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ABSTRACT
Purpose: Briefly identify the epidemiological evidence, 
propose pertinent mechanisms, and discuss physical ther-
apy practice as well as research implications of a causal 
association between occupational factors and cardiovascu-
lar disease. Summary of Key Points: There is evidence that 
occupational metabolic demands and work organizations 
characterized by reduced worker control are associated 
with increased risk of cardiovascular disease. It is biologi-
cally plausible that these two factors interact to create a 
preclinical, intermediate state of fatigue (burnout) that is a 
critical component in the causal path from occupational 
factors to CVD.  Physical therapists are uniquely qualified 
to contribute to an understanding of these mechanisms 
and their resultant implications for work organization, re-
habilitation, and health promotion. Statement of Recom-
mendations: Physical therapists engaged in ergonomic job 
analysis should consider work related metabolic demands, 
worker control, and fatigue in their assessment of risk for 
injury and illness, in recommendations for return to work, 
and in the prescription of health promotion leisure time 
physical activity
.
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INTRODUCTION AND PURPOSE
This paper will identify the epidemiological evidence 

for a causal association between 2 specific occupational 
factors and cardiovascular disease (CVD)–high metabolic 
demands and work organizations characterized by low 
worker control.  These 2 factors have been chosen based 
on a proposed interactive relationship with CVD through 
the common preclinical physiological pathway of fatigue. 
Fatigue will be considered a cluster of signs and symptoms 
associated with chronically reduced physiological capacity 
for responding to the continued energetic and regulatory 
demands of goal-directed activity. While not the purpose 
of this paper, in addition to increasing risk for CVD, fatigue 
in occupational, home, and leisure activities can reduce 
performance in a variety of ways, as well as increasing 
subjective health complaints and risk of injuries.1-3

The paper is organized into 3 primary sections. The 
first section, occupational factors, will define and identify 

available evidence linking these factors to fatigue and 
to CVD. The second section will propose a mechanistic 
pathway through which increased occupational metabolic 
demands when combined with reduced worker control 
results in fatigue; and fatigue, through its physiological 
components, increases risk for CVD. The third section 
will introduce physical therapy practice and research 
implications of the proposed mechanistic pathway.

OCCUPATIONAL FACTORS THAT MAY AFFECT 
DEVELOPMENT OF CVD
Physical Demands of Work

The development of mechanized and automated work 
processes has reduced the prevalence and severity of highly 
metabolically demanding work, however such demands (ei-
ther consistent or intermittent) remain a required component 
to some types of work.4 There is little doubt regarding the 
beneficial effects of leisure time physical activity on cardio-
vascular risk – through a variety of pathways (vascular health, 
hormone regulation, immunological function, etc.). However, 
much of the evidence establishing this relationship has not 
included consideration for potentially differential effects of 
occupational metabolic demands and leisure time physical 
activity.5 Consideration for occupational physical activity re-
quires quantification of the work-related metabolic demand. 
Such studies collect data separately on leisure time activity 
and work tasks. For example, Krause et al6 assessed energy 
expenditure at work using predicted metabolic equivalents for 
work tasks, and leisure time physical activity by self-report of 
hours spent exercising. When occupational physical activity 
has been considered separately the results have been mixed 
with some studies demonstrating reduced CVD risk,7 some 
demonstrating no effect,8 and some demonstrating an increase 
in risk.9 Studies demonstrating protective or no effect tended 
to measure metabolic demands with no account for worker 
aerobic capacity, did not control for other occupational fac-
tors (such as work organization), did not adjust for changing 
occupational metabolic demands over time, and did not con-
sider preclinical signs of atherosclerosis progression (ie, carot-
id artery intimal thickening which is less likely to suffer from 
healthy worker effect1a) or intermediary steps such as fatigue.

