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Reading notes 

Dear reader, the following text is the result of a lot of work and especially passion for health. 

Because of the different stories and events in my life that affect health in various aspects, it is 

a real pleasure for me to work in this field. I have learned a lot, and this dissertation is a return 

for that. I hope you enjoy reading it and make good use of the concepts covered and developed.  

The present dissertation comprises the following sections: a general introduction, three original 

publications, a general discussion, and a final summary with conclusions. The publications are 

included in the versions that have been accepted for publication. While the contents remain the 

same, the numbering of the tables and figures differs from the original publications due to the 

adopted format. Additionally, the references in the tables and figures are numbered according 

to the sequence in which they appear in their respective chapters. The general introduction and 

discussion serve as supplementary materials to provide a meta-perspective. 
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General introduction 

This chapter provides an overview of workplace health promotion for industrial workers. First, 

the development of the industrial worker and sector is presented. Next, the development of 

workplace health promotion is described. After that, the challenges arising from these 

developments and the resulting need for targeted health interventions are discussed. Finally, the 

superior aims and motivation of the present dissertation are highlighted. 

Industrial workers 

Industrial workers form the backbone of many economies around the world and remain one of 

the three largest economic sectors in the European Union (EU) [1]. Notably, around 20% of 

workers in industrial countries are engaged in shift work, which is expected to rise [2]. The 

industrial sector remains male-dominated, with around 80% of the construction and industrial 

sector workers being men [3]. Moreover, the structure of companies within this sector is 

diverse: 16% are micro-enterprises, 45% are small to medium-sized companies, and 39% are 

large enterprises [1]. 

Industrial workers are defined as individuals engaged in manual labor within manufacturing [4] 

or construction settings [5]. This group is distinct from other occupational groups, as their work 

is predominantly characterized by highly physically demanding tasks, often involving repetitive 

movements and high-force exertion [6-8]. Furthermore, these workers face significant exposure 

to environmental hazards such as noise, vibrations, or chemical substances [9-12]. Despite these 

commonalities, work characteristics and specific task characteristics can vary between sectors, 

with production work facing unique challenges driven by technological and innovative changes 

[13].  

The evolution of industrial labor began with the Industrial Revolution, which introduced 

mechanization and fundamentally reshaped production systems [14]. This led to environmental 

changes and the emergence of repetitive manual tasks, which are forming the basis of modern 

industrial work [15]. These transformations in labor practices continue to evolve through 

technological innovations, such as automation and robotics, which have redefined the industrial 

landscape and increased the demand for skilled workers to manage and operate advanced 

machinery [16, 17]. While these innovations have led to substantial productivity gains, they 
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also raise challenges for workers, particularly regarding health risks and the need for adaptation 

to changing work environments [18-20]. 

The health of industrial workers has emerged as a critical global concern [21-24]. The 

demanding nature of industrial work imposes significant strain, contributing to elevated rates 

of chronic diseases, work-related musculoskeletal disorders, and functional limitations [24]. 

Notably, work-related musculoskeletal disorders are characterized by high prevalence and 

persistence despite low incidence rates [12, 25, 26]. For instance, in 2019, over 50% of 

manufacturing workers in the EU reported absences due to work-related musculoskeletal 

disorders, exceeding those caused by flu-related absences [25, 27]. Thus, these disorders affect 

workers’ physical capabilities and hinder long-term participation in the labor market [1]. 

Chronic diseases and functional limitations profoundly impact the quality of life of industrial 

workers [28], affecting their physical capabilities, mental well-being, and overall performance 

[29]. These health challenges also carry significant economic implications. Absenteeism, 

productivity losses, and treating chronic diseases among industrial workers result in substantial 

costs [30]. 

Beyond physical demands, industrial workers face various psychological stressors, including 

shift schedules [31, 32], task monotony [33], time pressure [4], and limited job control [34, 35]. 

These factors have been linked to increased risks of mental health disorders, further 

compounding the health burden of this workforce [29, 36, 37]. These demands create a 

multidimensional burden on the health of industrial workers [38, 39]. 

These health concerns are occurring against the backdrop of globalization, the digital 

revolution, and demographic changes, which are reshaping the industrial workforce, 

employment levels, job responsibilities, and working conditions [1, 15]. Despite this, these 

workers are closely linked to the socioeconomic status of this workforce, including lower 

incomes, limited educational attainment, and restricted occupational mobility, which 

collectively exacerbate health disparities [24, 40]. 

Workplace Health Promotion 

Addressing the health challenges of industrial workers highlights the importance of workplace 

health promotion in improving workers’ health, well-being, and productivity [41, 42]. By 

targeting individual and organizational health concerns, workplace health promotion aims to 

improve morale, enhance productivity, reduce absenteeism, and lower healthcare costs [43, 44]. 



General introduction 3 
 

Therefore, businesses increasingly view workplace health promotion as a strategic investment, 

aiming to reduce workplace risks, boost efficiency, elevate product and service quality, and 

enhance their corporate image [45], ultimately contributing to improved productivity [41]. 

Workplace health promotion is defined as the combined efforts of employers, employees, and 

society to improve the health and well-being of people at work [46]. Workplaces provide a 

central setting for health initiatives, offering a unique opportunity to reach diverse 

socioeconomic groups and address disparities [47-49]. 

Workplace health promotion stems from the Ottawa Charter 1986, which shifted focus to 

structural health determinants and supportive environments [50]. Adapted for workplaces, it 

emphasized creating supportive environments and integrating health promotion into corporate 

policies [45]. In Germany, workplace health promotion increased in the late 20th century, 

influenced by European concepts like workers’ medicine and the Scandinavian democracy at 

work model [45, 51]. The 1988 Health Reform Act (§20 SGB V) established a legal framework, 

followed by the 1995 European Network of Workplace Health Promotion (ENWHP) and the 

Luxembourg Declaration, emphasizing systematic health strategies, goal-oriented approaches, 

and the economic value of employee well-being [52, 53]. Mandatory health promotion services 

began in 2007, with the 2015 Prevention Act further prioritizing prevention alongside 

rehabilitation and care [53]. Recent efforts in Germany highlight economic benefits, presenting 

health management as a strategic business priority [54, 55]. 

Workplace health promotion programs include interventions such as ergonomic improvements, 

flexible work schedules, or behavioral approaches [8, 29, 56, 57]. Effective implementation 

requires collaboration across departments, including human resources and occupational health 

teams, ensuring initiatives align with organizational goals while addressing employee needs 

[45]. Proactively addressing workplace risks and physical demands through assessments of 

workload and expenditure is crucial for developing targeted health strategies [6, 58]. 

Research Deficit and Objective of the Dissertation 

Despite growing awareness of industrial workers’ health challenges, research on targeted, 

evidence-based workplace health promotion remains insufficient [40]. This dissertation 

addresses this gap by combining three complementary studies that together provide a 

multifaceted understanding of industrial workers’ health and offer a foundation for more 

tailored and sustainable health promotion strategies. 
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The dissertation employs a three-step approach. First, a systematic review synthesizes current 

evidence on health programs for industrial workers, identifying gaps and informing subsequent 

studies. Building on these findings, two empirical studies examine environmental factors and 

health determinants, focusing on organizational and job-related conditions influencing workers' 

well-being. 

This research investigates the effectiveness of workplace health promotion interventions for 

industrial workers and explores how the innate human capacities for flexibility, compensation, 

and adaptation manifest in challenging industrial environments. The findings are discussed in 

relation to their implications for workplace health strategies and sustainable workforce 

management. 

By highlighting the dynamic interplay between flexibility, compensation, and adaptation [59], 

this dissertation offers valuable evidence for designing tailored, sustainable workplace health 

promotion with a human-centered approach. 

Publication 1: Effectiveness of workplace health promotion programs for industrial 
workers: A systematic review 

Workplace health promotion programs play a crucial role in improving workers' health and 

productivity by integrating behavioral, organizational, and safety-based interventions [60-68]. 

These initiatives cultivate supportive workplaces, promote health behaviors, and achieve 

improved productivity, reduced absenteeism, and lower healthcare costs [41, 43]. 

The health of industrial workers is a global concern due to their heightened risk of chronic 

diseases and functional limitations driven by socio-economic factors and demanding work 

conditions [21-24, 29, 36, 37, 69-72]. 

Despite the significant health risks faced by industrial workers, evidence of the effectiveness of 

workplace health promotion programs tailored to this population remains fragmented [28, 73-

75]. To address this gap, high-quality evidence is needed to assess the effectiveness of 

interventions and provide targeted recommendations for improving health outcomes in 

industrial workers. 

The study  synthesized the available evidence on the effectiveness of workplace health 

promotion programs targeting industrial workers. Through a systematic review, this study 

assessed health outcomes, identified effective intervention types (behavioral, organizational, 

safety, and multi-component), and evaluated the quality of evidence. The findings aim to inform 
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the development of effective workplace health promotion strategies tailored to industrial 

workers. 

Publication 2: Impact of work pace on cardiorespiratory outcomes, perceived effort, and 
carried load in industrial workers: A randomized cross-over trial 

Industrial workers are exposed to physical hazards during work, including heavy lifting, 

awkward positions, vibrations, high temperatures, precision, noise, excessive work pace, and 

repetitive work, potentially leading to long-term health consequences [6, 11]. Over 60% of 

industrial workers perform repetitive movements with cycle times under 30 seconds and little 

variation [76]. However, experimental evidence on the acute effects of work pace on 

physiological outcomes is limited [77-80]. 

The impact of work pace on cardiorespiratory factors has not been thoroughly examined yet. 

Comprehensive evaluations are essential to develop targeted health strategies that address the 

specific challenges faced by industrial workers, thereby enhancing the long-term effectiveness 

of workplace health initiatives [42]. 

The second study investigated the impact of work paces on cardiorespiratory factors, perceived 

effort, and carried the load in industrial workers through a randomized cross-over trial. The 

findings aim to provide insights into the physiological and subjective implications of work pace, 

contributing to better workplace health promotion practices. 

Publication 3: Work conditions and determinants of health status among industrial shift 
workers: A cross-sectional study 

Industrial work is recognized as one of the most physically demanding and mentally 

challenging occupational sectors [7]. Beyond the physical demands, workers are frequently 

exposed to various occupational hazards, which affect workers health, increasing risk of 

illnesses, injuries, and chronic diseases.  

A proactive approach to workplace health promotion is essential for improving worker health 

and productivity by addressing factors influencing well-being. Early detection of external health 

determinants is critical for timely diagnosis and preventive care, yielding long-term benefits. 

Standardized health promotion programs frequently overlook the intricacies of industrial work 

settings. Past studies indicate that a universal approach might be overly simplistic, and health 
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interventions need to account for the varied working conditions and health disparities present 

in industrial sectors. Making distinctions based on working conditions could offer a useful 

strategy for evaluating health-related factors.  

This cross-sectional study evaluated how varying working conditions among industrial workers 

affect health outcomes. The results intend to assist stakeholders in creating customized 

promotion strategies that meet the distinct needs of the workforce. 
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Abstract 

Background: Workplace health promotion is essential for individual and organisational well-

being and disease prevention, also in industrial workers. As the transfer of the evidence on the 

effectiveness of such programs into practice is limited due to scattered effects, the need for a 

consolidation of the available studies is given. The purpose of this systematic review was to 

synthesise the evidence on the effectiveness of workplace health promotion programs for 

industrial workers. 

Methods: An electronic literature search was conducted in PubMed, Cochrane Library, Web 

of ScienceTM, Scopus, and EBSCOHost until July 26th 2023. Studies investigated industrial 

workers who performed manual labour for at least 20 hours per week were included. They had 

to receive a workplace health promotion intervention under any control condition. Outcomes 

were workplace health interventions' safety and corresponding health-related outcomes. The 
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revised Cochrane risk-of-bias assessed the risk of bias (Rob 2) tool for randomised control trials 

(RCT) and cluster RCT. Quality assessment was performed using a modified Downs and Black 

Checklist. 

Results: Of the 25,555 studies initially identified, 39 were included. Generally, the mean 

quality of the studies was moderate, with most studies judged with a high overall risk of bias. 

Twenty-seven studies employed a behavioural approach, while one study adopted an 

organisational one. Ten studies utilised a multicomponent approach, and one intervention 

improved safety outcomes. The analysis of the results indicated an overall positive but 

heterogeneous effect across the different approaches. 

Conclusions: The studies included in this review provide evidence that workplace health 

promotion can be effective. However, the overall findings are inconclusive due to the high risk 

of bias. Therefore, the results should be interpreted cautiously. Despite the considerable amount 

of research conducted in this field, additional well-designed studies are needed to fully confirm 

the effectiveness and determine the most promising types of interventions for improving and 

maintaining industrial health. 

 

Keywords 

occupational health, systematic review, methodological quality, evidence-based practice, blue-

collar workers, wellbeing 
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Background 

Workplace health promotion programs aim to influence the workers' health and productivity 

[1]. These programs encompass a range of activities designed to support and improve health 

among employees, including behavioural [2-7], organisational [8, 9], and safety interventions 

[10]. Their collective goal is to establish a healthy work environment and encourage positive 

health behaviours among employees [11]. There has been a notable surge in interest in recent 

years, indicating a growing recognition [12]. Given the substantial amount of time individuals 

devote to their jobs, the workplace offers a prime opportunity for health-enhancing initiatives 

[13]. Moreover, it can reach people of different socioeconomic statuses [14]. By addressing 

health concerns at both the individual and organisational levels, these programs aim to create a 

comprehensive approach to workplace health [11]. Recognising that investing in employee 

health can positively impact morale, productivity, absenteeism rates, and healthcare costs [15] 

underscores the importance of such programs in the modern workplace. 

The health of blue-collar workers, including industrial workers, is a global concern [16-18]. 

Industrial workers are at a higher risk of developing chronic diseases or experiencing functional 

limitations owing to their low incomes, occupational status, and educational levels [19]. 

Previous studies have shown that the physical demands of work in an industrial setting can pose 

risks to workers' health from a physical [18, 20-23] and psychological standpoint [24-26].  

Despite the significant impact of occupational hazards on the health and well-being of industrial 

workers [27], comprehensive, evidence-based guidelines for preventing and managing these 

conditions are lacking. Research suggests that workplace health promotion effectively reaches 

out to workers, but it is still challenging to extend these efforts because of shift work and 

workers who have yet to report any health-related issues [28]. A growing number of systematic 

reviews and meta-analyses emerged in the field of workplace health promotion [29-31]. 

However, these analyses do not distinguish between the different populations. The evidence on 

the effectiveness of such programs in practice is further limited due to scattered effects. To the 

best of our knowledge, no review specifically addresses industrial workers. Conclusively, the 

purpose of our systematic review was to investigate the evidence on the effectiveness of 

workplace health promotion programs specifically for industrial workers. The objectives were 

to assess the effectiveness of workplace health promotion programs in improving health 

outcomes among industrial workers, identify effective interventions (behavioural, 
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organisational, and safety), evaluate the quality of evidence, and determine the gaps in the 

current evidence. 
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Methods 

Research Design and Search Strategy 

This systematic review was pre-registered in PROSPERO (CRD42023445044). An electronic 

literature search was conducted using the following recommended databases: PubMed, 

Cochrane Library, Web of Science, Scopus, EMBASE(assessed via Cochrane), CINAHL 

(assessed via Cochrane), and EBSCOHost [32, 33]. The search strings and strategy used are 

listed in Table 1. The strings were adjusted for database-specific truncations, wildcards, and 

proximity operators. Articles were retrieved from the earliest possible date until July 26, 2023. 

Table 1: Search strings and strategy 

Variable Search string 

Physical activity physical activity OR exercise OR training 

Industrial workers blue-collar workers OR factory workers OR 

manufacturing workers OR construction workers OR 

industrial workers 

Health promotion health OR health promotion OR occupational health 

promotion OR public health OR workplace health 

 

To increase the sensitivity of the literature search, we expanded our search by manually 

searching grey literature and using Google Scholar to locate articles not found in major 

electronic databases. We searched for articles using the terms “workplace health promotion” 

combined with “blue-collar workers”, “industrial workers”, or “manufacturing workers”. The 

reference lists of the included studies were also checked to identify additional eligible studies. 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) were used to 

follow this process [34]. 

Study eligibility criteria 

The following criteria were established for screening titles and abstracts by three independent 

investigators: 
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- Randomised controlled trials (RCT); with parallel-group, cluster-randomised or 

crossover design 

- Articles written in English. 

- Exclusion of animal studies and articles focused on injured population 

- No systematic reviews or meta-analyses 

- Interventions related to workplace health promotion and the safety of industrial workers 

Inclusion and Exclusion Criteria 

The search strings were determined using the Population, Intervention, Comparisons, and 

Outcomes (PICO) scheme. Included populations were industrial workers of both sexes aged 18-

67 years who worked at least 20 hours a week in industry or manufacturing and were active for 

at least six months. “Industrial workers” were defined as people who perform manual labour in 

a manufacturing setting [35]. Any interventions conducted in the workplace, either during 

working hours or shortly before or after work, were included with any passive and/or active 

controls and comparators. The main outcomes of interest were the different dimensions of 

occupational health and safety according to the WHO definition [11]. These outcomes included 

health-related outcomes, covering physical, mental, social, behavioural, and physiological 

domains, as well as other outcomes, such as work-related outcomes. 

The identified studies were downloaded using a citation manager (Clarivate Analytics, EndNote 

20.5, London, UK). After removing any duplicates, the studies were transferred to Rayyan [36]. 

Using the Prospero protocol, the eligibilities of the titles and abstracts were examined before 

the full text was evaluated. Two independent investigators (SJ and SZ) executed the 

methodological process, and a third investigator (LR) resolved any discrepancies. 

Evaluating the risk of bias 

The revised Cochrane risk-of-bias tool (RoB2) was used to evaluate all included studies [37]. 

The tool addresses biases categorised into five domains: (1) the randomisation method, (2) 

deviations from predesignated interventions, (3) the absence of outcome data, (4) outcome 

measurement, and (5) selective reporting of findings. RoB2 for cluster RCTs was utilised, 

which additionally assesses the timing of identification or recruitment of participants as risk of 

bias [38]. An overall risk of bias domain was built based on the individual judgements; all 
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outcomes with at least one high risk for a certain bias received an overall rating of “high risk”. 

Each domain is judged as ‘low risk of bias’, ‘some concerns’, or ‘high risk of bias’ [37]. Two 

investigators (SJ and LR) independently assessed the risk of bias. In case of disagreements, a 

third investigator (SZ) was consulted. The data was visualised with risk-of-bias VISualization 

in R [39]. 

