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Introduction 

The “Law on Occupational Health and Safety” defines 

occupational injuries as incidents that take place at 

work or while performing duties and result in death 

or compromise of physical or mental integrity [1,2]. 

Workplace accidents that cause personal injuries, 

illnesses, or fatalities are serious public health problems 

with far-reaching social and economic ramifications. 

In 2021, there were 91,181 work accidents reported in 

Austria, translating to an incidence of 1018/100,000 

[3]. Furthermore, around 6,300 people die every day 

from accidents or occupational illnesses [4]. In addition 

to numerous other injuries, around 25% of all work-

related fatalities occur in the construction industry [5]. 

For example, the percentage of construction workers 

injured during work was 74% in Kenya [6]. 

Around the world, hundreds of millions of people work 

in dangerous conditions [7]. Yosef et al. demonstrated 

that workplace injuries in construction have been 

associated with a number of factors. These factors 

include job satisfaction, sex, marital status, use of 

personal protective equipment, and occupational safety 

training [8]. Males, those between the ages of 20 and 34, 

and those employed in the construction, production, 

farming, and forestry sectors are the categories most 

likely to get eye injuries relative to other types of injuries 

[9]. Moreover, occupational health and safety services 

that help prevent accidents and injuries at work are 

frequently inaccessible to temporary employees [10].

Different professions frequently include occupational 

injuries. For example, mining has long been a dangerous 

profession, particularly underground coal mining. All 

miners must deal with the serious occupational risk 

of injuries, even fatal ones. Krstić et al. [11] Reported 

that  injuries are generally regarded as unpredictable 

and unintentional. The high injury rates are caused by 

the way the job is organized, the age or skill level of the 

employees.

In addition, a variety of common injuries are a part 

of the healthcare sector. It was detected that 53% 
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of occupational injuries in Austria were among 

orthopedic and trauma surgeons [12]. This is attributed 

to frequently working with sharp or electrical devices, 

stand for extended periods of time, and perform 

repetitive motions [13-16]. Particularly, injuries from 

sharp objects present serious hazards for infectious 

diseases like HIV, Hepatitis B, and Hepatitis C [17,18]. The 

likelihood of getting hurt at least once in one›s career 

might reach 79%, depending on the risk factors at work 

[3]. Furthermore, according to a 2022 study, healthcare 

workers who experienced physical aggression, verbal 

harassment, a negative perception of the workplace 

culture, and a lack of support from their bosses were 

more likely to consider suicide [19]].

In the United States, the annual incidence of carbon 

monoxide (CO) poisoning is estimated to be 50,000 (16.0 

cases per 100,000 population) [20]. According to the 

Global Burden of Disease (GBD) risk factor framework, 

one of the two risk factors currently linked to mortality 

from unintentional carbon monoxide poisoning is 

occupational injuries [21]. It was shown that the risk of 

CO exposure for dermatosis, eye inflammation, and 

respiratory disorders was 24.95%, 65.77%, and 61.12%, 

respectively [22].

Because of medical expenses and employee absence, 

occupational injuries cause both direct and indirect 

financial losses [23]. Around 20,000 industrial eye injuries 

occur in the US each year, with an estimated cost of $300 

million [24]. It is estimated that occupational accidents 

cost the world economy USD 1.25 trillion, or 4% of its 

GDP [25,26]. Employers should therefore place a high 

priority on providing safety training, and promoting the 

use of personal protective equipment while working. 

Moreover, they should carry out regular workplace 

inspections, and make sure that their employees are 

content by creating comfortable workspaces in order 

to decrease the occupational injuries’ rate [8]. 

This comprehensive research examines the mortality 

rate, long-term disabilities following occupational 

injuries, and factors related to them. Additionally, it 

illustrates socioeconomic burden and the impact of 

safety training programs.

Mortality rates after severe occupational injuries

Mortality rates are statistical measures that describe 

the frequency of deaths in a specific population during 

a certain period of time. They help understand how 

common or severe death is in relation to a defined 

group of people [27]. Research on mortality rates after 

severe occupational injuries has emerged as a critical 

area of inquiry because of its substantial impact on 

public health and workforce sustainability in the United 

States. Occupational injuries contribute significantly 

to global morbidity and mortality, affecting millions 

of workers annually, with fatality rates varying widely 

across regions and industries [28].

The number of fatal workplace injury deaths is frequently 

organized and analyzed based on different categories 

like age, sex, race, ethnicity, and industry. This is done 

to identify trends and understand how these categories 

relate to the data being examined [29-31]. 

