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Background: Pay-for-performance (PFP) is a type of incentive system where employees receive monetary rewards for meeting predefined standards. While previous research has investigated the relationship between PFP and health outcomes, the focus has primarily been on mental health. Few studies have explored the impact of PFP on specific physical symptoms like pain.

Methods: Data from the Korean Working Conditions Survey (KWCS) was analyzed, encompassing 20,815 subjects with information on PFP and low back pain (LBP). The associations between types of base pay (BP) and PFP with LBP were examined using multivariate logistic regression models, taking into account a directed acyclic graph (DAG). The interaction of overtime work was further explored using stratified logistic regression models and the relative excess risk for interaction.

Results: The odds ratio (OR) for individuals receiving both BP and PFP was statistically significant at 1.19 (95% CI 1.04–1.35) compared to those with BP only. However, when the DAG approach was applied and necessary correction variables were adjusted, the statistical significance indicating a relationship between PFP and LBP vanished. In scenarios without PFP and with overtime work, the OR related to LBP was significant at 1.54 (95% CI 1.35–1.75). With the presence of PFP, the OR increased to 2.02 (95% CI 1.66–2.45).

Conclusion: Pay-for-performance may influence not just psychological symptoms but also LBP in workers, particularly in conjunction with overtime work. The impact of management practices related to overtime work on health outcomes warrants further emphasis in research.
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1 Introduction

Low back pain (LBP) is a common health problem prevalent in many people worldwide. According to the Global Burden of Disease Study, the age-standardized point prevalence of LBP decreased slightly from 8.2% in 1990 to 7.5% in 2017, but the number of affected individuals increased significantly from 377.5 million to 577.0 million (1). It is worth noting that LBP imposes a significant economic burden on society as a whole. In addition to direct medical expenses, indirect costs such as reduced work productivity are major contributors to the overall economic impact (2). Alongside the high prevalence rate, the cost of seeking medical care and losing time from work is also considerable (3). LBP also has a significant impact on the quality of life (4).

Certain diseases, such as lumbar disk herniation and spinal stenosis, can develop LBP. However, when disease-specific factors are excluded, it can be diagnosed as non-specific LBP, which accounts for 80–90% of LBP cases (5). The severity of pain in LBP can vary over time and can be attributed to several factors (6). Among them, biological, psychological, and social factors can act in combination to exacerbate LBP (7).

Occupational factors are also known to contribute to the occurrence or worsening of LBP, due to various musculoskeletal burdens. Reported factors include back bending and twisting, lifting and pulling heavy objects, and manual patient handling (8). There have been mixed findings on the impact of prolonged sitting on LBP in certain occupations: one meta-analysis reported a relationship between sedentary behavior and LBP (9), while some studies did not find such an association (10). Otherwise, female workers, long working hours, logistics and fishing workers, and psychosocial stress are known factors associated with LBP (11).

Various physical and psychological factors interact and contribute to musculoskeletal pain (12).

In a recent meta-analysis, a comprehensive examination of social determinants of health was conducted, including their association with LBP (13). Some studies cited in the meta-analysis included aspects of financial stability, while most studies focused on classifying socioeconomic status (SES) or income levels only.

Pay-for-performance (PFP) is a type of incentive system where employees receive monetary rewards for meeting predefined standards (14). PFP has been widely used in organizations across industries: in the United States, for example, 75% of companies have adopted some type of PFP system (15). The majority of previous research on PFP has been focused on the incentive system’s effect on motivation and performance (16, 17), as PFP was developed and applied to increase employee’s motivation and maximize their productivity. Recent work has started examining whether and how PFP affects employee’s quality of life and well-being in general (18, 19).

Relatedly, research has investigated a relationship between PFP and employee health outcomes. However, most of the previous work has focused on employee’s psychological symptoms, including stress, depression, and anxiety symptoms (20–23). For example, previous work with Danish firms found a 4–6 percent increase in the usage of antidepressant and antianxiety medication once a firm adopts PFP (22). Likewise, research with Korean working adults showed that PFP increased the risk of depressive and anxiety symptoms (23).