Methodological Study Quality Assessment 

To evaluate scientific precision at the individual study level, a critical appraisal was 

independently performed by two investigators (SJ and SZ) using a modified version of the 

Downs and Black checklist [40]. This checklist for controlled studies includes 27 questions on 

internal validity, external validity, and power. Notably, item 27 was modified based on the 

presence of a power calculation, with a maximum score of 1 (a power analysis was performed) 

or 0 (absence of a power analysis). The highest attainable score on the checklist was 28 (instead 

of 32). The investigators' results were compared, and potential disagreements were resolved by 

consensus. The final assessment of the quality of each study was calculated as a percentage, 

with a higher percentage reflecting greater quality. Consistent with previous recommendations 

[41], the ratings for each study were classified as low (≤33.3%), moderate (33.4–66.7%), or 

high (≥66.8%). 

Data extraction and evidence synthesis 

One investigator (SJ) analysed the studies using the PICO scheme: (1) Participants = number 

of participants, sex, age, and working environment; (2) Intervention = type and dose (duration, 

time, intensity, frequency) of the intervention; (3) Comparators = type and dose (duration, time, 

intensity, frequency) of the control/comparator group; and (4) Outcomes = health-related 

outcomes. A second investigator (SZ) controlled the data extraction. Statistical interpretation 

of the results was provided only if the results were reported in the original study. 

The interventions of the included studies were subsequently divided into categories of different 

workplace health promotion approaches or the category workplace health and safety [42]: 

Interventions to ensure workplace health and safety are based on department guidelines aimed 

at protecting workers from specific workplace risks (e.g., accidents, substance exposure, or 

noise) [42]. In the different workplace health promotion categories, the studies were classified 
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into worker-directed approaches, called behavioural or work-directed approaches, called 

organisational approaches [43]. In addition, studies that used variable combinations were 

classified as multicomponent studies.  

Due to the heterogeneity of outcomes and interventions of the studies, no meta-analysis could 

be performed. Instead, we provide a systematic narrative synthesis of the findings using the 

guidance of Popay and colleagues [44]. 
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Results 

Literature search 

Figure 1 provides the PRISMA flow diagram of the complete search process. Finally, 39 studies 

[45-83] were included in this systematic review.



Publication 1: Effectiveness of Workplace Health Promotion Programs for Industrial 
Workers: A Systematic Review 

21 

 
 

 
Figure 1: PRISMA flow diagram

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Records identified from: 
Cochrane (n = 374) 
PubMed (n = 17.859) 
Scopus (n = 2.988) 
EBSCO (n = 703) 
Web of Science (n = 3.631) 

Records removed before screening: 
Duplicate records removed  
(n = 2.981) 
 

Records screened 
(n = 22.574) 

Records excluded 
(n = 22.264) 

Reports sought for retrieval 
(n = 310) 

Reports not retrieved 
(n = 28) 

Reports assessed for eligibility 
(n = 282) 

Reports excluded: 
Foreign language (n =2) 
Study protocol (n = 10) 
Wrong population (n = 154) 
Wrong study design (n = 76) 
Wrong outcome (n = 1) 
Wrong topic (n = 4) 

Records identified from: 
Websites (n = 1) 
Citation searching (n = 7) 

Reports assessed for eligibility 
(n = 4) 

Reports excluded: 
Wrong population (n = 4) 

Studies included in review 
(n = 39) 

Identification of studies via databases and registers Identification of studies via other methods 

Id
en

tif
ic

at
io

n 
Sc

re
en

in
g 

 
In

cl
ud

ed
 

Reports sought for retrieval 
(n = 8) 

Reports not retrieved 
(n = 0) 



Publication 1: Effectiveness of Workplace Health Promotion Programs for Industrial 
Workers: A Systematic Review 

22 

 

Description and characteristics of the included studies 

The included studies are summarised in Table 2. All studies provided comprehensive data, 

eliminating the need to contact authors for further information. The studies were conducted 

across five continents and 18 countries, most of which were from Denmark (n=9; [46, 48, 55, 

56, 73-75, 81, 82]), the USA (n=5; [47, 49, 59, 60, 78]), and Iran (n=4; [45, 58, 64, 66]). The 

publication dates ranged between 1997 and 2023, with the majority (72%) published in the last 

decade.  

The investigated populations mainly focused on assembly line workers (n=6 [51, 57, 60, 64, 

68, 69]), followed by industrial (n=5 [54, 58, 63, 70, 72]), manufacturing (n=5 [50, 56, 65, 79, 

80]), and general factory workers (n=4 [45, 62, 66, 67]). The age of the participants ranged 

from 17 to 65 years, with samples ranging from 24 [67] to 3,479 [79, 80] (mean: 310; median: 

91), representing a total of 10,215 industrial workers with 5,606 investigated males, 3,457 

females, and 1,152 workers without an exact designation of sex. Twelve studies investigated 

only males [47, 48, 50, 54, 55, 63, 64, 66, 69, 78, 81, 82], 6 studies only females [49, 61, 68, 

72, 76, 83], and 14 both sexes [46, 51, 52, 56, 58, 59, 65, 70, 71, 73-75, 79, 80]. Twenty-seven 

studies examined behavioural changes [45, 46, 48, 50, 51, 53-55, 57-62, 65, 67-70, 72-76, 81-

83], one study examined organisational changes [52], 10 studies examined multicomponent 

interventions [47, 49, 56, 63, 64, 66, 71, 77, 79, 80], and one study provided safety data [78]. 

Most interventions lasted three to six months (see Table 2). Seven studies [47-49, 61, 66, 77, 

78] reported a post-intervention follow-up between 3 and 12 months.  

The control groups in the studies received various interventions, including general treatment 

[46, 47, 57, 62, 65, 67, 70, 71, 73-75], educational sessions [49, 55, 66, 79-82], 

recommendations [48, 51, 59], recommendations with feedback [83], and ergonomic training 

[52]. In most studies, the control group received no interventions [45, 50, 53, 54, 56, 58, 60, 61, 

63, 64, 68, 69, 72, 76-78]. 

The studies used various outcome measures to assess workplace health promotion, with 19 

using only subjective measures [45-47, 49, 53, 56, 58, 60, 61, 64-67, 75-78, 80, 83], six only 

objective measures [54, 71, 72, 74, 79, 81], and 14 employing both measures [48, 50-52, 55, 

57, 59, 62, 63, 68-70, 73, 82] (see table 2). Seventeen studies examined health- and work-related 

outcomes [48, 52, 54-57, 59, 61, 70, 72, 75, 77-79, 81-83], 19 reported physical health-related 

outcomes [48, 49, 51, 55-57, 60, 62, 63, 67-70, 72-74, 77, 81, 82], 10 reported mental health-
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related outcomes [46, 48, 50, 52, 56, 58, 61, 67, 70, 76], and three reported social health-related 

outcomes [46, 58, 74]. Furthermore, six studies examined physiological parameters [50, 62, 63, 

70, 76, 81], and 19 examined musculoskeletal disorder parameters [45, 48, 51-53, 57, 60, 62, 

64, 65, 67-70, 73, 74, 77, 80, 82]. Additionally, four studies focused on knowledge and 

behaviour [63, 66, 71, 78], three on dietary intake [49, 63, 66], three on smoking abstinence 

[47, 49, 56], and five on body composition [49, 62, 63, 70, 81]. 
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Table 2: Characteristics of the included studies (n=39) 

Categories Variables, number of studies, references 

Type of intervention  Safety and health n=1 [78] 

Organizational 1 [52] 

Behavior 27 [45, 46, 48, 50, 51, 53-55, 57-62, 65, 67-70, 73-76, 81-84] 

Multi-component 10 [47, 49, 56, 63, 64, 66, 71, 77, 79, 80] 

Continent North America 5 [47, 49, 59, 60, 78] 

South America 4 [52, 53, 65, 70] 

Europe 17 [46, 48, 51, 54-56, 62, 68, 69, 71, 73-75, 77, 81-83] 

Asia 12 [45, 50, 57, 58, 61, 64, 66, 67, 76, 79, 80, 84] 

Australia 1 [63] 

Intervention duration Acute interventions (< 6 weeks) 6 [45, 47, 50, 71, 76, 78] 

Sub-acute interventions (6 – 11 weeks) 11 [46, 51, 57, 58, 64, 66, 67, 73-75, 84] 

Mid-term interventions (3 – 6 months) 15 [48, 49, 53-55, 60-63, 65, 68, 70, 77, 
81, 82] 

Long-term interventions (>6 months) 7 [52, 56, 59, 69, 79, 80, 83] 

Health related outcomes Physical domain 19 [48, 49, 51, 55-57, 60, 62, 63, 67-70, 73, 74, 77, 81, 82, 84] 

Mental domain 10 [46, 48, 50, 52, 56, 58, 61, 67, 70, 76] 

Social domain 3 [46, 58, 74] 

Knowledge and behavior 4 [63, 66, 71, 78] 

Physiological parameter 6 [50, 62, 63, 70, 76, 81] 

Musculoskeletal disorders 19 [45, 48, 51-53, 57, 60, 62, 64, 65, 67-70, 73, 74, 
77, 80, 82] 

Dietary intake 3 [49, 63, 66]  

Smoking abstinence 3 [47, 49, 56] 

Body composition 5 [49, 62, 63, 70, 81] 

Measurement of 
outcomes 

Objective measurement 6 [54, 71, 74, 79, 81, 84] 

Subjective measurement 19 [45-47, 49, 53, 56, 58, 60, 61, 64-67, 75-78, 80, 83] 

Both objective & subjective measurement 14 [48, 50-52, 55, 57, 59, 62, 63, 68-
70, 73, 82] 

Other outcomes Work-related outcomes 17 [48, 52, 54-57, 59, 61, 70, 75, 77-79, 81-84] 

Other stated 3 [47, 49, 56] 
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Risk of bias and study quality assessment 

The results of the risk of bias assessment for the RCTs are illustrated in Figure 2-5. No studies 

were excluded based on their risk of bias. All relevant studies were included to provide a 

comprehensive overview, with quality assessment conducted to inform the analysis. Most 

studies (n=22) have a high overall risk of bias [45, 50, 51, 53, 55, 58-64, 66-69, 77-80, 82, 83]. 

The main reasons for this judgment include a high risk of bias in deviations from the planned 

intervention, inadequate outcome data, and difficulty in measuring outcomes. The high overall 

risk of bias in eight studies arose from the domain measurement of the outcome [50, 55, 63, 66-

68, 82, 83]. Awareness of the outcome assessors and the possible influence was considered as 

a high potential source of bias. The remaining articles are being judged as some overall concerns 

[46, 54, 57, 65, 71-76, 81]. The reasons are high risk for insufficient report deviation from 

predesigned intervention or missing outcome data or a lack of a pre-specified protocol, which 

raised concerns about selection bias. No study was judged to have a low overall risk of bias.  

 

 

Figure 2: Summary of RoB 2.0 assessment for RCTs
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Figure 3: Traffic light plot for RCTs
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For the cluster-RCT, four studies were judged as high risk of bias [47, 49, 52, 56], mainly 

because of a high risk for missing outcome data. One study was judged with a high risk of bias 

due to the domain deviations from the intended interventions [47]. The other two studies were 

judged with some concerns [48, 70]. No study was judged to have a low risk of bias. 

 

 

Figure 4: Summary of RoB 2.0 assessment for clusterRCTs
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Figure 5: Traffic light plot for clusterRCTs



Publication 1: Effectiveness of Workplace Health Promotion Programs for Industrial 
Workers: A Systematic Review 

29 

 
The methodological study quality assessments are presented in the Tables 3-6. The mean quality 

score for all the studies was high (71%), ranging from 39% [78] to 93% [73-75]. The 

corresponding scores were high for the categories' behaviour (71%), organisational (91%) and 

multicomponent (71%), while safety was moderate (39%). Question 6 received a positive "yes" 

score across all studies. Similarly, Question 16 received a "yes" score except for the behaviour 

category.  

Behavioural (including exercise) approaches 

A total of 27 studies adopting behavioural approaches in workplace health promotion programs 

for industrial workers were identified (Table 3). The studies included a variety of interventions, 

such as educational sessions, exercise programs, ergonomic initiatives, and biofeedback 

training. 

Very short-term interventions (<6 weeks, n=3) 

Three studies with a behavioural approach used very short-term interventions. One educational 

study discovered that providing a lecture about low back pain and ergonomic aspects in workers 

from an automobile factory was beneficial in reducing the incidence of musculoskeletal 

disorders when compared to the control group [45]. Another study compared a three-day forest 

therapy to a control group and found beneficial effects on heart rate variability, stress, and mood 

states. Additionally, improvements in depression treatment, health-related quality of life, and 

cortisol levels were reported in the intervention group [50]. A study with biofeedback training 

was more beneficial for heart rate variability, stress, depression, and anxiety than the control 

group [76]. 

Short-term interventions (6 – 11 weeks, n=9) 

Nine studies have utilised short interventions. In one study educational sessions about stress 

management were beneficial on stress, spiritual well-being, perceived stress-coping 

mechanisms, and social support compared to a wait-list control group [58]. The other eight 

studies compared exercise programs. One study used an elastic band training on healthy female 

workers, which resulted in improved handgrip strength but no change in VO2 max and on hand 

skills as a work-related outcome compared to a control group [72]. Seven studies focused on 

industrial workers with acute or chronic low back pain and compared various exercise programs 

such as group resistance training [46, 73-75], work-adapted exercises [51], a hamstring stretch 
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program [57], and lumbar stabilisation and Nintendo Wii exercise program [67] to control 

groups with recommendations [51], personalised ergonomic training [46, 73-75], a generalised 

treatment [67], and a handout and home training [57]. Mixed effects on physical parameters 

were reported (improvements in leg raise and sit and reach test strength [57]; increased handgrip 

strength [74]; shoulder and wrist strength [73]), improved time to fatigue for handgrip [74] and 

flexibility [51] but not on isometric strength or balance ability [67]). Additionally, mixed effects 

have been reported regarding mental health (from the SF-36) with beneficial [67] and no effects 

[46]. However, improvements were found in self-related health [74], social climate and vitality 

[46], pain intensity [57, 67, 73, 74], pain interference [51], workability [57, 75], and disability 

[73].  

Mid-term interventions (3 – 6 months, n=12) 

Two of twelve studies used an educational approach in healthy industrial workers. A stress 

management program led to beneficial changes in burnout, listlessness, cognitive weariness and 

work-home conflict as work-related outcomes but not in tension against a control group [61]. 

Ergonomic initiatives have led to beneficial effects for heavy lifting and fatigue after a typical 

workday and an increased desire to influence their work but not on pain compared to a control 

group, who got recommendations [48]. Also cognitive training induced improvements in 

reaction times, error rates, and event-related potentials compared to a control group [54]. 

Moreover, a shoulder exercise program benefited shoulder functionality but did not improve 

musculoskeletal symptoms on assembly line workers [60], whereas an upper-body resistance 

training program with elastic bands decreased pain intensity [65]. A tailored mobilisation 

program improved range of motion, handgrip strength, pain intensity, and disability [68]. 

Stretching exercises lead to beneficial effects on pain intensity [53, 62], while no effects were 

observed on self-reported physical activity, blood pressure, waist circumference, or body fat 

[62]. A tailored aerobic and strength training program on construction workers [55, 81, 82] 

increased VO2max [81] but did not change other parameters compared to a control group with 

educational sessions (isometric strength [81], perceived physical exertion [82], blood pressure, 

lipid parameters, BMI [81], pain intensity, workability, productivity, sick leave [82]). 

Furthermore, after this treatment, a decrease in objectively measured physical activity during 

weekdays and leisure time was reported compared to the control group [55]. In a study with 

progressive resistance training no effects were observed on any outcome (maximum muscle 

strength, self-reported physical activity, perceived fatigue, blood pressure, musculoskeletal 
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complaints, body fat, BMI, perceived risk factors, or productivity) compared to a control group 

who performed general exercise using elastic bands [70].  

Long-term interventions (>6 months, n=3) 

A long-term intervention using strengthening, endurance, and stretching exercises on female 

industrial workers did not lead to beneficial effects on job satisfaction, workability, or sick leave 

compared to controls which received recommendations and feedback [83]. A tailored 

mobilisation and strengthening program on manufacturing workers improved range of motion, 

handgrip strength, pain intensity, and disability [69], whereas a biofeedback training study 

found no beneficial effects on injury rates compared to a control group [59].
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Table 3: Characteristics and synthesis of the studies with behavioral approach using PICO scheme and quality assessment 

Study Sample 

size (n) 

Population Intervention Control Outcome Score 

(%) 

Quality 

Aghilinejad 

et al. 2014 

[45] 

503 Factory workers who did not have an 

extra job within free time, history of 

fracture or major trauma, 

degenerative disk disease, 

spondylosis, spinal stenosis, 

neurological deficit and systemic 

illness or are on vacation 

(intervention 31 ± 5 years; control 30 

± 2 years). 

First education group got lecture 

on LBP and related ergonomic 

aspects. Second education group 

were given a pamphlet which 

contained schematic diagrams 

reflecting the topics LBP and 

related ergonomy as presented 

orally to the first group. Third 

education group had a workshop 

discussing several aspects of LBP 

and ergonomics. 

No intervention. prevalence of low back 

pain 

61 moderate 
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Andersen et 

al. 2017 [46] 

66 Mainly male slaughterhouse workers 

working at least 30 hours per week, 

have upper limb musculoskeletal 

pain of at least 3 on a scale of 0 to 

10, some work disability, not having 

participated in either strength training 

or ergonomics instruction during last 

year (on average 45 ± 10 years). 

Group-based physical exercise 

consisting of eight different 

exercises. Sessions were 

supervised. Load and resistance 

were increased according to the 

principle of progressive overload: 

Repetitions decreased over time 

from a maximum 20 to 8 as a 

standard for each exercise and 

load increased. 

Individual ergonomic 

training and education 

based on workplace 

analysis and hazard 

prevention system. 

Social climate; SF-36 

(Mental health and 

Vitality) 

82 high 

Brandt et 

al. 2018 [48] 

80 Male construction workers 

(intervention 34.2 ± 12.5 years; 

control incomplete data). 

Participants received 3 workshops 

due to reflection of the working 

progress in 3 phases to improve 

physical exertion. 

Handouts about 

WMSD and lifting 

guidelines. 

Physical workload; 

fatigue after a typical 

workday; desire to 

influence the work; 

pain intensity 

88 high 
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Choi et al. 