Global prevalence of occupational injury mortality

The World Health Organization (WHO) estimates that 

occupational injuries cause over 5 million fatalities 

each year, contributing approximately 10% to the global 

mortality burden [28]. Between 2014 and 2019, the 

number of yearly deaths from work-related illnesses 

and injuries rose from 2.3 million to 2.9 million, a 26% 

rise [32]. COVID-19 has killed 1004 health care workers 

(HCWs) worldwide as of May 13, 2020. Some 550 of these 

deaths were physicians, with an average age of 62.49 

years and 52.62 years for non-physicians. U.S. HCW 

deaths were 64.1% male, with 26.9% of physician deaths 

being general practitioners and family care physicians. 

HCW fatalities were highest in the US, as in other wealthy 

nations [33].

Martin et al. [27] examined North Carolina’s fatal 

workplace accidents between 1992 and 2017. Almost 

2645 unintended fatal job-related injuries occurred 

among those who were 18 years of age or older. Fatal 

occupational injury rates declined by 0.82 injuries 

per 100,000 person-years . In another quantitative 

epidemiological analysis, between 2015 and 2019, 

the number of fatal occupational injuries dropped 

from 380,500 to 312,000 [32]. This reduction might be 

partly because fewer deaths are reported in densely 

populated regions of the world, such as China and India, 

where employment statistics are lower, rather than 

indicating a true improvement in accident prevention 

[32]. The estimated number of non-fatal occupational 

injuries was 402 million, a significant increase since 

2015. This increase can be partially ascribed to 2019’s 

fatal/non-fatal rate estimations being more precise 

than those from prior evaluations [32]. 

Injury-specific mortality patterns 

According to ATECO, jobs were divided into three 

sectors: primary (A and B, like farmers and breeders), 

while secondary (C-F, like construction workers, 

maintenance/technicians, like electricians and 

plumbers, carpenters and foremen, metalworkers, 

and unskilled workers), and tertiary (G-U, like couriers, 

white-collar workers, law enforcement, and healthcare 

workers) [34]. 

It was found that falls from above remain a significant 

cause of fatal accidents. It is common in construction 

due to the nature of work involving activities at heights 

and among older workers. Falls account for a large 

proportion of both fatal and nonfatal injuries, with higher 

mortality in cases involving head trauma or internal 

organ damage [34-37]. Thus, head injuries, particularly 

polytrauma and fatal head traumas, are common in 

work-related accidents with percentages of 36.4% and 

19.2%, respectively, according to Antonangeli et al. [34]. 
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While commuting accidents, especially in the tertiary 

sector, represent a substantial portion of fatal injuries, 

necessitating a better understanding and preventive 

measures due to workers’ increased vulnerability on 

the roads [34]. Conversely, occupationally acquired 

infections such as hepatitis C virus (HCV), hepatitis B 

(HBV), and human immunodeficiency virus (HIV) are 

the most common pathogens of concern. Significant 

morbidity and death are linked to them. Accidental 

punctures are frequently the cause of bloodborne 

illnesses in most work or laboratory environments.  

Every year in the US, an estimated 400,000 people are 

hurt by sharp objects in medical settings [38].

Road injuries are a leading cause of occupational injury 

deaths globally, including motor vehicle accidents. 

It affects all age groups and is especially prevalent 

in transport and construction sectors [39]. On the 

other hand, Crush Injuries, Asphyxia, and Drowning 

are notable in mining, civil engineering, underwater 

work, and construction work; these mechanisms are 

associated with high fatality rates [37]. Another injury 

pattern related to mortality is the heat-related injuries. 

Heat exposure causes significant mortality, especially 

among agricultural and construction workers, with a 

higher risk in men, Hispanics, and small businesses [40]. 

Moreover, Work Conditions includes night shifts, lack of 

supervision, absence of personal protective equipment, 

and long working hours, are independent risk factors 

for fatal outcomes [36,41,42]. 

Factors influencing long-term mortality post-injury

Age and sex differences

Age is one of the most important factors affecting 

both immediate and long-term mortality following 

occupational injury. Unintentional fatal occupational 

injuries are dominant in males aged ≥ 18 years [27]. A 

global burden analysis showed that the age group 

25 to 44 years recorded the highest burden of fatal 

occupational injuries [39].  Fatality rates increase 

considerably with age, as older workers are more 

vulnerable to severe injury consequences, such as 

cancer and cardiovascular disease (CVD), which 

account for 70%-80% of total mortality in individuals 

aged 40 years or older [43]. 

Worldwide, the gender difference in labor force 

participation is getting less, but it is still rather big. In 

2023, males were in the labor force at 73.0% and women 

at 48.7%. The participation disparity ranges from 46 to 

54 percentage points in Southern Asia, Northern Africa, 

and Western Asia. In contrast to the service sector, 

where women predominate, manufacturing is seeing 

a rise in the proportion of female employees [44]. 

