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Abstract

Multiple changes are influencing work, workplaces and workers in the US including shifts in the 

main types of work and the rise of the ‘gig’ economy. Work and workplace changes have 

coincided with a decline in unions and associated advocacy for improved safety and health 

conditions. Risk assessment has been the primary method to inform occupational and 

environmental health policy and management for many types of hazards. Although often focused 

on one hazard at a time, risk assessment frameworks and methods have advanced toward 

cumulative risk assessment recognizing that exposure to a single chemical or non-chemical 

stressor rarely occurs in isolation. We explore how applying cumulative risk approaches may 

change the roles of workers and employers as they pursue improved health and safety and 

elucidate some of the challenges and opportunities that might arise. Application of cumulative risk 

assessment should result in better understanding of complex exposures and health risks with the 

potential to inform more effective controls and improved safety and health risk management 

overall. Roles and responsibilities of both employers and workers are anticipated to change with 

potential for a greater burden of responsibility on workers to address risk factors both inside and 
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outside the workplace that affect health at work. A range of policies, guidance and training have 

helped develop cumulative risk assessment for the environmental health field and similar 

approaches are available to foster the practice in occupational safety and health.
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1. Introduction

There are many changes influencing work, workplaces and workers in the US. Broad 

changes in the economy have caused shifts in the main types of work from manufacturing to 

services (Pew Research Center, 2016; World Economic Forum, 2016). Other industries, such 

as construction and healthcare, remain important but demographics, tools, processes, 

materials and the way work is organized is changing and will likely continue to change 

(World Economic Forum, 2016). These changes include non-standard employment 

relationships such as increases in use of independent contractors and transient workers (Katz 

and Kreiger, 2016) and more work happening outside of traditional workplaces. Temporary 

and contract work can offer flexibility of work hours and the chance to develop a variety of 

skills, both potentially desirable attributes for some workers. However, such arrangements 

usually have a negative impact on protections provided on the job including safety training, 

personal protective equipment, and availability of benefits such as health insurance coverage 

or paid leave (Boden et al., 2016). Greater rates of injury and illness outcomes have been 

observed in workers in non-standard work arrangements (Virtanen et al., 2005; Benavides et 

al., 2006; Smith et al., 2010; Asfaw et al., 2012). Technological advances are also 

dramatically changing the nature of work, leading to the elimination of some jobs and the 

creation of others. Some technologies permit the same level of production with fewer 

workers or allow for the use of less skilled labor, while other technologies require workers to 

learn new skills if they wish to continue employment (World Economic Forum, 2016). Work 

and workplace changes have coincided with a decline in unions and associated advocacy for 

improved safety and health conditions (Boden et al., 2016).

Workforce demographics have also changed over recent decades with increased diversity 

with regard to age, gender, race and ethnicity (Boden et al., 2016; Lerman and Schmidt, 

2017). Other trends in personal health such as wearable technology (e.g., activity monitors 

and other health-related sensors), genetic profiling and adoption of electronic health records 

can introduce new types of data and data analysis into prevention, health promotion and 

health care efforts. These trends present challenges and opportunities for occupational health 

and safety professionals that may be addressed in part through the incorporation of risk 

assessment principles and risk management practices, including those developed under the 

National Institute for Occupational Safety and Health (NIOSH) Total Worker Health 

Program®.
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1.1 Cumulative risk assessment

Risk assessment has been the primary method to inform occupational and environmental 

health decision making for many types of hazards (chemical, physical, microbial, 

radiological, ergonomic, etc.) (NRC, 1983, 2009). Risk-based decision making includes 

three phases: problem formulation and scoping; planning and conduct of risk assessment; 

and risk management (NRC, 2009). The core risk assessment process includes: hazard 

identification; dose-response assessment; exposure assessment; and risk characterization 

(NRC, 1983, 2009). The resulting characterization of exposures and risks is designed to be 

used to develop interventions or policies to reduce exposure and risk (i.e., risk management). 

This paper adopts a broad concept of risk assessment encompassing a variety of activities to 

identify hazards affecting worker health and safety. The complexity and scope of a risk 

assessment will vary greatly depending on the hazards present, the work process, the 

industry, and the size of the business; risk management interventions will similarly vary. The 

risk assessment process (and subsequent management activities) can be used in many 

contexts, e.g., at a particular workplace or for a certain type of worker across different 

workplaces. A risk assessment may be focused on particular hazards or stressors (stressor-

based) or may address a health problem for a group of workers such as those with hearing 

loss or respiratory disease (an effects-based assessment) (Menzie et al., 2007).