2022 [50] 

42 Male manufacturing workers who 

were full-time employees from a 

public sector, being adult (18 to 65 

years) and were in active 

employment in manufacturing 

industry. Exclusion criteria were 

concurrent psychiatric illnesses, 

being a frequent user of natural 

environments (visiting more than 3 

times a week), taking medications 

including hypertensive, diabetes or 

pain relievers (including oral 

hormone/corticosteroid drugs) and 

history of outdoor allergens in which 

allergic disease can exacerbate of 

psychological stress and discomfort 

(intervention 43.5 ± 7.3 years; 

control 45.9 ± 8.2 years). 

Forest therapy. No intervention. Heart rate variability; 

stress; mood states; 

depression treatment, 

health related quality 

of life; cortisol level 

68 high 
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Cimarras-

Otal et al. 

2020 [51] 

40 Mainly male assembly line workers 

with chronic low back pain for at 

least the previous 3 month, not 

incapacitated in terms of job 

performance and owned a 

smartphone. Were excluded with 

lumbar lesion that did not allow to 

perform at work or undertake a 

physical exercise program and 

incompatible smartphone (on average 

42.2 ± 6.2 years). 

Tailored compensatory exercise, 

strengthen inactive muscle 

groups, stretching active muscles, 

mobilize lumbar spine and 

increase cardiovascular exercise. 

Additionally general exercise 

recommendations based on 

ACSMs approach. 

General exercise 

recommendations 

based on ACSMs 

approach. 

Lumbar disability; 

pain intensity; angle, 

bending speed; 

flexion-extension ratio 

75 high 

Gajewski et 

al. 2017 [54] 

60 Male healthy industrial workers (on 

average 46.5 ± 4.5 years). 

Reception of trainer-guided 

cognitive training (formal paper- 

and computer-based). 

Delayed intervention 

but mixed with stress 

management and 

relaxation training 

(REL) in the first eight 

sessions and in the 

remaining 12 sessions 

same as intervention 

group.  

Reaction times; Error 

rates; event-related 

potentials 

50 moderate 
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Gram et al. 

2012 [81] 

67 Male construction workers with 

physical demanding work in 

including high peak demands and 

work for more than 20 hours per 

week (on average 43.7 ± 10.5 years). 

Participants received supervised 

and individually tailored aerobic 

capacity training and muscle 

strength training. 

Presentation about 

general health 

promotion and usual 

care. 

Isometric strength of 

different body parts; 

systolic and diastolic 

blood pressure; HDL 

and LDL-cholesterine; 

triglycerides; body 

weight; BMI; body fat 

percentage; maximal 

oxygen consumption; 

89 high 

Gram et al. 

2012 [82] 

102 Male construction workers with 

physical demanding work in 

including high peak demands and 

work for more than 20 hours per 

week (on average 43.7 ± 10.5 years). 

Participants received supervised 

and individually tailored aerobic 

capacity training and muscle 

strength training. 

Presentation about 

general health 

promotion and usual 

care. 

Pain intensity of 

different body parts; 

work ability; perceived 

physical exertion at 

work; productivity; 

sick leave 

89 high 

Gram et al. 

2016 [55] 

67 Male construction workers with 

physical demanding work in 

including high peak demands and 

work for more than 20 hours per 

week (on average 43.7 ± 10.5 years). 

Participants received supervised 

and individually tailored aerobic 

capacity training and muscle 

strength training. 

Presentation about 

general health 

promotion and usual 

care. 

Physical activity; 

Energy expenditure 

due to physical 

activity; Intensity of 

physical activity 

79 high 
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Han et al. 

2016 [57] 

100 Assembly line workers with low back 

pain, working at least 8 hours per day 

in a standing position and had less 

than 80° of the Straight leg raise 

(SLR) test. Participants were 

excluded at history of fracture and 

surgery, with disc herniation, acute 

low back pain, systemic diseases, 

osteoarthritis, spondylolisthesis and 

spondylolysis, leg length 

discrepancy, pregnancy and any low 

back pain with known causes 

(intervention groups 38.1 ± 6.5 and 

39.7 ± 7.6 years, respectively; control 

37.8 ± 8.7 years). 

First intervention group have done 

pelvic control hamstring 

stretching and lumbopelvic 

muscle strengthening. Second 

group received general hamstring 

stretching. 

Participants were told 

to do home program 

and received the 

handout with 

lumbopelvic muscle 

strengthening and 

hamstring stretching 

methods. 

leg raise test; sit and 

reach test; pain 

intensity; workability 

68 high 
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Kaveh et al. 

2023 [58] 

106 Mainly male industrial workers with 

more than one year of job tenure, no 

history of stress management 

education nor psychiatric treatment. 

Were excluded when absent from 

two educational sessions, not 

attending the pre-test or post-test 

sessions, withdrawal from the study 

or undergoing treatment by a 

psychiatrist due to mental illness 

during the intervention (intervention 

35.8 ± 5.2 years; control 36.2 ± 5.9 

years). 

A transactional model-based 

education programme delivered to 

participants to enhance stress-

coping skills. Methods were 

lecture, question/answer, group 

discussion and role play. 

No intervention. stress; spiritual well-

being; perceived stress 

coping mechanism; 

social support 

68 high 

Lavender et 

al. 2007 [59] 

1977 Workers with required repetitive 

lifting (on average 33.5 years). 

Participants received the 

LiftTrainer™ program that was 

conducted by a coach using a 1-

on-1 format that allowed the 

training to be individualized for 

each employee. 

Video-training 

program. 

Injury rates 46 moderate 
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Lowe et al. 

2017 [60] 

76 Assembly workers with work that 

have overhead processes in common 

(intervention 33.3 ± 8.6 years; 

control 37.4 ± 10.3 years). 

Participants received an exercise 

program included resistance band 

strengthening movements and 

stretching/lengthening of the 

pectoralis and trapezius muscles. 

Progressive overload was given. 

Participants were encouraged to 

attend as many sessions per week 

as possible. 

No intervention. Shoulder functionality; 

discomfort of the 

shoulder; 

musculoskeletal 

symptoms 

46 moderate 

Malkinson 

et al. 1997 

[61] 

27 Female production workers with little 

formal education, based on the 

cognitive approach of Rational-

Emotive-Behavioral Training (on 

average 35.3 years). 

Participants received rational-

emotive behavior therapy. 

No intervention. Burnout; tension; 

listlessness; cognitive 

weariness; work-home 

conflict 

46 moderate 

Moreira-

Silva et al. 

2014 [62] 

74 Factory workers (on average 38.4 ± 

7.4 years). 

Participants received physical 

exercise focused on stretching of 

different body regions. 

Additionally, they participated in 

strength exercises for lower 

extremities. Participants were 

given a program to workout at 

home. They were asked to start 

recreational aerobic activities in 

every session. 

Usual care. Musculoskeletal pain 

intensity; physical 

activity; blood 

pressure; body fat; 

waist circumference 

57 moderate 
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Muñoz-

Poblete et 

al. 2019 [65] 

109 Manufacturing workers with a 

maximum age of 40 years and 

asymptomatic or light 

musculoskeletal issues of the upper 

extremities with low intensity (VAS 

≤ 30mm; OCRA-Score ≥ 7.5). They 

were excluded with a work history 

lesser than one year, history of 

musculoskeletal trauma of the upper 

extremities and cardiovascular or 

other systemic diseases (on average 

28.7 ± 5.4 years). 

Participants received training 

sessions aiming a progressive 

strength training with resistance 

bands. In phase one shoulder 

stabilized muscles were focused. 

At least forearm muscles, 

shoulder rotation and elevation 

were added in phase 2 and 3. 

Daily routine of 

established stretching 

exercises should go on. 

One by a 

physiotherapist 

lessoned worker 

supervised those 

exercises. 

Pain intensity of 

different body regions 

63 moderate 

Nurminen 

et al. 2002 

[83] 

260 Female laundry workers with 

physically demanding work who 

were permanently employed and 

without contraindications for 

physical capacity tests (intervention 

40.7 years; control 39.1 years). 

Participants received feedback on 

their physical capacity from a 

physiotherapist, individual 

exercise prescription, counseling 

and worksite exercise training 

which involved strength training, 

cardiovascular exercise and 

stretching with progressively 

intensity increasing.. 

Participants received 

feedback on their 

physical capacity from 

a physiotherapist, 

individual exercise 

prescription and 

counseling. 

Job satisfaction; 

workability; sick leave  

68 high 
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Park et al. 

2013 [67] 

24 Factory workers diagnosed with low 

back pain for at least 3 months, not 

experienced operative interventions 

related to spina bifida, prolapse or 

spinal canal stenosis (on average 44.3 

± 5.2 years). 

First intervention group received 

stabilization exercise for the 

lumbar spine, additionally to 

physiotherapeutic treatment. 

Second group have done exercises 

with game console Nintendo Wii. 

Physiotherapeutic 

treatment. 

Pain intensity; 

isometric strength; 

Balance ability; 

RAND-36 physical 

and mental score 

54 moderate 

Pereira et 

al. 2013 [53] 

61 Garment workers who have worked 

in the sewing and finishing sectors of 

the clothing factory, have done this 

type of work for at least 1 year, are 

willing to participate in the research 

by signing a consent form and have 

never participated in a physical 

activity program at the workplace 

before. Excluded with clinical 

manifestations which were 

incompatible with the programme 

offered, such as a physical or mental 

disability and/or any pre-existing 

disorder that could be aggravated by 

participating in a physical activity 

program at the workplace 

(intervention 28.7 ± 8.8 years; 

control 27.8 ± 7.4 years). 

Physical activity programs 

consisting of stretching exercises 

(40%), muscular endurance 

(40%), self-massage relaxation 

and massage techniques (10%) 

and group dynamics (10%). 

No intervention. Pain intensity 57 moderate 
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Rasotto et 

al. 2015 [69] 

68 Male assembly workers at least 18 

years or older who had no training 

specific contraindications. Excluded 

when participated at a structured 

exercise program for physical 

activity in the last 6 month, had 

diseases of the central nervous 

system like hemiparese, myelopathy, 

cerebral ataxy and muscular 

deformities like amputation or 

scoliosis and abnormalities like 

arthritis, that limitated movement 

through pain, a history of 

cardiovascular disease which made 

exercise impossible like angina or 

position dependable hypotonus (on 

average 41.1 ± 7.7 years). 

Participants received tailored 

exercise training sessions. The 

first month for familization. 

Complaint specific exercises have 

been chosen. With pain mainly 

mobilization exercise, without 

pain strength exercises with light 

dumbbells or resistance bands 

carried out. 

Individual daily activity 

has been maintained. 

Pain intensity; 

shoulder elevation; 

shoulder abduction; 

head flexion; head 

extension; head 

rotation; head lateral 

inclination; handgrip 

strength; disability 

86 high 
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Rasotto et 

al. 2015 [68] 

60 Female assembly workers who had 

no training specific contraindications. 

Excluded when participated at a 

structured exercise program for 

physical activity in the last 6 month, 

had diseases of the central nervous 

system like hemiparese, myelopathy, 

cerebral ataxy and muscular 

deformities like amputation or 

scoliosis and abnormalities like 

arthritis, that limitated movement 

through pain, a history of 

cardiovascular disease which made 

exercise impossible like angina or 

position dependable hypotonus (on 

average 39.2 ± 6.2 years). 

Participants received tailored 

exercise training sessions. The 

first month for familization. 

Complaint specific exercises have 

been chosen. With pain mainly 

mobilization exercise, without 

pain strength exercises with light 

dumbbells or resistance bands 

carried out. 

No intervention. Pain intensity; 

shoulder elevation; 

shoulder abduction; 

head flexion; head 

extension; head 

rotation; head lateral 

inclination; handgrip 

strength; disability 

86 high 

Santos et al. 

2020 [70] 

204 Mainly male industrial workers 

allocated in production sectors aged 

18 to 65 years. Were excluded if they 

got outsourced or temporary 

restrictions from the medical 

department (intervention 34.3 ± 11.9 

years; control 37.7 ± 12.9 years). 

Participants received resistance 

exercises using progressively 

greater loads. 

General exercise using 

elastic bands. 

Maximum muscle 

strength; physical 

activity; fatigue; blood 

pressure; 

musculoskeletal 

disorders; body fat; 

BMI; perceived risk 

factors; productivity 

86 high 
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Sertel et al. 

2016 [84] 

91 Female industrial workers without 

any disease or condition known to 

affect the physical performance, a 

history of an occupational accident 

and/or disease and any other injuries 

and conditions resulting in limited 

range of motion, had no reduced 

strength and endurance, and 

deformity in any of the upper 

extremity joints, not experienced pain 

and/or musculoskeletal problems or 

demonstrating unwillingness during 

the assessments and exercise 

programs (on average 33 ± 5.4 

years). 

First intervention group have done 

elastic bands strengthening. 

Second group received endurance 

training with repetitive 

movements. 

No intervention. Maximal oxygen 

consumption; Hand 

skills; handgrip 

strength 

68 high 
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Sundstrup 

et al. 2014 

[75] 

66 Mainly male slaughterhouse workers 

currently working for at least 30 

hours a week, had pain intensity in 

the shoulder, elbow/forearm, or 

hand/wrist of 3 or more on a 0 to 10 

visual analog scale (VAS) during the 

last 3 months, stated at least some 

work disability scoring on a 5-point 

scale, had no participation in 

resistance training during the last 

year or no ergonomic instruction 

during the last year. They were 

excluded with hypertension, a 

medical history of cardiovascular 

diseases, recent traumatic injury of 

the neck, shoulder, arm, or hand 

regions and pregnancy (intervention 

48 ± 9 years; control 43 ± 9 years). 

Participants received resistance 

training. 

Ergonomic training 

(usual care). 

Workability 93 high 
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Sundstrup 

et al. 2014 

[73] 

66 Mainly male slaughterhouse workers 

currently working for at least 30 

hours a week, had pain intensity in 

the shoulder, elbow/forearm, or 

hand/wrist of 3 or more on a 0 to 10 

visual analog scale (VAS) during the 

last 3 months, stated at least some 

work disability scoring on a 5-point 

scale, had no participation in 

resistance training during the last 

year or no ergonomic instruction 

during the last year. They were 

excluded with hypertension, a 

medical history of cardiovascular 

diseases, recent traumatic injury of 

the neck, shoulder, arm, or hand 

regions and pregnancy (intervention 

48 ± 9 years; control 43 ± 9 years). 

Participants received resistance 

training. 

Ergonomic training 

(usual care). 

Pain intensity; 

disability; Shoulder 

rotation strength; Wrist 

extensor strength 

93 high 
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Sundstrup 

et al. 2016 

[74] 

66 Mainly male slaughterhouse workers 

currently working for at least 30 

hours a week, had pain intensity in 

the shoulder, elbow/forearm, or 

hand/wrist of 3 or more on a 0 to 10 

visual analog scale (VAS) during the 

last 3 months, stated at least some 

work disability scoring on a 5-point 

scale, had no participation in 

resistance training during the last 

year or no ergonomic instruction 

during the last year. They were 

excluded with hypertension, a 

medical history of cardiovascular 

diseases, recent traumatic injury of 

the neck, shoulder, arm, or hand 

regions and pregnancy (intervention 

48 ± 9 years; control 43 ± 9 years). 

Participants received resistance 

training. 

Ergonomic training 

(usual care). 

Handgrip strength; 

Fatigue for handgrip; 

self-related health; 

Pain intensity 

93 high 

Sutarto et 

al. 2012 [76] 

27 Female healthy manufacturing 

workers with little formal education, 

based on the cognitive approach of 

Rational-Emotive-Behavioral 

Training (on average 35.3 years). 

Participants received rational-

emotive behavior therapy with 

biofeedback training of HRV. 

No intervention. heart rate variability; 

stress; depression; 

anxiety 

50 moderate 
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Organisational interventions 

Only one study implemented ergonomic training followed by a 12-month job rotation at the 

organisational level (Table 4). However, no improvements were found compared to a control 

group that received ergonomic training (need for recovery, quality of life, musculoskeletal 

disorders, prevalence of pain, sick leave, productivity) [52].
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Table 4: Characteristics and synthesis of the studies with organisational approach using PICO scheme and quality assessment 

Study Sample 

size (n) 

Population Intervention Control Outcome Score 

(%) 

Quality 

Comper et 

al. 2017 

[52] 

266 Mainly female manufacturing workers arranged in a 

manufacturing cellular and serial layout with jobs or 

tasks with different biomechanical demands and levels 

of risk for musculoskeletal disorders (intervention 28.4 

± 7.8 years; control 32.5 ± 9.0 years). 

Ergonomic training 

and additional job 

rotation were 

performed. 

 Only 

ergonomic 

training. 

Need for recovery; quality of 

life; musculoskeletal 

disorders; prevalence of pain; 

sick leave; productivity 

91 high 
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Multicomponent approaches 

Ten studies have implemented a multicomponent approach of different durations [47, 49, 56, 

63, 64, 66, 71, 77, 79, 80] (Table 5). These studies combined interventions such as educational 

training, behavioural approaches, exercise programs, and nutritional education. 

Very short-term interventions (<6 weeks, n=2) 

Two studies included educational training with the addition of behavioural approaches. A multi-

component program on quitting smoking from construction workers had no beneficial effect on 

smoking abstinence but got high feasibility and an acceptable rate against a control group with 

recommendations [47], whereas a self-observation and feedback program on blue-collar 

workers compared to a control group with general treatment was beneficial on knowledge of 

working postures [71]. 

Short-term interventions (6-11 weeks, n=2) 

Two studies on factory workers used custom insoles and lower limb exercise training in a three-

group randomised control design showed beneficial effects on musculoskeletal disorders in 

favour of the group that received both training and insoles [64]. A nutrition education program 

benefited workers’ motivation, knowledge, intention, and consumption of specific vitamins 

more than a control group who received educational pamphlets [66]. 

Mid-term interventions (3-6 months, n=3) 

A program focusing on weight loss was beneficial for physical activity and physical activity-

related cognition, physiological parameters (resting heart rate, blood pressure), body 

compositions (BMI, weight loss, and waist circumference), and some parts of dietary intake 

(increased consumption of fruits and sweetened beverages, but non-beneficial on vegetable and 

alcohol consumption) compared to a wait-list control group [63]. A tailored program on female 

workers increased consumption of fruits and vegetables but led not to smoking abstinence, 

lower BMI, and cancer screening. Additionally, improvements in flexibility and dietary fat 

scores were reported to be beneficial after six months but not after a follow-up of 18 months. 

An increase in physical activity in the intervention group was reported, but the difference was 

not statistically significant compared to control group with educational sessions [49]. One 

intervention program on construction workers focusing on preventing and reducing overweight 

and musculoskeletal symptoms was non-beneficial on physical functioning, musculoskeletal 
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disorders, workability, sickness absence, work-related vitality and performance against a 

control group [77].  