Pronounced sex differences appear in occupational 

injury death rates. Male workers typically experience 

higher fatality rates (up to 10 times in some regions) and 

years of life lost due to workplace injuries than females, 

mainly because men are more often employed in high-

risk jobs [43,45,46].

Industry and occupational factors 

The type of industry has a significant impact on post-

occupational mortality risk. Construction, mining, 

agriculture, and transportation have the highest fatality 

and severe injury rates [39,46,47]. This can be attributable 

to various conditions associated with these industries, 

such as low salaries, poor working environments, lack 

of protective equipment, and exposure to different 

occupational hazards [39,47].

Migrant status and vulnerable populations

Migrant workers consistently face higher risks. This 

is because of limited language proficiency, lack of 

formal training, and limited access to healthcare or 

compensation [48]. For instance, Chinese migrant 

workers in South Korea have higher fatal injury risks 

due to the restricted employment permit system [49]. 

In China, 80% of onsite deaths were migrant workers 

[50]. Additionally, in Saudi Arabia, migrant construction 

workers suffered more severe injuries and had poorer 

access to care than local workers [51]. These disparities 

highlight the intersection of occupational health, 

immigration policy, and broader social inequalities.

Geographic 

Occupational injury mortality rates differ significantly 

across regions. Countries were classified based on 

“country income levels” into high-income countries 

(HICs) and low- and middle-income countries (LMICs) 

[50,52]. Although fatal occupational injuries have 

decreased overall, HICs have experienced an increase 

in the rate. This is likely due to more countries being 

included in this category and improved reporting 

systems for fatal occupational injuries compared to 

highly populated countries, including India and China 

[32]. 

Low- and middle-income countries (LMICs) consistently 

show higher occupational injury mortality rates 

compared to HICs [31,50]. In 2016, LMICs had a rate of 

7.0 per 100,000 people, more than double that of HICs 

(3.1 per 100,000]. Yet both groups reported a general 

decline in occupational injury mortality, except for 

ages 15–49 in HICs [31]. Racial and ethnic disparities 

were observed in certain states, such as Arizona, North 

Dakota, and Oklahoma, which had significantly higher 

fatality rates among various racial and ethnic minority 

groups compared to their regional averages [27,46]. 
This variation highlights the intersection between 

different factors affecting occupational injury mortality 

rates, necessitating further studies to decrease these 

variations [31].

Occupational safety and health  (OSHA) rules and 

regulations are lacking internationally due to precarious 

work in LMICs. Moreover, overtime work and poor 

OSH monitoring increase accident and repetitive 

motion injury risk. In increasingly industrializing source 

countries, OSH skills and education are lacking [50]. 

A study conducted in 2019 showed that East Asia, 
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South Asia, and Southeast Asia had the highest rates 

of occupational injuries, with the greatest burden in 

China and India [39]. Despite that, due to inconsistent 

occupational recordkeeping, the International Labour 

Organization (ILO) reports less than 1% of occupational 

accidents in China and India [50].

Disability status and mortality

Disabilities resulting from severe occupational injuries 

are potential risk factors for increased mortality [53]. 

Disabilities are associated with psychological factors 

due to the inability to return to work and thus, not 

maintain economic security, social connections, 

and psychological well-being [54,55]. This suggests 

that disability acquired post-injury can be a cause 

of the increased mortality [45,53]. A prime example is 

musculoskeletal diseases, which have been reported 

as a major cause of disability in the US among men 

and women. This results in increased lost time among 

workers (lost time is defined as >7 days off work or some 

permanent disability) [45]. 

Drug overdose involving opioids, intentional self-harm, 

cancer, and cardiac diseases have also been associated 

with increased mortality due to work-related disabilities 

[54-57]. Opioids are sometimes prescribed as part 

of pain management following severe occupational 

injuries, especially those associated with disabilities. 

This can lead to accidental or intentional overdose 

and hence increase mortality rates [55]. Moreover, 

depression from work-related injuries is associated 

with disabilities due to the financial burden of the injury 

and difficulty returning to work. It was reported that 

the influence of work-related disability on mortality is 

highlighted by the fact that death is typically higher 

among those who do not work than among those who 

do [45,54]. 

Thus, successful return-to-work programs are 

important for reducing long-term mortality risks by 

maintaining economic security, social connections, and 

psychological well-being [45].

Timing and causes of mortality

Increased overall mortality typically begins 

approximately 3 years after the injury, with cancer-

related mortality starting around 6 years post-injury 

and heart disease-related mortality beginning about 8 

years after the injury [45]. Additional causative agents of 

death identified in some studies include carcinogens, 

particulate exposures, gases and fumes, as well as injury 

risk factors [32].