While recent research has seen a surge in investigating the relationship between PFP and mental health, there remains a dearth of studies examining the effect of PFP on specific physical symptoms, such as pain. Given how widely PFP has been adopted, it is important to understand its effect on physical health. Therefore, this study aimed to examine the relationship between PFP and LBP, a prevalent physical symptom that imposes a substantial disease burden.



2 Materials and methods


2.1 Study participants

The data for this study were obtained from the 6th Korean Working Conditions Survey (KWCS), conducted between 2020 and 2021 by Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, which encompasses Korean workers aged 15 years or older. The KWCS is on assessing the working conditions across the Korean workforce and examining their exposure to various work-related risk factors. The KWCS consists of similar questions licensed from the European Working Conditions Survey (EWCS) and is administered approximately every 3 years. The reliability and validity of the original dataset was introduced elsewhere (24). The response rate (RR3) for the 6th KWCS was 34.9%. Among the 50,538 respondents in the survey, this study specifically analyzed 33,063 individuals who were wage workers. Among the wage workers, 3,412 shift workers were excluded from the analysis, as their work schedule could have a significant effect on their working hours and other covariates. In the analysis of the wage workers, respondents who did not respond to questions regarding both PFP and LBP were excluded from the survey. Additionally, respondents who provided incomplete or invalid information regarding their monthly income were also excluded to adjust the effect of income level. As a result, a total of 20,815 subjects were included for this study (Supplementary Figure S1).



2.2 Covariates

The KWCS data was collected by conducting household visits, surveying the household members, and collecting information on their working conditions. Regarding the workplace information, the KWCS investigators subjectively recorded the name of the company and the tasks carried out by each household member. These tasks were then categorized into major occupation groups according to the International Standard Classification of Occupation (ISCO) with the help of experienced classifiers who had previously worked on the KWCS (Korean Working Conditions Survey). For the current study, the ISCO categories were consolidated into three groups by similarity suggested by Choi et al. (25): (1) Group 1–4 consisted of managers, professionals, technicians, and clinical support workers. (2) Group 5–6 included service, sales, agricultural, forest, and food workers. (3) Group 7–9 encompassed crafts, trades, machinery, and related occupations.

The current study investigated several factors related to work content, including: (1) High speed. (2) Tight deadlines. (3) Tiring or painful positions (excluding standing or sitting). (4) Lifting or moving people. (5) Carrying or moving heavy loads. (6) Prolonged standing. (7) Prolonged sitting. (8) Repetitive hand or arm movements. Each item was assessed based on the amount of time it took during the entire working hours. If a specific item accounted for more than half of the total working hours, it was considered as present or applicable for that individual. The study also included respondents’ job stress, which was evaluated based on the question “Do you experience stress in your work?,” with participants responding either “yes” or “no.”

Regarding working hours, the legal standard set by Korea’s Labor Standards Act is 40 h per week, with overtime work allowed up to 52 h. However, in some industries, working hours exceeding 52 h are either legally permitted or conducted illegally. Therefore, the study classified the respondents’ weekly working hours into three categories: less than 40 h, 40–52 h, and more than 52 h. The study gathered information on overtime work by analyzing the survey question: “Normally, how many times a month do you work?” If respondents indicated working at night, on Sundays, on Saturdays, or exceeding 10 h a day, it was classified as overtime work.



2.3 Pay-for-performance and low back pain

The KWCS included questions about the income of wage workers, specifically asking about the components of compensation from their main job. The survey investigated the following 10 detailed items: (1) Base salary/wage. (2) Piece rate. (3) Extra payments for additional hours of work/overtime. (4) Extra payments compensating for bad or dangerous working conditions. (5) Extra payments compensating for Sunday work. (6) Individual performance incentives. (7) Company-level performance incentives. (8) Regular bonus. (9) Individual commissions and tips. (10) Other non-monetary compensation (e.g., medical services, access to shops, etc.). We defined “Base salary/wage” as base pay (BP). We defined any of the 2, 6, 9 categories as pay-for-performance (PFP), following previous work defining PFP as the degree to which employees’ own, individual performance influences their pay. Table 1 describes the distribution of BP and PFP among the study respondents. Out of the total respondents, 15,792 (75.9%) received only BP, 4,447 received both BP and PFP, and 576 received wages with PFP only, without any BP.