Long-term interventions (>6 months, n=3) 

In manufacturing workers educational sessions, strength and stretching training, and games 

reduces work-related injuries [79] and musculoskeletal disorders in specific body parts 

compared to a control group with educational sessions [80]. In contrast, different workshops 

have no beneficial effects in industrial workers compared to a control group (leisure-time 

physical activity, physical resources, need for recovery, well-being, mental health, smoking 

abstinence, workability, physical work demands, productivity, or employees’ appraisal of 

intervention activities) [56].
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Table 5: Characteristics and synthesis of the multicomponent-studies using PICO scheme and quality assessment 

Study Sample 

size (n) 

Population Intervention Control Outcome Score 

(%) 

Quality 

Asfar et al. 

2020 [47] 

 

134 Male construction workers ≥ 18 

years old who were hispanic or 

latino, smoking ≥ 5 cigarettes per 

day for the past year, were 

interested in making a quit attempt 

in the next 30 days, having access 

to a telephone and not planning to 

move in the next 6 months. They 

were excluded if having a 

contraindication to nicotine 

replacement treatment (NRT; e.g. 

recent myocardial infarction, 

history of serious arrhytmias) or 

inability to understand consent 

procedures (intervention 40.9 ± 1.5 

years; control 38.2 ± 1.4 years). 

Based on social cognitive theory 

participants received one 

culturally adapted face-to-face 

counseling session, followed by 

two brief phone calls, 6 weeks of 

NRT, fax referral to Florida quit 

line (four brief phone conseling 

sessions; two weeks of free 

NRT), informative handouts 

about the Florida quit line and 

benefits of quitting smoking. 

Only 6 weeks of NRT, 

fax referral to Florida 

quit line (four brief 

phone conseling 

sessions; two weeks of 

free NRT) and 

informative handouts 

about the Florida quit 

line. 

smoking abstinence; 

feasibility and 

acceptance of the 

intervention 

73 high 
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Campbell 

et al. 2002 

[49] 

649 Female blue-collar workers over 18 

years old, speaking English or 

Spanish from small to medium-size 

blue collar industry which 

employing a majority of women. It 

had no systematic health promotion 

program currently in place and no 

plans for immediate plant closure. 

Excluded were factories where not 

enough women or too many 

employees were shown, the plant 

closed or about to close, already 

had a comprehensive health 

promotion program, was not the 

right industry or county, had no 

permanent employees, had a wrong 

address or duplicate listing and did 

not have authority at the worksite 

to agree to a program (no mean age 

reported). 

Individualized computer-tailored 

“women’s magazines”; a natural 

helpers intervention that trained 

women in the workplace to 

diffuse information and a health 

education to support healthy 

behavior changes. 

Delayed intervention 

worksites were offered a 

menu of possible health 

education sessions for 

their employees on 

topics not directly related 

to study objectives; after 

6 month same tailored 

magazines as 

intervention but no 

natural helpers program. 

Consumption of fruits 

and vegetables; smoking 

abstinence; BMI, cancer 

screening; flexibility; fat 

score; physical activity 

43 moderate 
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Gupta et 

al. 2018 

[56] 

415 Manufacturing workers from 

workplaces with a minimum of 100 

workers and team-based physical 

work with cooperative relations 

between hierarchy levels. Teams 

required formal work groups and 

individuals had to have upon 20 h 

work time per week and study 

consent (on average 44.1 ± 10.5 

years). 

Workshops were conducted at 

different levels of the 

organization to enhance 

productivity, wellbeing, and 

health and safety. At the group 

level, participants attended three 

workshops. The first workshop 

focused on visual mapping, 

teaching participants to identify 

factors that positively or 

negatively affect workability, 

such as demands and resources. 

The second workshop centered 

on action planning, where 

participants translated their 

learnings into concrete plans 

displayed on whiteboards. The 

effectiveness of these plans in 

supporting productivity, 

wellbeing, product quality, and 

cost effectiveness was evaluated. 

The third workshop provided an 

opportunity for workers and 

supervisors to exchange ideas 

and offered additional options 

No intervention. Need for recovery; 

Workability; 

Productivity; Physical 

work demands; Physical 

resources; leisure-time 

physical activity; Well-

being; Mental health; 

smoking abstinence 

89 high 
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like individual visual mapping 

talks and ergonomic workshops. 

At the leadership level, 

ambassador workshops were held 

to disseminate knowledge on 

promoting health and safety 

among workers. These 

workshops aimed to foster a 

culture of well-being and safety 

throughout the organization. 

Morgan et 

al. 2012 

[63] 

110 Male industrial shift workers who 

were overweight or obese (BMI 

between 25 and 40 kg/m2), aged 

18–65. Excluded at history of 

major medical problems such as 

heart disease in the last 5 years, 

diabetes, orthopaedic or joint 

problems that would be a barrier to 

physical activity, recent weight loss 

of ≥ 4.5 kg or taking medications 

that might affect body weight (on 

average 44.4 ± 8.6 years). 

Behaviour change strategies 

consisting of information session, 

handbook, study website, website 

tutorial and user guide. 7 

individualized dietary feedback 

sheets and group-based financial 

incentive pedometer were given. 

No intervention. Body weight; waist 

circumference; BMI; 

blood pressure; resting 

heart rate; Physical 

activity; Dietary; 

Physical activity 

cognitions; Healthy 

eating practices; Dietary 

state of change (SOC) 

75 high 
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Mousavi et 

al. 2019 

[64] 

100 Male production line workers with 

at least 1 year of work experience 

and standing for at least 3 hours per 

day at work. Participants were 

excluded  with any reports of lower 

limb or back injury such as 

fracture, dislocation, soft tissue 

lesions (during the previous 6 

months), any history of surgery in 

the muscles, joints, or bones in the 

lower back and lower extremities, 

musculoskeletal diseases and 

neuromuscular disorders such as 

joint rheumatism, myopathy or 

neuropathy, foot deformity 

including raised or flattened arches 

or hallux valgus, and any vascular 

problems in the lower extremities 

(on average 35.9 years). 

First group got custom‐made 

insoles and lower limb exercises. 

Second intervention group had 

insoles only, and third group had 

lower limb exercises only. 

No intervention. Musculoskeletal 

disorders; discomfort 

level in back, thigh, 

knee, leg and foot. 

71 high 
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Nabizadeh 

et al. 2018 

[66] 

210 Male cement factory workers who 

did not present a history of, or 

current, physical symptoms of 

serious neurological, 

cardiovascular, renal, hepatic, 

endocrine, metabolic or 

gastrointestinal disease and 

previous pharmacological 

treatment, according to the medical 

reports available at the factory 

(intervention groups 34.6 ± 4.5 and 

33.8 ± 4.9 years, respectively; 

control 34.7 ± 4.8 years). 

Participants received educational 

interventions based on the 

Protection Motivation Theory 

(PMT). Face-to-face group had 

multimodal lectures with 

powerpoint presentations, 

discussion, questions and 

answers, individual counselling 

sessions and educational 

pamphlets and booklets. Indirect 

group received recently designed 

educational content through 

pamphlets and booklets. 

No intervention. Motivation; knowledge; 

intention; consumption 

of Vitamin C and E 

64 moderate 

Sene-Mir 

et al. 2020 

[71] 

61 Mainly female blue-collar workers 

≥ 18 years old who not suffer any 

chronic bone, muscle, 

or joint disease in the trunk, and/or 

chronic or acute pain diagnosed by 

a specialist. Not suffer, any chronic 

or acute knee joint disease 

diagnosed by a specialist (no age 

described). 

Received intervention which 

contained systematic self-

observation, hetero-

observational, feedback as well 

as feedforward and intrinsic 

feedback. 

Standard manual 

material handling 

training. 

Knowledge of working 

postures 

68 high 
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Viester et 

al. 2014 

[77] 

314 Construction and production 

workers without sick leave within 

last 4 weeks before intervention (on 

average 46.6 ± 9.7 years). 

Participants received training to 

improve lifestyle including 

individual information, personal 

or phone contacts, exercises and 

material tailored to body weight, 

physical activity and motivation 

of lifestyle change. They got a 

periodic review of knowledge 

about healthy lifestyle and will to 

change. 

Maintainance of daily 

activities. 

Physical functioning; 

musculoskeletal 

disorders; workability; 

sick leave; work-related 

vitality; performance 

86 high 

Yu et al. 

2013 [80] 

3479 Mainly male manufacturing 

workers employed at medium-size 

industrial companies (with 

employees from 300 to 2,000) that 

should be matched with another 

factory by industry and production 

processes, with a less than 30 % 

turn-over rate of workers in 1 year. 

Participants: were frontline workers 

and being employed in the current 

factory for at least 12 months. They 

were excluded if employed in 

administration, design and logistics 

or are illiterate and seasonal 

migrant workers (intervention 29.1 

Participatory training of learning 

successful examples from other 

workplaces. Program includes 

personal protective equipment 

usage, stretching and 

strengthening exercise and games 

including ergonomic and 

materials handling. 

Didactic training of only 

a short presentation, 

without group 

discussions, games or 

workplace visits. 

Musculoskeletal 

disorders 

75 high 
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± 7.3 years; controls 28.9 ± 7.4 and 

28.3 ± 7.1 years, respectively). 

Yu et al. 

2017 [79] 

3479 Mainly male manufacturing 

workers employed at medium-size 

industrial companies (with 

employees from 300 to 2,000) that 

should be matched with another 

factory by industry and production 

processes, with a less than 30 % 

turn-over rate of workers in 1 year. 

Participants: were frontline workers 

and being employed in the current 

factory for at least 12 months. They 

were excluded if employed in 

administration, design and logistics 

or are illiterate and seasonal 

migrant workers (intervention 29.1 

± 7.3 years; controls 28.9 ± 7.4 and 

28.3 ± 7.1 years, respectively). 

Participatory training of learning 

successful examples from other 

workplaces. Program includes 

personal protective equipment 

usage, stretching and 

strengthening exercise and games 

including ergonomic and 

materials handling. 

Didactic training of only 

a short presentation, 

without group 

discussions, games or 

workplace visits. 

Incident rates of 

accidental injury 

68 high 
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Safety interventions 

One intervention study on drywall-finishing workers was conducted to improve safety 

outcomes through education. Positive effects were found on self-efficacy and trust in 

technology, but not in health knowledge, perceived health risk, and trust in the organization 

when compared to the control group (Table 6). For the parameter readiness to adopt the tool, 

beneficial effects were reported at the end of the intervention but not at the follow-up [78].
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Table 6: Characteristics and synthesis of the safety interventions studies using PICO scheme an quality assessement 

Study Sample 

size (n) 

Population Intervention Control Outcome Score 

(%) 

Quality 

Weidmann et 

al. 2016 [78] 

40 Male drywall-

finishing 

workers. 

Didactic and interactive training, information about dust 

material composition, health effects of dust exposure, 

usefulness of ventilated sanders. Cues to action wearing 

hard-hat stickers and t-shirts. Improving worker self-

efficacy and trust in technology at trying and testing the 

new technology. 

No 

intervention. 

Health knowledge; self-

efficacy; Perceived risk to 

health; trust in Technology; 

trust in organization; adoption 

readiness. 

39 moderate 
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Discussion 

In total 39 RCTs were included in this systematic review on the effectiveness of workplace-

related health interventions in industrial workers. The majority of studies (n=27) adopted 

behavioural interventions. Among them, most studies used exercise programs, followed by 

educational approaches. Ten studies employed multicomponent interventions with 

combinations of educational interventions and behavioural or organisational approaches, one 

opted for an organisational approach, and one study focused on safety-related outcomes. In 

most studies, there was a high overall risk of bias, necessitating a cautious interpretation of all 

results.  

Intervention characteristics 

Most behavioural studies used an exercise program, while others employed an educational 

approach. Exercising seems to be a promising tool for health-related outcomes in 

musculoskeletal [29, 30, 85] and cardiometabolic disorders [31] as well as on mental health 

outcomes [3, 86]. Educational programs might have a positive impact on mental health [30, 87], 

but other health-related outcomes, such as musculoskeletal disorders, might not profit [29]. 

Nevertheless, a positive impact of educational strategies on work-related outcomes, as 

demonstrated in other contexts with shift workers [88], emphasizes their importance and 

warrants additional research. 

Only one study used an organisational approach in form of job rotation. This is somewhat 

surprising as recommendations for adding organisational components to improve health-related 

outcomes were given [89]. The potential advantages of such interventions have yet to be 

thoroughly explored [9, 43, 90].  

In studies on multicomponent approaches, educational programs combined with behavioural or 

organisational approaches were frequently used. However, inconclusive effects were reported 

on health-related outcomes in workplace health promotion [29, 91]. 

A single study was conducted to enhance safety outcomes, underscoring the need for additional 

research. Health-promoting behaviours might be associated with safety-related outcomes [92]. 
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Effectiveness on health-related outcomes 

The findings from the current review revealed several studies demonstrating the effectiveness 

of workplace intervention in improving specific aspects of health. Mixed effects were found in 

the studies that examined physical outcomes. Strength outcomes were generally beneficially 

impacted by workplace interventions. This is consistent with previously reported findings [29, 

93]. Conversely, the effects on aerobic capacity varied. Whilst other research found beneficial 

effects on peak oxygen consumption [94], we found no beneficial effect. An explanation for 

this discrepancy might be the limited number of studies incorporated in our review. In one study 

using objectively measured physical activity, a decrease of physical activity was found, 

contradicting prior research [95-97]. A systematic review and meta-analysis of workplace 

health promotion programs among men reported nearly half of the included studies showed 

improvements in physical activity outcomes [98]. The potential differences may be attributed 

to the fact that physical activity needs to be considered holistically to counteract a possible 

physical activity paradox and ensure health benefits [99]. 

In line with other reviews and meta-analyses, our results showed beneficial effects of workplace 

health promotion on mental outcomes [30, 87, 96, 100]. Regarding physiological parameters, 

we observed no consistent trends. While other reviews suggested that workplace health 

promotion affects biological risk factors [95] or enhances cardiometabolic markers [31], our 

findings did not provide a clear conclusion. However, a systematic review of reviews reported 

inconsistent findings regarding metabolic risk factors [101]. 

Furthermore, only a few studies showed beneficial effects on social parameters. Research 

emphasises the relevance of detecting these outcomes [97, 102, 103]. 

Regarding parameters related to musculoskeletal disorders, most studies indicated a beneficial 

effect of workplace interventions, regardless of duration and intervention characteristics. This 

finding aligns with previous research on workers with physically demanding jobs [1, 29, 30]. 

One systematic review of longitudinal studies showed the multifactorial etiologic of 

musculoskeletal disorders and identified psychosocial workplace factors associated with the 

risk and progression of musculoskeletal disorders [104]. 

Our findings indicate limited beneficial effects on body composition, as well as in interventions 

that focus on that topic. This somewhat contrasts beneficial outcomes reported in other research 

[30, 89, 91, 93, 96, 98]. These disparities may arise from the different populations. Thus, 

industrial workers' body composition is a significant concern [105], necessitating different 
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interventions and strategies. In contrast, beneficial effects on dietary outcomes were identified, 

particularly in the context of multicomponent studies. This aligns with prior research and 

underscores the significance of these findings [30, 95, 96, 106]. 

Our findings suggest that workplace health promotion initiatives do not significantly impact on 

smoking cessation rates, which is in line with the systematic review and meta-analysis from 

Bezzina and colleagues [98]. This contradicts the findings of a meta-analysis on general 

workers [107]. Nevertheless, the authors concluded that while interventions are effective in 

stopping smoking, the absolute number of workers who successfully quit is minimal [107], 

which aligns with our results. 

We found heterogeneous results for work-related outcomes. This is possibly a result of the wide 

range and complex construct to measure work-related outcomes [14]. However, other reviews 

suggest the potential impact on work-related outcomes through workplace health promotion [9, 

14]. 

Consequently, there is some potential for workplace health interventions but their effectiveness 

remains unclear. Additionally, it is unclear whether particular types of interventions, such as 

behaviour or organisational interventions, are more effective than others. Similar to previous 

systematic reviews on workplace health promotion, it remains challenging to establish firm 

recommendations about the effectiveness of workplace interventions or identify the types of 

interventions that demonstrate the most promise [9, 108-111]. 

Population- and workplace-specific needs 

In the industrial sector, sex or gender-specific needs and health hazards have to be considered 

[27, 112]. Most industrial workers in this review were males, so workplace health promotion 

interventions might be needed to favour this group. Moreover, a wide variety of industrial tasks 

[113] with different work paces [114], environments [115], physical demands [116, 117], and 

shift work [118] can impact health-related factors as possible cofounders. Also, the different 

health conditions of the participants demonstrate the necessity to focus on their different 

characteristics. Several studies have focused on industrial workers with at least one health risk. 

This might be an appropriate representation of industrial workers considering the major 

concerns related to musculoskeletal disorders [1, 9], metabolic syndrome [119], and mental 

health [43]. Focusing on the concerns of industrial workers could be an effective approach to 

developing more targeted and specialised programs [120]. This is particularly important when 
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considering the effectiveness and transferability of interventions in lower-income countries or 

countries with fewer medical conditions [121]. Additionally, a systematic review reported the 

factors of economic, management support, intervention concepts, data collection, and resources 

and commitment to intervention influencing workplace health promotion [122]. Therefore, 

healthy leadership might be a principle which should be considered [102]. Furthermore, another 

systematic review reported barriers to workplace health promotion, such as time, a busy 

lifestyle, and lack of motivation [93]. Addressing needs with tailored activities might lead to a 

high participation of workplace health promotion programs [28]. Our mixed findings 

underscore the importance of tailoring interventions based on duration for effective 

implementation in an occupational health context. 

Most of the studies lasted 3-6 months, which may be necessary for behavioural modification. 

Shorter durations may not be sufficient, as changes depend on the frequency and direction of 

the modifications that individuals consider [123]. 

This review has shown that long-term intervention effects were assessed in only a few of the 

studies. Moreover, many studies have not provided sufficient information regarding the follow-

up duration. Only seven of the included studies had a true post-intervention follow-up. 

Risk of bias and methodological quality of studies 

The high overall risk of bias in this review is consistent with findings from others [13, 31, 106]. 

The main sources for a high risk of bias resulted from high risks for deviations from the planned 

intervention, inadequate outcome data assessment, difficulty in measuring outcomes, awareness 

of the outcome assessor, insufficient report deviation from predesigned intervention, or a lack 

of a pre-specified protocol. These risks can influence the results of the individual studies in 

terms of an overestimation or underestimation of the intervention's true effect [124, 125]. Future 

studies should prioritise the development of well-designed study protocols and enhance the 

transparency of data. Additionally, data collection should be conducted using valid 

measurement methods. Further improvements may the blinding of researchers to improve 

objectivity and rigour in the research process. By addressing these sources of bias, future 

research can provide more reliable and valid results, ultimately contributing to better evidence-

based practices. 