Long-term occupational exposure

Long-term occupational exposure to occupational 

hazards such as dust, solvent, and pesticide has been 

investigated in the elderly (75 years). All-dust exposure 

is linked to higher mortality in women; solvents are 

linked to higher mortality in men, while pesticides are 

linked to higher cancer-related mortality in men and, 

for some groups, in women [58].

Implications for workplace safety policies and post-

injury care

Evidence of long-term mortality following occupational 

injuries emphasizes the importance of primary 

prevention strategies. Traditional approaches focusing 

mainly on immediate injury prevention must be 

expanded to consider long-term health outcomes and 

worker well-being [54]. Workplace safety policies and 

post-injury care are critical areas requiring continuous 

focus due to the significant challenges posed by 

occupational injuries globally. These injuries not only 

affect workers’ immediate health but also have far-

reaching consequences on their financial stability, 

family life, and long-term well-being [54]. 

Rates of fatal occupational injuries have been steady 

since 2009, indicating the need to update current 

approaches and adopt new preventive strategies [27]. 

This can be achieved through identifying vulnerable 

populations and high-risk industries, and developing 

targeted interventions to improve safety [27,28,59]. 

While these industrial activities contribute to economic 

growth, they must also prioritize worker well-being [28]. 

Promoting stronger safety climates within organizations 

is an important approach to decreasing fatal 

occupational injuries. Organizations should endorse 

a vision that supports safety initiatives. Investment 

in safety equipment and ensuring proper training, 

encouraging active employee involvement in safety 

programs, hazard identification, and reporting are all 

important approaches leading to increased safety 

[29,60]. Moreover, policies should aim to empower 

workers to decline hazardous tasks, report unsafe 

environments, and ensure that they receive proper 

training, especially for unfamiliar equipment. This 

also addresses situations in which workers may feel 

pressured to accept overtime or unsafe conditions [29].

Although changing employment demographics, such 

as an aging workforce, influence injury trends, they do 

not resolve the underlying social issues contributing 

to injury risk factors. Policies must address these 

deeper issues [30,61]. Occupational injuries are linked 

to substantial declines in income, comparable to job 

loss from mass layoffs [54]. This highlights the need for 

strong post-injury support systems that address issues 

of financial stability [62]. In addition to financial costs, 

injuries lead to medical expenses, limitations in family 

roles (e.g., household tasks, parenting), and significant 

psychological distress, such as depression and anxiety 

[54]. Therefore, post-injury care must be holistic, 

integrating medical, psychological, and social support. 

Additionally, it should include measures to prevent 

recurrence and facilitate a safe return to work.

Long-Term Disability Risk After Occupational Injuries

Occupational injuries have significant long-term 

adverse impacts on disability, incomes, familial 

responsibilities, depression, and opioid use [63]. Injuries 



Long-term disability and mortality

218

resulting from work accidents represent a public health, 

social, and economic concern [64,65]. They are among 

the primary contributors of premature mortality, 

morbidity, and disability in a substantial population [66].

The kind and severity of occupational injuries (OIs) are 

recognized as significant indicators of trauma outcomes 

[67,68]. The effect is pervasive throughout all aspects 

of life, with victims enduring both short- and long-

term health repercussions that diminish their quality 

of life and those of their families [69]. Globally, missed 

workdays resulting from occupational accidents are 

estimated to account for over 4% of the world’s Gross 

Domestic Product (GDP), with some nations reporting 

figures as high as 6% or more [64].

Occupational accidents inflict significant pain and 

suffering on wounded individuals, while also impacting 

their families, workplaces, and society at large. They have 

several repercussions, including the loss of skilled and 

unskilled labor, medical expenses, and compensation 

disbursements [70].

The 2013 Global Burden of Disease (GBD) research 

predicts that LMICs account for almost 80% of 

occupational injury-related fatalities worldwide [71]. In 

LMICs, occupational risk factors for injuries constitute 

the leading cause of DALYs and occupational fatalities 

among men and women aged 15–49 [50].

Although industry injury and death statistics indicate 

that women are less likely to sustain injuries at 

work, these estimates sometimes do not take into 

consideration the unequal distribution of men and 

women across jobs or tasks within jobs [72]. Men were 

more likely to sustain injuries from specific occupations 

in primary and secondary industry sectors that required 

physical exposures in addition to certain chemical and 

biological exposures. However, women were more 

likely to sustain injuries due to the repetitive tasks and 

physical demands of employment in the medical area 

and aluminum production [73].

