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The proportion of older workers has increased substantially in recent years with over 25% of the 

Canadian labour force aged ≥ 55 years. Along with chronological age comes age:related declines 

in functional capacity associated with impairments to the cardiorespiratory and muscular 

systems. As a result, older workers are reported to exhibit reductions in work output and in the 

ability to perform and/or sustain the required effort when performing work tasks. However, 

research has presented some conflicting views on the consequences of aging in the workforce as 

physically demanding occupations can be associated with improved or maintained physical 

function. Furthermore, the current methods for evaluating physical function in older workers 

often lack specificity and relevance to the actual work tasks, leading to an underestimation of 

physical capacity in the older workers. Nevertheless, industry often lacks the appropriate 

information and/or tools to accommodate the aging workforce particularly in the context of 

physical employment standards. Ultimately, if appropriate workplace strategies and work 

performance standards are adopted to optimize the strengths and protect against the vulnerability 

of the aging workers, they can perform as effectively as their younger counterparts. Our aim in 

this review is to evaluate the impact of different individual (including physiological decline, 

chronic disease, lifestyle and physical activity) and occupational (including shift work, sleep 

deprivation, and cold/heat exposure) factors on the physical decline of older workers, and 

therefore the risk of work:related injuries or illness.  

����������aging, worker, work ability, functional capacity, health, fitness, exercise��
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The demographics of the labour force are rapidly changing such that the proportion of workers 

aged 45 and older has increased by as much as 50% in the past 20 years in most industrialized 

countries (CDC 2012b). By 2030, the number of people ≥65 years in the United States is 

projected to double, representing 20% of the total US population (CDC 2012b). In Canada, one 

person out of four in the labour force is ≥55 years.  Notably, worker age in many physically 

demanding occupations has risen at an even greater pace (Statistics Canada 2011). These trends 

raise many serious questions about our readiness and ability to protect our aging workers 

especially given the observation that physically demanding jobs may accelerate the age:related 

reductions in work capacity. 

Aging has been defined as the “�����������	�
������������������
���
���������
����������

��� �� �������� 	��� ��� �������� ����������
�� 	�����������” (Rose 1991) and as a “
�������

�������
�� ���
���� ��� ���
�� 
������ �� ����
����� 
�������� �	� ����� ������� ������� ��� �

�������������������������	�����
�����	�
��������������	��������������������	�������������

��� ���������	������������ ����������� (Chodzko:Zajko et al. 1987). In the context of the older 

worker, these age:related changes invariably lead to changes in work capacity and performance 

ultimately affecting worker health and safety.  

The complex relationship between age and occupational safety and health is not well 

understood especially in the context of physically demanding occupations (e.g. firefighting, 

mining, electrical utilities work, construction and others). Some reports have indicated that older 

workers experience fewer work:related accidents (Shishlov et al. 2011; Schwatka et al. 2012), 

although others suggest that they have a proportionally higher frequency of injury (and fatalities) 

than their younger counterparts (Lowery et al. 1998; Kemmlert et al. 2001). Irrespective of these 
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differences, age:related changes in physical and cognitive function place older workers at greater 

risk of experiencing more severe workplace injuries and illnesses, and therefore more absent 

days (Farrow et al. 2012). However, to date there remains a paucity of information related to 

age:specific injury rates in highly demanding occupations such as firefighting, mining, electrical 

utilities work. In general, age:related reductions in physical work capacity are first observed 

between the ages of 40 and 50, albeit changes can occur as early as 20 years. These reductions 

are largely attributed to decreases in in aerobic (~40% between the ages of 30 and 65 years) and 

musculoskeletal (~15 to 20% by 60 years of age) capacity which can be exacerbated by chronic 

health disorders and may in part explain the increased incidence of job:related injuries and 

fatalities (Figure 1) (Kenny et al. 2008). However, the extent of the decline in physical 

functioning, and therefore the risk of work:related injuries or illness, is dependent on a myriad of 

individual factors including lifestyle, level of physical activity and fitness, and general health.  

According to the Centers for Disease Control and Prevention, the age of 40 years is used 

as a starting point for the “older worker” (CDC 2012a), albeit other agencies and organizations 

have used ages up to 55 years as the threshold. As recently as 2013, the Bureau of Labour 

Statistics reported the median age of all industry personnel to be 42.4 years, with up to a median 

of 50 years for workers in industrial manufacturing and up to 47.2 years in coal mining (BLS 

2013). Subsequently, of all the industry workers, 45% are ≥45 years with 22% and 5% being ≥55 

and ≥65 years, respectively. Importantly, the proportion of workers ≥65 years reached as high as 

20% in industries of agriculture and forestry (BLS 2013). Collectively, it is clear that while older 

workers can be classified as those in the middle stages of their career (i.e., ~40 years), our 

definition of the “older worker” must also shift with the rapidly increasing age of the workforce. 
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While age:related changes in physical and cognitive function are inescapable, they do not 

consistently lead to poor worker performance and productivity. In fact, if appropriate workplace 

strategies are adopted to build upon the strengths and protect against the vulnerabilities of 

workers as they age, older workers can perform as effectively as their younger counterparts 

(Zavanela et al. 2012). However, in many situations industry lacks the appropriate information 

and/or tools to implement appropriate work management strategies to protect their vulnerable 

workers. For example, the American Conference of Governmental Industrial Hygienists 

Threshold Limit Values (TLVs) is commonly used for managing work activities in hot 

conditions. The TLVs refer to the daily level of heat stress to which all workers may be exposed 

with low risk of adverse effects. The values are based on the assumption that nearly all young, 

well hydrated and acclimatized workers should be able to function effectively under a given 

working condition without exceeding a core temperature of 38.5°C. Within its application, the 

issue is whether this limit provides adequate protection for all workers including the most 

vulnerable, namely the older worker especially those with chronic health conditions (e.g. 

diabetes, hypertension, obesity, etc.). Employers have a duty to take every reasonable precaution 

to develop policies and procedures to protect all workers, including the most vulnerable; 

however, more research is required in the consequences of work:related factors on worker 

health, performance and productivity in order to achieve this objective.      

 By anticipating and adjusting for the physical changes experienced by older workers 

through well:organized and supported work:site health management strategies, aging workers 

can remain healthy while performing physically demanding jobs safely. Many employers are 

aware that such efforts are necessary, but most have not yet addressed them in large part because 

of a lack of knowledge and information available for guidance. This is best evidenced by an 
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overwhelming lack of physical employment standards across numerous disciplines wherein 

employees are held to the same standards regardless of characteristics which may impact their 

capacity such as age, sex and/or the presence of chronic health conditions. Employers who 

establish age:friendly workplaces that promote and support the work ability of employees as they 

age are likely to be more successful in maintaining worker safety and productivity, ultimately 

optimizing their competitiveness and sustainability. However, in many occupations, especially 

those requiring high sustained physical efforts, it may not be possible to accommodate the work 

demands with the capacities of the workers. In such situations it will be necessary to assess if a 

worker is ‘Fit for Duty’ and therefore physically capable of performing the required job/task 

safely without undue levels of physical strain and fatigue. 

The task of identifying whether or not an older worker may be able to perform a given 

job is made more difficult by the fact that there is high degree of diversity in the jobs performed 

within a given occupation. There are few age:related studies to date that have examined how 

measures of decrease in physiological function (e.g. cardiorespiratory fitness, musculoskeletal 

capacity along with flexibility, eye sight, and hearing) can be used to determine the changes in 

work ability especially in older workers. Moreover, while there have been studies examining the 

energy demands in physically demanding occupations (Kenny et al. 2012; Meade et al. 2015), 

few have examined these responses in the context of the older worker. While changes in the 

work environment and/or conditions can be made to suit the functional capacity of the aging 

worker, a good understanding of the nature of the work performed and the work environment 

would be required to identify possibilities for work accommodations. This should include 

programs aimed at the maintenance of functional capacity which may be implemented via 1) a 

high quality health surveillance program (e.g., in:service health assessments) over the career of 
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the worker, especially in those performing physically demands jobs (Sluiter 2006) and 2)  a 

workplace health:enhancing physical activity strategy to manage the health and functional 

capacity of the worker. The inclusion of such a program will help to prevent and manage the 

decrements in physical work capacities that the aging worker will experience. 