TABLE 1 Number and proportion of type of income of survey participants.
[image: Table1]

To define cases of LBP, individuals who answered “yes on backache” to the question “Over the last 12 months, did you have any of the following health problems?” were classified as having LBP. Responses such as “do not know,” “no opinion,” and “refused” were excluded from the analysis.



2.4 Statistical analysis

Chi-square tests were applied to explore the simple association between variables that could potentially be associated with LBP. These variables included gender, age, occupational group, working conditions, working hours, overtime work, and income type. To investigate the association between PFP and LBP, logistic regression analysis was conducted. Stepwise regression models, gradually adding variables such as PFP, gender, age, occupational group, working conditions, occupational stress, working hours, and overtime work, were applied. After that, to accurately calculate the total effect, a directed acyclic graph (DAG) was utilized in the regression analysis. This approach helps prevent errors such as over-adjustment and collider effects in the model correction (26). A multivariate logistic regression analysis model was then established to identify variables that were significantly related to PFP. These steps allowed us to take the specific relationships between PFP and the other variables into consideration. Because the inclusion criteria of study subject covered only complete cases of KWCS, the strategy for missing data was not considered.

In order to investigate the potential interaction between variables related to PFP and LBP, odds ratios were calculated using stratified logistic regression models. The variables considered for stratification were gender, age, overtime work, long working hours, income, fast work (defined as high speed or tight deadline), and job stress. This study is concerned with the interaction of different variables that affect LBP. To quantify the interaction, the Relative Excess Risk due to Interaction (RERI) and its confidence interval were calculated. In epidemiological studies, the RERI is a quantified indicator of how much more risk occurs when two exposure variables are present simultaneously than when they are present individually. For the calculation of the RERI, each variable was dichotomously divided. Among the six variables mentioned, long working hours were classified as more than 40 or 52 h per week, and fast work was defined as having either the high speed or tight deadline in the work. Age and income were divided into two groups based on their median values of 45 years old and 240 million Korean Won (MKRW). For sensitivity analysis, we ran the analysis by changing the definition of extremely long working hours to 55 h per week instead of 52 h per week.

The confidence level for all statistical analyses in this study was set at a p-value threshold of 0.05 and a confidence interval of 95%. The statistical analysis was performed using R version 4.3.1. (Vienna, Austria). The KWCS employed the clustered extraction method to obtain a representative sample of all Korean workers. To account for the survey’s design and sampling methodology, appropriate weights were applied to adjust for the clustering and ensure that the results accurately represent the entire population of Korean workers.




3 Results

The total number of subjects was 20,815, among which 5,412 individuals (26.0%) reported having LBP. The prevalence of LBP was higher in women (32.1%) compared to men (24.0%), and tended to increase with age, ranging from 11.9% in individuals under the age of 30 to 45.9% in those over the age of 60. Among occupational groups, the prevalence of LBP was highest among workers in the 7–9 category, which includes crafts, trades, machine operators, assemblers, and elementary occupations, often referred to as blue-collar workers. Regarding working conditions, most of the factors, including high speed, tight deadlines, tiring or painful positions (excluding standing or sitting), lifting or moving people, carrying or moving heavy loads, and inadequate movement directions, were associated with a higher prevalence of LBP. Job stress was also associated with a higher prevalence of LBP, but the association was not statistically significant. An increase in working hours and overtime work were both correlated with higher prevalence of LBP. Regarding payment systems, individuals who relied solely on PFP had the highest prevalence of LBP at 35.6%, whereas those receiving only BP and those receiving both BP and PFP had lower prevalence at 26.6 and 22.6%, respectively. Additionally, lower income levels were associated with a higher prevalence of LBP (Table 2).



TABLE 2 Basal characteristics associated with low back pain in KWCS participants.
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In the logistic regression model analyzing the association between payment systems and LBP, the odds ratio (OR) was lower at 0.89 [95% confidence interval (CI) 0.79–1.00] insignificantly when having both BP and PFP. However, when relying solely on PFP, the OR significantly increased to 1.48 (95% CI 1.15–1.91). This trend shifted when adjusting for gender, age, occupational group, and income level. In model 1, which considered these variables, the OR for individuals with both BP and PFP was high with statistically significance at 1.19 (95% CI 1.04–1.35) compared to BP only. This trend persisted even when accounting for other factors related to LBP, such as working conditions, job stress, working hours, and overtime work. However, when the DAG approach was applied, the necessary correction variables to identify the total effect were found to be gender, age, occupational group, working hours, and overtime work (Supplementary Figure S2). In the model that adjusted these unbiasing variables, the statistical significance suggesting a relationship between PFP and LBP disappeared (Table 3).



