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Physical activity and cardiovascular mortality — disentangling the roles of work,
fitness, and leisure

Three recent papers in the Scandinavian Journal of Work, Environment & Health by Holtermann et al
(1, 2, 3) report on a 30-year follow-up of over 5000 middle-aged, employed men enrolled in the Copen-
hagen Male Study; they provide new evidence for a detrimental role of occupational physical activity
(OPA) and a protective role of cardiorespiratory fitness for all-cause and ischemic heart disease (IHD)
mortality, among both healthy men (1) and men with pre-existing cardiovascular disease (CVD) (2). OPA
also interacted with fitness (ie, high physical job demands were detrimental among workers with low
and moderate levels of fitness but not among the most fit). Leisure-time physical activity (LTPA) had dif-
ferential effects on mortality: protective effects for healthy men but not for men with pre-existing CVD. In
addition, the authors note that there was no relationship between baseline OPA and fitness, which made
them question a possible benefit of OPA in improving fitness. The relationship between LTPA and fitness
was not reported. Moderate or high levels of LTPA did not further increase the elevated mortality risk
experienced by men exposed to moderate or high levels of OPA if they were free of CVD, but no estimates
were provided for men with CVD (3).

The study could be criticized for the crude 3-categorical exposure assessment, lack of repeat meas-
ures during a long follow-up time, or incomplete control for confounding; however, it is unlikely that the
pattern of the findings could be explained by these limitations. In fact, a similar pattern of results was
previously reported in this journal for the Finnish male population in the Kuopio IHD risk factor study of
11-year progression of sub-clinical carotid atherosclerosis using detailed continuous and repeat exposure
measures. High energy expenditure at work accelerated progression, fitness slowed progression, and
LTPA had no effect after controlling for each and virtually all other CVD risk factors [see appendix B in
Krause et al (4)]. This sparked an editorial comment emphasizing the differences between OPA and LTPA
(5). In the following, these recent findings are discussed in the context of the extant literature and with
respect to future research needs.

How do these new findings compare to the previous epidemiological literature? Cardiorespiratory fit-
ness, as measured by maximal oxygen consumption (VO,Max), has been shown consistently to be protec-
tive against CVD (6). A discrepancy between aerobic capacity and job demands has long been recognized
by work physiologists as potentially harmful and individual measures of relative aerobic strain and oxygen
uptake reserve capture this discrepancy. These individual relative measures of energy expenditure were
not available in the Copenhagen data and have not yet been used in any other mortality study, but they
were predictive of an accelerated 11-year progression of carotid atherosclerosis in the above-mentioned
study of Finnish middle-aged men (4).

The Copenhagen results regarding OPA are also in agreement with three recent prospective studies
independently reporting that greater physical activity during worktime is associated with increases in the
risk of myocardial infarction and all-cause mortality (7—9). The World Health Organization (WHO)-sponsored
6-year prospective population-based MONICA study in Augsburg, Germany, found that occupationally
physically active men experienced a 26% increased risk of myocardial infarction and a 91% increase in all-
cause mortality after controlling for several confounders (7). All-cause mortality was also elevated during
21 years of follow-up for Israeli government employees performing mainly physical labor (9). Results from
the CORDIS study of industrial employees in Israel show a hazard ratio of 1.82 [95% confidence interval
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(95% Cl) 1.18-2.81) for all cause mortality among workers with high physical workloads compared with
workers having a low workload. Similar trends were noted for CVD and cancer mortality (8).

However, with regard to physical activity and CVD, the epidemiological literature is actually more
inconsistent than is often recognized. Most epidemiological studies to date either failed to differentiate
between physical activity during work and leisure time, or excluded OPA from their analyses altogether
(10-13). While the beneficial effects of LTPA on the circulatory system appear well established (14,
15), the evidence about the health effects of OPA remains inconsistent (16). In high quality prospective
population-based studies, higher levels of OPA were associated with a reduced risk of CVD in some stud-
ies (17-22), showed no association in others (18, 21, 23-28), or were associated with an increased CVD
risk (4, 7-9, 29). A few studies showed differential effects, with LTPA being protective and OPA having
no effect (27), LTPA having no effect and OPA constituting a CVD risk (4), LTPA having a protective effect
only among persons with low levels of OPA (22) or LTPA constituting a CVD risk (9). One case—control
study reported an inverse relationship of LTPA with acute myocardial infarction but a u-shaped associa-
tion with OPA (30).