In the following sections, we will examine in greater detail the physiological changes 

associated with age:related decrements in physiological function and the impact it can have on a 

worker’s ability to perform physically demanding jobs. Specifically, we will outline the recent 

evidence detailing the age:related decrements in cardiorespiratory and musculoskeletal function 

and the additive effects of chronic health conditions. In addition, we will present the net 

consequences of the age:related decrements in functional capacity, the additional occupational 

challenges for older workers, and the challenges faced by employers along with postulated 

strategies that could be implemented in order to facilitate the older and more vulnerable workers 

to continue meeting occupational demands. 

� �
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As a consequence of the aging workforce, employers are facing complex issues concerning older 

workers that are continuing to work despite pronounced impairments in physiological function 

(Figure 1). While workers must possess a certain level of physical ability in order to perform 

various tasks to remain as contributing members to their employer, workplaces must be tasked 

with providing a work environment and work hours that accommodate older individuals. 

However, the increasing proportion of older workers has not yet been met with a decline in 

occupational demands, making it increasingly difficult for workers to continue meeting 

productivity requirements and safety standards. For example, a recent study reported that 

electrical utilities workers did not alter work output based on age. Even at higher levels of 

physiological strain, work output remained constant which lead to 75% of workers exceeding the 

TLV for core body temperature (Meade et al. 2015). While tasks associated with many 

physically demanding jobs are at particular risk for increasing work:related injury in older adults, 

even repetitive sedentary tasks (reading, typing, etc.) may cause limb strain in such workers.  

In the workforce, the primary contributor to reductions in work ability, productivity, and 

absence due to illness is the presence of health problems and/or susceptibility to injury (Leijten 

et al. 2014). Older adults are at greater risk for a number of afflictions including chronic health 

conditions and work:related injuries which can lead to a reduced maximal capacity. 

Consequently, older workers may be required to work at a much greater percentage of their 

maximum ability. Noteworthy, the level of risk varies greatly between individuals and depends 

on several factors including genetics, lifestyle, and current health status. Taken together, it would 

be most effective for workplaces and older individuals to establish guidelines collectively for 
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workers and develop realistic expectations regarding assigned tasks, productivity standards, and 

time:at:work to optimize day:to:day operations and efficiency. 

�

���*���	�����������
����
�������	���
����
  

Aging in humans is closely associated with progressively increased risk for chronic health 

conditions and functional disability (Figure 1). However, it is important to note that even healthy 

older adults exhibit important decrements in physical function which can impact their ability to 

perform at work. Organ systems (i.e., cardiovascular, respiratory, and muscular systems) may  

decline by as much as ~2% per year after age 30 (Sehl et al. 2001). More recently, Nelson et al. 

(2010) reported an average decline of 8% in maximum oxygen consumption (a strong predictor 

of all:cause mortality) per decade between the ages of 30 and 69 years in healthy adults with jobs 

as corporate managers or administrators. In a subgroup of individuals followed longitudinally 

(~7.3 years) and given individualized health and fitness counselling, the decline in maximum 

oxygen consumption was decreased – although not eliminated – to only 0.4% per year (or 4% 

over a decade) (Nelson, Petersen et al. 2010). As a result, the average physical work capacity of 

a 65:year old can be reduced by up to ~50% compared to an average 25:year old worker 

(Ilmarinen et al. 1999). On the other hand, research has clearly indicated that the age:related 

changes in physiological function can be dampened by various factors including physical 

activity. This notion has brought to light the concepts of biological (i.e., changes to the organ 

systems) versus chronological aging (i.e., changes associated with age and the passing of time) in 

humans such that the numerical age of an individual (e.g. 70 years of age) does not always 

equate to a given level of physical capacity. For example, recent studies by Leyk and colleagues 

(Leyk et al. 2009; Leyk et al. 2010) indicated that performance losses are strongly related to a 
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sedentary lifestyle rather than chronological aging. However, it is important to note that while 

regular physical activity (among many other factors) may delay the process of age:related 

decrements in physical function, there is currently no way to halt it indefinitely. 

�

�	����+	����	���
����
�

�������
� �	� 	������
� ���
������ It is well established that cardiac remodeling (i.e., 

ventricular hypertrophy) along with impairments in contractility and relaxation develop 

progressively with increasing age. Importantly, the consequences of these alterations do not 

appear at rest (Martin et al. 2015). In contrast, during physical work the impairments in 

contractility in older adults lead to a diminished increase in ejection fraction by up to 20% and a 

consequent reduction in cardiac output compared to younger individuals (Hawkins et al. 2003; 

Martin et al. 2015). Similar to systolic function, changes in diastole only become evident during 

episodes of physical work. In young adults, early diastole is associated with rapid ventricular 

filling and modest atrial contraction whereas older adults exhibit a ~50% reduction in early 

diastolic filling during physical exertion (Groeller 2008; Lucas et al. 2015). However, by 

producing a more vigorous atrial contraction, older adults are able to maintain similar end:

diastolic volumes relative to their younger counterparts (Groeller 2008). Therefore, blood 

delivery to working muscles can be markedly reduced in older adults, leading to a reduction in 

work ability and performance which may be exacerbated when work is performed in hot 

environments as the competition for blood flow between the working muscles and the skin is 

heightened. 

��	�
��	���
��������������������The sympathetic branch of the autonomic nervous 

system governs cardiac contractility and output as well as peripheral resistance (i.e., afterload). 
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However, the age:related increase in resting sympathetic tone (i.e., reduced capacity to increase 

during stress) combined with the reduced sensitivity to changes in sympathetic stimulation limits 

the ability of the aging heart to increase heart rate during exertion (Hawkins and Wiswell 2003; 

Bellew et al. 2005; Fleg et al. 2005) which ultimately reduces the capacity to increase blood 

supply to the working muscles. Consequently, older adults rely more heavily on increasing 

stroke volume for increases in cardiac output relative to their younger counterparts (Martin, 

Farrah et al. 2015). Alternatively, changes in aging blood vessels can manifest as a marked 

reduction in elasticity (Greenwald 2007) and thereby increased stiffness which leads to an 

increase in cardiac afterload. Furthermore, recent findings have indicated that vasodilator 

capacity can be reduced by up to 45% in older adults due to decreased nitric oxide and 

prostaglandin production from the endothelium (Schrage et al. 2007). Collectively, the 

reductions in cardiac output and in the capacity of vasodilation can lead to substantial 

perturbations in the delivery of oxygen to the working tissues and ultimately work ability. 

 

$����
	����
����
 

While the trends of pulmonary function associated with aging are highly variable, 

optimal pulmonary function typically occurs between 20:25 years of age. With age comes 

pronounced impairments in compliance of the chest wall and lung tissue associated with  

increased chest wall stiffness due to rib joint calcification (Estenne et al. 1985) and reduced 

parenchymal elasticity (Janssens 2005; Ramly et al. 2015). While these opposing changes will 

result in similar total lung capacities between young and older individuals (Vaz Fragoso et al. 

2012), they do lead to reductions in ventilatory efficiency (Spirduso 2005; Kenny et al. 2008). 

For instance, older workers can have increased work of breathing by up to 175% relative to their 
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younger counterparts during physical exertion at 60% of cardiac reserve (Chaunchaiyakul et al. 

2004). Furthermore, older adults can present with a marked decrease in respiratory muscle 

strength and endurance by ~75% which can impair efforts to cough and eliminate secretions 

(Kenny et al. 2008; de Oliveira:Maul et al. 2013). Consequently, older workers are at particular 

risk when working in environments with poor air quality.  

Despite similarities in total lung capacity throughout the lifespan, there are important 

changes in air exchange that occur. Residual volume is markedly increased by the reduction in 

lung elasticity, and the combination of air trapping and lung hyperinflation lead to increases in 

functional residual capacity. Among the consequences of these changes include greater levels of 

alveolar collapse due to lower inspiratory and expiratory pressures (Groeller 2008; Vaz Fragoso 

and Gill 2012) as well as reduced forced vital capacity (Vaz Fragoso and Gill 2012). In 

particular, forced vital capacity has been shown to decrease by ~30 mL per year (~25 mL per 

year for females) or 4:5% per decade (Marks 2002; Hollenberg et al. 2006). Ultimately, age:

related changes in lung volumes can lead to differences in gas exchange due to impaired 

ventilation:perfusion matching (i.e., suboptimal distribution of ventilation) (Janssens 2005; 

Ramly et al. 2015) as well as increased alveolar dead space (American Thoracic Society 2003; 

Ramly et al. 2015). It is important to note; however, that these changes can be vastly exacerbated 

by smoking. 