Functional outcomes and disability prevalence over 

time

Long-term or permanent repercussions of injuries 

are particularly concerning, including the inability to 

resume employment and consequent dependence 

on social payments to offset income loss. In response 

to the latter consequence, several research have 

investigated the prevalence of disability pension (DP) 

and sickness absence (SA) among wounded patients, 

finding various injury-related and sociodemographic 

risk variables [74-76]. A contributing component is poor 

socioeconomic level (SES), which has been shown to 

elevate the probability of both long-term sickness 

absence (LTSA) [77] and permanent disability pension 

(DP) subsequent to trauma [74]. 

There are often far-reaching, long-lasting effects that 

affect not just the affected person’s bodily and mental 

health but also their relationships at home, at work, and 

financially. Some of the following are common results 

that victims often report, such as significant physical 

changes and pain; distressing emotional changes and 

increased anxiety and depression; diminished ability to 

carry out daily tasks, higher rates of work absence, and 

unemployment, or early retirement. Other results were 

a decline in productivity; decrease or loss of incomes; 

diminishing financial stability; diminished life contexts 

and experiences; social isolation; changes in family 

roles and dynamics; diminished independence and 

autonomy; and increased need for health care and 

third-party assistance [78,79]. 

Post-Traumatic Stress Disorder (PTSD), among other 

mental illnesses, is the most explored mental illness 

after stress or injury [80]. PTSD prevalence rates range 

from 1.5% to 74% in survivors of natural disasters or 

traumatic events, whereas major depressive disorder 

prevalence rates are 13% to 52% [81].

Spinal cord injuries (SCIs) are complex illnesses 

occurring from direct or indirect spinal cord injury. One 

of the most prevalent causes of SCI is acute trauma 

from motor vehicle crashes. Spinal cord injuries may 

lead to persistent impairment, substantial morbidity, 

and fatality. High spinal injuries generally limit 

cardiorespiratory function and necessitate immediate 

therapies [82]. 

Over and above, burns have prominent physical and 

mental effects. Around 11 million people suffer from 

burn injuries that require medical care each year, and 

over 180,000 die from burns, mostly in low- and middle-

income countries. The workplace is one of the common 

places where burns happen at [83]. Burns inflict bodily 

injury and mental health issues owing to the unpleasant 

healing process. Burn patients face several physical 

and psychological problems, including anxiety and 

depression throughout recovery [84].

Socioeconomic and psychological impacts of long-

term disability

Traffic, sports, occupational, farm, young adult, in-

patient, and multiple trauma or serious injury incidents 

cause long-term injuries and economic losses. These 

effects can lead to sick leave, rehabilitation, and 

disability, resulting in reduced quality of life and a heavy 

burden on the national economy [85]. Occupational 

injuries can have significant economic impacts, 

including lost income and long-term health issues. Age 

differences in injury risk vary, with older workers often 

experiencing more disability and younger workers 

more prevalent [86]. 

Ganger et al. reported the connection between 

occupational injuries and mental illness, such as 

depression, anxiety, and post-traumatic stress [87].  

Furthermore,  Wightman et al. [62] found that mental 

health illnesses are much worse after the injury 

happened in the workplace.
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Cross-border labor movement and rural-urban mobility 

have been caused by economic hardship and violence 

in Africa, Asia, and Latin America. Cross-border trade 

and seasonal or permanent migration from Burkina 

Faso, Niger, Guinea, and Mali to more affluent urban and 

rural areas of the subregion are significant economic 

and social phenomena to this day [88]. In China, rural-

urban migration is increasing and forms the bulk of 

internal migration [89]. Migrant workers in LMICs face 

social exclusion, exploitation, poor working conditions, 

informal employment, and limited access to public 

services [90].

Workers’ compensation (WC) experiences are often 

perceived as unfair and adversarial [91]. Many workers 

face obstacles in obtaining rightful benefits, are 

treated demandingly, and receive minimal assistance 

from employers and WC insurers. Workers who sustain 

injuries are frequently ostracized, called malingerers, 

and struggle to get their conditions accepted as real 

[92].

Data suggests that injured workers may not disclose 

work-related injuries for fear of retaliation, thinking 

that pain is normal with age or work activity, lack of 

management support after earlier complaints, and a 

desire to keep their jobs [93]. Furthermore, the purpose 

of workers’ compensation insurance is to replace wages 

for workers who suffer an injury at work that prevents 

them from earning their usual income. However, the 

majority of states restrict the duration and/or quantity 

of available income replacement benefits, leading to 

significant economic hardship [93].

Additionally, Over and above, Qiu et al. [94] reported 

that that disability-related multiple deprivation (IDMD) 

significantly lowers employment opportunities (EMPOs). 

It indicates that people with disabilities face a poverty 

trap as a result of the connection between IDMD and 

EMPO.