These inconsistencies may be in part due to a misclassification of physical activity and uncontrolled
confounding. Specifically, most studies used only crude categorical measures of OPA and did not as-
sess changes in OPA during follow-up. Of the few studies that used a continuous measure of energy
expenditure, only one adjusted for individual aerobic fitness that determines the actual cardiovascular
load at any given job demand (4). The Copenhagen study is only the second study to control for fitness;
unfortunately both fitness and physical demands were assessed in broad categories leading to avoidable
misclassification and results that could be sensitive to the choice of cut-off points. Only two epidemiologic
cohort studies adjusted for psychosocial job factors (4, 29), although job stress has been found to be an
important risk factor for CVD in several studies (31-33) and could confound associations between OPA
and CVD. For example, in their pioneering works, Morris et al (34) attributed the lower risk of coronary
heart disease among London bus conductors versus drivers to the sedentary work of the drivers. Since
then research has shown that the excess risk in CVD among urban bus drivers is not experienced by
rural bus drivers, and, among urban bus drivers, is independent of both LTPA and OPA (35, 36). Instead
the excess risk is now thought to be attributable to the high levels of job stress experienced by urban
bus drivers (37—-40), a factor that may have confounded the reported association with sedentary work
(8, 16). Clearly, exposure misclassification and lack of control for psychosocial job factors are major
limitations of most studies.

LTPA has numerous health benefits but its physiologic training effect on the heart is key to under-
standing the different effects of OPA and LTPA: LTPA can increase fitness and reduce heart rates during
daily activities including work. The lower the heart rate, the longer the heart remains in diastole, and the
better the perfusion of the myocardium because, in contrast to all other arteries, coronary arteries take in
fresh oxygenated blood during diastole. But the diastole is also the more favorable phase of the cardiac
cycle for all other arteries: hemodynamic flow and shear stress at the arterial wall are relatively constant
and in a more optimal range during diastole compared to systole when oscillation of shear stress and
arterial wall pressures may induce inflammatory changes in the arterial walls resulting in atherosclerosis
(41, 42). The crucial point being: to achieve a training effect on the heart, relatively short (<1 hour daily)
but intensive bursts of exhausting conditioning physical activity are needed. Workers, however, who
have to stand and walk, lift and carry, or otherwise work manually for multiple hours a day need to pace
themselves and avoid such exertions in order to make it through the day. Therefore, OPA may not provide
the desired training effect of a lower heart rate but instead elevate heart rates and shorten cumulative
time in diastole during the workday. Indeed, work physiologists, while recognizing the potential training
effects of LTPA, report that heavy dynamic and especially static work on the job can have more of an
overloading than a training effect on the cardiovascular system (43).
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Recently published epidemiologic studies of middle-aged men from the Kuopio region are in agree-
ment with this physiologic perspective. A significant association was found between static standing work
postures and 4-year progression of atherosclerosis and between energy expenditure, relative aerobic
strain, and relative oxygen uptake reserve at work and 11-year progression of carotid atherosclerosis
after controlling for LTPA, fitness, socioeconomic status, psychosocial job factors, and virtually all known
biological and behavioral risk factors (4, 29). In contrast to the Copenhagen study, men with pre-existing
CVD were especially vulnerable to high levels of OPA regardless of OPA measure (this discrepancy may
be the result of different definitions of pre-existing CVD). Of special concern is the observation, that the
maximum level of relative aerobic strain recommended by work physiologists was exceeded by 31% of all
middle-aged Finnish men and >50% of all men with [HD, and that higher levels of aerobic strain predicted
an accelerated progression of atherosclerosis (4). It is also noteworthy that caloric job demands did not
materially decline over a full decade for those who remained employed in their jobs; instead they had to
expend the same amount of energy each day at ever lower levels of fitness during follow-up (VO,Max
falls by about 1% per year after age 25) (4).