�

���������������
� 

The changes in body composition associated with increasing age have been reported to largely 

account for the differences in physical functioning and work ability. In particular, older adults 

tend to have greater body fat and less muscle mass. These changes are multifactorial such that 
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they exhibit components from changes in hormone signalling, metabolic activity, dietary intake, 

and physical activity. Consequently, increasing age is associated with increases in body mass 

index (BMI), which in turn is associated with poor muscle quality and incidence of chronic 

disease. In the context of work ability, higher body fat is related to pronounced decreases in 

physical capacity as well as higher rates of disability in workers and is said to more strongly 

explain the reduction in physical performance compared to the change in thigh muscle area 

(Tseng et al. 2014).  

The accumulation of body fat in the visceral tissues, muscles, and blood vessels of aging 

humans is strongly associated with poor physical performance and disability (Brady et al. 2014). 

Notably, obesity has been regarded as the leading cause of disability among older adults (Ogden 

et al. 2012). Approximately 40% of older adults are obese (BMI >30 kg/m
2
) and such individuals 

are ~60% more likely to develop marked functional declines (Schaap et al. 2013). Obesity also 

puts older adults at particular risk for cardiovascular disease, diabetes, and cancer which 

indirectly exacerbate the functional decline and impact work ability (Chang et al. 2012). As 

detailed below, older adults often exhibit reductions in cross:sectional muscle area (i.e., 

sarcopenia). While both sarcopenia and obesity can independently impair physical function, a 

recent study implicated older adults with sarcopenic obesity to have the greatest declines in 

physical function and that the prevalence of this phenotype is rapidly growing (Brady et al. 

2014). Importantly, females tend to have reduced physical function relative to males throughout 

the lifespan and this partly explains the discrepancy in work ability between older males and 

females (i.e., females have a lower baseline physical capacity) (Vincent et al. 2010). These sex:

related differences may be further explained by a combination of higher body fat, greater muscle 
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fat infiltration, and/or lower muscle mass in older females; however, recent work indicates that 

the rate of decline between sexes is similar (Tseng et al. 2014).  

 

,�������-����	���	�	�����

Noticeable declines in muscular strength and endurance become evident as late as 65 

years such that a deterioration of ~25% compared to those at 30 years of age is observed (Gall et 

al. 2004). The primary factor underlying the impairments in musculoskeletal capacity is lost 

muscle mass (i.e., sarcopenia) (Bellew et al. 2005; Delmonico et al. 2009). Sarcopenia can begin 

at the age of 30 and lead to ~30% reduced cross:sectional muscle area by age 65 (Doherty 2001). 

These reductions appear to be more pronounced in the lower extremities and are attributed to a 

combined decline in the number and size of skeletal muscle fibres (Marks 2002; Kenny et al. 

2008). The major contributor to age:related sarcopenia is the simultaneous neuromuscular 

alterations such that there is selective age:related denervation of motor units, particularly type II 

fibres (Callahan et al. 2011; Miller et al. 2013). As a result, there is a proportional shift towards 

type I muscle fibres and an increase in the size of the remaining motor units which subsequently 

increases the activation threshold of the muscle and decreases the speed of contraction (Miller et 

al. 2014). Functionally, sarcopenia and denervation can lead to marked reductions in walking 

speed and endurance (Ostchega et al. 2004; Kenny et al. 2008) as well as stability (Brill et al. 

2000; Kenny et al. 2008), all of which are crucial requirements for adequate work ability in many 

industries. Fortunately, regular resistance training has been shown to delay and even reverse the 

progression of sarcopenia and denervation in aging adults (Parente et al. 2008; Harber et al. 

2009; Toth et al. 2012; Miller et al. 2014). 
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� Muscular strength and endurance are equally (or even more strongly) correlated with 

work ability compared to cardiorespiratory fitness (Kenny et al. 2008). Age:related sarcopenia 

and denervation are associated with a rate of decline in muscular strength of ~12:15% per decade 

after age 50 (Doherty 2001; Kamel 2003) or up to 5% per year (Aoyagi et al. 1992; Savinainen et 

al. 2004), albeit differences exist between isometric and concentric muscular strength. The most 

relevant for workers in construction and mining is isometric strength, which appears to remain 

stable until age 40 (American College of Sports Medicine 2010; Dodds et al. 2014) followed by 

a decline of ~1.0:1.5% per year (Savinainen et al. 2004b; Bellew et al. 2005; Spirduso 2005). 

Notably for older females, the transition from pre: to post:menopause has been related to 

particularly high rates of decline in grip and pinch strength which is associated with the rapid fall 

of ovarian hormone production (Doherty 2003). In contrast, concentric muscular strength is most 

relevant for many other workers including firefighters and nurses. Aging typically presents a 

decline in concentric muscular strength by 8:10% per decade (Walker et al. 2014) and is 

particularly observed in the lower extremities as mentioned above. Taken together, age:related 

sarcopenia and selective denervation can cause particular reductions in musculoskeletal capacity 

and thereby markedly impair work ability in older workers. 

Together with these deteriorations in musculoskeletal capacity, aging is associated with a 

progressive decline in flexibility, coordination and balance – albeit the rate of change is highly 

dependent upon the individual’s general physical fitness and state of health. Age:related 

decrements in strength, which are exacerbated by reduced levels of physical activity and /or 

fitness, can negatively impact balance (Brill et al. 2000; Ostchega et al. 2004). Importantly, 

reductions in lower body muscle strength and power as well as balance are considered important 

contributors to injuries such as falls. Many physically demanding occupations require the 
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execution of complex motor tasks that require the precise coordination and integration of 

multiple large muscle groups (e.g., the trunk, lower limbs and upper limbs). Aging can affect the 

activation pattern such that the recruitment of muscles is negatively impacted leading to reduced 

muscle coordination and balance (Fujiyama et al. 2012; Marques et al. 2015).  While the 

underlying mechanism(s) underpinning this response remains unclear, age:related decreases in 

muscle strength (and muscle atrophy especially in older adults >60 years of age) may be in an 

important contributor (Ikezoe et al. 2015). Furthermore, as recently reported, age:related changes 

in postural control may degrade the integrated coordination of sensory feedback and motor 

execution (Yeh et al. 2015). For workers engaged in the performance of complex physically 

demanding tasks, a greater attention/focus is required to maintain the appropriate level of 

postural and cognitive activity. Relative to their younger counterparts, older adults differ in their 

ability to perform these competitive tasks (i.e., postural and cognitive) such that their ability to 

prioritize the tasks is compromised thereby increasing their risk for loss of balance and therefore 

fall:related injuries (Brown et al. 1999; Bernard:Demanze et al. 2009). Moreover, older adults 

have a reduced ability to stabilise posture following an external perturbation as it is more 

demanding of their attention (Brown al. 1999). Consequently, older workers experience greater 

sprains/strains injuries to the ankle/foot/toes, knees/lower legs, and multiple body parts caused 

by falls as compared to younger workers (Choi 2015). The implementation of health 

management programs which include an aerobic and resistance training component can preserve 

or augment postural stability and dynamic balance (Bellew et al. 2005; Holviala et al. 2006; 

Paterson et al. 2010) – factors which can invariably affect a worker’s functional ability and risk 

of work:related injuries (e.g. falls) (Holviala et al. 2006; Manini et al. 2007; Bernard:Demanze et 

al. 2009). Additionally health management programs that integrate flexibility training 
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interventions can enhance joint range of motion in various joints leading to improvements in 

joint and postural stability and therefore enhanced functional ability (Paterson and Warburton 

2010). 