As most of the reviewed studies only relied on self-reported outcomes the measurement of 

health-related outcomes should be considered in future work. Therefore, certain parameters can 
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be assessed by objective measurements collected from the industry or other sources [126]. 

Additionally, using single items to assess health-related outcomes increases the risk of response 

bias and limited possible comparisons between studies. 

Numerous interventions included multiple heterogeneous components. Consequently, it is not 

possible to attribute the effectiveness of a particular intervention to one specific intervention 

component.  

Some studies have reported long-term outcomes. However, the majority of studies have not 

used an intention-to-treat analyses or failed to report this in their publication. Thus, the 

generalizability of the reported results is uncertain, as it is unclear whether they exclusively 

apply to individuals who completed all the assessments. Additionally, the findings may have 

been influenced by selection bias. 

Strengths of this review 

This review provides a detailed analysis of workplace health promotion interventions among 

industrial workers. A narrative synthesis was selected, given the study objectives and high 

levels of heterogeneity. A strength of this review is that it reports workplace health promotion 

interventions and their beneficial or non-beneficial effects on health- and work-related 

outcomes, which limits potential bias. Not limiting the conditions of the population to specific 

health conditions has shown its applicability to society. Risk of bias and a detailed quality 

assessment was performed for each included study.  

Recommendations for future research 

This systematic review highlights several areas for future research to improve the effectiveness 

and reliability of workplace health promotion programs for industrial workers. One major 

consideration is the high heterogeneity in the parameters and interventions across the included 

studies. This variability can be attributed to differences in implementation fidelity, participant 

characteristics, and the specific context in which the interventions were applied. For instance, 

variations in intervention delivery, duration, intensity, and the baseline health status of 

participants could all contribute to the observed differences in effectiveness. However, only 

published studies were included. We need to acknowledge the possibility of publication bias, 

which may impact the findings. 
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Future research should include only valid and reliable measures of health-related outcomes. 

Furthermore, interventions may focus on improving the specific health characteristics of 

included industrial workers. In addition, work and leisure time, especially physical parameters, 

should be measured and, where possible, should be used with objective measurements. 

Furthermore, the issue of high drop-out rates reported in several studies is a concern that 

requires further investigation. To address this challenge, future research should focus on the 

feasibility and acceptance of different types of interventions. This approach will allow 

researchers and policymakers to determine the most suitable interventions for specific 

participants and organisations. 

Future research should evaluate health-related outcomes at the end of the intervention and at 

regular follow-ups to determine whether any beneficial effects can be maintained, particularly 

for behavioural approaches. Furthermore, conducting long-term studies is essential to capture 

the impact of interventions throughout a more extended period of time. This might lead to a 

human-centred approach to promoting workplace health initiatives and principles such as the 

Goldilocks principle [127], which could result in the effective implementation of interventions. 

Despite recent research, there remains a need for well-designed studies to thoroughly assess the 

effectiveness of workplace health promotion interventions on health outcomes. Higher-quality 

studies are also necessary to enhance evidence transparency and support meta-analyses and 

study weighting [128]. Utilising randomisation, blinding techniques, and conducting predefined 

subgroup analyses can improve future research. 

Conclusions 

This systematic review provides an extensive overview on workplace interventions and their 

impact on industrial workers’ health-related outcomes. Although the included studies provide 

evidence that workplace health promotion can be effective, the overall results are inconclusive. 

Beyond that, a high risk of bias for certain domains and a high overall risk of bias was revealed, 

and several methodological limitations in the current evidence-based research are given. The 

heterogeneity of interventions should be recognised in terms of general conclusions, and further 

research is needed to determine which elements are most likely to increase efficacy and 

adoption within the workplace setting. The specific health characteristics and conditions of 

industrial workers are important factors that must be considered. Consequently, drawing solid 

conclusions regarding the effectiveness of workplace interventions among industrial workers 
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remain challenging. However, given the positive outcomes of some related studies, there is a 

strong need for implementing workplace interventions in industrial workers on the one hand, 

and for continuing research efforts to support national and global public health policies to 

improve industrial workers' health on the other hand. 
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Abstract 

Objectives: This study investigates the impact of different work paces on cardiorespiratory 

outcomes, perceived effort, and carried load in industrial workers.  

Methods: A randomised crossover trial was conducted at a mid-sized steel company. We 

included twelve healthy industrial workers (8 females, age: mean 44 ± standard deviation 9 

years, height: 1.70 ± 0.08 m, body mass: 79.5 ± 13.4 kg) with at least six months of working 

experience. All participants performed 5 minutes of piece work at 100% (P100), 115% (P115), 

and 130% (P130) of the company’s internal target yielded in a randomised order, separated by 

five-minute familiarization breaks. The primary outcome was energy expenditure (EE), 

calculated from a respiratory gas exchange using a metabolic analyser. Secondary outcomes 

were total ventilation (V̇E), oxygen uptake (VO2), carbon dioxide release (V̇CO2), respiratory 

exchange ratio (RER), heart rate (HR), and perceived effort (RPE; 0-10). Furthermore, the 
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metabolic equivalent (MET) and the carried load (CL) were calculated. Data were analyzed 

with rANOVAs. 

Results: For EE, a large “pace” effect with a small difference between P100 and P130 (165.9 

± 33.4 vs 178.8 ± 40.1 kcal/h-1, p = 0.008, SMD = 0.35) was revealed. Additionally, a large 

difference in CL between all paces (p < 0.001, SMD ≥ 1.10) was revealed. No adverse events 

occurred. 

Conclusions: Cardiorespiratory outcomes rise with increased work pace, but the practical 

relevance of these differences still needs to be specified. However, the carried load will add up 

over time and may impact musculoskeletal health in the long term.  

 

Keywords 

work condition, workplace health promotion, musculoskeletal disorders, physical demands, 

ergonomics, energy demand 
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What is already known on this topic 

Industrial workers face physical and mental loads including repetitive tasks and a high pace of 

work. Conflicting results exist regarding the impact of work pace on various factors, such as 

error rate, biomechanical exposure, muscular load, musculoskeletal disorders, and subjective 

experiences, such as perceived exertion and perceived fatigue. 

What this study adds 

Higher work pace increases cardiorespiratory factors and carried load among industrial 

workers, but does not affect perceived effort and heart rate. Carried load should be highlighted 

because of potential long-term musculoskeletal health implications and emphasizing the need 

to prioritize workplace health and productivity.  

How this study might affect research, practice or policy 

Work pace needs to be included in future research or interventions to enhance occupational 

health and safety through organizational changes, such as job rotation or a worker-specific 

change. This study emphasizes the significant impact of work pace on workers' physiological 

responses and musculoskeletal health. 
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Introduction 

Industrial workers are exposed to physical hazards during work, including heavy lifting, 

awkward positions, vibrations, high temperatures, precision, noise, excessive work pace, and 

repetitive work [1, 2]. In this context, more than 60% of industrial workers perform repetitive 

movements in standard tasks with cycle times of less than 30 seconds and minimal variation 

[3].  

Although a high work pace may not necessarily lead to greater profitability [4, 5], it is 

considered the standard practice within the industry. During repetitive tasks, work pace can 

affect performance [6, 7] and impact the well-being and productivity of workers [8]. Beyond 

that, a high work pace increases error rate [6, 7] and perceived exertion [9]. Overall, the effect 

of work pace on biomechanical exposure is conflicting [9], revealing a higher muscular load 

[3] and a potential increased risk of musculoskeletal disorders [8]. While work pace does not 

affect upper extremity kinematics [10], an increased work pace can add time spent in awkward 

postures [11] and may lead to fatiguing effects [6].  

To better understand the link between occupational risks and work-related diseases, workplace-

specific assessments of physical load on the cardiovascular system are warranted [2]. 

Determining energy demand during work may be crucial for occupational health monitoring 

[12]. The influence of work pace on cardiorespiratory factors has not been fully considered yet. 

Based on such assessments, customized health promotion interventions can be developed to 

address industrial workers' specific needs and challenges on environmental and individual 

levels. This can improve the long-term success of workplace health promotion [13]. Therefore, 

this study investigated the impact of different work paces on cardiorespiratory factors, 

perceived effort, and carried load in industrial workers. We hypothesized that the higher the 

work pace, the higher the perceived, cardiorespiratory, and carried load. 
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Methods 

Trial design and ethical aspects 

We adopted a randomised crossover study design. The trial was designed and conducted in 

accordance with the Declaration of Helsinki and was approved by the local ethical committee 

of the University of Wuppertal (SK/AE 240306). All participants provided written informed 

consent before the start of the study. No changes to methods after trial commencement was 

undertaken. 

Participants 

Assuming large effect sizes [4], the power analysis (α = 0.05, study power (1-β-error) = 0.80, r 

= 0.5, effect size ηp2 = 0.14 (f = 0.40)), with G*Power (Version 3.1.9.7, University of 

Düsseldorf, Germany), revealed a required sample size of n = 12 participants.  

Factory workers from a mid-size steel company in Germany were enrolled in this acute 

intervention study. Prior to the study, 26 factory workers (16 females) were asked to participate 

in an informational event voluntarily. Consequently, 12 (8 females) respondents who met the 

selection criteria were recruited. The inclusion criteria were as follows: (I) age > 17 years, (II) 

working experience at the respective workstation for at least 6 months. Exclusion criteria 

included (III) no cardiovascular or metabolic diseases (e.g. diabetes mellitus) and (IV) no acute 

or chronic skin diseases or injuries. Participants were instructed to avoid strenuous physical 

exercise 24h before their study attendance.  

Randomisation 

Eligible participants were randomly assigned to three different work paces. The randomisation 

process was simple non restricted and was performed by SJ using the sample-function in R 

(version 4.0.5) and RStudio (version 1.4.1106). All participants were blinded against the 

randomisation-sequence. 
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Interventions 

All participants performed repetitive tasks sitting at one of three similar working stations in the 

production process of pliers, which involved inserting pliers into a station to process the tongs 

and then removing them. A comparable amount of product was processed at each of the three 

working stations, with individual pieces of material weighing 200g per piece. For 10 minutes 

each, participants processed a predetermined predefined number of products at rates 

corresponding to 100% (P100), 115% (P115), and 130% (P130) of the normative piece rate 

based on internal company calculations. Five of the ten minutes were dedicated to 

familiarization, while the remaining five minutes were used for data collection. Participants 

were given feedback every minute on the number of workpieces handled in the previous minute 

and instructed to maintain, increase, or decrease their work pace to match the predefined rate 

(Table 7). Throughout the whole test, heart rate (H9, Polar Electro, Kempele, Finnland) and 

respiratory gas exchange were continuously reported. Respiratory gas exchange was 

spirometrically assessed breath-by-breath using a validated metabolic analyser (Metamax 3b, 

Cosmed, Germany). Before each measurement, the spirometric system was calibrated 

according to the manufacturer’s recommendations. 

Table 7: Target and Reached Work productivity at the three different levels of production standard time (P100, 
P115, P130). 

Condition Work Productivity 

Target 

(%) 

Work Productivity 

Reached 

(%) 

Work Productivity 

Target 

(Quantity/min) 

Work Productivity 

Reached 

(Quantity/min) 

P100 100 101.2 ± 3.8 14.4 ± 1.4 14.5 ± 1.4 

P115 115 113.0 ± 4.0 16.5 ± 1.7 16.2 ± 1.7 

P130 130 128.6 ± 3.5 18.7 ± 1.9 18.5 ± 1.8 

 

Primary outcome 

The primary outcome measurement was energy expenditure (EE; in kcal/h-1). To determine EE, 

carbon dioxide output (V̇CO2) and oxygen uptake (V̇O2) were utilized, according to the 
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equation of Weir [14] as the total heat output in a given time [kcal] = 3.941 V̇O2 [l] + 1.106 

V̇CO2 [l]. 

Secondary Outcomes 

The secondary outcomes were heart rate, total ventilation volume (V̇E; in l/min-1), carbon 

dioxide output (V̇CO2; in l/min-1), oxygen uptake (V̇O2; in l/min-1), respiratory exchange ratio 

(RER; calculated by dividing V̇CO2 by V̇O2), averaged over the last five minutes for each of 

the three working paces. Furthermore, V̇O2 related to the body weight and divided by 3.5 was 

used to estimate the metabolic equivalent (MET) of the performed tasks [15]. Moreover, the 

carried load (CL; in kg) was assessed by counting the products' total number and rate (pieces 

per minute). After completing each bout, the participants were asked to rate their perceived 

effort (RPE) from 0 (lowest) to 10 (highest) [16]. No changes were undertaken after trial 

commenced. 

Statistics 

All data are presented as mean ± standard deviation. Normal distribution was verified via the 

Shapiro–Wilk test (p ≥ 0.1), and residuals were investigated using Q–Q plots. Variance 

homogeneity was verified using Levene-tests (p ≥ 0.1). To examine “pace” differences (P100 

vs. P115 vs. P130), repeated measure analyses of variance (rANOVA) were conducted for all 

respective outcome measures (EE, V̇O2, V̇CO2, V̇E, RER, MET, HR, RPE and carried load). 

Mauchly’s test for sphericity was performed, and Greenhouse-Geisser corrections (GG) were 

applied if necessary (p ≥ 0.05). The rANOVA effect sizes are given as partial eta squared (ηp2), 

with ≥0.01, ≥0.06, and ≥0.14, indicating small, moderate, and large effects, respectively [17]. 

In the case of significant “pace” effects, Bonferroni-corrected post-hoc tests were subsequently 

computed. For pairwise effect size comparison, standard mean differences (SMD) were 

calculated, with <0.2, 0.2 ≤-<0.5, 0.5 ≤-<0.8, ≥0.8, indicating small, moderate, and large effects, 

respectively [17]. All statistical analyses were conducted using R (version 4.0.5) and RStudio 

(version 1.4.1106) software. 
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Results 

12 participants were enrolled in August 2023 (8 females and 4 males, age: 44 ± 9 years, height: 

1.70 ± 0.08 m, body mass: 79.5 ± 13.4 kg). No participant withdrew consent; none had to be 

excluded. Due to technical problems, the heart rate of two participants could not be recorded. 

For each additional outcome and condition, the data of all 12 participants could be used. During 

study conduction, no adverse or serious adverse event occurred. 

 

The analysis revealed a large and significant “pace” effect in EE (F(2, 22) = 5.78, p = 0.010, 

ηp2 = 0.34). Post-hoc testing indicated a significant difference between P100 and P130 (165.9 ± 

33.4 vs. 178.8 ± 40.1 kcal/h-1, p = 0.008, SMD = 0.35). In addition, a large and significant 

“pace” effect occurred for MET (F(2, 22) = 6.03, p = 0.008, ηp2 = 0.35) with post-hoc significant 

difference between P100 and P130 (1.75 ± 0.39 vs. 1.89 ± 0.34 METs, p = 0.007, SMD = 0.38). 

The values are depicted in Figure 6. 

 

 

Figure 6: Mean values (black dots) ± standard deviation (error bars) for (A) energy expenditure and (B) 
metabolic equivalent of task (MET) during three different levels of production standard time (P100, P115, 
P130). Furthermore, individual values are indicated in grey). ***Significantly different from one another (p < 
0.001). 

Furthermore, a large and significant “pace” effect for V̇E (F(2, 22) = 3.68, p = 0.042, ηp2 = 

0.25), V̇O2 (F(2, 22) = 6.21, p = 0.007, ηp2 = 0.36), V̇CO2 (F(2, 22) = 4.32, p = 0.026, ηp2 = 

0.28). The results of post-hoc testing revealed a significant difference between P100 and P130 
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in V̇E (15,95 ± 2.80 vs 17,12 ± 3.29 l/min-1, p = 0.041, SMD = 0.38), V̇O2 (0.48 ± 0.10 vs 0.52 

± 0.12 l/min-1, p =0.006, SMD = 0,35), and V̇CO2 (0.43 ± 0.09 vs 0.46 ± 0.11 l/min-1, p = 

0.023, SMD = 0.19) but not between P115 and any of the other paces. For RER (F(2, 22) = 

0.41, p = 0.669, ηp2 = 0.04), HR (F(2, 18) = 1.15, p = 0.340, ηp2 = 0.11) and RPE (F(2, 22) = 

0.42, p = 0.660, ηp2 = 0.04), no significant “pace” effect was detected. All underlying values are 

descriptively displayed in Table 8. 

Table 8: Comparison of cardiorespiratory performance parameters and perceived effort during three different 
levels of production standard time (P100, P115, P130). Furthermore, F-Test p-values (1 × 3-rANOVA) and 
effect sizes (ηp2, partial eta squared) are also provided. 

Parameter P100 P115 P130 p-value ηp2 

V̇E (l/min-1) 15.95 ± 2.80 16.69 ± 2.53 17.12 ± 3.29* 0.042 0.25 

V̇O2 (l/min-1) 0.48 ± 0.10 0.50 ± 0.09 0.52 ± 0.12** 0.007 0.36 

V̇CO2 (l/min-1) 0.43 ± 0.09 0.45 ± 0.08 0.46 ± 0.11* 0.026 0.28 

RER (a.u.) 0.89 ± 0.04 0.89 ± 0.03 0.89 ± 0.04 0.669 0.04 

HR (min-1) 78.0 ± 10.6 81.9 ± 9.5 77.5 ± 14.2 0.340 0.11 

RPE (a.u.) 3.6 ± 2.7 4.3 ± 2.1 3.9 ± 2.6 0.660 0.04 

HR = heart rate, RER = respiratory exchange ratio, RPE = rating of perceived effort (1-10), V̇E  = total ventilation, 

V̇O2 = acute oxygen uptake, V̇CO2 = acute carbon dioxide release, *Significantly higher than P100 (p < 0.05), 

**Significantly higher than P100 (p < 0.01). 

 

Lastly, we found a large “pace” effect for the carried load (F(2, 22) = 145.02, p < 0.001, ηp2 = 

0.93). Post-hoc revealed lower carried load for P100 compared to P115 with a significantly 

large difference (174.2 ± 16.7 vs. 194.6 ± 20.5 kg/h-1, p < 0.001, SMD = 1.10), for P100 

compared to P130 (174.2 ± 16.7 vs. 221.4 ± 22.1 kg/h-1, p < 0.001, SMD = 2.43), as well as a 

lower carried load for P115 compared to P130 (194.6 ± 20.5 vs. 221.4 ± 22.1 kg/h-1, p < 0.001, 

SMD = 1.26.). The values are depicted in Figure 7. 
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Figure 7: Mean values (black dots) ± standard deviation (error bars) for the carried load during the different 
levels of production standard time (P100, P115, and P130). Furthermore, individual values are indicated in grey. 
***Significantly different from one another (p < 0.001). 
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Discussion 

Main findings and hypothesis verification 

This randomised crossover study elucidated the effect of different work paces on 

cardiorespiratory outcomes. In addition, the impact on carried load and subjective exertion was 

also assessed. The primary findings of this study were as follows: (I) EE, MET, V̇E, V̇O2, and 

V̇CO2 increase with a higher work pace. (II) RPE did not change with different workpaces. (III) 

The carried load increase with higher work pace. The hypothesis could thus be confirmed for 

the cardiorespiratory and carried load outcomes but not for perceived loads. 