TABLE 3 Stepwise multivariate logistic regression models and a DAG based model associated with low back pain.
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In the analysis of factors related to PFP, women were less likely to report PFP compared to men, but this difference was not statistically significant (OR = 0.94, 95% CI 0.82–1.08). Regarding age groups, all higher age groups showed a significant association with PFP when compared to those under the age of 30. However, individuals over the age of 60 had a lower likelihood of reporting PFP (OR = 0.64, 95% CI 0.51–0.79). When comparing occupational groups, individuals in the 5–6 group, which includes sales workers, were more likely to report PFP, while those in the 7–9 group, consisting of blue-collar workers, were less likely to have PFP. Among the variables related to working conditions, tasks involving high speed, tight deadlines, tiring positions, and sitting were more likely to be associated with PFP. On the other hand, tasks involving prolonged standing and repetitive hand/arm movements showed a lower likelihood of being related to PFP. There was no significant association with working hours exceeding 52 h, but individuals working between 40 and 52 h had a lower likelihood of reporting PFP (OR = 0.85, 95% CI 0.75–0.97). There was a significant relationship between overtime work and PFP (OR = 1.24, 95% CI = 1.09–1.41), indicating that individuals working overtime were more likely to have PFP. Similarly, there was a significant association with job stress (OR = 1.31, 95% CI = 1.15–1.50), indicating that individuals experiencing job stress were more likely to report PFP (Table 4).



TABLE 4 Multivariate logistic regression model according to characteristics associated with pay-for-performance.
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In the stratified model, the OR did not significantly change when considering only PFP in the case of no overtime work and applying PFP, compared to the reference of without PFP nor overtime work (OR = 1.01, 95% CI 0.87–1.17). However, when there was no PFP in the case of overtime work, the OR related to LBP was statistically significant at 1.54 (95% CI 1.35–1.75), and in the case of PFP, the OR increased to 2.02 (95% CI 1.66–2.45). This suggests an interaction between PFP and overtime work, but the RERI was not statistically significant at 0.25 (95% CI –0.32-0.81). Similar tendencies were observed with other variables, but the RERI was not statistically significantly high (Table 5).



TABLE 5 Multivariate logistic regression model according to characteristics associated with pay-for-performance.
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4 Discussion

This study represents the first attempt to establish a relationship between PFP and LBP to our best knowledge. By adjusting variables linked to PFP and LBP and applying multiple models, this study discovered that PFP was linked to a high prevalence of LBP, particularly through factors such as overtime work and extended work hours.

Covariates considered in this study align with existing knowledge about LBP. Specifically, the consistently higher prevalence of LBP among women and the escalating occurrence of LBP with age is consistent with previous knowledge. The significant prevalence of LBP among blue-collar workers also resonates with conventional understanding. The factors regarding work conditions, such as stressful situations including high speed, tight deadlines, and diverse ergonomic positions, were previously recognized to contribute to LBP, and this study reinforces those findings. Both long working hours and overtime work were also significantly associated with LBP in this study.

Long working hours are associated with a range of adverse health effects. Among the most widely recognized is cerebrovascular disease, which has been the subject of various studies, including a comprehensive meta-analysis by Kivimäki et al. (27). Suicide has also been studied, with the Japanese term ‘Karojisatsu’ describing the link between overtime work and suicide risk (28). Subsequent large-scale studies in the United States and Korea have reinforced the strong correlation between long work hours and an elevated risk of suicide (29, 30). However, comprehensive research encompassing all occupations and working hours related to LBP has been lacking. The relationship between working hours and LBP has been unequivocal in studies involving certain occupations like nurses, doctors, and those involving prolonged sitting (11, 31, 32). The odds ratio of 1.19 (95% CI 0.92–1.53) reported in the DAG-based model of this study was even larger, 1.51 (95% CI 1.21–1.89) in the same model (data not shown), when the definition of extremely long working hours was changed. Although the main results are reported based on a 52-h workweek to account for the definition of working hours in Korean legislation, the results of this sensitivity analysis suggest that working hours play a large role in the effect of PFP on LBP.