The risk assessment process was developed (and is still typically applied) to address one 

hazard at a time. However, the risk assessment field has begun to develop frameworks and 

methods for understanding cumulative risk, defined by US Environmental Protection 

Agency (EPA) as “the combined risks from aggregate exposures to multiple agents or 

stressors” (US EPA, 2003). The cumulative risk definition has two aspects: first, the concept 

of aggregate exposure meaning that all sources and pathways of exposure are identified for a 

particular hazard or agent; and second, that real-life exposures are not limited to single 

hazards and that multiple hazards and types of stressors are present and should be evaluated. 

Methods and applications of cumulative risk assessment (CRA) are still developing. US EPA 

and the Agency for Toxic Substances and Disease Registry have incorporated aspects of 

CRA into a number of different contexts with emphasis on aggregate exposure assessments 

in some cases and attention to multiple chemicals (mixtures) in others, see Table 1. Moving 

beyond chemical mixtures to develop assessments of multiple stressors (chemical and non-

chemical) remains challenging (Fox et al., 2017; NRC, 2009). Approaches to these more 

complex assessments include the need for screening steps to simplify analysis, qualitative 

methods, and semi-quantitative scores or indices to combine disparate types of data (US 

EPA, 2007; Moretto et al., 2017).

To date, CRA has been primarily applied to understand exposures in the ambient and social 

environments to evaluate ecological or general population health (Fox et al., 2017). Efforts 

are underway to recognize cumulative exposures and advance the practice of CRA for 

worker health and safety. For example, Schulte et al. (2012) presented several 

“combinatorial models” of personal risk factors and occupational hazards (multiple hazards 

or stressors); and Lentz et al. (2015) described how an aggregate exposure concept such as 

the relative source contribution could result in advances in the development of occupational 

exposure limits. Dotson et al. (2017) described CRA as part of an innovative risk assessment 
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approach for OSH that will inform risk management activities, such as the Total Worker 

Health® (TWH) program discussed below (see Table 2).

The US EPA definition of cumulative risk parallels the conceptual model of the multiple 

determinants of health (Fox et al., 2002). Evans and Stoddart (1990) presented a version of 

this model illustrating that health and well-being are functions of an individual's genetic 

endowment and behavior as well as their social and physical environments (including 

workplaces), disease status and access to health care (often employer-based). Assessing risks 

to health of a population under this model requires attention to these multiple influences. 

Fig. 1 helps illustrate the concepts embodied by CRA. Even when focused on the health of 

workers in the occupational domain, as illustrated in the figure, there is the potential for the 

influence of multiple stressors originating from sources across multiple domains including at 

the individual level (behavior, genetic), the community level, and the ambient environment.

A health and safety assessment conducted under this type of comprehensive framework has 

the potential to inform new risk management approaches, exposure reduction strategies, and 

prevention activities addressing multiple stressors in multiple domains. Anticipating that 

such assessments will be conducted in occupational settings, the purpose of this paper is to: 

1) explore how CRA approaches may change the roles of workers and employers as they 

assess and manage health and safety while navigating work and workplace trends; 2) 

identify barriers and benefits to adoption of the CRA approach among workers; and 3) 

identify the challenges and opportunities that might arise for employers with adoption of a 

CRA approach. To begin, current roles of workers and employers in OSH practice are 

described. We then introduce several cumulative risk case examples designed to describe a 

range of potential cumulative exposure and health risk issues. Finally, we explore how 

application of cumulative risk assessment approaches could change existing health and 

safety roles, practices and concerns of workers and employers.

2. Part I: what are the current roles, motivations, and concerns?

Occupational safety and health statutes identify the roles and responsibilities employers have 

in protecting workers. In the OSH Act (P.L. 91-596), Congress explained that its purpose is 

“to provide for the general welfare, to assure so far as possible every working man and 

woman in the Nation safe and healthful working conditions and to preserve our human 

resources”. The OSH Act recognizes that both employers and employees have “separate but 

dependent” roles in improving occupational health and safety. The employer role has two 

parts: to provide a safe workplace; and to comply with standards promulgated under the 

OSH Act. The employee role is to comply with rules, regulations, and orders under the OSH 

Act that relate to his/her actions. Title I of the Americans with Disabilities Act (ADA) (42 

USC 42 U.S.C. § 12101 and amendments P.L. 110-325) prevents discrimination in the 

workplace and constrains an employer's ability to obtain disability information and medical 

examinations; it also requires employers to implement reasonable accommodations such that 

a disabled individual can perform essential job functions and generally ‘enjoy equal 

employment opportunities’. The various responsibilities and practices that have been 

established to realize the purposes of the OSH Act and ADA are introduced below for 
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employers and for workers. This section also includes discussion of employer and worker 

concerns related to their respective roles.