The high proportion of workers at elevated risk in Kuopio is probably not an exception. A representa-
tive population-based study from Sweden found that 27% of working men and 22% of working women
were required to do work that exceeded their aerobic capacity (44). In Canada, about 60% of the workforce
report working nearly exclusively in a standing position (45). In Denmark, about one quarter of the total
workforce reports standing or walking >75% of the workday (46). Clearly, even in so-called modern serv-
ice economies, a large proportion of the working population is still exposed to heavy physical labor, and
aging workers, especially those with existing IHD, are vulnerable to the detrimental effects of excessive
caloric and static demands at work. Therefore, occupational health research needs to investigate both
ends of the spectrum —too little beneficial as well as too much detrimental physical activity.

Why is more research focused on OPA and CVD needed? First, from an occupational health perspective,
it is mandatory to protect workers from excessive physical job demands and address needs for optimal
rehabilitation and ergonomic or work-schedule modifications to reduce aerobic strain and facilitate a
safe return to work after the diagnosis of CVD. Second, from a social policy perspective, there is a need
to assist aging workers in retaining their work ability so that they do not retire prematurely at a rate that
already strains pension systems and has led to forecasts of severe labor shortages (47). Third, from
a public health perspective, CVD is still the leading cause of death and accounts for 29% of all deaths
worldwide, 37% of all deaths in developed regions, and 21% of disability-adjusted life years in developed
regions. IHD is the most prevalent GVD (48). Fourth, occupational gradients in IHD incidence or mortal-
ity have been reported from many different populations and the widest gaps were consistently found
between manual and non-manual occupations (49-51). Prospective studies have shown that differences
in traditional biological and behavioral risk factors can explain only a small proportion of the observed
inequalities (52). Specifically, it has been estimated that <50% of the incidence of myocardial infarction
can be explained by traditional risk factors (53) and only 25-30% of the observed occupational gradient
(54). Psychosocial aspects of work have been suggested as alternative explanations, however, associa-
tions between job stress and CVD have been inconsistent and may be partly confounded by physical
job demands (4). Fifth, trends of an increasing inequality in GVD also point to OPA as a potential key
risk factor. In most developed regions, IHD incidence rates have declined since the 1980s but the lower
socioeconomic groups did not participate equally in this overall decline, in fact, in some countries, lower
occupational classes have been experiencing increasing rates of IHD and CVD risk factors (55). In Den-
mark, for example, overall IHD incidence decreased between 1981-1993. However, unskilled and skilled
workers, who had already the highest rates in 1981, experienced a 12-year increase while rates of salaried
employees were lower and decreased during the same time period (40). No studies have yet investigated if
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secular trends of increasing intensity of work and especially static work in industrialized countries during
the same time period could have contributed to this widening gap in IHD incidence.

In terms of attributable risk, only one European study of CVD attempted to provide estimates for
specific work exposures and attributed 1% of CVD to noise, 7% to shift-work, 2% to passive smoking,
3-13 % to job strain, and 42% to sedentary work (56). Because the definition of sedentary work includes
both “sitting and light standing work”, it is not clear how much of the risk is actually due to standing
work postures. Regardless of the methodological limitations of such estimates, sedentary work definitely
ranks first on the list. This is in agreement with risk factor assessments in the general population, where
the attributable risk of a “sedentary lifestyle” has also been ranked first, ahead of other traditional risk
factors including smoking, hypertension, blood lipids, and obesity, in that order (57). Clearly, sedentary
work needs to be considered a major determinant of CVD with a substantial potential for primary preven-
tion at the workplace. Occupational health research in this area could contribute substantially to ongoing
public health efforts in preventing CVD at the population level by active surveillance and prevention of
work-related CVD risks due to both sedentary work and excessive relative aerobic strain.