Metabolic demand exceeding approximately 35% of aer-
obic capacity has been proposed as a source of work related 
fatigue,4 and laboratory studies confirm that prolonged work at 

a�Healthy worker effect: In occupational cohorts, waiting for a chronic dis-
ease such as CVD to develop tends to lead to workers that develop the 
disease to be lost to follow up leaving only healthy workers remaining 
which biases results toward the null hypothesis.
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this low relative intensity is associated with physiological signs 
and subjective reports of fatigue when performed for lengths 
of time commensurate with a workday.10 Garbage collection 
is an example of an occupation where metabolic demands 
frequently exceed 35% of aerobic capacity,11 and such work 
has also been demonstrated to lead to physiological changes 
(parasympathetic nervous system withdrawal) and subjective 
complaints of fatigue over time.12  

The prevalence of metabolic demands exceeding 35% of 
aerobic capacity has recently been estimated at 27% of men 
and 22% of women in a typical working day.13 While these 
estimates are based on a small sample (94 men, 94 women), 
the sample was randomly drawn from a much larger occu-
pational health cohort (8000 employees across 80 occupa-
tions), which increases its likelihood of providing accurate 
population estimates. A recent population-based longitudi-
nal study, demonstrated an association between demands 
and progression of atherosclerosis (as assessed by carotid 
intimal thickening).6 This study controlled for several known 
CVD risk factors, including leisure time physical activity and 
other occupational factors such as stress from deadlines, and 
mental strain. 

Work Organization
The same mechanization and automation that has re-

duced absolute metabolic demands of work has also changed 
work organization by reducing worker control of the work 
process. Substantial research now exists relating work organi-
zation to cardiovascular disease, with several recent reviews 
and large prospective studies concluding that there is a rela-
tionship between features of work organization and CVD and 
its major risk factors such as hypertension.14 The most con-
sistent work organization feature associated with CVD is low 
job control.14,15 Low control was introduced as a feature of 
work organization related behavior and health consequences 
in 1979 by Karasek.16 An important conceptual feature of low 
job control is that it is external to the worker as opposed to an 
individual characteristic.17 This perspective emerges from the 
occupational health tradition whereby exposure sources are 
distinct from measuring biological and/or behavioral response 
to exposure.18 In occupations with low control, a worker has 
limited decision making authority over how, when, or where 
their work tasks are performed--which includes the skills used, 
pace, intensity, and loads. In addition to an association be-
tween low control and CVD, there has been consistent evi-
dence that low worker control (even when adjusting for other 
factors) is associated with increased rates of fatigue as well as 
physiological markers of fatigue.19

 
A PROPOSED MECHANISTIC PATHWAY

The mechanistic pathway being proposed in this paper 
is rather simple, but yet has not been well studied. This pro-
posal suggests that an intermediate step in the pathway from 
increased occupational metabolic demands to CVD includes 
the development of fatigue and is based on 3 assumptions: 
(1) occupational metabolic demands exceeding ~35% of 
worker aerobic capacity [metabolic demand/aerobic capac-
ity index (MD/AC index)] leads to fatigue; (2) low worker 

control increases the likelihood that high MD/AC index will 
result in fatigue; and (3) fatigue increases risk for CVD. 

The support for assumption 1 is biologically plausible 
and is supported by empirical evidence as well as expert 
opinion.4,10 The primary support for assumption 2 is from the 
literature on the demand control model (DCM) of occupa-
tional stress. The DCM associates overall demand (psycho-
logical as well as physical) and low control with fatigue and 
CVD risk.15,19 Assumption 2 is appealing from a common 
sense perspective as well. If a worker under a situation of 
high MD/AC index has the control to modify pace, intensity, 
load, and rest periods, then such a worker has control to 
modify exposure and therefore reduce metabolic demands 
of an activity to restore balance and recover from periods of 
exertion.20 Control in this regard may result in the fundamen-
tal physiological difference between metabolic demands 
leading to fatigue, and metabolic demands associated with 
leisure time physical activity and exercise resulting in adap-
tation. There are 2 possible trajectories of adaptation associ-
ated with exposure to physical demands. One trajectory is 
hypertrophy adaptation which increases resilience and ca-
pacity to withstand demands; and the second is injury which 
in the situation of metabolic demands could be fatigue.21 The 
modifying role of job control over which trajectory physical 
exposures take has been identified for musculoskeletal re-
petitive strain symptoms.22 When physical exposure to poor 
keyboard height is combined with low control there is an 
increase in upper extremity symptoms of repetitive strain. If 
these same physical exposures exist with high control, there 
is no increase in upper extremity symptoms. 