2.1. Employer roles and concerns in occupational safety and health management

Broad variability exists in the perspective of the employer when it comes to occupational 

safety and health, depending on factors such as the size of the company, the type of work 

being done, and the hazards present in the workplace. Broad variability also exists in the 

utilization of risk assessment to prevent workplace injuries and diseases. According to 

OSHA, employers have a responsibility to provide a workplace free from serious recognized 

hazards and comply with standards, rules and regulations issued under the OSH Act as well 

as examine workplace conditions to make sure they conform to applicable OSHA standards 

(OSHA, 2017b). A critical element of any effective safety and health program is a proactive, 

ongoing process to identify and assess hazards in the workplace that could lead to injury, 

illness, or incidents (OSHA, 2017a). In other words, risk assessment is necessary for 

workplace injury and disease prevention. Government agencies utilize risk assessments to 

inform policy decisions, and from an occupational standpoint, develop exposure limits for 

chemicals, radiological agents, noise, and other potential hazards. In similar fashion, many 

employers utilize risk assessments for identifying, prioritizing, and controlling hazards in the 

workplace. Risk assessment is an important tool for the development of appropriate controls 

to address occupational risk factors. American National Standards Institute (ANSI, 2012) 

states, “Risk assessments have been an integral part of the practice of safety for many years. 

Risk assessment outcomes can be used to understand the relative levels of risk in the 

workplace and the importance of identifying strategies to reduce risk”. Modern incident 

causation models reflect the ideas of multiple causes, multi-linear interactions of causes and 

effects, and multiple opportunities for control (ANSI, 2012). Although, there is wide 

variability in the application of risk assessments in the workplace as well as their 

complexity, there are risk assessment tools available to help all enterprises better protect 

employees (e.g., OSHA, 2017a).

Cumulative risk assessment (CRA) will be a valuable tool for employers in carrying out core 

safety functions. An early step in the development of an effective occupational safety and 

health program is the identification and assessment of risks in the workplace (OSHA, 

2017a). Risk identification typically involves a mixture of past experiences, historical data, 

and multiple information sources including incident histories at similar firms. These past 

incidents are rarely the outcome of a single root cause. Popular root cause analysis 

techniques consider the overlapping contributions of multiple factors, including human 

errors, mechanical failures, procedural shortcomings, and management system failures 

(Rooney and Vanden Heuvel, 2004). Each of these potential causes of unwanted incidents 

can be influenced by factors from occupational, personal, community, and environmental 

domains.

The CRA approach can benefit employers in prioritizing risks in the workplace by allowing 

consideration of multiple risk factors including personal and community risk factors along 

with occupational, providing a more holistic evaluation of risks impacting the workforce. 

For example, if the risk assessment only took into consideration the occupational risk factors 
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for the development of heart disease, then these risks may be considered low and not 

significant enough to warrant interventions. However, if the risk assessment took into 

account personal, community, environmental, and occupational risk factors for heart disease, 

then the risk may be much higher in the prioritization phase warranting the implementation 

of interventions to reduce the risk in the workplace. CRA provides a framework for the 

assessment of multiple risk factors coming from multiple domains; the results of which will 

enable employers to develop more effective controls for the workplace.

The OSHA standards present the minimum compliance required of employers to achieve the 

purpose of the law. However, given that the costs of worker injuries and illnesses affect both 

productivity as well as healthcare costs (e.g., Finkelstein et al., 2005, 2010; Meraya and 

Sambamoorthi, 2016), many employers invest time and money to strive for an injury-free 

and healthy workforce, going beyond what is required for compliance. Not all employers 

will recognize the benefit of utilizing a CRA approach for occupational safety and health 

programs, but the employers that work to achieve a strong safety culture and to minimize 

injuries and illnesses to the extent possible are more likely to see the value in CRA 

approaches.

It should be noted that occupational disease doesn't always impact the financial success of a 

business because it may not surface during employment or it may not be recognized as 

occupational in origin. Furthermore, the traditional mature manufacturing employer is not as 

prevalent in today's economy as it once was in the U.S. As more and more American 

workers are obtaining temporary positions and working as independent contractors, the 

situation can be very different from that previously described. Independent contractors often 

are not offered health insurance benefits, paid leave time, or have a workplace with an OSH 

program. These workers are more likely to change work settings often and experience much 

more variability in work tasks as they go from job to job. Without the services of an OSH 

program, they are not likely to reap worker benefits from hazard identification and control 

efforts (Howard, 2017).