Economic burden (productivity loss, wage 

replacement, healthcare utilization)

It was estimated that US work injuries and illnesses 

cost $250 billion, or 1.8% of GDP. Moreover, workplace 

illnesses and accidents account for an estimated 

4% of worldwide GDP, according to the International 

Labor Organization [95]. According to the Health 

and Safety Executive (HSE ), job-related injuries and 

illnesses cost the UK £14 billion, or 1% of GDP. Safe Work 

projected that Australian work injuries and illnesses 

cost AUS $61 billion, or 4.8% of GDP [96]. On the other 

hand, according to a recent study conducted by the 

European Agency for Safety and Health at Work (EU 

OSHA ), the costs associated with occupational illnesses 

and injuries amount to 3.3% of European GDP and 3.9% 

of worldwide GDP [97]. The American Burn Association’s 

National Burn Repository reports that surviving burn 

patients cost $5,500 and dying patients $15,500 [98].

Economic studies show that indirect wasted 

productivity costs far exceed direct healthcare costs 

for accidents and diseases. Career displacement and 

social issues add to disability’s financial effects, as a 

recent study shows that workers lose wages for years 

following a working accident [99]. Numerous work-

related injuries and workers’ compensation claims have 

had enormous effects on workers, employers, insurers, 

and society [100]. 

Post-injury rehabilitation and return-to-work support

Research continuously demonstrates that returning to 

work following an injury is a socially constructed event 

that is impacted by several elements. These include 

the personal traits of the employee, the social and 

economic circumstances of the injured party, the nature 

of the employment, and the amount of compensation 

paid. Social support plays a crucial role in moderating 

the employment re-entry process [101]. 

Work disability is a complicated, socially based 

outcome of illnesses and injuries sustained at work.  

Numerous factors, including the availability of suitable 

employment, the state of the labor market and 

economy, and the abilities and experience of the 

wounded party, all had an impact [94]. Return to work 

is significantly predicted by pre-injury job satisfaction 

and motivation [102].

Impact of Safety Interventions and Training Programs 

on Occupational Accident Rates

Safety culture is a crucial aspect of occupational 

safety and health (OSH) programs. It entails educating 

managers and employees about identifying and 

controlling hazards, safe work practices, using safety 

and health information, personal protective equipment 

appropriately, and emergency protocols [103].

Employee perceptions of safety training may have 

a positive impact on safety by raising awareness of 

possible hazards. As a result, they are more likely to 

report injuries of all severity and are better able to 

recognize near-misses [104]. According to modern 

learning theory, OSH training should include both 

action-focused reflection and structured dialogue. It 

might strengthen the impact of training on employees’ 

confidence in properly managing unforeseen 

circumstances and their participation in safe work 

practices [105].

It was reported that engagement among employees is 

impacted by safety culture.  The association between 

worker involvement and safety culture is mediated 

by the safety climate. Thus, the safety atmosphere 

of a construction company is a crucial component 

in creating a safety management system for that 

company [106]. Steege et.al reported the significance 

of comprehending trends in the inequalities of 

occupational illnesses, injuries, and deaths. By creating 

programs that better address the requirements of the 

increasingly diverse U.S. workforce, it can enhance 

intervention efforts [107]. 
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Overview of safety interventions and training 

programs across high-risk industries

One of the most efficient methods to decrease 

workplace risk has been identified as workplace safety 

training, especially for high-risk sectors including 

manufacturing, mining, construction, and oil and 

gas. These sectors are often afflicted by a variety of 

occupational risks that, if left unchecked, might cause 

fatalities, severe injuries, or long-term conditions. 

Programs for workplace safety training are thought 

to provide individuals with the abilities, information, 

and consciousness necessary to identify, prevent, and 

successfully handle any risks [108].

Safety incentive programs are prevalent; yet, less data 

exists on their impact on injury incidence and reporting. 

Behavior-based incentives and rate-based programs 

aim to motivate employees to prioritize safety; 

nevertheless, these safety incentive programs may 

deter the reporting of injuries. The impact of incentive 

programs on workplace safety has been the subject of 

multiple studies that have reported varying conclusions 

[50]. 

Previous research suggests that various modifiable 

organizational and psychological elements are linked 

to safe and sustained RTW in injured employees with 

work-related persistent disability and perhaps all 

workers. For example, supervisor and coworker support, 

safety climate, absence of stigmatization, and health 

and safety committees. Moreover, low job stress, ease in 

reporting unsafe work circumstances, communication 

with employers and healthcare providers, and the 

flexibility to take time off for personal or family problems 

are part of these factors. Primary prevention is crucial, 

but secondary prevention to maintain RTW and avoid 

reinjury may lessen the health, economic, and societal 

costs of occupational accidents [93].