�

�	����������	�������
��� 

The maintenance of cardiorespiratory fitness is one of the most important aspects of healthy 

aging in humans and can markedly affect all:cause mortality (Kokkinos et al. 2011) as well as 

workers’ ability to perform, especially physically demanding tasks. However, there is a clear 

progressive age:related decline in cardiorespiratory fitness (most commonly assessed by 

maximal oxygen consumption, VO2max) that begins at age 30 (Ilmarinen 2001; Fleg et al. 2005). 

Reports have indicated that the rate of decline in VO2max can be ~5:15% per decade (Hawkins 

and Wiswell 2003; Bellew, Symons et al. 2005; Crawford et al. 2010) or 0.25:1.04 ml·kg
:1

·min
:1

 

per year (Gall and Parkhouse 2004; Savinainen et al. 2004b; Bellew et al. 2005), ultimately 

leading to a decrease in cardiorespiratory fitness of up to 60% by the age of 70. 

Cardiorespiratory fitness depends upon two fundamental concepts: the adequate delivery of 

oxygen to the metabolically active tissues as well as adequate oxygen extraction and utilisation. 

The decline in VO2max with age can be explained by both concepts given the age:related changes 

to the involved organ systems (i.e., heart, lungs, and skeletal muscles). The impaired increase in 

cardiac output together with the changes in pulmonary compliance as well as sarcopenia 

manifest as reductions in VO2max. These changes seen in older adults can result in progressive 

and marked reductions in work ability as well as performance of tasks that are both physically 

and non:physically demanding (Ritvanen et al. 2007; Kenny et al. 2008). Importantly, regular 

physical activity has been shown to blunt, albeit not entirely prevent (down to 0.5% per year), 
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the decline in VO2max in older adults in a dose:dependent manner (Arias et al. 2015; Jebens et al. 

2015).  

����	�������
����Males and females generally adhere to a similar trajectory of a decline in 

physiological function with advancing age (Tseng et al. 2014); however, this is inconsistent for 

the rate of decline in cardiopulmonary function (Hollenberg et al. 2006). While the authors 

reported that absolute VO2max in females was only 77% of that for males, this difference was 

eliminated (down to 5%) when expressed as a function of kilograms of lean body mass. In 

addition, females exhibited a lower rate of decline in VO2max compared to males and this was 

attributed primarily to the changes in maximal heart rate associated with increasing age 

(Hollenberg et al. 2006). Therefore, while males and females usually start with a different 

baseline aerobic capacity (i.e., males have a greater VO2max relative to females), the rate of 

decline in fitness and therefore functional capacity is greater in males. 
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Despite the pronounced age:related mental and/or physical decline, some reports indicate that 

work performance is not affected until age 70 (Tuomi et al. 2001; Farrow and Reynolds 2012). 

While this may reflect benefits of job experience, the productivity losses for both sexes in 

physically demanding jobs is much more apparent and is accompanied by greater relative 

incidence of work:related accidents and/or injuries (Tuomi et al. 2001; Farrow and Reynolds 

2012). Data from several large:scale US surveys indicate increased absenteeism in each decade 

from ~5 to ~18 days for workers aged 20:24 and ≥65 years, respectively (Rogers et al. 2005). 

Moreover, workers ≥65 years have a work:related fatality rate ~3:fold higher than workers aged 

16–64 years (Pratt 2003). The following sub:sections discuss the impact of age:related changes 

in physiological function and work ability on the work output in physically demanding jobs. 

 

���	������	����������	�������
����

Several occupational studies have shown that cardiorespiratory fitness declines progressively in 

both men and women by ~10% per decade (Figure 1) (Gall and Parkhouse 2004; Savinainen et 

al. 2004a; Crawford et al. 2010) which can markedly impair the work ability of older workers 

(Ritvanen et al. 2007; Kenny et al. 2008). Nevertheless, the evidence remains inconclusive as 

reduced cardiorespiratory function in older workers is not always associated with increased 

fatigue or attenuated work output (Crawford et al. 2010). The most likely explanation involves 

the factor of seniority which allows older workers to select lighter and less demanding tasks 

which is supported by powerline technicians whereby the older workers performed less pole 

work and more groundwork compared to young workers (Parkhouse et al. 2004). In doing so, the 

older workers tended to adopt the role of a supervisor (which included less physical work) to 
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compensate for the age:associated decline in cardiorespiratory fitness (Parkhouse and Gall 

2004). In turn, the older workers were able to transfer their knowledge and expertise to the 

younger workers. 

 

���	�������������-����	����������	���
���

Aging is accompanied by muscle remodeling and attenuated strength as detailed above (Figure 

1). In construction: and mining:type occupations the most relevant type of strength is isometric, 

which remains stable until age 40 followed by a decline of ~1:5% per year (Savinainen et al. 

2004b; Bellew et al. 2005; Spirduso 2005). On the other hand, concentric muscular strength, 

which is most relevant for many other workers including firefighters and nurses, has been shown 

to decline by 8:10% per decade (Vilela et al. 2015) particularly in the lower extremities. These 

deteriorations are mainly due to an age:related shift from type II to type I muscle fibres along 

with marked sarcopenia and are associated with pronounced impairments in work ability and 

performance (Doherty 2001; Miller et al. 2013). In addition, there is a ~10% increase in the 

prevalence of musculoskeletal disease in male workers between the ages of 50 and 54 (Tuomi et 

al. 1991). Of particular note, workers in physically demanding jobs tend to exhibit greater 

prevalence of musculoskeletal diseases and are diagnosed earlier than workers in less 

challenging jobs (Koskela 1997). 

Despite these musculoskeletal deteriorations, it remains unclear whether they are 

associated with attenuated work output (Crawford et al. 2010). Indeed, longitudinal data 

demonstrate that older workers have attenuated strength and flexibility whereas cross:sectional 

studies report relatively few differences from young workers for job:specific tasks (Schibye et al. 

2001; Gall and Parkhouse 2004). Nevertheless, it is clear that older workers require longer and 
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more frequent rest periods compared to younger workers especially when performing physically 

and/or psychologically demanding tasks, monotonous work, and when working for >42 

hours/week (Devereux et al. 2009; Crawford et al. 2010). Moreover, older workers exhibit 

increased postural sway when standing normally (Punakallio 2003) which is exacerbated when 

wearing protective equipment compared to young workers (Punakallio et al. 2003). Therefore, 

the reductions in muscle mass in the lower extremities together with neuromuscular changes can 

lead to marked reductions in walking speed and endurance (Ostchega et al. 2004; Kenny et al. 

2008) as well as stability (Brill et al. 2000; Kenny et al. 2008). Collectively, these findings 

indicate that musculoskeletal deteriorations in the aging worker likely impacts work ability and 

performance for physically demanding work. Importantly, musculoskeletal disorders and stress 

have recently been identified as the most commonly reported new cases of self:reported ill health 

with workers ≥45 years showing the highest prevalence (Health and Safety Executive 2008; 

Leijten et al. 2013; Leijten et al. 2014). 

 

���	���������
�����	���������������
�������	���
����
��

It is important to consider that aging is also associated with increased risk for developing chronic 

health disorders. The aging workforce and that 2 out of 3 older adults have one or more chronic 

health disorders according to the National Center for Health Statistics (2010). Therefore, more 

consideration is warranted for the extent to which chronic health disorders can impact work 

ability. Obesity is the most prevalent chronic health disorder  in older workers in industrialized 

countries (Park 2009; Jordan et al. 2015) and can cause marked functional limitations and 

reduced work ability (Figure1) (Capodaglio et al. 2010). Consequently, obese workers tend to 

report higher job strain, higher psychological demands, feelings of low social support and other 
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markers associated with greater lost:time injuries (i.e., increased absenteeism) (Capodaglio et al. 

2010). Indeed, the heaviest workers file twice as many health claims as workers of normal 

weight with cost and number of days lost being strongly associated with BMI (Ostbye et al. 

2007). Interestingly, health claims of obese workers were even higher in high:risk occupations 

with high physical demands and ergonomic stress (Ostbye et al. 2007; Kuehl et al. 2012). 

Ultimately, obesity is reported to reduce participation in the workforce (Degli Esposti et al. 

2006) and is associated with increased absenteeism, disability, and health claims (Han et al. 

2009) as well as attenuated salaries (Baum et al. 2004) and productivity (Bhattacherjee et al. 