Energy expenditure 

The literature specifies an average energy expenditure of approximately 228 kcal/h-1 for 

manufacturing workers, which is much higher than our measured energy expenditure. Our 

measurements are comparable to data from 1963, where the same amount of work was 

classified as light to moderate work grades with a range of 110-180 kcal/h-1  [18].  

We found a difference in energy expenditure between P100 and P130 of about 8%. This 

suggests that energy expenditure increases with higher work paces, which generally aligns with 

other studies [4, 19]. A study observed an increase of over 30% at a 29% higher work rate 

compared to a normal pace and about a 15% increase for a higher pace rate of 23%, measured 

with wearables [4]. In this study, 20 workers performed repetitive tasks connecting two 

components at a work pace of about 140%. Li and colleagues [19] investigated eight 

construction workers and found that an increased work pace resulted in higher energy 

expenditure when performing repetitive box handling at double their usual work pace (165.9 

vs. 178.8 kcal/h-1) [19]. This intake is lower than that observed in cleaners, averaging over all 

tasks about 213 kcal/h-1  [11]. However, comparisons between the studies and our own should 

be approached cautiously, considering their respective job profiles. Undertaking repetitive tasks 

is associated with a high cognitive load, which impacts cycle times [20]. In addition, working 

in a sitting position may lead to reduced overall physical activity [21].  
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Workload 

The workload classification must be considered when considering health promotion treatments 

for physical activity [22]. Thus, we determined that both P100 and P130 had MET values 

ranging from 1.75 to 1.89. This implies that the tasks are comparable to sedentary activities, 

such as hand sewing, and inactivity [23]. It is important to note that the MET value is 

considerably lower than that of activities requiring light or moderate exertion using machine 

tools, with a MET value of 3.0 [23]. Thus, based on these results and further research on health-

related physical activity, engaging in leisure-time physical activity could benefit workers 

operating on these workstations to maintain their health [24]. 

Cardiorespiratory outcomes 

Previous research has demonstrated an impact of performance intensity on heart rate [25]. We 

found no significant difference in heart rate across the different work paces. Looking only at 

the average heart rate values, the physical workload of all three conditions may be classified as 

light work [2]. Working in a sitting position can theoretically increase upper body activation 

without significantly raising heart rate. However, this remains uncertain as we haven't 

conducted any biomechanical assessment in our study. Nevertheless, in contrast to our findings, 

one study observed an increased heart rate at a higher work pace [4]. Despite the target work 

pace being set at approximately 140%, workers achieved a pace of approximately 129% [4]. In 

our study, every worker achieved a pace of 130% without difficulty. These findings suggest 

that our repetitive work was not metabolically demanding and did not consistently increase the 

heart rate. Furthermore, Nur and colleagues [4] used an ActiHeart monitoring device, whereas 

we used a heart rate monitor fitted with a chest strap. Although the AcitHeart device showed 

good validity in measuring heart rate, it had poor to moderate validity for energy expenditure. 

In fact, when compared to the spirometry system of our study, the ActiHeart device 

overestimated energy expenditure [26]. Therefore, it is crucial to consider the measuring 

instrument being used carefully. 
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Perceived effort 

Although a positive effect between higher work pace and increased RPE ratings has been 

reported earlier [19], we did not find a significant difference between RPE at the three work 

paces. Specifically, we identified the highest RPE rating at 115%, diverging from the 

anticipated trend. Therefore, we could not rule out any bias. Our observed RPE rating remained 

consistently low, ranging between 3.6 and 4.3 on average, at different work paces. This is 

noteworthy compared to previous research reporting an RPE rating of 8–11.5 among cleaners 

with different tasks on a scale from 6 to 20 [22]. In this term, measuring an individual's RPE 

and well-being determines the internal load one experiences while dealing with external load 

demands [27]. Notably, an increased perceived exertion despite an improved physical condition 

may lead to a higher risk of musculoskeletal disorders [28]. 

Various exposure assessments are available to measure health-related outcomes using objective 

and subjective metrics like perceived effort [1, 2]. Self-reports are more accessible, less costly, 

and have shown to be a valid source of risk identification [1, 2]. Self-reports offer practical and 

economic advantages, and a large number of workers can participate [1]. Still, they are prone 

to bias through individual factors like pain affecting the perceived workload [29], undermining 

the reliability of this method in comparison to objective measurement and advanced techniques 

like sensors [1, 2]. However, significant associations between high perceived exertion assessed 

and cardiovascular parameters like VO2max or muscle load were demonstrated in lifting tasks 

[29]. Additionally, the frequency of the measurements varies between objective and subjective 

measurements potentially leading to bias [29]. In our study, we conducted breath-by-breath 

measurements for objective data and utilized subjective measurements covering a longer period 

of time. 

Carried load 

For the carried load, we found large effects between the three different work paces. Although 

the load with 200g is relatively low, the difference between P100 and P130 extrapolated to a 

40-hour workweek can amount to over 1.8 tons per week. When repeated over time, this can 

increase the risk of musculoskeletal disorders, which are common and are one of the main health 

risks for industrial workers [3, 10]. Nevertheless, in our considerations, we assumed a constant 

speed throughout the day. Yet, it has already been shown that in many industries where 
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employees are paid piece-work, employees are often working very fast in the morning, and the 

work speed decreases during day [30]. Therefore, developing strategies for identifying 

musculoskeletal issues and providing feasible solutions is essential. These may include well-

organized duty schedules, modified working postures, job rotation, and preliminary training to 

manage these issues effectively [31]. However, it is essential to thoroughly evaluate potential 

solutions before implementing them, as they may not always be effective [32]. Research 

suggests that including workers' characteristics in solutions, such as flexible time constraints, 

can reduce hazardous effects on older workers [33]. Another solution might be an educational 

approach, as previous research has shown decreased muscle activity through ergonomic 

instructions [34]. Notably, psychosocial factors need to be considered as factors for 

musculoskeletal disorders  [35] and workability [36]. 

Practical relevance 

This study offers valuable insights for practical applications and suggests directions for future 

research. Research demonstrates that work pace varies throughout the day [6]. Although our 

study measured work pace for only a short period of time, the data indicates that work pace is 

a crucial factor to consider as an additional environmental factor in a human-centered approach 

to workplace health promotion initiatives. This aligns with principles such as the Goldilocks 

principle [37], which addresses the need for adequate recovery and highlights the balance 

between work capacity and promotion and maintenance of health.  

Strengths and limitations 

In our research, a strength was that we used a randomised crossover as the study design. Thus, 

the workplace posture does not greatly impact the results. This is important because a higher 

workspace may result in different postures [7], thus affecting energy expenditure [38]. In 

addition, studies have assumed that exposure to awkward posture leads to a high risk of 

musculoskeletal disorders [11]. In addition, our study relies predominantly on physically 

demanding tasks, and factors such as training status do not greatly impact our results, which 

can influence the measurement [2]. A limitation of the study was the lack of analysis of 

demographic factors or mental aspects and experience due to the limited number of participants. 

However, it is important to note that mental aspects might be a factor [2, 35], and that age and 
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sex affect energy expenditure [2], with female workers showing higher rates, indicating a higher 

relative intensity [22]. Consequently, this leads to a higher health-related risk [39]. Furthermore, 

our study assumed a consistent work pace, which may not be representative throughout an entire 

workday and is an important factor to consider [29]. Additionally, there is a possibility of 

measurement bias as the technical error of the device used was reported to be <2% [40]. When 

interpreting the data, it is important to consider these factors. 

Conclusion 

In conclusion, this randomised controlled study provides insights into the effects of different 

work paces on the cardiorespiratory outcomes of industrial workers and assesses their perceived 

effort and carried load. The results indicate that a higher work pace increases energy 

expenditure and the cardiorespiratory outcomes V̇E, V̇O2, and V̇CO2. However, perceived 

exertion did not differ significantly across different work paces. Furthermore, the study revealed 

a substantial impact of work pace on carried load, highlighting potential long-term implications 

for musculoskeletal health among industrial workers. Nonetheless, the practical relevance of 

the measured differences still needs to be investigated; the carried load and the higher load with 

increased work pace should be considered in health-related interventions, along with other 

factors, such as training status. Taken together, these findings highlight the importance of 

workplace health promotion in addressing workers’ health according to their working 

conditions. Further research is required to explore the implications of the data on work pace 

and identify effective interventions. Such efforts will contribute to a better understanding of the 

complex relationship between workplace and health among industrial workers, ultimately 

informing more effective interventions to promote occupational health and safety. 
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Abstract 

Introduction: This study investigated potential health status differences among forging, 

manufacturing, and logistics workers. 

Methods: We included 403 participants (age: 41 ± 12 years) from a medium-sized steel 

company (forge: 64, manufacturing: 299, logistics: 99). Health status was multifactorial 

assessed: 1) Frequency of musculoskeletal complaints (German Pain Questionnaire). 2) Pain 

intensity, physical and psychological load (visual analog scales (VAS) 0-100 points). 3) 

Occupational moderate-to-vigorous physical activity (MVPA), total MVPA, and sedentary 

behavior (Global Physical Activity Questionnaire (GPAQ)). 4) Quality of life (Short Form 

Health Survey (SF-36)). Between-group effects were analyzed via one-way ANOVAs with 

post-hoc Tukey correction.  
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Results: 308 workers (76.4%) reported at least one musculoskeletal issue. A significant 

between-group difference was revealed for left shoulder (F(2,40)= 5.40; p= .008; ω²= .17), 

occupational MVPA (F(2,368)= 9.49; p< .001; ω²= .04) and total MVPA (F(2,368)= 6.90; 

p=.001; ω²=.03). Post-hoc tests revealed a difference (p≤ .007) between manufacturing (left 

shoulder: n=22; 42.5 ± 24.8; occupational MVPA: n=219; 6978 ± 5137 METs min/week; total 

MVPA: n=219; 8471 ± 5390 METs min/week) and logistics workers (left shoulder: n=14; 70.4 

± 26.3 au; occupational MVPA: n=96; 9640 ± 4605 METs min/week; total MVPA: n=96; 

10856 ± 4680 METs min/week). No other between-group differences were observed. 

Discussion: Variations in health disparities across work conditions were observed. Yet, clear 

distinctions between work conditions and health outcomes remain a challenge. Effective 

interventions should be focused on job-specific and personalized health profiles rather than a 

stratification of work conditions to enhance health, productivity, and workforce sustainability. 
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Introduction 

Industrial work is recognized as one of the most physically demanding and mentally 

challenging occupational sectors [1]. Beyond the physical demands, workers are frequently 

exposed to various occupational hazards, including dust, noise, vibration, awkward postures, 

repetitive movements, high-force exertion, and high impacts [1-4]. These demands affect 

workers' health, increasing the risk of illnesses, injuries, and chronic diseases [5, 6]. Among 

these, work-related musculoskeletal disorders remain a major global concern among industrial 

workers, characterized by high prevalence rates and a tendency for persistent, long-term 

complaints despite low incidence ratios [7-9]. For instance, in 2019, more than 50% of 

manufacturing workers in the EU reported absences due to work-related musculoskeletal 

disorders, exceeding those caused by flu-related absences [8, 10]. Regarding body zones, the 

back is the most frequently affected body region, followed by the shoulder/neck, wrist, and 

knee, underscoring the widespread burden across multiple body regions in this population [7-

9].  

Addressing these challenges requires a proactive approach to workplace health promotion, 

which has been shown to enhance worker health and productivity by targeting factors that 

influence well-being [11, 12]. For instance, the early detection of external factors influencing 

health status is crucial for timely diagnosis and preventive care, leading to long-term benefits 

[13]. According to the International Labor Organization (ILO), global trends such as 

globalization, technological advancements, demographic shifts, and climate change are 

reshaping the nature of work [14], further emphasizing the importance of workplaces as a 

platform for promoting healthy habits from a public health perspective to address these 

challenges [11].  

Despite these efforts, standardized health promotion programs often fail to address the 

complexity of the industrial work environments. Previous research suggests that a one-size-fits-

all approach may be too simplistic, and health interventions should consider the diverse working 

conditions and health disparities within industrial sectors [15-17]. A distinction based on 

working conditions may be a viable approach for assessing health-related factors. This cross-

sectional study aimed to determine whether different working conditions among industrial 

workers influence health outcomes. These findings intend to guide stakeholders in developing 

tailored promotion strategies to address the specific needs of the workforce [18]. 
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Material & Methods 

Design and ethics 

This cross-sectional study investigated industrial workers of a medium-sized steel company in 

Germany. The local ethics committee approved the study, including all described procedures 

(SK/AE240527). Before starting data collection, all participants were informed of the study 

procedure and aim. Then, they voluntarily signed a written informed consent form.  

Population and setting 

Data collection for this study was conducted between April 2022 and March 2023 by a team of 

trained research students led by experienced investigators. The team visited the company and 

screened potentially eligible workers, independent of any company representatives. None of the 

team members had any personal relationship with the participants. 

The inclusion criteria for this study were: (I) age between 18 and 65 years, and (II) current full-

time employment as a rotating shift worker in one of three working conditions. Work conditions 

are physical, environmental, and organizational factors specific to each department, reflecting 

the cumulative demands and exposure characteristics. The company was stratified into three 

conditions: forging (high physical and environmental stress, such as heat and noise), 

manufacturing (moderate physical demands with repetitive tasks), and logistics (dynamic 

physical activities like lifting and transporting). Participants were excluded if they worked 

across multiple conditions or were employed as temporary workers. 

A total of 1.116 industrial workers were invited to participate in this study. Within the described 

company’s stratum, 206 workers were engaged in forging, 577 in manufacturing, and 333 in 

logistics.  

Procedure 

An initial interview was followed by a survey. The procedure encompassed five domains: 

demographic/anthropometric information, orthopedic complaints, physical activity, quality of 

life, and assessment of physical and psychological load. Subsequently, all participants provided 

a paper-and-pencil-based version of the surveys presented in German. 
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Measurements and outcomes 

Pain frequency and intensity 

A Part of the German Pain Questionnaire, a validated and reliable tool for assessing 

musculoskeletal complaints [19], was used to evaluate the location and frequency of orthopedic 

issues. Participants were presented with a body diagram and instructed to circle any anatomical 

regions where they experienced pain. The reported pain locations were sorted into the following 

regions: neck, upper back, right/left shoulder, right/left elbow, right/left wrist, right/left hand, 

lower back, hip, right/left knee, and foot. Pain frequency was quantified by counting the total 

number of anatomical regions with reported pain, providing a cumulative measure of 

musculoskeletal burden for each participant. In addition, pain intensity of each region was 

graded using a visual analog scale (VAS), ranging from 0 to 10 cm at regular intervals. The 

VAS is a recognized and reliable tool for measuring pain intensity [20].  

Physical activity 

The Global Physical Activity Questionnaire (GPAQ) is one of the World Health Organisation's 

(WHO) stepwise approaches to surveillance of non-communicable disease factors that assess 

physical activity levels using 16 questions [21]. The questionnaire can calculate the overall 

physical activity levels by assessing each domain's contribution to overall physical activity [22]. 

Total moderate-to-vigorous physical activity (MVPA) was calculated for occupational and total 

day as Metabolic Equivalent (METs) minutes per week. Therefore, when calculating METs 

using GPAQ data, moderate activity equals 4 METs and 8 METs to the time spent on vigorous 

activity [23]; additionally, one extra item collected information about the amount of time spent 

on sedentary behavior [24]. The GPAQ is a suitable and acceptable instrument for monitoring 

physical activity, and its validity and reliability have been assessed in several countries [24].  

Quality of life 

The Short Form Health Survey 36 (SF-36) is a questionnaire with 36 items that measure health-

related quality of life on eight scales. Principal component analysis revealed two dimensions: 

The physical dimension represented by the Physical Component Summary (PCS) and the 

mental dimension represented by the Mental Component Summary (MSC) [25]. The scores 

ranged from 0 to 100, with 0 being the worst and 100 being the best health status [26]. The 

German version of the survey is reliable and valid [27]. 
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Physical and psychological load 

Subjective physical and psychological loads were assessed using VAS scales, ranging from 0 

to 10 cm (0 – 100 points), to evaluate physical and psychological loads, which have proven 

helpful in research [28]. Participants were asked to rate the perceived demands of their typical 

workday by answering the following questions: (1) Physical load: “On a typical workday, how 

physically demanding do you perceive your job to be?”; (2) Psychological load: “On a typical 

workday, how mentally demanding do you perceive your job to be?” 

Data processing and statistical analysis 

All data were transferred to an Excel spreadsheet (Microsoft Excel for Mac, Version 16.85, 

Redmond, WA, USA). Normal distribution was verified using a combination of visual 

inspection and Shapiro-Wilk tests [29]. Variance homogeneity was visually checked by plotting 

residuals and using Levene-Test. Potential between-group effects were analyzed via one-way 

ANOVA with post-hoc Tukey’s correction for each outcome. Furthermore, effect sizes using 

omega square were calculated. The level of significance was set at p = 0.05 for all analyses. 

Statistical analysis was performed with R (version 4.0.3). 
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Results 

Characteristics of the participants are presented in Table 9. A total of 403 participants 

completed the interview and questionnaires, giving a response rate of 36%. About 67% of the 

respondents were men, and 33% were women. The majority (31%) of respondents were aged 

between 30 and 39 years.  

Some workers only partially completed the questionnaire; all available data were included in 

the analysis. 32 participants did not answer the GPAQ, one did not answer the physical and 

psychological load, and three did not answer the SF-36. 