2.1.1. Health and well-being policies, programs and practices

Employers are increasingly addressing the health and safety needs of workers on and off the 

job, with many recognizing that a healthier workforce costs companies less through lower 

healthcare costs (Berry et al., 2010). Loss of workers to injury or illness, whether work 

related or not, impacts productivity, employee turnover, re-training costs, and business 

continuity. Addressing health and safety broadly, i.e. utilizing CRA to consider multiple 

domains of risks and developing controls to reduce those risks, has the potential to account 

for non-occupational risks in conjunction with occupational risks, allowing for more 

effective risk management. Interventions to reduce safety and health risks could include: 

comprehensive occupational safety and health programs; health benefits such as affordable 

healthcare coverage, paid sick leave and disability plans; worker-centered policies around 

flexibility in work schedules and healthier supervisory practices; and the provision of 

employee assistance programs (EAP).

Traditional worker health and disease prevention programs, including workplace health 

promotion programs in the workplace, have grown in number and popularity over the past 
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several decades. According to a national survey conducted by Rand Health, approximately 

half of U.S. employers offer wellness promotion initiatives; however, it should be noted that 

small businesses with fewer than 50 employees were not included in the survey (Rand, 

2013). These programs often include health screenings as well as interventions to reduce 

health risks such as employee benefits like gym memberships, smoking cessation programs, 

weight loss programs and incentives for participation (Rand, 2013). Some reviews have 

shown that, when properly executed with the appropriate goals and worker protections in 

place, well-being programs can achieve both health benefits for workers and financial 

benefits for their company (Goetzel et al., 2014, 2016). These types of programs typically 

require health screenings for employees which may include body mass index, cholesterol, 

and blood pressure for example. For example, employees considered at risk for 

cardiovascular disease or stroke may be offered programs to help manage their risk factors. 

Some may even be required to participate in wellness activities in order to receive lower 

insurance costs. Critics of these programs cite the failures of these programs to address the 

underlying risks to health related to the nature of the work itself, risks related to loss of 

privacy, and penalties for non-participation that make the programs no longer feel voluntary, 

to include cost-shifting of healthcare costs to vulnerable workers (Lax, 2016).

More recently, the Total Worker Health® program at NIOSH has promoted a more integrated 

approach to worker safety and health, on and off the job. NIOSH defines Total Worker 
Health (TWH) as policies, programs, and practices that integrate protection from work-

related safety and health hazards with promotion of injury and illness prevention efforts to 

advance worker well-being. The TWH concept fosters a broad, organizational level focus, 

integrating multiple efforts to advance the health of workers, from the traditional control of 

workplace hazards and exposures, to addressing work organization, compensation and 

benefits, work-life management, organizational culture and leadership, and the community 

and built environment (NIOSH, 2015).

2.2. Worker role and concerns in occupational safety and health management

2.2.1 Training—Although the employer is responsible for providing workplace training 

(typically implemented by the OSH professionals), participating in the training and applying 

the training to work tasks is also part of the worker role in OSH. A systematic review by 

Robson et al. (2010), found that workplace training was effective in increasing worker 

knowledge of hazards and in development and practice of health protective behaviors, such 

as use of personal protective equipment (PPE). The authors have had similar experience with 

effective use of engineering controls, such as local exhaust ventilation, following training 

(Weinstein et al., 2016). As discussed further below, applying CRA approaches to assess 

workplace safety and health issues will likely lead to new management strategies such as 

trainings that address risk factors across multiple domains (Fig. 1 above). Participatory 

approaches that engage workers in the development and during the implementation of both 

CRA and training activities are likely to have a positive impact on the outcome.

2.2.2. Health exams, medical information and privacy concerns—The degree to 

which workers may be required to provide and/or voluntarily disclose health and medical 

information to the employer in the interest of maintaining a safe workplace varies and can be 
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a source of controversy. Such inquiries or exams are generally conducted to ensure that the 

worker is capable to perform work tasks without risk to their own or others' safety 

sometimes defined as “fitness for work” (Serra et al., 2007). For example, one of the most 

common Occupational Safety and Health Administration (OSHA) standards for which a 

medical evaluation is required is the Respiratory Protection Standard (29 CFR 1910.134) 

which requires workers be evaluated for their ability to wear a respirator. In this standard, 

the medical criteria are simply whether the worker is fit or unfit to wear a respirator.