2003) with a 13:fold increase in lost working days and 11:fold increase in compensation claims 

(Tunceli et al. 2006).  

Individuals with obesity and other chronic health disorders are less likely to continue 

working compared to their healthy counterparts (Baanders et al. 2002) and up to 58% those that 

are employed report difficulties in performing their work (Lerner et al. 2000). Naturally, the 

prevalence of chronic health disorders increases with age and the highest prevalence of illness 

(and therefore, absenteeism) are among workers are males aged 55:64 years and females aged 

45–59 years (Health and Safety Executive 2008). Cardiopulmonary impairments and type 2 

diabetes are among the most notable to cause marked decreases in work ability (Leijten et al. 

2013; Leijten et al. 2014) and are associated with higher rates of heat illness when such 

individuals are exposed to hot environments (Kenny et al. 2010).  For example, older men and 

women with type 2 diabetes showed marked attenuations in whole:body heat loss (by ~60%) 

during a 60:min work bout in a moderately hot environment (i.e., 30°C) compared to non:

diabetics matched for age, sex, anthropometry, and cardiorespiratory fitness (Kenny et al. 2013). 

Importantly, this study reported that the differences in the capacity to dissipate heat were evident 
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as early as 15 min into the work bout and continued into the recovery period. These findings 

have particularly important implications for occupations with physical jobs since several lines of 

evidence demonstrate that hyperthermia and heat stress lead to attenuated work output in 

individuals of all ages (Flouris 2011; Kenny et al. 2014). In addition, these effects may be 

exacerbated in occupations where protective clothing is worn (e.g., mining, armed forces, 

automotive/athletic settings) as the clothing will further impair the rate of heat loss. Despite this, 

there is a lack of information relating to the direct effects on work ability and to strategies for 

employers to better protect and serve these workers. 

 

,	
	��
���
����
	�������
����������������	��	���+����

Though the acquired job experience and more efficient use of resources of older workers may be 

able to compensate for reduced work output , these adjustments are possible only when there is 

flexibility in job content (Laflamme et al. 1995). Unfortunately, in several occupations, 

especially in physically demanding jobs, such adjustments are not possible. This highlights the 

importance of mitigating obesity and supporting fitness to preserve work ability and delay 

biological aging in older workers despite continued chronological aging.  

Several daily tasks in physically demanding jobs can be a sufficient stimulus to promote 

or maintain cardiorespiratory fitness. For instance, an 86:kg individual tending a furnace in a 

steel mill expends ~648 kcal·h
:1

 (with similar values reported for other physically demanding 

jobs), which is analogous to jogging on a flat surface at 8.4 km·h
:1 

(McArdle et al. 2001). 

However, the majority of older workers are physically inactive during leisure time. This is 

particularly true for blue:collar workers, who generally have the most physically demanding jobs 

(Ilmarinen 2001). Moreover, blue:collar workers commonly have ≥1 unhealthy habits including 
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smoking, alcohol abuse and/or unhealthy diet (Flouris et al. 2012). It has been well established 

that interventions to improve/maintain the overall health and functional capacity (i.e., 

cardiorespiratory fitness and musculoskeletal capacity) in older workers can simultaneously 

enhance work ability (Ilmarinen and Rantanen 1999; Tuomi et al. 2001). For example, the 

inclusion of programs for specific health behaviours (e.g. nutrition, smoking, and alcohol use) 

may be beneficial (Ilmarinen 2001; Tuomi et al. 2001; Bohle et al. 2010; Flouris et al. 2010; 

Borah et al. 2015). Furthermore, the involvement of health experts (e.g. kinesiologists, 

nutritionists, nurses, physicians) can maximize the impact of interventions geared towards 

improving functional capacity (Borah et al. 2015; Kramer et al. 2015; Vilela et al. 2015). 

Importantly, effective interventions should be age:specific if measureable changes in work 

ability are to be achieved for all workers (Ilmarinen and Rantanen 1999). 

Ultimately, when performed regularly, aerobic training, resistance training and/or their 

combination can improve cardiorespiratory and musculoskeletal function, and delay age:related 

decrements in physical functioning and work capacity.  Aerobic training leads to substantial 

improvements in cardiorespiratory fitness in previously non:exercising healthy older adults 

whereas resistance training can induce marked increases in lean body mass and muscle 

strength/performance and consequently, functional capacity (Ramirez:Campillo et al. 2014). 

Individuals who remain physically active and maintain lean body mass experience a lower rate of 

decline in physical capacity compared to their sedentary counterparts (Hawkins and Wiswell 

2003).  In general, the implementation of workplace interventions involving physical activity 

have yielded important positive outcomes for workers, including improved health, fitness and 

health related quality of life (Zavanela et al. 2012).  While the level of physical activity at work 

can be an important determinant affecting a workers overall physical work capacity and health 

Page 24 of 59

https://mc06.manuscriptcentral.com/apnm-pubs

Applied Physiology, Nutrition, and Metabolism



D
raft

25 

 

(Arias et al. 2015), the addition of a physical training program performed in the workplace or 

during the worker’s leisure times can increase an individual’s work ability regardless of 

differences in the level of physical activity while on the job (Ohta et al. 2004).  However, as 

recent evidence suggests the workplace health:enhancing physical activity strategy must be well:

designed, multi:faceted and provide expert guidance and support to the worker to ensure a 

positive outcome (Viester et al. 2014). 

 

)	������	����
�����-�	0�������
�������	������

��������������� ��	� ������	����������� In young workers, rotating shift work and non:

standard hours (i.e., night shifts) are detrimental for health, physiological function, sleep, work 

performance, and personal life (Bohle et al. 2010). Despite 24 and 12% of older male and 

females workers report having frequent night shifts, (Bohle et al. 2010) there remains a paucity 

of information regarding the age:related effects of shift work. Aging is known to impact 

circadian rhythms such that the adjustment to night work is hindered (i.e., older workers sleep 

earlier at night) (Costa et al. 2007). In line with these findings, the critical age for intolerance to 

night work is ~45:50 years (Costa et al. 2008). Consequently, older workers may be unable to 

sleep adequately following a night shift, thereby increasing the risk of sleep disorders and 

deprivation (Costa and Di Milia 2008). Furthermore, it is important to highlight that shift work 

and irregular working hours may have adverse effects on the work ability of older workers. 

Indeed, shift workers appear to have a lower work ability compared to day workers, a finding 

that is further exacerbated in the older population (Costa 2005). This may be due to the greater 

need for recovery for older workers in order to effectively perform their work tasks (Ilmarinen 
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and Rantanen 1999). Figure 2 provides a list of recommendations based on the available 

evidence for the management of shift workers over the age of 50.  

!�� � ������� ��������������Healthy humans maintain core temperature at near constant 

level (~37°C) regardless of environmental conditions. However, age:related impairments in 

whole:body heat loss are reported to occur as early as age 40. Specifically, a recent study showed 

that individuals ≥40 years store 60:80% more heat than younger counterparts aged 20:31 years 

after two hours of moderate:intensity (rate of heat production of 400 W) intermittent work 

(Larose et al. 2013). This was supported in a follow:up study identifying impairments in the 

capacity of middle:aged and older adults to dissipate heat that occur during work in both dry and 

humid heat stress conditions (Larose et al. 2014). Indeed, while all age groups in this study 

stored almost double the amount of heat when ambient humidity was increased from dry (~20%) 

to moderately humid (60%), the middle:aged and older adults still demonstrated proportionally 

greater heat storage (by ~38%). In addition, these differences are dependent upon metabolic heat 

load (i.e., intensity of physical activity or work) such that marked reductions in the physiological 

capacity to dissipate heat were observed at a metabolic heat load ≥ 400 W and ≥ 325 W for older 

males and females respectively (Stapleton et al. 2015b; Stapleton et al. 2015a). The authors also 

noted that the age:related impairments were influenced by fitness such that middle:aged adults 

with high fitness showed high heat loss (i.e., comparable to their younger counterparts), while 

middle:aged adults with low fitness showed low heat loss (i.e., comparable to their older 

counterparts) (Stapleton et al. 2015b; Stapleton et al. 2015a). 