Effective Occupational Safety and Health (OSH) 

solutions are a top concern for firms attempting to 

manage workplace safety [109]. OSH prevents work-

related injuries and illnesses and improves workers’ 

health, safety, and welfare by improving working 

circumstances [110]. Public institutions are investing 

heavily in OSH management performance, but more 

research is needed to evaluate these efforts [111-113]. 

In recent years, experts have stressed the need to 

analyze intervention efficacy to maximize their impact 

and improve them [113]. Organizational interventions 

generally work in subtle situations and depend on 

many qualitative elements that are hard to trace. 

Thus, their success is rarely monitored and frequently 

presumed without careful analysis [114]. The efficacy of 

OSH therapies has been studied; however, the issue 

is still unclear. Understanding the existing quo and 

prospective improvements can assist researchers and 

practitioners in identifying important concerns and 

enhancing OSH interventions.

Type of interventions

Cutting the link between exposure at work and the 

ensuing occupational disease or injury is the goal of 

primary preventive occupational health interventions. 

The primary kinds of these interventions are behavioral, 

clinical, and environmental [115]. The environmental 

interventions’ aim is to modify the workplace; 

for example, removing sources of noise to stop 

hearing loss.  While behavioral approaches include 

advocating for personal protection equipment, and 

focusing on the behavior of individual employees to 

eliminate exposure. To prevent diseases, therapeutic 

interventions employ clinical techniques. Due to the 

underestimated challenges of including management 

and employers in workplace changes, field research 

has proven unsatisfactory [111,116]. 

Although there is little data, behavioral interventions 

that resemble those in LMICs, such as financial 

incentives, team competition, and praise and feedback, 

may lessen injuries [110]. A higher level of organizational 

regulation than is presently found in LMICs could be 

required to guarantee the effective implementation of 

behavioral treatments.

Key components of successful safety training 

programs

There are different components to succeeded 

safety programs. A prime example is Leadership and 

Commitment; top management›s commitment to a 

safe workplace is crucial. Employees are more likely to 

take safety seriously when they see safety as a priority 

[117]. Additionally, Hazard Identification and Assessment, 

regular risk assessments support determine potential 

hazards and evaluate their severity. This process helps 

in prioritizing and implementing effective control 

measures [118]. Comprehensive safety policies and 

procedures outline safety expectations, guidelines, 

and protocols are Key Component of Successful Safety 

Training Programs. Employees should have easy access 

to this information and receive training on safety 

procedures [119].

Over and above, employee training and education 

are one of the key components, as regular learning 

on potential hazards, safety protocols, and 

emergency procedures is essential [117]. Besides 

that, employees should be provided with necessary 

safety equipment and personal protective gear [117]. 

Every organization should have a well-defined 

Emergency Response Plan, Safety Committees, and 

Communication [117]. Creating safety committees or 

involving employees in safety discussions provides 

valuable insights and feedback [119]. Additionally, 

documentation and record-keeping of accurate 

records of safety-related activities, incidents, training, 

and compliance are legal requirements [117].

Influence of organizational commitment and safety 

culture

Safety culture underpins this interaction, promoting 

safety principles, attitudes, and behaviors at all 
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organizational levels. Safety culture decreases 

accidents and boosts employee trust and engagement 

by proactively addressing workplace dangers. 

Sustainability is enhanced by corporate social 

responsibility (CSR) concepts, which promote ethical 

behaviors, improve business reputation, and reduce 

workplace accidents and regulatory compliance costs 

[120]. 

Risk mitigation links safety culture to sustainability 

by proactively managing threats to long-term 

business objectives. Strong safety cultures encourage 

systematic risk reduction techniques, including hazard 

assessments and personnel training. These techniques 

prevent financial losses and operational interruptions 

while meeting sustainability goals. Effective risk 

reduction optimizes resource allocation, preserves 

the environment, and safeguards societal well-being, 

ensuring sustainability [121].

Research conducted by Thompson et al. indicated that 

firms with strong safety cultures achieve a decrease 

of up to 30% in workplace mishaps and notable 

enhancements in employee retention. In contrast, 

effective risk mitigation measures improve operational 

efficiency by 25% and promote sustainable practices  

[120].

Advances in safety training: technology and 

leadership integration

The industrial sector has historically depended 

on intricate technology, perilous substances, and 

extensive operations, all of which heighten the risk of 

worker accidents. Workplace accidents cause human 

harm, productivity loss, and equipment damage, 

often resulting in substantial financial and operational 

losses. Consequently, corporations have progressively 

allocated resources to Advanced Safety Leadership 

Training Programs (ASLTPs) to mitigate safety hazards 

and ensure dependable assets [122].