Table 9: Characteristics of the participants 

 Age  

(years) 

Work  

experience 

(years) 

Height  

(cm) 

Weight  

(kg) 

BMI  

(kg/m2) 

Total 

sample 

(n=411) 

41 ± 12 9 ± 9 173.3 ± 9.4 82.3 ± 22.9 27.08 ± 4.57 

FO  

(n=64) 

41 ± 11 11 ± 10 176.3 ± 8.0 87.2 ± 14.8 28.00 ± 4.06 

MA 

(n=240) 

41 ± 11 9 ± 9 174.6 ± 9.3 81.7 ± 16.3 26.73 ± 4.52 

LO  

(n=99) 

42 ± 11 9 ± 10 168.4 ± 8.7 77.7 ± 16.3 27.32 ± 4.92 

Mean ± standard deviation; FO = Forge; MA = Manufacturing; LO = Logistics; BMI = body mass index 

Pain frequency and intensity 

308 workers (76.4%) reported at least one orthopedic issue, compared to 11% reporting at least 

four problems. The underlying values are presented in Table 10.  
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Table 10: Orthopedic complaints, BMI, self-reported physical activity, quality of life, physiological and 
psychological load of the three different working conditions. Furthermore, F-Test p-values (1 x 3 ANOVA) and 
effect sizes (ω², omega squared) are also provided. 

 Parameter Forge Manufacturing Logistic p-value ω² 

Orthopedic  

Complaints (a.u.) 

45 (70%) 181 (75%) 82 (83%)   

BMI 

(kg/m2) 

64 (100%)  

28.0 ± 4.06 

240 (100%)  

26.7 ± 4.52 

99 (100%)  

27.3 ± 4.92 

.119 <.01 

Occupational 

MVPA  

(METs min/week) 

56 (88%)  

8462 ± 5757 

239 (99%)  

6978 ± 5137 

99 (100%)  

9640 ± 4605* 

<.001 .04 

Total MVPA 

(METs min/week) 

56 (88%)  

9243 ± 5598 

239 (99%)  

8471 ± 5390 

99 (100%)  

10856 ± 4680* 

.001 .03 

Sedentary  

Behavior 

(min/day) 

56 (88%)  

426 ± 152 

239 (99%)  

439 ± 154 

99 (100%)  

448 ± 155 

.709 <.01 

PCS 

(a.u.) 

64 (100%)  

47.90 ± 9.46 

238 (99%)  

46.68 ± 8.53 

98 (99%)  

45.81 ± 9.28 

.34 <.001 

MCS 

(a.u.) 

64 (100%)  

47.68 ± 9.93 

238 (99%)  

45.81 ± 10.12 

98 (99%)  

47.03 ± 10.77 

.342 <.001 

Physical load 

(a.u.) 

64 (100%)  

49.39 ± 28.41 

239 (99%)  

49.92 ± 24.56 

99 (100%)  

52.72 ± 27.39 

.618 <.01 

Psychological 

load (a.u) 

64 (100%)  

45.73 ± 29.97 

239 (99%)  

48.26 ± 29.97 

99 (100%)  

50.30 ± 29.43 

.632 <.01 

n (%), mean ± standard deviation, BMI= body mass index (kg/m2), MVPA work = moderate to vigorous work 

activity per week (METs min/week), MVPA total = moderate-to-vigorous total physical activity per week (METs 

min/week), PCS = physical component summary, MCS = mental component summary, *significantly higher than 

manufacturing (p < 0.01). 

 

For pain intensity, only the left shoulder showed a significant effect (F(2,40)= 5.40; p= .008; 

ω²= .17). Post-hoc tests revealed a difference (p= .007) between the manufacturing group 

(n=22; 42.5±24.8 au) and the logistic group (n=14; 70.4±26.3 au), but not between the forge 
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group and any other group. For neck (F(2,64)= .76; p= .472; ω²= .00), upper back (F(2,75)= 

1.89; p= .158; ω²= .02), shoulder right (F(2,57)= 3.16; p= .05; ω²= .07), elbow right (F(2,31)= 

3.18; p= .055; ω²= .11), elbow left (F(2,3)= 6.58; p= .08; ω²= .65), wrist right (F(2,47)= .87; p= 

.426; ω²= .00), wrist left (F(2,32)= 2.35; p= .112; ω²= .07), low back (F(2,188)= .98; p= .378; 

ω²= .00), knee right (F(2,42)= 3.18; p= .052; ω²= .09), knee left (F(2,32)= 2.70; p= .083; ω²= 

.09), foot (F(2,18)= .82; p= .457; ω²= .00), no group effect was found. Furthermore, the 

orthopedic frequencies of the right hand, left hand, and hip were not represented in all groups. 

Therefore, no further analysis was performed. The values are shown in Figure 8. 
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Figure 8: Frequency and pain-intensity of orthopedic complaints of industrial workers in the work conditions 
forge, manufacturing, and logistics (dorsal view [30]) 
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Physical activity 

Occupational MVPA (F(2,368)= 9.49; p< .001; ω²= .04) and total MVPA (F(2,368)= 6.90; 

p=.001; ω²=.03)  showed a significant between-group difference. Post-hoc testing revealed a 

significant difference (p≤ .001) between the manufacturing group (n=219; 6.978±5.137 METs 

min/week) and the logistic group (n=96; 9.640±4.605 METs min/week) for occupational 

MVPA, and between the manufacturing group (n=219; 8.471±5.390 METs min/week) and the 

logistic group (n=96; 10.856±4.680 METs min/week) for total MVPA. No significant group 

difference was found for sedentary behavior (F(2,368)= .34; p= .709; ω²=.00). 

Body composition 

No significant group differences were detected in BMI (F(2,400)= 2.14; p= .119; ω²< .00).  

Quality of life 

There were no significant group differences in MCS (F(2,397)=1.08; p= .342; ω²< .00) or PCS 

(F(2,397)=1.08; p= .34; ω²< .00). 

Perceived load 

No significant differences were observed in physical load (F(2,399)= .48; p= .618; ω²< .00) or 

psychological load (F(2,399) = .46; p= .632; ω² =.00). 
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Discussion 

This cross-sectional study aimed to examine whether different industrial work conditions 

influence the health status of industrial workers. The main findings are (I) a high number of 

orthopedic complaints with high variability in every group and one significant difference in 

orthopedic complaints between the manufacturing and logistic conditions; (II) a significant 

difference between the manufacturing and logistic conditions on physical activity; and (III) no 

significant differences across all other collected data. 

Orthopedic complaints  

The literature highlights the significant burden of musculoskeletal disorders in industrial 

settings [31, 32], driven by various risk factors for their development [8]. Our findings align 

with this; over 76% of the analyzed workers reported at least one orthopedic issue. This high 

prevalence reflects similar trends in the literature [7-9] and underscores the critical need for 

targeted interventions within this population. Research indicates that the interaction of 

biomechanical and psychosocial risk factors increases the likelihood of developing 

musculoskeletal disorders [33, 34]. 

Low back pain emerged as the most frequently reported issue among participants in our study, 

aligning with prior research [5, 7, 8, 10, 35]. Meta-analyses revealed a mean prevalence 

between 37% to 51% [7-9], which is consistent with our findings. The strong correlation 

between workload and the prevalence of low back pain [36, 37] further highlights the need to 

address these factors through targeted interventions. Additionally, individual factors such as 

obesity, educational level, and sex have been identified as contributors to a high prevalence of 

musculoskeletal disorders in the lower back [7].  

In addition to the lower back, a systematic review and meta-analysis identified the shoulder, 

neck, and wrist as the most prevalent sites for musculoskeletal disorders, with a 12-month 

prevalence ranging from 42% to 60% [8]. Our findings align closely with these observations, 

highlighting similar patterns of affected body regions. In contrast, another review emphasized 

that the back, wrist, and elbow are the most common anatomical regions of musculoskeletal 

disorders [35]. Furthermore, a systematic review and meta-analysis of construction workers 

identified the lower back, knee, shoulder, and wrist as the most affected body regions [9]. Lower 

limb musculoskeletal disorders were reported to be less prevalent than back or upper limb, as 
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documented in the literature [7, 8], which aligns with our findings. These variations in the 

literature reflect the high variability in musculoskeletal disorders, influenced by individual 

characteristics and work-related factors. 

Notably, our study identified significant differences in pain intensity between manufacturing 

and logistics workers, particularly in the left shoulder. Although the specific cause for this 

unilateral pain remains unclear, it is plausible that task-specific physical demands or individual 

biomechanical factors may play a role. Other authors have recognized that there are different 

tasks and organizations in manufacturing than in logistics, where logistics workers must 

frequently bend, twist, and stand for a long period of time [38]. Both conditions involve 

repetitive tasks with low load and high work pace [39], and physically demanding activities 

such as heavy lifting [39, 40]. These factors are established contributors to musculoskeletal 

disorders [8, 32].  

However, these findings underscore the complexity of addressing musculoskeletal disorders in 

industrial settings, where workers’ tasks and conditions can differ significantly. Therefore, the 

observed pain in the left shoulder might be attributed to a combination of individual and job-

specific factors. The high variability in orthopedic complaints and adverse working conditions 

pose challenges to the development of generalized interventions. As a result, translating 

findings into effective solutions requires a focus on tailored strategies that consider individual 

worker characteristics and specific job demands [41, 42]. 

Beyond the physical health implications, musculoskeletal disorders affect workability [6, 33], 

particularly in the low back area [43], prolonged absences [8], and substantial financial costs 

[40]. They are also one of the leading causes of permanent incapacity [44], productivity loss, 

and early retirement [11].  

Interventions such as ergonomic adaptations and innovative technologies, including robots and 

exoskeletons [45], might help prevent work-related musculoskeletal disorders by alleviating the 

physical strain associated with industrial tasks. These approaches are particularly relevant in 

countries experiencing demographic shifts that challenge the sustainability of physically 

demanding jobs [3] and human decline in musculoskeletal mass, leading to reduced adaptation 

strategies [7].  
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Body composition 

A higher prevalence of overweight and obesity among industrial workers than among the 

general population is known [31]. With a BMI of approximately 27 kg/m2, our findings fall 

within the WHO classification of overweight [46]. However, we did not find a significant 

difference between the conditions, but there was a high variance in the data.  

Generally, an increased BMI and musculoskeletal disorders are associated with each other [7], 

and both negatively impact work-related outcomes [31]. Additionally, obesity is related to 

musculoskeletal pain [47]. Furthermore, obesity with fat depots is recognized as a significant 

pro-inflammatory factor in modern society that contributes to modern diseases such as cancer, 

metabolic disorders, cardiovascular diseases, and dementia [48]. Prevention and, if reasonable, 

therapy are necessary to improve health and increase healthspan, ideally targeting multiple 

health factors such as musculoskeletal disorders and obesity [49]. 

Physical activity 

Promoting physical activity in the workplace has been a well-established health strategy for 

decades [50]. According to prevailing guidelines, optimal physical activity is at least 600 METs 

min/week [51]. Individuals falling below this WHO recommendations threshold may be 

classified as physically inactive [22]. In our study, the manufacturing group exhibited the lowest 

level of occupational MVPA, at 6.978 METs min/week; only four individuals were labeled as 

physically inactive. However, self-reported data may lead to overestimation of physical activity, 

particularly in urban areas [52]. In addition, participants appeared to overestimate their MVPA 

and underestimate their sedentary behavior when using the GPAQ, suggesting that the results 

should be interpreted with caution [24].  

Occupational physical activity exceeds the recommended threshold eleven-fold and can be 

considered a physical health paradox [53-55]. While the positive association between leisure-

time physical activity, orthopedic issues, and cardiovascular disease mortality is well 

documented [54], occupational physical activity did not have a beneficial association with 

mortality or orthopedic complaints [54, 55]. On the contrary, high levels of occupational 

physical activity increase the risk for adverse health outcomes, mortality, and orthopedic 

complaints [54, 55]. Consequently, promoting decreased physical activity among industrial 

workers could improve workplace health. While leisure-time physical activity is important for 
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overall health [56], our study found that non-occupational activity accounted for only a modest 

difference in total physical activity. Given the potential health risks of occupational physical 

activity, it is essential to consider individual lifestyle factors. 

Regarding sedentary behavior, no differences were observed across work conditions, which 

ranged between 426 and 448 minutes. Despite high physical activity levels, participants sit for 

over 7.5 hours daily, exceeding the recommended limit for high sedentary behavior [57]. 

However, sitting for long periods may be a relevant health factor, including posture during 

sitting from an evolutionary perspective [58]. 

A notable difference in the manufacturing and logistics groups was observed for both 

occupational MVPA and total MVPA, with differences of over 660 minutes and approximately 

600 minutes, respectively. To contextualize these differences, the WHO recommends at least 

150 to 300 minutes of moderate physical activity per week [59]. However, the data showed that 

job profiles and individual lifestyle factors must be considered when planning and 

implementing workplace health promotion, especially for those with high physical activity. 

Quality of life  

Previous research has established a positive correlation between factors such as workability, 

nutritional intake, and sleep quality on quality of life [60-62]. While these studies highlighted 

the influence of various factors on quality of life, our study found no significant differences 

across work conditions. However, our mental and physical scores were lower than those found 

in other studies with comparable populations [60], and similar to the data from Lim and 

colleagues [62] for night-shift workers, who comprised most of our participants.  

Moreover, our quality of life scores were lower in terms of MCS (50.04) than those of patients 

with low back pain or disc herniation but higher in PCS (44.51) [63]. Compared to adults in 

Germany, our results were lower in both categories (MCS: 51.40; PCS:49.30) [64]. Orthopedic 

complaints could contribute to PCS scores across a range of patients with low back pain to 

general adults in Germany, but this remains speculative. 

Of all participants, 56% had a mental and physical score below 50, which matches the 

percentage reported by Ghasemi and colleagues [65] (59%). Others have found that one-third 

of construction workers experience a mental health condition, resulting in high losses in work 

time and high economic costs [66]. The number of sick days taken due to mental health concerns 

in the workplace has increased, which is in line with the rising trend of mental illnesses [67, 
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68]. In particular, shift workers are affected by this trend, with a higher prevalence of poor 

mental health, particularly depressive symptoms [69, 70]. Workers' exposure to psychosocial 

hazards is influenced by the interplay between job demands and resources [71], whereas job 

control may be a possible influencing factor in the manufacturing context [41].  

Practical applications 

This study offers valuable insights and practical implications for workplace health promotion. 

Our analysis confirmed the diversity of job profiles among industrial workers. The nature of 

these job profiles is influenced by factors such as work environment, activities, and human 

factors [72, 73]. While ergonomic concerns, particularly orthopedic issues, have historically 

been the focus of workplace health initiatives, our findings underscore the critical need to 

address psychosocial factors [36]. Unpredictable work hours, for example, hinder workers' 

access to medical care, contributing to undetected health conditions, poor overall health, and an 

increased risk of workplace injuries [74]. These challenges negatively affect worker safety and 

contribute to organizational issues, such as productivity, absenteeism, and rising healthcare 

costs [14].  

Companies strive to meet the increasing expectations of their workers by implementing 

progressively more comprehensive measures to address these demands [75]. This reinforces the 

importance of aligning health promotion strategies with specific needs and expectations of the 

workforce. In this regard, recent reviews highlighted that workplace interventions, particularly 

in high-risk industries, are associated with a measurable reduction in musculoskeletal disorders 

[32] and stress-related absenteeism [69]. Studies have demonstrated that health promotion 

programs reduce the prevalence of physical ailments like low back pain and alleviate mental 

stress, contributing to a healthier workforce [33, 76]. Besides ergonomics, education is essential 

and plays a vital role in managing health by equipping workers with skills to adopt a healthier 

behavior [77]. 

To address these challenges, practical interventions should adopt a dual approach that combines 

preventive and rehabilitative strategies tailored to the unique worker and individual and job-

specific needs. Strategies such as structured duty schedules, modified working postures, job 

rotation strategies, and targeted training programs are required to manage workplace health 

issues effectively [3, 78, 79]. Given the substantial variability in job demands and individual 

health conditions, frameworks such as the Goldilocks principle [80], which seeks to balance 
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workload demands, and the IGLO framework [81], which targets health promotion at the 

individual, group, leader, and organizational levels, offer valuable guidance in this regard.  

Technological advances can further enhance these strategies. For instance, advanced 

monitoring technologies, such as wearable devices, allow real-time monitoring of individual 

health status [82], provide precise data [83], and enable tailored intervention recommendations 

[84]. Moreover, after identifying specific job profiles and individual health conditions, e-health 

platforms offer a promising solution for delivering accessible interventions that accommodate 

irregular work among industrial shift workers [85]. These tools can facilitate personalized 

health management, improve resource accessibility, and foster proactive health behaviors [86]. 

Future workplace interventions should systematically integrate these frameworks and 

technologies to classify health states and develop tailored health-management strategies. For 

example, task rotation schemes [87] customized with individual psychosocial support [68] can 

help workers meet their roles' physical and mental demands. The cross-sector applications of 

such interventions could further validate their effectiveness and adaptability across various 

industries. 

Limitations 

Nonetheless, this study had several limitations. A cross-sectional design restricts the ability to 

infer causality from observed relationships between work conditions and health outcomes. 

Furthermore, the participants were drawn from a single mid-sized steel company, which 

restricts the generalizability of our findings to other industrial sectors and broader occupational 

populations. Potential confounding variables, such as age, sex, and lifestyle habits, were not 

comprehensively accounted for and may influence the observed relationships. Additionally, the 

response rate introduces a possible bias that could affect the validity of the findings. 

Another notable limitation is the lack of longitudinal data, which prevents the tracking of health 

outcomes and evaluating their progression. Future research should prioritize longitudinal 

designs to assess the durability of health improvements and their influence on organizational 

outcomes. Moreover, the literature has reported a higher prevalence of musculoskeletal 

disorders in certain body regions when specific tools are used [8]. This highlights the potential 

variability in reported outcomes based on the methodology employed. Similarly, reliance on 

self-defined musculoskeletal disorders has been associated with higher incidence rates [7], 

indicating the need for standardized definitions and assessments in future studies. 



Publication 3: Work conditions and determinants of health status among industrial 
shift workers: A cross-sectional study 

114 

 
In terms of methodology, while we utilized personal interviews to address the inherent 

challenges of self-reported data, this approach remains subject to recall and reporting bias. 

Complementing self-reported measures with objective health data or workplace observations in 

future studies could enhance the reliability of findings. 

For broader applicability, systematic reviews comparing interventions across different cultural 

and regulatory settings could provide valuable insights into a global adaptation of workplace 

health strategies. Future research should explore how parameters at the individual level, such 

as physical activity, impact health-related outcomes [56], particularly under more homogenous 

or task-specific work conditions. This highlights the potential impact of such interventions, 

particularly in shaping specific job profiles and addressing work-related health issues. 

Additionally, emphasis should be placed on fostering adequate work conditions within a 

broader health-related system and ensuring the sustainability and scalability of these 

approaches. 

