent perceptions of job

insecurity. This may be due, for example, to the fact that, despite the

convergence of gender roles, there is still a pay gap between women

and men in favor of men (42–47). This pay gap can put financial

pressures on men as the primary breadwinner in the household,

leading to a more pronounced perception of the risk of losing

their job.

Another aim of our study was to explore the correlations

between psychosocial risk factors of mental health at work and

the type of human services field by means of multilevel logistic

and multinomial regression analyses. We confirmed and added to

previous research (18, 20–22, 48–50) by identifying the predictive

role of specific human services fields in mental health due to unique

psychosocial risk factors. Our research showed that working in

healthcare and social care were the strongest predictors of reporting

work overload and dealing with difficult clients or job insecurity as

the most prevalent mental health risk factors.

There may be several potential explanations as to why

these human services sectors are the strongest predictors of

adverse mental health. People working in both healthcare and

social services often encounter needs that require immediate

solutions during their work, such as medical emergencies or

families/individuals in difficult life situations. In such cases, the

demand for services can be particularly intense, which can lead

to a high workload. It is also well described that both sectors

struggle with labor shortages, so the existing staff have to perform

more tasks, which also results in overtime and work overload

(35). Many healthcare and social care professionals (e.g., doctors,

nurses, emergency responders, social workers) work long and

irregular hours, including night shifts and weekends (51). These

extraordinary schedules can contribute to physical and mental

exhaustion. A special feature of the healthcare and social services

sectors, which distinguishes them from the educational and

other human services sectors, is, on the one hand, the frequent

occurrence of emotionally demanding situations, including the

suffering and death of patients (56), or crisis conditions of families

and/or individuals. On the other hand, mistakes made in the

healthcare and social services professions at work can have very

serious consequences. In the long run, both compassion fatigue

and the expectation of flawless performance can contribute to work

overload, stress, and burnout.

Finally, our research also revealed which Europe countries were

most typical of each individual psychosocial risk factor. According

to our results, work overload was mainly characteristic of Western,

Northern and Central and Eastern European countries and

mainly affected healthcare workers. In Southern Europe, mental

health risk due to work overload was the highest among social

workers. Dealing with difficult clients was the most predominant

psychosocial risk factor of mental health in Western and Central

and Eastern European countries and affected mainly those working

in the social services sector, while in countries in Northern and

Southern European it is more likely to impact adversely the

mental health of healthcare workers. Looking at Europe as a

whole, job insecurity, as a psychosocial risk factor of mental

health, had a smaller role than that described above for work

overload and dealing with difficult clients: job insecurity wasmostly

typical of healthcare and social workers in Western Europe. In

comparison, in countries in Northern, Central and Eastern Europe,

job insecurity represented a greater mental health risk for those

working in services of non-human occupational fields. In the social

care, healthcare and educational sectors, employees reported job

insecurity as the predominant mental health risk to a lesser degree.

In other human services occupations (e.g., customer care), other

mental health risk factors such as harassment at work, violence,

lack of autonomy at work, inadequate communication within the

organization, and insufficient cooperation appeared to serve to a

small extent as psychosocial mental health risk factors, however,

only in Northern Europe.

Although further targeted research is needed for a more in-

depth comparison between the countries, our results suggest that

the four groups of countries cannot be clearly separated on the basis

of the examined psychosocial risk factors of mental health at work.

A certain coexistence can be observed between the Northern and

Central and Eastern European countries in terms of work overload
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and job insecurity as a mental health risk, as well as between the

Western and Central and Eastern European countries regarding

perceivedmental health risks related to dealing with difficult clients.

There are also similarities in the likelihood of mental health risk

due to other risk factors (e.g., harassment and violence at work, lack

of autonomy at work, inadequate communication and cooperation

within the organization) among Northern, Western and Central

and Eastern European countries. Furthermore, these risk factors

were most prevalent in the social services sector. However, these

tentative claims require further testing. Due to the obvious cultural,

economic, social and socio-political differences of countries, there

may be very different explanations behind the similarly perceived

health risks. In the future, in addition to the two contextual

variables used to address differences between countries and groups

of countries, i.e., the national-level legislation on psychosocial risks

and the psychosocial risk management index, it is necessary to

include additional variables.

One of the weaknesses of our research is that we could only

use the supplementary module of the 2020 database from the

longitudinal survey, thus no temporal comparison could be made.

One reason for this is that only the most recent additional survey in

2020 assessed workplace risks of mental health in the most detailed

fashion, which was key to our research. Another limitation is that

our analyses only cover those 19 countries where the quality of the

data on the two key study variables (human services occupations

and mental health risk exposure) was adequate.

In addition to the limitations, our research also has several

strengths. On the one hand, this is one of the first studies,

which includes a comparative analysis of psychosocial risk factors

of mental health in various human services sectors among

European countries. This international comparison features several

dimensions with rich data: spatial, inter-country; between human

and non-human services fields; and a dimension comparing specific

human services occupations, focusing on social care, healthcare

and educational sectors. On the other hand, our study can be

linked and can add important evidence to European Agency

for Occupational Safety and Health (EU-OSHA)’s research on

occupational safety and health in the health and social care sector,

which currently in progress. In addition to ergonomic, biological,

chemical, and physical risks, the research pays special attention

to psychosocial risks. Finally, our evidence-based results draw

attention to the specific mental health risk factors of different

human services employment areas, which contribute to raising

awareness of the topic.

5 Conclusion

In conclusion, our research adds evidence to the understanding

of the impact of employment in specific human services

occupations on the risks to mental health at work. Furthermore,

our results on the specific occupational stressors of mental health

in each of the human services professions examined support the

development of policy and interventional programmes to enhance

employees’ health and safety and to maintain a high quality of

client-centered service.
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