!�� � ��� 
��	� �������������� Similar to the impairments in heat loss, older workers 

(particularly >60 years) have a diminished capacity to maintain core temperature during cold 

exposure (Blatteis 2012). The mechanisms for this include attenuated cutaneous thermal 
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sensitivity and subjective thermal perception when exposed to cold environments (Blatteis 2012). 

Consequently, older adults require intense cold stimuli before activating their protective 

mechanisms. In addition, the skin vasoconstrictor response to cold is reduced in older adults 

along with the amount of heat generated by shivering and non:shivering thermogenesis due to 

age:related atrophy of the skeletal muscles (Florez:Duquet et al. 1998) and of brown adipose 

tissue (Flouris et al. 2015). As a result, metabolic heat production of many older workers in the 

cold may not offset heat loss which can lead to reduced peripheral blood flow and even 

hypothermia. Taken together, older workers are at greater risk for decreased work ability in hot 

and cold environments (which include various climates around the world as well as specific work 

environments).  
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Assessing physical performance can determine the effectiveness of personnel with respect to the 

occupational demands.  Indeed, physical assessments have the standard within the military since 

the mid:19
th

 century to determine the suitability of non:incumbent personnel for training 

activities (Knapik et al. 2004). Discrete assessments of physical fitness, such as a single 

repetition maximum squat, are commonly assigned to cover specific physical domains of 

performance (e.g� muscular strength), from which normative values are obtained to characterise a 

population. The physical performance domains of muscular strength, endurance and range of 

motion are essential attributes that decline with age, but are necessary for the maintenance of 

occupational performance and work ability (Pohjonen 2001a; Jebens et al. 2015). 

"���������������Aging is associated with deteriorations in the functional range of joint 

motion in the general population and older workers (Savinainen et al. 2004b; ACSM 2010); 

however, the magnitude of change varies considerably. For example, a longitudinal investigation 

of 45 municipal workers over a 16:year period observed a 20–25% decrease in spinal and trunk 

range of motion (Savinainen et al. 2004b). In contrast, a cross:sectional study of 750 employees 

observed inconsistent changes in cervical (~10% decline after age 60) and spinal (no change in 

females and a clear increase in males) range of motion across four decades (Cote et al. 2014). 

Noteworthy, the range of motion values from Cote ��� �� (2014) were markedly different 

compared to reference values which may indicate a cohort effect or reflect differing methods of 

assessment for range of motion between studies  (Yoo et al. 2011). 

#��
���� ���������� The retention of the isometric strength in older workers may be 

influenced by job characteristics such as the intensity of the work. Specifically, one study 
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observed workers undertaking heavy manual labour to maintain grip strength over a 16:year 

period whereas those employees performing light tasks showed reductions with age (Savinainen 

et al. 2004a). In addition, aging workers have shown improved resistance to fatigue during 

isometric tasks (Avin et al. 2011) along with improved static endurance of the shoulder, neck, 

and lumbar muscles, and isotonic endurance of the trunk extensors which (Jebens et al. 2015). 

Alternatively, isokinetic knee and trunk extensor endurance show no change over four decades in 

manufacturing workers (Cote et al. 2014). 

The findings described above clearly indicate that older workers do not follow the normal 

pattern of the age:related decline in musculoskeletal capacity. Furthermore, it is important to 

acknowledge that isometric contractions rarely represent the complexity of movement or force 

required when performing occupational tasks (Holsgaard Larsen et al. 2007). As demonstrated 

by Gall and Parkhouse (2004), a significant age:related decline was noted in isometric strength; 

however, when participants then repeated the isometric assessment with a joint position 

appropriate for performing a work:related task (i.e., the elbow was extended and the wrist placed 

in ulnar deviation), no age:related change in muscle strength was observed (Gall and Parkhouse 

2004). Thus, physical assessments can often lack the specificity required to truly quantify 

occupational:directed musculoskeletal function, and thereby underestimate work ability.  

It is well accepted that a pronounced age:related reduction in upper (35%) and lower 

(30%) limb strength occurs over 4 decades (ACSM 2010). Noteworthy, a 10:15% decline in leg 

press strength over a similar time period was reported for older workers (Cote, Kenny et al. 

2014). In fact, the males within this investigation that spanned a 40:year age range had leg press 

strength ratios ~1.5 times greater than those reported for the general population, while female 

workers had markedly lower limb strength ratios (0.81:0.81) relative to the general population 
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(1.44:0.99). In contrast, older female workers exhibited no detectable age:related decline in 

lower limb strength compared to a 30% reduction in the general female population (ACSM 

2010). While still unclear, this divergence in occupational and normative strength values may be 

explained by the prolonged and persistent physical demands placed on the workers (Cote et al. 

2014).  

��	������������� ��������� Unlike musculoskeletal function, the age:related decline in 

cardiorespiratory fitness in the general population after age 30 is paralleled in older workers 

(Gall and Parkhouse 2004; Jebens et al. 2015). Thus, cardiorespiratory fitness is reduced 

irrespective of the daily occupational demands faced at by older workers (Schibye et al. 2001; 

Jebens et al. 2015). Along these lines, physically demanding jobs are also not associated with 

better protection from cardiovascular disease  (Holtermann et al. 2010) which may be impacted 

by sedentary lifestyle outside of work and other detrimental habits such as smoking, alcohol 

abuse, and poor diet. 

 

$�����	��������	
����
���	��������������-���� 

Chronologically speaking, an individual at 60 years has aged 20 years more than an individual of 

40 years. However, chronological age does not necessarily provide an indication of how the 

progression of time has affected the body structures and regulatory systems or distinguish the 

interaction with the environment and disease (biological aging). For example, the chronic 

adoption of poor health behaviours such as sedentary lifestyle, smoking, poor diet, and substance 

abuse will exacerbate the effects of biological aging, such that two individuals in their 60s may 

have widely disparate levels of aging, disease and physical function. This variance in biological 

and chronological aging may explain the level of heterogeneity in the physical performance 

Page 30 of 59

https://mc06.manuscriptcentral.com/apnm-pubs

Applied Physiology, Nutrition, and Metabolism



D
raft

31 

 

scores of older adults (Cote et al. 2014; Jebens et al. 2015) and thus limits our ability to use 

chronological age as a marker for work ability and productivity (Dewhurst 2015). For example, 

shoulder press and leg press strength  showed a 10: and 2:fold difference respectively between 

the lowest and highest mass lifted in a group of Norwegian workers aged 45:60 (Savinainen et 

al. 2004b; Jebens et al. 2015). Indeed, some older males were observed to have superior absolute 

upper: and lower:limb strength relative to co:workers who were up to 30 years younger (Jebens 

et al. 2015).  Clearly there exists a complex interaction between genetics and long:term health 

behaviours that can act to minimise or accelerate biological aging (Cote et al. 2014). 

Although older workers are at increased risk for work:related injury (Loeppke et al. 2013; 

Fox et al. 2015), physical work may help to preserve work ability in older adults such that 

population:based age standards could underestimate the ability of an older worker (Cote et al. 

2014). These interactions have been termed the ‘healthy worker effect’ which is thought to be a 

common confounding factor in occupational research (Li et al. 1999). The initial employment 

screening, retention requirements, environment regulations, employee services, and employer 

organisation size can have a substantial impact upon the health of the worker.  Specifically, 

employers often employ methods to screen and select employees based on minimum health and 

physical employment standards (Taylor et al. 2003). Consequently, employees may have health 

and physical fitness which exceed those of the general population (Li and Sung 1999). Moreover, 

this selection bias may extend as the worker ages allowing for increased work ability and 

therefore sufficient health and capacity to meet occupational demands (Hagen et al. 1993).  

It is important to note that the healthy worker effect can protect some workers from 

afflictions associated with biological aging, albeit this effect is not consistent throughout 

occupations or organizations. Workplace restrictions of negative health behaviours (e.g. 
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smoking) and the facilitation of positive health behaviours (e.g. dietary or physical activity 

advice) are reported to have a substantial impact upon the health and wellness of employees (Li 

and Sung 1999). However, not all employers have the capacity to deliver a comprehensive health 

program. In such situations, the responsibility may fall to the government with a socialised health 

care system to fill such gaps for ethical (i.e., worker protection and safety) and economical 

reasons (i.e., worker retention). Large organisations are four:fold more likely to have pre:

employment physical examinations and five:fold more likely to provide periodic medical 

examinations than smaller employers (Wilcosky et al. 1987).  Furthermore, older adults that are 

retired tend to exhibit rapid reductions in work ability and functional capacity due to increased 

rates of disease and/or disability which may have been the cause of retirement (Robroek et al. 