The ADA (and other laws specific to certain occupational groups, e.g., workers exposed to 

hazardous substances) place limits and requirements on employee medical exams and 

disability-related inquiries. Under the ADA, such inquiries and medical exams are prohibited 

prior to an offer of employment but may occur after a job offer is made but before work 

begins as well as after the employment begins (U.S. EEOC, 2000). The context and 

circumstances for exchange of health-related information can vary and may include transfer 

of information from a private physician (with permission of worker/patient per the Health 

Insurance Portability and Accountability Act [HIPAA] of 1996 [P.L. 104-191]), or a visit to 

an occupational health clinic at the workplace, or through a voluntary workplace employee 

assistance or health promotion program. There are several types of health- and safety-related 

tests related to “fitness for work” that are not considered medical examinations per the ADA 

including: tests for use of illicit drugs; physical agility or fitness tests; and psychological 

tests (U.S. EEOC, 2000). Medical information obtained through examination, inquiry or 

disclosed voluntarily is considered a confidential medical record which can be shared only 

under limited circumstances. Acquisition and use of genetic information that may be related 

to health risk including an individual's genetic tests and family history is also regulated and 

may not be used to discriminate for employment purposes (the Genetic Information 

Nondiscrimination Act [GINA] of 2008, P.L. 110-233; U.S. EEOC, 2017). For successful 

adoption and implementation of a cumulative risk assessment approach, ensuring worker 

privacy protections and safeguards to prevent discrimination based upon medical or genetic 

factors will be paramount.

2.2.3. Worker role in risk assessment at work and beyond the workplace—
Strong worker participation is a key to effective risk assessment and management for 

workplace safety and health. Workers will benefit from hazard mitigation and often know 

most about the potential hazards of their job tasks and environment (hazard identification). 

Detailed guidelines for worker participation are available from OSHA (2017a). Participation 

is not limited to reporting hazards and illness but should extend through all aspects of the 

program including planning and set-up, operation, evaluation and program improvement.

In contrast to the OSH professional, who receives specialized training (e.g., core functions 

described above), the worker is primarily focused on their particular job and its tasks. 

Having the structure of core safety functions may facilitate the adoption of CRA for OSH 

professionals but in-turn raises the challenge of changing the worker role. Outlined below 

are examples of how personal, and community factors can influence a worker's health at 

work. Implementing a CRA approach to health at work potentially expands the scope of the 

worker role to modifying or controlling aspects of their personal, home and community 

environments.
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Workers' understanding of the connection between work, environmental and personal 

characteristics and behaviors is essential in optimizing the CRA approach. For example, 

personal behaviors like regular exercise promotes general fitness and can reduce pain (for 

example, Gordon and Bloxham, 2016) and may improve work performance or lower injury 

risk. Smoking and alcohol use are risk factors for many chronic diseases and may interact 

with occupational risk factors to increase risk for disease development (Schulte et al., 2012); 

alcohol and drug misuse affect work through lower productivity (Gmel and Rehm, 2003; 

National Council on Alcoholism and Drug Dependence, 2015). Employers must be mindful 

of the measures they employ when promoting healthy behaviors outside of the workplace 

and that they are respecting the privacy of their employees. To promote healthy behaviors, 

employers may establish workplace programs such as tobacco cessation programs, drug-free 

workplace policies, voluntary EAPs, and health and well-being programs, as noted above. 

But in the CRA approach, it will be critical that initiatives promoting exercise, healthy 

lifestyle and fitness should not be used as a replacement for engineering out occupational 

hazards or for minimizing such hazards. For example, a morning stretching program will not 

be adequate in preventing musculoskeletal disorders in working conditions where equipment 

is poorly designed from an ergonomic point of view or work demands are excessive.

Aspects of a worker's family, community and social environment (at home and at work) can 

have both beneficial and harmful influences on health. For example, various stressors 

including financial hardship and interpersonal difficulties with family, friends or co-workers 

have been shown to increase levels of inflammatory markers associated with cardiovascular 

disease (Sturgeon et al., 2016). Community activities, such as religious attendance can buffer 

the effects of financial hardship (Bradshaw and Ellison, 2010). Social groups may model 

healthy or unhealthy behaviors as well as provide various types of social support, such as 

providing emotional support, problem solving, financial aid, or help with practical tasks 

(Thoits, 2011). These influences on health occur through complex social and cultural 

mechanisms often outside an individual's control. A CRA may identify community and 

social factors that can positively impact the health for particular worker populations or 

communities.

2.3. Part I summary

We have reviewed the important legal bases of OSH programs and presented both employer 

and worker roles and concerns in developing and implementing such programs. The next 

section presents several practical OSH problems that exemplify various aspects of 

cumulative risk including combinations of exposures occurring in multiple domains. 

Analysis and consideration of these examples helps reveal how the application of CRA may 

change the current roles and concerns of employers and workers engaged in OSH programs. 