A safety-first mentality among managers and staff, 

risk minimization, effective communication, hazard 

detection, and continuous improvement are the 

goals of advanced safety leadership. These programs’ 

leadership is crucial because safety leaders’ actions and 

attitudes affect safety culture [123]. A full, accurate, and 

exhaustive assessment of an organization’s occurrences 

and accidents is essential for sustainability, safety, and 

low incident rates [124]. Islam et al. [125] found that 

human errors cause 80% of occupational accidents.

Because safety leadership promotes a culture that 

places a high priority on accident prevention and 

motivates staff to adhere to safety procedures, it is 

essential in lowering workplace accidents. Supervisors, 

managers, and executives can lead and guarantee 

a strong safety culture across the company with the 

help of Advanced Safety Leadership Training Programs 

(ASLTPs) [126]. Research has demonstrated a correlation 

between reduced injury rates and fewer near-miss 

accidents in industrial settings and excellent safety 

leadership. To increase workplace safety, it is crucial 

to have efficient safety supervision and to encourage 

people to have positive safety attitudes [127].

By improving communication between employees 

and management, ASLTPs help to reduce accidents 

by making sure any dangers are identified early and 

dealt with before they cause accidents. In order to 

assist leaders in recognizing risky behaviors and taking 

proactive measures to address them, behavioral safety 

strategies are frequently incorporated into leadership 

training [128]. ASLTPs’ emphasis on proactive risk 

management promotes a preventative strategy, which 

lowers workplace accidents and fosters cultures where 

staff members feel empowered to raise concerns about 

possible hazards.

Innovative tools and techniques 

It is important to use advanced technologies with safety 

leadership training, such as predictive maintenance 

through IoT. LoT sensors monitor parameters in real-

time, allowing safety leaders to proactively address 

maintenance needs [129]. Moreover, Digital Twin 

Technology, virtual replicas of physical assets, is used 

to simulate operations and predict potential failures 

[130]. While Automated Alerts for Safety Protocols, IoT-

enabled equipment has the ability to automatically 

inform safety leaders about the operational parameters 

deviations [129].

Additional technologies, such as virtual reality and 

augmented reality, are used in safety leadership training 

to replicate real-world situations [131]. Additionally, IoT 

sensor data can be analyzed by AI-Powered Predictive 

Maintenance Platforms to better accurately identify 

faults [132]. Another example is the growing use of 

gamification techniques in the instruction of safety 

and reliability concepts [133].  Future studies should 

focus on improving these systems to take into account 

new technology and customize them to fit the unique 

requirements of high-risk businesses.

Barriers and challenges to sustainable safety training 

implementation

A literature review reveals that effective safety 

management systems (SMSs) implementation in 

construction, particularly small and medium-scale 

projects in India, is hindered by financial constraints, 

cultural resistance, training deficiencies, and regulatory 

gaps [134]. These issues are prevalent in both developed 

and developing nations, with resource scarcity being 

most evident in small construction and industrial 

enterprises [135].

Empirical studies confirm the link between structured 

safety practices and improved safety performance, 

with safety knowledge and motivation significantly 

mediating the relationship between SMS practices 

and worker safety behavior. However, Indian SMEs 

often lack resources and awareness for SMS adoption, 
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emphasizing the need for strong management 

commitment and employee engagement [136]. 

Studies on SMSs in small construction sites in India 

have shown that barriers to implementation can hinder 

safety performance. OHSAS 18001, ISO 9001, and non-

certified firms score highest in safety practices and 

behavior, with enforcement of safety rules being a 

common predictor. Effective SMS use is linked to a high 

safety culture, but weak justice elements exist [137]. 

Industrial safety in India faces high death/injury rates, 

and SMEs lack resources/awareness to implement 

SMS effectively. Top management commitment and 

employee engagement are critical, and predictive 

models, safety intelligence, and sensor-based systems 

can enhance performance [138].

Cultural impacts on safety performance have also 

been examined, with cultural differences affecting the 

perception and adoption of SMS [139]. Cost uncertainty 

and poor risk management are critical barriers to both 

SMS and project success in construction [140].

Conclusion

Workplace injuries have effects that extend far 

beyond the day of the accident. Elevated mortality 

risks can persist for years and are shaped by worker 

demographics, industry conditions, organizational 

safety climates, and access to care.

The large differences observed across regions, 

industries, and populations indicate opportunities for 

targeted prevention and support. Migrant workers, 

older employees, and those in high-risk industries 

are particularly vulnerable and should be central to 

policymaking efforts.

Overall, workplace safety policies must broaden their 

scope to prevent accidents and ensure quality post-

injury care, effective return-to-work systems, and long-

term health monitoring. 
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