2013).  Ultimately, older workers with physically engaging occupations may be healthier than 

the general population; however, information regarding the conditions allowing for the “health 

worker effect” is sparse and requires further research in order to be better defined.  

�

�������-�	0�������
��1��

Work ability is the assessment of one’s available resources to meet occupational demands in 

their working environment. The ability of an employee to be productive at work can be assessed 

in numerous ways (van den Berg et al. 2009) with the most common and widely accepted 

measure being the Work Ability Index (Ilmarinen 2001). This index is based on the i) physical 

and ii) mental demands of the individual at work, iii) their psychological resources and iv) 

capacity, v) the presence of disease and vi) the associated restrictions as well as the vii) 

prediction of future work ability. The summed scores from each of the seven areas in the 

questionnaire produce a score up to 49 to identify work ability as poor (7:27), moderate (28:36), 
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good (37:43) or excellent (44:49) (van den Berg et al. 2009). High functional capacity is 

required for a score of good or excellent whereas lower functional capacity will yield lower 

ratings with scores of ~16 and ~25 indicating disease and disability, respectively (Pohjonen 

2001b; Wind et al. 2009).  Thus, work ability is a multi:dimensional construct encompassing 

physical tasks along with environmental and personal factors that influence worker health 

(Ilmarinen 2001).  

$��� �������
�� ��� ������ �	� ����There is a strong association between perceived health 

status, work ability and disability (Krause et al. 1997; Pohjonen 2001b). Indeed perceived health 

status has been observed to be a stronger predictor of retirement with disability than actual 

disease prevalence determined by a medical examination (Krause et al. 1997). Similarly, 

diagnosis of any chronic disease is associated with a lower work ability index (von Bonsdorff et 

al. 2011a).  For example, a poor work ability index was reported in  60% of blue: and white 

collar middle:aged workers (44:58 years) with musculoskeletal disease and only 16% with an 

excellent work ability index (von Bonsdorff et al. 2011a). There is typically strong associations 

between the presence of musculoskeletal and/or psychosomatic symptoms and reduced work 

ability (Pohjonen 2001b) with the greatest differences observed in individuals with psychological 

and/or physical health problems (van de Vijfeijke et al. 2013; Leijten et al. 2014).  However, it is 

clear that interactions between physical and mental health exist as some individuals with a 

chronic disease(s) still obtain a superior work ability index (van de Vijfeijke et al. 2013). 

Although work ability diminishes with age (Camerino et al. 2006; Alavinia et al. 2007), the 

rate of decline is influenced substantially by the nature of the occupational tasks (Ilmarinen 

2009; von Bonsdorff et al. 2011b). For instance, jobs with lower strain and increased employee 

support  tend to delay the age:related reductions in work ability for up to 28 years (von 
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Bonsdorff et al. 2011b). Therefore, the implementation of strategies aimed to promote work 

ability in younger workers are critical for long:term productivity, continued competence and 

minimizing socioeconomic strain from functional loss after retirement (Ilmarinen and Rantanen 

1999).  However, the work ability index may not be directly comparable across age groups. Due 

to a relatively brief exposure to the occupation, younger workers may overestimate their current 

work ability which then amplifies the perceived losses in work ability over time (Ilmarinen 

2009). Thus, modified normative values may better characterise work ability in less experienced 

employees and thereby allow for more accurate comparisons as a function of worker experience 

(Kujala et al. 2005).  

%��
������
�
�����Age:related declines in functional capacity tend to accelerate after the 

age of 45 (Kenny et al. 2008; Soer et al. 2012). Despite this, the absolute physical demands of 

occupational tasks remain unchanged irrespective of worker age and attributes (Louhevaara 

1999) such that a given task will represent a progressively greater percentage of an aging 

worker’s peak functional capacity (Ilmarinen 2001; Jebens et al. 2015). Surprisingly, this has no 

apparent impact on the ability of the worker to meet the energetic demands of their tasks (Soer et 

al. 2012; Jebens et al. 2015). However, higher work intensities will expose the older workers to 

greater relative strain, and therefore increased risk of injury due to overexertion and fatigue 

(McGill 1997). For example, construction workers have recently been reported to expend ~1.1 

LO2·min
:1

 which corresponds to ~25% and ~33% of VO2max for younger and older workers, 

respectively (Jebens et al. 2015). For the older workers, this relative work rate approaches and 

may exceed the upper limits (30 – 35% VO2max) of relative energy expenditure recommended for 

an 8:hour shift (Ilmarinen 1992a). Although a higher energy expenditure may seem beneficial for 

workers, the age:related functional decline appears to be exacerbated in the most physically 
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demanding occupations (Savinainen et al. 2004a; Seitsamo et al. 2007; Holtermann et al. 2010; 

von Bonsdorff et al. 2011b). In fact, a 17:year study followed 6000 employees from jobs that 

were physically demanding. After retirement when worked:related strain was removed, 

employees reported a marked increase in well:being and in the ability to perform daily activities 

(Seitsamo et al. 2007). Noteworthy, while this improvement following retirement may be linked 

with the removal of work:related strain, a recent study by Miranda et al. (2015) noted that other 

workplace stressors included smoking and sedentary lifestyle. These combination of stressors 

have an overall detrimental effect on worker health and the fact that they appear to affect 

younger workers more strongly (Miranda et al. 2015) implies that employers must act quickly to 

prevent a progressively worsening level of work ability among workers of all ages. 

�

,	
	��
��������	����	
���	����������	��
�����-�����

Changing workforce demographics has required employers and employees to re:examine 

attitudes and assumptions regarding the productivity and suitability of the older worker 

(Dewhurst 2015). For example, older workers may benefit from the workplace accommodations 

which are designed to assist people with disabilities (Kampfe et al. 2008); however, their use is 

limited as workers assume that their declining health is an unavoidable consequence of aging 

(Tishman et al. 2012).  The retention of older workers is even becoming necessary for employers 

such that they can no longer rely upon a steady influx of younger works to meet production 

needs (Oude Hengel et al. 2012). Consequently, employers are being faced with the need to 

adopt long:term strategies for managing and maintaining their workforce.�

� &���������	�������
���������'����	(�Given that reduced physical capacity will invariably 

increase the risk of injury (Walker et al. 2014), age:specific physical performance standards are 
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the traditional manner to accommodate older workers. This approach has been criticized for 

being grossly inadequate in guaranteeing that workers are capable of meeting occupational 

demands (Fullagar et al. 2015). Despite such limitations, employers are expected to ensure that 

workers are physically able to perform their duties safely and effectively (Payne et al. 2010; 

Jamnik et al. 2013). One of the most effective prevention strategies is the adoption interventions 

to minimize biological aging, albeit only 20 out of 400 (5%) surveyed employers were 

implementing such strategies for older workers (Silverstein 2008). Clearly, huge efforts are 

needed to encourage employers to commit to health promotion and intervention programs that 

will improve the health, safety and productivity of their workers. 

 Consideration of workplace ergonomics is of critical importance for retention and safety 

of employees by ensuring that demanding tasks are assigned to capable workers (Silverstein 

2008) and would benefit all employees regarding personal health and overall productivity 

(Alavinia et al. 2007; Fox et al. 2015). For example, limiting precision requirements in a 

repetitive manual handling task can be of great benefit for physical work capacity (Collier et al. 