This study confirms the existing risks associated with long working hours and overtime, while also delving into the factors contributing to these hazardous work patterns. PFP has been commonly employed as a strategy to enhance corporate productivity, but adverse effects such as increased injuries and decreased productivity have been reported based on the specific application (33, 34). In this study, PFP was not associated with long working hours in itself; rather, the application of PFP was less prevalent in the 40 to 52-h workweek group compared to the group working 40 h or less per week. However, concerning overtime work—such as weekends, late-night shifts, and workdays exceeding 10 h—PFP exhibited a clear correlation. The reason for the unexpected relationship with total working hours might stem from the unique characteristics of the Korean work culture. When comparing the working environment survey in Korea and European countries, it was found that Korean workers work more hours than EU workers, but their intensity was low (35).

In the series of logistic regression models, when analyzed in the stepwise method, the effect of PFP did not show much difference between models. In the crude model, the OR of LBP was high in workers subject to only PFP, but in the adjusted stepwise models, the OR was about 1.19 and significantly higher when BP and PFP were applied at the same time. This effect was diluted only after the correct correction explored through DAG, and the consistent appearance of this effect suggests that there was a collider effect between working conditions, occupational stress, income level, and other variables considered as correction variables. Each variable interacts in a complex manner. For example, service jobs have a high rate of PFP application, and the income level is often low in condition that PFP is high. Given these complex interactions, it is suggested that LBP associated with PFP acts through overtime work as a mediator. Since PFP and LBP were significant in the generalization model, and overtime work was related to both PFP and LBP, it can be concluded that overtime work acts as a mediator by Baron and Kenny’s methodology (36). Recently, the mediating effect can be elaborately analyzed according to the methodology proposed by Hayes (37), but the result variable of this study was presented as LBP, a binary variable, so the limitation of the study is that this methodology cannot be applied. Instead, this study showed RERI, which is a method of calculating an excess risk and is not a test to determine the presence or absence of interaction. Although the RERI of the overtime work was estimated as 0.25 but the 95% CI included 0, the change in OR suggests that there is a possible interaction.

In addition, cross-sectional design is a limitation of this study. Various ergonomic risk factors showed a positive correlation with LBP, but in the case of prolonged sitting, it showed an opposite correlation. As mentioned in the introduction, previous results have been mixed on the LBP effect of sitting position. In this study, it was analyzed that the prevalence of LBP was rather low in the case of prolonged sitting, which may be because people with LBP avoid sitting for a long time. However, since the questions constituting the variables assumed in this study were carried out independently, the risk of inverse association is not expected to be significant. The definition of LBP was based on a survey, and there was no clear classification of its extent and scope. In addition, if a subject has a disease that can cause LBP, the subject should be excluded from the analysis; however, information on this was not known. But as mentioned in the introduction, about 90% of all LBP is non-specific LBP not caused by a specific disease: so there might be little difference in overall tendency even if the specific disease conditions were excluded. It is also a limitation of this study that important variables such as smoking were not considered, because it was not included in the KWCS. The relatively low response rate of KWCS is also a limitation. However, this study focuses on the associations among PFP, working hours, and LBP, which are unlikely to be influenced by variations in subject cooperation. Considering the large sample size, the association shown in this study could be applied to the general Korean population. However, it is necessary to replicate this study with different ethnic groups beyond the Korean population.

This study showed the underlying mechanism beyond the association of health effects caused by long-time and overtime work and showed that the PFP can affect not only psychological symptoms but also physical symptoms of workers. Employers often revise their PFP systems for managerial reasons. While these changes may be related to individual and organizational performance, the results of this study suggest that changes in PFP may be associated with health problems in organizational members. Therefore, monitoring physical symptoms, including LBP, is recommended when a company’s pay system changes. Research on management factors related to overtime work and health outcomes caused by them has been lacking so far. Future studies should be actively conducted in the related fields.
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