Understanding these changes brings to light a number of implications, both in terms of 

challenges and opportunities of introducing CRA into OSH programs that are further 

explored in Part III.
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3. Part II: cumulative risk examples

The following examples are drawn from published literature and the authors' own work 

experiences, representing a variety of occupations and workplaces. Because CRA is not 

routinely practiced in the OSH field there are no formal “OSH CRAs” to highlight. These 

examples feature commonplace cumulative work exposures and help to illustrate how CRA 

concepts can be applied to develop a risk management approach. These examples are by no 

means exhaustive of circumstances where a CRA approach could be applied.

3.1. Example 1: work tasks and obesity increase risk of carpal tunnel syndrome (CTS)

3.1.1. Importance—Among nonfatal occupational injuries, CTS is the third ranked in 

median number of days lost from work (25 days) (Bureau of Labor Statistics, 2017).

3.1.2. Populations of interest—Workers in manufacturing, healthcare, agriculture.

3.1.3. Potential stressors/hazards/interactions—Job tasks with high hand activity 

and forceful exertion; worker obesity.

3.1.4. Exposure patterns—Burt et al. (2011) found that a high frequency of exertion 

resulted in tripling of the odds for CTS among the obese, while obesity resulted in doubling 

the odds for CTS among those with at least 15 exertions per minute.

3.1.5. CRA considerations/approach—The combination of a high frequency of 

exertion using the hands at work and obesity increases the odds for CTS more than either of 

those risk factors alone. Considering Fig. 1 and drawing on the Burt et al. (2011) study, the 

exposures of concern originate in three domains, forceful exertion and high hand activity 

from work, and the individual and social/community aspects of obesity (Pachucki and 

Goodman, 2015).

3.1.6. Potential interventions—In this situation, a ‘cumulative risk’ management 

approach to reduce the risk of CTS should address both the forceful exertion risk factor as 

well as obesity across all relevant domains of exposure. Individual, social and workplace 

factors can contribute to obesity. Reducing obesity can include workplace changes that 

mitigate major job stressors, decrease the demands of the work itself, promote worker 

autonomy and flexibility, and address hours of work and wages. Additionally, well-being 

initiatives such as support for adequate break and meal-times, access to facilities for physical 

activity and time to utilize them, and education for employees on healthy meal choices and 

preparation. Policies targeting work organization, worker autonomy and wellbeing combined 

with addressing the nature of the work with the appropriate ergonomic controls can reduce 

the risk for CTS.

3.2. Example 2: shift work, community and environmental exposures increase risk for 
heart disease

3.2.1. Importance—Heart disease has been the most common cause of death in the 

United States for many years (CDC, 2016).
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3.2.2. Population of interest—Shift workers in many sectors, e.g., healthcare, security, 

manufacturing.

3.2.3. Potential stressors/hazards/interactions—Multiple stressors contribute to 

heart disease risk.

3.2.4. Exposure patterns—Shift work contributes to job strain and physiological 

changes that increase heart disease risk (Puttonen et al., 2010); neighborhood deprivation, 

psychological stress, and air pollution also increase heart disease risk (Koulova and 

Frishman, 2014; Steptoe and Kivimaki, 2012; Sundquist et al., 2004); smoking, exercise and 

abnormal blood lipids are examples of well-recognized individual-level risk factors for heart 

disease (Yusuf et al., 2004). Workers on afternoon and night shifts have, on average, less 

education and lower wages than day-shift workers indicating lower socio-economic status 

and suggesting potential for exposure to community and environmental stressors 

(Enchautegui, 2013; Saenz, 2008).

3.2.5. CRA considerations/approach—Stressors originating across all domains of 

Fig. 1 have been associated with heart disease risk. In studies focused on myocardial 

infarction, population attributable risks (PAR) have been derived for job strain and other 

stressors, e.g., Yusuf et al. (2004) calculated PARs of 32.5% for psychosocial factors 

(depression, locus of control, perceived stress and life events) and 13.7% for lack of daily 

consumption of fruits and vegetables; Kivimaki et al. (2012) calculated a PAR of 3.4% for 

job strain. There is a large literature on cardiovascular disease morbidity and mortality and 

ambient air pollution (Du et al., 2016). A multi-faceted cumulative risk management effort 

addressing occupational and non-occupational domains could be developed to reduce and 

prevent heart disease.

3.2.6. Potential interventions—A broad range of community, environmental and 

occupational risk factors have been associated with the development and progression of 

heart disease and related outcomes. However, heart disease risk management is typically 

focused on the individual, e.g., the National Heart, Lung and Blood Institute (NHLBI) 

webpage on coronary heart disease (NHLBI, 2018). In contrast, a risk management approach 

rooted in a CRA would look across all domains of exposure to identify opportunities and 

partners in reducing exposure and risk. For example, there are resources available to guide 

employers in developing shift schedules to reduce and manage related job strain and 

negative consequences (Burgess, 2007; Rosa and Colligan, 1997). In some settings, 

corporate social responsibility frameworks have been used to address community problems. 