2014). Similarly, an ergonomically friendly environment through managing noise, lighting, falls, 

and physical hazards can minimize the risk of injury in older workers (Loeppke et al. 2013; Fox 

et al. 2015) along with implementing maximum workloads during a work shift. In particular, 

relative work rates that do not exceed 50% and 33% of peak oxygen consumption with and 

without rest periods respectively are recommended (Ilmarinen 1992b). Although older workers 

can sustain  prolonged submaximal work rates, intermittent peak loading may prevent task 

completion (Ilmarinen 1992b; Fox et al. 2015). Along these lines, increasing opportunities for 

part:time employment may also minimise deterioration in physiological capacity due to fatigue 

as a result of longer recovery between shifts and /or shorter work shifts (Ilmarinen 1992b; 
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Loeppke et al. 2013). It cannot be ignored; however, that certain occupations including 

emergency and military services may lack the necessary flexibility in work tasks to modulate 

work intensity for different workers. Such rigid constructs tend to negatively impact worker 

retention as the capacity to tolerate peak loads progressively decreases with age. In such cases, 

the promotion of teamwork and/or rotating schedules may be effective in retaining experienced 

employees despite their reduced work ability (Perera et al. 2015) and prevent early retirement 

(Oude Hengel et al. 2012; Loeppke et al. 2013).  

�

)��������������
�����	���
����	��2�

Given the rising number of vulnerable workers (i.e., older and/or with chronic disease), proper 

assessment of employee health is increasingly important. These assessments and the 

determination of “fit for duty” standards aim to identify those workers particularly vulnerable to 

the work hazards, or with insufficient health (Sluiter et al. 2007). It is crucial for these measures 

to be specific to avoid unnecessary relief of duties and sensitive enough to identify workers in 

significant danger. Unfortunately, pre:employment health examinations reportedly lack 

effectiveness and efficiency (Westerholm et al. 1997) and the use widely criticised age:based 

physical work standards to evaluate physical capacity (Fullagar et al. 2015). Others have 

recommended pro:active health checks, monitoring and functional assessments at fixed intervals 

to prevent and manage chronic disease among workers along with assisting to remain “fit for 

duty” (Loeppke et al. 2013). Subsequently, employee suitability assessments can focus on the 

safe completion of work tasks rather than the extent of biological aging (Sluiter and Frings:

Dresen 2007). Such an approach where increased clarity is provided by the employer as to the 

minimum physical standards necessary for employment would ensure that older workers are not 
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disadvantaged where limits based on chronological age may exist. For example, physically 

demanding occupations such as those associated with firefighting and lifeboat rescue have 

traditionally employed chronological age:defined retirement limits (Reilly et al. 2005; Sluiter 

and Frings:Dresen 2007; Jamnik et al. 2010).  The appropriateness and/or justification of such an 

approach requires further scrutiny.  In the interim, the identification and implementation of job:

specific minimum physical employment standards would ensure that age:specific work limits as 

well as age of retirement would be defined solely on the basis of an individual’s functional or 

physical work ability without the bias inherent with pre:determined chronological age limits 

(Reilly and Tipton 2005; Sluiter and Frings:Dresen 2007; Jamnik et al. 2010).  

In addition to defining the minimum work employments standards, the approach used 

to assess a worker’s ability to perform the job must be appropriate.  A recurring problem in 

many occupations is the frequent misrepresentation of work ability by using irrelevant and 

overly simplified tests (e.g. handgrip strength) to verify or assess a worker’s functional 

capacity to perform a specific job.  The use of task simulations allows for a more 

appropriate evaluation of employee suitability to meet and/or exceed occupational 

demands.  This approach would also take into account differences and/or changes in work 

efficiency that are typically observed with workers with differing levels of training and/or 

years of experience (e.g., young versus older workers). In the context of the aging worker, 

some have observed a marked decline in task simulation performance with age (Strating et 

al. 2010; Walker et al. 2014), yet others have reported no change (Fullagar et al. 2015).  

Importantly, age:related impairments in physical performance, should be considered in the 

context of meeting the minimum physical requirements to safely perform work duties. For 

example, Soer et al. (2012) observed younger (20:39 years) and older workers (50:59 
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years) to have a similar required lifting capacity to meet occupational demands classified as 

medium or heavy. In contrast, substantial disparity was found in peak performance values 

(Strating et al., 2010), albeit the individuals deemed incapable were not identified. 

 Therefore, although there are effects of age (i.e., biological and chronological) upon the 

capacity of the worker, it is critical for employers to consider the mandate for physical work 

standards to be without discrimination (i.e., independent of age) (Tipton et al. 2013). In order to 

meet this requirement of “all inclusive” minimum work standards, they must be based on: i) job 

analysis, ii) the demands inherent to the job, irrespective of age and/or work experience, iii) the 

lowest physical performance levels necessary (i.e., work ability) and, iv) a test of work ability 

that is a valid representation of critical or important work demands (Payne and Harvey 2010; 

Jamnik et al. 2013; Tipton et al. 2013). As such, the accommodations for employees should not 

be based solely on altering the current functional performance standards. Rather, focus should 

aim to modify the environment to reduce physical demands, provide alternative (i.e., task:

specific) physical assessments, and facilitate improvements in employee physical capacity (i.e., 

health interventions) (Jamnik et al. 2013; Tipton et al. 2013).  Ultimately, the strategies to 

optimise functional capacity of workers should be emphasized instead of chronological age:

biased physical performance thresholds. 

�

)��������������
���	�
�������������	����������
����	
�	��� 

Considering the increasing age of the worker combined with the functional limitations that are 

commonly associated with older adults, it should follow that the development of physical 

employment standards with specific adjustments for worker age be prioritized. However, to date 

no such standards have been developed and research aimed at creating such standards is largely 
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absent which has left numerous critical knowledge gaps. For example, while the older worker 

may be less able to maintain a reduced work output over longer periods of time due to 

impairments in aerobic capacity, they have the advantage of years of experience which allows 

for increased efficiency. Therefore, employing age:based work:rest ratios may facilitate the 

productivity of the older worker, albeit no such studies have examined this potentially beneficial 

algorithm. Moreover, while the )�	� &����������� ��������
�� ��� *����
�� +����������

���	�	� summarized the current knowledge in various fields of employment standards, there 

appeared to be an overwhelming discrepancy in the knowledge for the aging worker. 

Specifically, several reviews in this special issue of ,�����	� *���������� ��� -��������� �	�

#�������� summarize the topics of legal and human rights issues, medical standards, the 

validity and reliability of existing tests and standards, and the current methods by which to set 

standards along with the effects of load carriage, protective clothing, extreme environments, 

stress, nutrition, and sex on human performance and the development of physical employment 

standards. However, none of these reviews have specifically addressed the impact of aging 

which highlights the extent to which the literature has ignored this important and growing 

segment of workforce (i.e., the aging worker). 

The process of chronological and biological aging is an area of intense research; 

however, the relationship of aging and occupational health and safety is relatively less well 

understood. Workers engage in diverse environments, each with unique physical and 

psychosocial demands that present considerable challenges for effective research. Cross:

sectional research designs are common, but there is a dearth of appropriately powered, 

longitudinal research of meaningful duration for the study of aging in occupational settings. 

Despite these limitations there are numerous avenues of occupational aging research that require 
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further exploration including the characteristics of work which cause a decline in functional 

capacity, the establishment of strategies to accommodate vulnerable workers, and the complex 

interactions between occupational, physical, and psychological stress on work ability. However, 

merely recognising and studying the decline in physical function in aging workers is of minimal 

utility unless it is aligned with meaningful interventions and workplace adjustments (Figure 3). 

Furthermore, each area of subject matter experts including government, researchers, employers 

and workers have an obligation to enhance the integration of older employees in the workforce. 

Through close collaboration, we can produce a more productive, worker friendly environment 

that is independent of factors affecting vulnerability including age and chronic disease. 

 

��
������
 

The global population is aging along with the average worker age in many occupations. 

Although, the chronological aging is inescapable, biological aging may be blunted with good 

health habits. However, the effects of aging are not well understood with respect to work ability 

and functional capacity. Occupational task demands often lack the necessary flexibility to 

optimise worker productivity, health, and safety, irrespective of different factors of vulnerability 

including age and chronic disease. Indeed it is often the most physically demanding occupations 

that may lead to the greatest declines in physical function. The development of physical 

employment standards are likely to help address the developing challenge of facilitating older 

workers; however, there is much work to be done before such standards can be established. In 

addition, given the considerable variation in the age:related decline of functional capacity, a 

critical challenge lies ahead to develop robust workplace interventions, that not only preserve the 

economic viability of the employer, but also maintain employee health, safety, and work ability.    
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