Conclusion 

This study provides valuable insights into working conditions and health status of industrial 

shift workers. We observed a high prevalence of orthopedic complaints, low quality of life 

scores, and significant differences in physical activity across work conditions. However, the 

variability within each work condition suggests that more than stratifying workers based solely 

on work conditions may be required for effective workplace health interventions. While clear 

distinctions between work conditions and health outcomes remain challenging, our findings 

emphasize the importance for a comprehensive approach to workplace health promotion. 

Successful preventive and rehabilitative programs should focus on an individual level by 

implementing job-specific profiles and regular health assessments, including adequate 

screening and monitoring procedures among industrial shift workers. This approach can 

potentially improve workers’ health, enhance productivity, and support a more sustainable 

workforce. 
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General Discussion 

The aim of this dissertation was to investigate selected research questions through three studies. 

The following section discusses the significance of the findings. 

Effectiveness of workplace health promotion programs for industrial workers 

The first study was a systematic review. It aimed to synthesize evidence on the effectiveness of 

workplace health promotion interventions among industrial workers, focusing on behavioral, 

organizational, and safety approaches. 

An electronic literature search was conducted through different recommended databases [1, 2]. 

Included populations were industrial workers aged 18-67 who worked at least 20 hours a week 

and were active for six months. All workplace interventions carried out during work hours or 

just before or after were included, along with any passive or active controls and comparisons. 

The main outcomes of interest were the different dimensions of occupational health and safety 

[3]. The Cochrane risk-of-bias tool (RoB2) and a modified Down and Black checklist evaluated 

all included studies [4-6]. A systematic narrative synthesis was conducted because of the varied 

outcomes and interventions [7]. 

A total of 39 RCTs were included, including 27 behavioral approaches, 10 multicomponent 

strategies, 1 organizational, and 1 safety-focused approach. 

Most behavioral studies used exercise programs, followed by educational approaches. One 

study focused exclusively on an organizational approach (job rotation), and only one study 

addressed safety outcomes. Multi-component interventions combining educational, behavioral, 

or organizational elements showed inconclusive results. 

The findings demonstrated potential for workplace health promotion interventions, but their 

effectiveness remains unclear. It appears that the population or outcomes assessed in this 

systematic review may have been overly broad. However, previous reviews that focused on a 

single parameter [8], specific programs [9], a specific goal like primary prevention [10], or a 

more narrowly defined scope [11, 12] have reached similar conclusions, which might reflect 

the complexity of workplace health promotion interventions themselves.  

Like earlier systematic reviews, establishing strong recommendations on workplace 

intervention effectiveness remains challenging [8, 10, 11]. Identifying the most effective 

intervention types promises is difficult, and due to the high risk of bias in most studies, the 
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evidence remains inconclusive, necessitating cautious interpretation and highlighting the need 

for further well-designed research [13-15]. 

Wherever possible, objective measurements should be used to capture parameters accurately. 

It is essential that the validity of these measurements is ensured [16]. Possible tools include 

wearable devices [17-21], biomarker analyses [22, 23], or sensors in the workplace to track 

forces [24] and monitor ergonomics [25, 26]. In the second study of this dissertation, an 

objective mean value analysis was applied to ensure data collection. In addition, a holistic 

approach and perspective should be considered, accounting for individuals' natural flexibility, 

compensation strategies, and adaptations [27]. Furthermore, objective data facilitate effective 

stratification by identifying worker subgroups with distinct risk profiles and revealing 

additional factors. This can optimize both interventions' impact and economic viability [28]. 

A potential approach to addressing this challenge is stratification. Stratification, defined as the 

grouping of individuals based on their risk of disease or response to therapy, represents a logical 

and economically viable strategy for workplace health promotion programs [29]. By tailoring 

interventions to specific worker subgroups, like the IGLOO framework [30], with distinct risk 

profiles, companies may enhance the effectiveness of workplace health promotion [31]. This 

concept has been partially implemented in the third study of this dissertation. 

Therefore, the first study of this dissertation further provides evidence regarding the different 

workplace health promotion programs among industrial workers. The synthesis of all studies 

and the overview may be helpful for practical purposes. 

Impact of work pace on cardiorespiratory outcomes, perceived effort and carried load in 
industrial workers 

The second study investigated the effects of various work paces on cardiorespiratory factors, 

perceived effort, and load carried by industrial workers. We hypothesized that as the work pace 

increases, so do perceived effort, cardiorespiratory factors, and carried load.  

We conducted a randomized crossover design where participants performed repetitive tasks at 

100%, 115%, and 130% processing rates. 

The findings of the randomized crossover study were as follows: (I) EE, MET, V̇E, V̇O2, and 

V̇CO2 increase with a higher work pace. (II) RPE did not change with different work paces. 

(III) The carried load increases with a higher work pace. 
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(I) The increase in EE, MET, V̇E, V̇O2, and V̇CO2 over time was not unexpected. However, 

the absolute values observed in this study do not indicate any practical impact on the human 

body. Unlike in sports contexts, these changes occurred within a range, where the body’s 

inherent flexibility and compensatory mechanisms are sufficient to maintain physiological 

stability. 

(II) The absence of changes in RPE could be attributed to the cardiorespiratory results as well 

as the limited duration of the work sessions, which may have been insufficient to elicit 

perceptible effects. Moreover, workers tend to naturally adjust their pace throughout the day, 

often starting faster and slowing down as the day progresses [32]. Given that the participants 

were accustomed to a maximum of 130% work pace, which likely influenced their subjective 

perception of exertion. Notably, strict adherence to a controlled pace led to feelings of 

discomfort among participants. 

(III) The carried load emerged as the most critical factor, as prolonged exposure to higher loads 

may contribute to musculoskeletal adaptations and long-term orthopedic concerns. Notably, 

work pace and production process are key factors influencing health risks among industrial 

workers [33, 34]. This underlines the role of work pace in determining potential acute and 

chronic issues, characterized by high levels of biomechanical strain [35, 36]. Research 

demonstrates that work pace varies throughout the day [32], necessitating a dynamic approach 

to workplace health promotion in addition to profiling. While pre-existing orthopedic 

conditions were excluded from this study, they are prevalent, as seen in the third study of this 

dissertation, and must be considered when evaluating tailored and effective treatment. Failure 

to account for these underlying conditions may lead to an underestimation of the 

musculoskeletal impact on workers in the long term [37]. 

These findings underscore the importance of individual variability in workplace health 

assessments and intervention strategies. Like investors manage risk, workplace health strategies 

should proactively identify risks, like strain from increased work pace [38]. This approach must 

weigh potential health risks alongside long-term benefits, such as lower healthcare costs and 

better productivity, in decision-making [28]. Additionally, it emphasizes that workplace health 

promotion should be viewed as a continuous and adaptive process that requires continuous 

monitoring and adaptation. As work pace and load distribution fluctuate depending on worker 

behavior and material flow, integrating these insights into a human-centered health strategy can 

enhance worker well-being and mitigate the risks associated with work pace and carried load 

[39]. 
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Therefore, the second study of this dissertation further contributes to understanding the effects 

of varying work paces on cardiorespiratory factors, perceived effort, and carried load in 

industrial workers. Incorporating these findings offers valuable insights for developing dynamic 

and tailored workplace health promotion strategies to reduce workers' health-related risks and 

optimizing workers' well-being. 

Work conditions and determinants of health status among industrial shift workers 

The third study aimed to assess whether varying working conditions among industrial workers 

affect health outcomes. 

403 industrial workers participated in this study, with 64 workers in forging, 299 in 

manufacturing, and 99 in logistics conditions. A survey followed by an initial interview covered 

five areas: demographic and anthropometric information, orthopedic complaints, physical 

activity, quality of life, and the assessment of physical and psychological load. 

The key findings are (I) a substantial number of orthopedic issues with considerable variability 

in each group and one significant difference in orthopedic complaints between the 

manufacturing and logistics conditions; (II) a notable difference in physical activity between 

the manufacturing and logistics conditions; and (III) no significant differences across all other 

collected data. 

(I) A substantial number of orthopedic issues were reported across all groups, with notable 

variability in both the severity and type of complaints. The differences between manufacturing 

and logistics work may contribute to distinct patterns of musculoskeletal disorders, as specific 

physical demands in each work condition likely affect orthopedic complaints. 

(II) Significant differences in physical activity were observed between the manufacturing and 

logistics conditions. Workers in logistic conditions reported higher physical activity than 

manufacturing workers, where more sedentary tasks could be prevalent. However, overall, the 

physical activity reported by all conditions was notably high, exceeding the recommended 

levels of physical activity. 

(III) No notable differences were found across the other data, which suggests that factors 

beyond the work conditions, such as individual characteristics or micro-level-work-related 

factors, may play a more substantial role in influencing these outcomes. 
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The stratification based solely on working conditions proved to be overly simplistic, as 

evidenced by the results. While significant differences were found between certain groups, 

other factors likely contributed to the observed outcomes. Commonly, workplace health 

promotion programs have focused primarily on behavioral changes [40], as reflected by the 

number of studies in the first study of this dissertation. However, such programs often 

neglecting broader contextual factors such as work conditions [41]. It is essential to consider 

additional factors, such as human factors, including sex and gender-specific needs, physical and 

psychosocial factors [12, 42], and health hazards [43-46], alongside industrial tasks [47], 

physical demands [48, 49], leadership [50], shift work [51], and economic factors [52]. These 

factors can act as potential confounders, adversely affecting worker safety and contributing to 

organizational issues, such as productivity, absenteeism, and increasing healthcare costs [53].  

An example illustrating the oversimplification of stratification in the third study is the results 

related to low back pain. Current attempts to classify low back pain have not proven effective, 

likely due to high variability in musculoskeletal disorders driven by individual characteristics 

and work-related factors. Improving working conditions has been a goal of European policies 

[54]. Interestingly, its prevalence mirrors similar trends in the general population [55]. 

However, it remains essential to differentiate between specific and non-specific low back pain 

[56]. This distinction is crucial for recognizing various compensation strategies and adaptations, 

which can help in deriving appropriate strategies if possible. 

Compensation strategies may help individuals maintain functionality despite exposure to 

physical demands within the scope of their individual flexibility [27]. However, persistent 

compensatory strategies can lead to disadvantages, particularly without adequate recovery or 

adaptation. Over time, these strategies may result in maladaptive changes, contributing to 

chronic musculoskeletal issues, including low back pain. Chronic health problems are reported 

by about 20% of employees in the EU, with few stating that these problems impair their daily 

activities [54].  

Chronic low back pain can be referred to as a mismatch condition, where humans are 

inadequately or insufficiently adapted to modern environmental conditions, a concept derived 

from natural and cultural selection [57]. Mismatch-diseases are coronary heart disease, 

hypertension, type 2 diabetes, and more [58]. These mismatch-diseases are not only crucial for 

workplace health promotion but also for public health at large. However, the current medical 

approach must be reconsidered, as medicine has reduced mortality rates in the industrial world 

over the last sixty years, particularly for cardiovascular diseases, but not the case for cancer or 
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type 2 diabetes [59, 60]. Given that these diseases manifest before symptoms appear, the logical 

conclusion is prevention [61]. Prevention is legally mandated in workplace health promotion, 

further emphasizing its significance [62]. 

In addition to preventive approaches, rehabilitative interventions are crucial for workers who 

have already developed health issues, as highlighted in the results of this study and other 

reviews [12, 63, 64]. Rehabilitation programs should focus on the associated risks and manage 

the conditions in the long term [12, 64]. Consequently, systematic assessments within 

workplace health promotion are necessary to identify affected workers and profiling them to 

address their specific needs [65]. This highlights the need for effective profiling to develop 

meaningful stratification approaches and targeted interventions, leading to a holistic approach 

that integrates preventive and rehabilitative interventions, addressing the natural compensations 

and adaptations workers undergo. Given the significant variations, methodologies such as the 

Goldilocks principle and the IGLO framework—focused on health promotion at the individual, 

group, leadership, and organizational levels—offer valuable insight [66, 67].  

All in all, the third study of this dissertation further contributes to understanding the impact of 

the varying working conditions on health outcomes among industrial workers. By integrating 

the findings and implications, it provides a foundation for developing targeted and effective 

workplace health promotion strategies. 

Future implications 

Future research should explore how workplace health promotion strategies can be optimized 

both from a health and economic perspective. To achieve meaningful and sustainable impact, 

such strategies should go beyond general approaches and incorporate specific, context-sensitive 

interventions. Such interventions should be designed based on the unique demands of industrial 

setting through effective profiling.  

A systems perspective on workplace health promotion emphasizes a holistic approach that 

considers factors and conditions across multiple levels; the immediate work environment 

(micro-level), organizational structures and values (meso-level), societal influences (macro-

level), and implications for all level such as aging (chrono-level) [68].  

To evaluate interventions, both effect and process evaluation are essential. alongside effect 

evaluations to better understand how and why an intervention is effective or not [40]. While 

effect evaluation focuses on measurable outcomes such as health improvements or reduced 



General Discussion 127 
 

absenteeism, process evaluation offers insight into implementation fidelity, contextual barriers, 

and worker engagement [69].  

Building on this need for specificity and long-term effectiveness, a broader paradigm shift from 

a sole focus on lifespan toward the prioritization of healthspan could offer a more sustainable 

approach to promote human well-being [70]. Given the challenges of the German healthcare 

system [62], integrating healthspan in addition to the natural principle of flexibility, 

compensation, and adaptation may be essential. Healthspan, defined as the period of life free 

from disability or chronic disease, is increasingly recognized as a more relevant metric than 

longevity [71, 72]. However, current medical practices remain predominantly reactive, with 

limited success in addressing chronic conditions and mismatch diseases [59, 60]. Shifting 

toward early detection and proactive health management, including continuous health 

monitoring and systematic assessment, could help bridge the gap, as single intervention 

suggesting [58]. This aligns with the salutogenic approach, which conceptualizes health as a 

dynamic process requiring continuous adaptation [73]. 

A systematic assessment approach can be implemented through monitoring, which can be 

categorized into two main types: testing procedures and diagnostics and continuous real-time 

tracking. Traditional testing methods, commonly used in sports science and medicine, assess 

physical and physiological parameters [74], which are similarly essential in workplace health 

promotion. Even with a compliance rate as low as 50%, screening strategies involving 

interventions were still cost-effective in mismatch-diseases [75]. However, these methods 

frequently fail to capture industrial tasks' dynamic and repetitive nature [76]. This is comparable 

to the evolution of diagnostics in football, where, over time, effective factors and parameters 

have been identified and developed into individual player profiles and strategies [77]. As a 

result, the focus shifted towards real-time data collection [78]. In contrast, the rapid 

advancement of wearable health technologies has enabled continuous, real-time monitoring, 

opening new opportunities for early risk detection and timely intervention [79].  

The widespread adoption of smart devices offers a more comprehensive understanding of 

workers' health, workload, and recovery needs [26, 79-82]. Real-time data collection on 

physical, psychological, and environmental factors [83, 84] provides valuable insights into 

workers' health and safety [76], and can improve productivity [85, 86]. To be effective, 

monitoring systems must be adaptable to changing work environments as well as address health 

disparities [46, 87] and aging [88]. Portable diagnostic devices and biosensors are already used 

in different environments like space [89]. From this, frameworks can emerge that are flexible 
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and adaptable, allowing for continuous refinement based on evolving work conditions, 

technological advancements, and specific health needs [90]. This may lead to promoting 

workplace health initiatives and principles like the Goldilocks principle [91], which can be 

continuously adapted to optimize interventions based on real-time data in the long term. 

Furthermore, artificial intelligence could play a crucial role in linking frameworks with profiles 

and health data [79, 82], enhancing the precision and adaptability of workplace health 

promotion. 

From an industry standpoint, humans should not be simply regarded as a physical compound 

system, which is the use case in Industry 4.0 [92]. Building on these and previous 

considerations, the final shift towards Industry 5.0 emphasizes a human-centered approach, 

which integrates advanced technologies with the inherent compensatory and adaptative 

capabilities of humans to optimize both productivity and well-being [93]. As industries 

continuously seek to adapt new technologies for greater efficiency, this human-centered 

approach has emerged as a pivotal concept shaping the future of industrial systems [79]. In the 

context of Industry 5.0, the integration of real-time health monitoring systems within industrial 

environments ensures that human workers remain at the core of technological innovation [94, 

95]. 

Recommendations and practical applications 

The following practical implications can be derived from the findings: 

• Tailored workplace health promotion: Health interventions in industrial settings 

should be tailored to workers' specific needs and work environments. Behavioral 

programs, especially exercise interventions, have positively affected musculoskeletal 

health and mental well-being. However, more research is needed.  

• Workload management and pacing strategies: Effective workload management that 

considers carried loads and pacing strategies is critical. Ergonomic measures and 

workload adjustments are necessary to prevent orthopedic issues and support long-term 

workplace health promotion. 

• Job-specific health strategies: Ergonomic adjustments and sector-specific health 

programs are essential due to varying physical demands in different industrial sectors. 

Addressing musculoskeletal complaints and promoting healthy behaviors might 

enhance workforce sustainability and reduce long-term health risks.  
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Summary and Conclusions 

In this dissertation, three studies explored complementary insights into workplace health 

promotion, emphasizing the complex interactions between health outcomes, work conditions, 

and individual adaptation. 

The first study systematically reviewed workplace health promotion programs, highlighting 

their potential but also revealing heterogeneous effects across the interventions. The findings 

underscore the need for more rigorous, stratified research that accounts for population, 

environmental and organizational factors to optimize intervention strategies. 

The second study explored the effects of varying work paces on cardiorespiratory responses, 

perceived exertion, and carried load. While physiological demands increased with work pace, 

perceived exertion remained unchanged, suggesting that workers naturally compensate for 

other workloads over time. However, carried load emerged as a critical risk factor for long-term 

musculoskeletal concerns. These findings reinforce the importance of adjustments and 

workload management to mitigate health risks. 

The third study examined the impact of work conditions in industrial settings, revealing 

variations in health outcomes. These results emphasize the need for job-specific, tailored health 

strategies that address occupational hazards and individual worker characteristics. 

Taken together, these studies highlight the dynamic interplay between flexibility, 

compensation, and adaptation in industrial work environments. They emphasize the necessity 

of tailored and evidence-based strategies to promote workplace health. Given that workers and 

their environment constantly evolve, intervention strategies must remain adaptable and 

responsive to emerging evidence to ensure sustained effectiveness from both a human and 

technological perspective. A human-centered, stratified approach to workplace health 

promotion, incorporating continuous monitoring and targeted interventions, can enhance 

worker well-being and organizational sustainability.  
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