Workers may participate in the employer corporate social responsibility program or may be 

active as individuals in community development in other ways. Similarly, environmental 

management frameworks such as ISO 14001 can be implemented by employers to 

understand and reduce environmental impacts of the organization (American Society for 

Quality, 2017).
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3.3. Part II summary

Practical examples introduced the potential of CRA as a framework to comprehensively 

characterize multiple influences on worker health and safety. As a new and developing 

approach, its application and subsequent risk management activities suggest expanding roles 

for both employers and workers.

4. Part III: discussion of the challenges and opportunities of CRA

Application of CRA should result in better understanding of complex exposures, health risks 

and related modifying factors, with the possibility of attributing risk across multiple 

domains. Addressing exposures in this comprehensive manner should lead to the 

development of more effective workplace controls and improved safety and health risk 

management overall.

Table 3 summarizes important implications of CRA for employers and workers. Both 

employers and workers would face some increased responsibilities, challenges and also 

potential benefits. The implementation of CRA also has potential to reduce liability for 

employers in cases where the majority of risk factors are found to be outside the workplace. 

CRA may place a greater burden on workers, as responsibilities may shift to controlling 

risks outside the workplace and more health evaluations may also be necessary as risk 

factors become better understood. Cautions should be taken to ensure that these additional 

burdens do not outweigh the potential benefits that might accrue to workers through the 

CRA approach.

4.1. Moving forward

Several approaches have been used in the development of CRA methods to date. Agencies 

have supported the development of guidance and expert panel reports as well as research 

funding opportunities (US EPA 2003, 2009; NRC, 2008). Scientists have offered 

professional trainings (e.g., Society for Risk Analysis, 2016, 2017). The Food Quality 

Protection Act of 1996 (P.L. 104-170) mandated that US EPA apply cumulative risk 

concepts including aggregate exposure and chemical mixtures assessment in evaluations of 

pesticides with a common mechanism of action. Resources required for each approach will 

vary but development of CRA for OSH could occur through passage of laws, organizational 

policies, trainings, guidance or other mechanisms.

Some resources exist that can guide an OSH CRA. With OSH in mind, Schulte et al. (2012), 

Williams et al. (2012), and Lentz et al. (2015) present introductory examples, lists of 

potential exposures or stressors and a case study, respectively. Other authors have proposed 

general approaches for CRA that feature phased or tiered analyses, although these are 

written with an environmental health rather than OSH focus. Menzie et al. (2007) outline 

approaches (including specific types of data analyses and tools) addressing two potential 

motivations for a CRA: (1) concern about a health effect or an effects-based assessment; or 

(2) concern over multiple stressors or a stressor-based assessment. Moretto et al. (2017) 

presents a step-wise framework for CRA with a focus on evaluating and incorporating non-

chemical stressors.
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A CRA will typically include consideration of community and environmental risk factors so 

OSH practitioners will need community and environmental data that they are not 

accustomed to accessing. Flexible, scalable tools will be needed to accommodate varied 

workplaces and resource levels. Training (of OSH professionals) on both methodology and 

data sources will be required for successful implementation in the workplace, e.g., OSH 

professionals will need to be able to assess and explain how occupational and non-

occupational risk factors contribute to health outcomes of concern and then be able to guide 

workers on mitigating both types of risk factors. Safety professionals will also benefit from 

guidance regarding employee privacy laws including requirements under ADA, GINA, and 

HIPAA, specifically addressing legal requirements surrounding the acquisition of employee 

health data.

In order for CRA to truly be a useful tool for occupational health and safety professionals in 

the workplace several needs must be addressed. Practitioners in this field will need to fully 

understand and be convinced that the benefits offered by this approach outweigh the cost and 

complexity. While this paper presented examples highlighting the application of CRA in the 

workplace, more research is needed to explore and quantify costs and benefits of 

implementing CRA in workplace assessments. Given the increased data needs, potentially 

more complex risk assessment methods, and training requirements for implementing CRA in 

the workplace, incentives should be identified for both workers and employers to fully 

embrace this approach to risk assessment.

The needs and challenges outlined here will be important to inform CRA development going 

forward. A sustained effort will be needed to continue the development of the underlying 

science and to implement CRA within OSH fields. A phased approach to program 

development might include research funding for pilot studies assessing information needs, 

costs, and benefits from employer, OSH professional, and worker perspectives. Results from 

the pilot research can inform: 1) methods development; 2) education campaigns to raise 

awareness of cumulative risk approaches; 3) trainings to disseminate data and methods; 4) 

policy development to provide incentives as needed for CRA program implementation; and 

5) advanced research.