Support for assumption 3 exists in a variety of forms due to 
the variety of disciplines and approaches of conceptualizing fa-
tigue. Fatigue, a cluster of signs and symptoms associated with 
a chronically reduced physiological capacity for responding 
to the continued energetic and regulatory demands of goal-
directed activity, has been conceptualized as burnout,23 vital 
exhaustion,24 and overtraining.25 There are several reviews 
that highlight the many physiological consequences of fatigue 
herein conceptualized; those that are most clearly associated 
with CVD risk,26 and that show physiological changes that are 
associated with increased CVD such as elevated cortisol lev-
els and reduced heart rate variability.27

PHYSICAL THERAPY IMPLICATIONS
There are several implications for physical therapy 

practice and research. Most directly, physical therapists 
engaged in ergonomic job analysis and employment 
recommendations for return to work should consider 
work related metabolic demands, worker aerobic capacity 
and worker control in their assessment of risk for injury 
and illness. Due to the interactive associations of these 
components, it is difficult to predict risk without an 
understanding of each component. It is equally difficult 
to identify proper solutions. Often, a mixed solution that 
involves changing tasks to reduce their demand, exercise 
to increase worker aerobic capacity, and participatory 
processes to increase worker control will have produce the 
most favorable reduction in risk for promotion of health.18 



Cardiopulmonary Physical Therapy Journal Vol 20 v No 2 v June 200930

Physical therapists engaged in the prescription of leisure 
time physical activity for working populations should also 
consider occupational MD/AC index, job control, and fatigue 
in their exercise prescription. If a worker is already fatigued 
from chronic overexertion – the initial prescription should 
be rest, or perhaps relaxation-oriented exercise (yoga, light 
stretching, etc). Avenues to change the work demands, even if 
temporarily, to allow recovery should be sought. If permanent 
changes to either occupational metabolic demands or worker 
control are impossible, then once a worker recovers s/he 
should undergo physical conditioning with appropriate rest 
periods. This should allow an adaptive training response 
aimed at increasing aerobic capacity so that MD/AC index is 
< 35%. 

 Finally, the research methods associated with the concepts 
described in this paper could help identify an appropriate 
balance between daily living metabolic demands and aerobic 
capacity for sustained stability2a in the home and/or community 
environment. It is possible that patients with reduced endurance 
are required, by the metabolic demands of participation in 
activities of daily living, to exceed a recommended MD/AC 
index of for the time they must participate in such activities.  If 
this is true, fatigue could require cessation of necessary ADLs, 
or result in a decrement in their performance. Either scenario 
can lead to recurrent hospital admission and variation of 
safety and independence that cycles with time. Quantification 
of aerobic capacity is common in physical therapy practice. 
However, quantification of the daily demands and the MD/
AC index, or utilization of newer methodologies for the 
examination of fatigue (cortisol, heart rate variability) may not 
be as common a practice. 

CONCLUSION
Relationships exist between increased occupational 

metabolic demands, reduced job control, fatigue, and 
CVD. A proposed mechanistic pathway states that demands 
which exceed capacity, when combined with reduced 
control lead to fatigue which, in turn, increases risk for 
CVD. Physical therapists are uniquely qualified to evaluate 
and intervene with the interacting concepts of the proposed 
pathway: decreasing environmental demands, improving 
individual capacity, and fostering control over action as a 
potent means to decrease fatigue. In light of the pathway 
suggested, there are immediate implications for practice as 
well as possibilities for new directions to research.
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aSustained stability refers to the ability to sustain the necessary activities for 
being in homeostasis. Being able to sustain the ability to get up and get 
a drink is a critical component to maintaining hydration. If fatigue from 
previous mobilizations prevents someone from mobilizing to get another 
drink and dehydration ensues, then they are not sustaining stability.
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