The Total Worker Health® (TWH) program at NIOSH represents a successful model for 

program development that could be used in developing CRA approaches. TWH policies, 

program and practices seek to integrate workplace interventions that protect workers' safety 

and health with activities that advance their overall well-being (NIOSH, 2015). For example, 

the TWH concept promotes research into how new patterns of employment, and emerging 

types of work restructuring, affect overall worker health, safety and well-being. This 

perspective recognizes that new patterns of work organization and nonstandard employment 

arrangements, and their link to illness and injury, are an important occupational exposure 

that needs investigation. At the same time, NIOSH recognizes that non-occupational 

exposures and occupational exposures can act together to produce worker illness and injury 

(NIOSH, 2015); a concept embodied in CRA. The development and application of CRA as 

an OSH approach would complement and help better inform TWH interventions (Dotson et 

al., 2017). Maintaining worker health and workplace safety in the context of a dynamic 

economy requires flexibility and adoption of new tools and approaches, such as CRA.
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Fig. 1. 
Multiple domains of public health influence occupational health.
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Table 1

Selected programs applying cumulative risk assessment concepts.

Concepts Programs References

Aggregate exposure Pesticide exposures from food, water, and home uses are evaluated by the US EPA Office of 
Pesticide Programs US EPA (2002)

When a drinking water standard is established the Office of Water also evaluates exposures to the 
agent of interest from air, food,
etc., as well as water to understand the relative source contribution.

US EPA (2017)

Chemical mixtures
Mixtures of air toxics are evaluated for various non-cancer outcomes, such as respiratory, 
neurological, endocrine, kidney, etc., and
cancer health effects in the National Air Toxics Assessment.

US EPA (2015)

Joint toxicity/interaction Under its mandate to support Superfund, ATSDR developed methods to evaluate joint toxicity 
and interaction of chemical mixtures. ATSDR (2004)
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Table 2

CRA can inform risk management under the TWH® program.

Sources: Dotson et al. (2017), NIOSH (2015), NRC (1983, 2009) and US EPA (1997, 2003).

Cumulative risk assessment
Scoping and problem formulation

Hazard identification
Dose-response assessment

Exposure assessment
Risk characterization

Risk management via Total Worker
Health®

"Policies, programs, and practices that
integrate protection from work-related safety
and health hazards with promotion of injury

and illness prevention efforts to advance
worker well-being."
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Table 3

Implications of cumulative risk assessment on employers and workers.

Implications of CRA Employer Worker

Increased liability or
  responsibility

Engagement in controlling risks both inside and outside 
the workplace even when
workplace risk alone is small, e.g., providing education 
to workers on strategies to
manage risks outside the workplace

Greater importance of managing risks in home, social
environment, and community Need to participate in more 
complex health assessments or
fitness for work evaluations and potential threats to privacy
Greater burden on workers to demonstrate impact of
occupational exposure contribution to disease burden

Reduced liability or
  responsibility

More accurate assessments may reduce employer 
liability where a majority of risk
factors lie outside the workplace

Other challenges
Managing desirability of certain jobs or workplaces
Addressing risks outside of work without impinging on 
privacy of workers

Increased potential for discrimination due to personal,
genetic or behavioral risk factors
Increased employer intervention into personal life

Other benefits More comprehensive assessment framework/tools Better understanding of risk to inform personal health
decisions; improved health and well-being

Environ Int. Author manuscript; available in PMC 2019 June 01.


	Abstract
	Introduction
	Cumulative risk assessment

	Part I: what are the current roles, motivations, and concerns?
	Employer roles and concerns in occupational safety and health management
	Health and well-being policies, programs and practices
	Worker role and concerns in occupational safety and health management
	Training
	Health exams, medical information and privacy concerns
	Worker role in risk assessment at work and beyond the workplace

	Part I summary

	Part II: cumulative risk examples
	Example 1: work tasks and obesity increase risk of carpal tunnel syndrome (CTS)
	Importance
	Populations of interest
	Potential stressors/hazards/interactions
	Exposure patterns
	CRA considerations/approach
	Potential interventions

	Example 2: shift work, community and environmental exposures increase risk for heart disease
	Importance
	Population of interest
	Potential stressors/hazards/interactions
	Exposure patterns
	CRA considerations/approach
	Potential interventions

	Part II summary

	Part III: discussion of the challenges and opportunities of CRA
	Moving forward

	References
	Fig. 1.
	Table 1
	Table 2
	Table 3