However, the studies published in this journal indicate that more research is needed to differentiate be-
tween beneficial and detrimental levels of different types of OPA and how overexertion at work, job stress,
and prolonged work time (58) may put workers at risk and prevent them from engaging in beneficial
types of LTPA or simply get the recovery time they need. This research also needs to include surveillance
of occupational GVD risks and utilize prospective designs and theoretically derived causation models to
disentangle the relationships between fitness, OPA, and LTPA while simultaneously assessing biological,
behavioral, and workplace psychosocial factors (55). Furthermore, new research should differentiate be-
tween specific vulnerable populations such as aging, female, and manual workers, or those with existing
chronic conditions like CVD. These groups deserve their own guidelines about “good” and “bad” levels
and types of both OPA and LTPA. An undifferentiated public health message of “more physical activity
is better” is not helpful for workers whose physical job demands already exceed their aerobic capacity.

The most obvious research gap regarding physical activity and CVD concerns the unknown inter-
relationships between OPA, fitness, and LTPA. Only the two recent Danish and Finnish cohort studies
simultaneously assessed the independent effects of fitness, OPA, and LTPA. The following suggestions
may help address this gap and open the way to a broader clinical and public health approach to CVD
prevention including an occupational health perspective.

First, it is cost-efficient to follow the example of the Danish researchers and utilize existing datasets
from population-based cohort studies that gathered information on occupational factors but which have
never been analyzed (59) to investigate independent and combined effects of OPA, LTPA, and fitness.

Second, improve exposure measures. Absolute measures of physical workload should be supple-
mented with relative measures of energy expenditure taking body weight and individual aerobic capacity
into account. Whenever possible, categorization of continuous data should be avoided and the shape of
dose—response curves explored, allowing for u-shaped and other curvilinear relationships. New studies
should also explore the use of objective measures (eg, ambulatory heart rate monitors and accelerom-
eters) but at the same time retain the best self-report measures until the validity of any new assessment
method has been fully established. Whenever available, repeat exposure measures should be employed,
especially in mortality studies with long follow-up times.

Third, focus on multivariate models with adjustment for traditional risk factors and also for job stress,
job insecurity, and other potent psychosocial job factors that may confound the effects of OPA. One needs
to be mindful that there is only theory — and no statistical method — to differentiate between confounding
and mediating covariates. When in doubt (eg, does adjustment for income represent an over-adjustment
or not?), it would be appropriate to present multivariate models with and without the questionable cov-
ariates. The opportunity to compare these different models enables the reader to evaluate the impact of
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respective pathway assumptions on effect sizes. It also facilitates comparisons with other studies that
may differ with regard to the covariates for which they controlled. Explicit analyses of pathways using
structural equation modeling and other techniques for the study of causal pathways should supplement
the classic investigation of independent effects.

Fourth, determine if and how OPA, working time, commuting, and competing demands at home
determine LTPA and fitness.

Fifth, explore interactions of OPA with fitness, age, gender, pre-existing CVD, and other chronic health
conditions. It is important to determine risk profiles for different worker sub-populations in order to avoid
undifferentiated one-size-fits-all approaches and instead develop specific evidence-based policies that
meet the needs of aging workers, manual workers, CVD patients, immigrant workers, and other vulner-
able groups.

Sixth, develop CVD risk scores that take traditional biological and behavioral risk factors and occu-
pational and other environmental risk factors into account. This would assist clinicians and patients to
make more informed diagnostic, therapeutic, and behavioral choices and would at the same time help to
broaden public awareness of the importance of workplace determinants of CVD.

Finally, develop, disseminate, and evaluate practical guidelines for workplace surveillance of OPA and
its risks. Such programs should probably include ambulatory heart rate monitoring to estimate relative
aerobic strain for workers required to perform heavy physical labor, older workers, and workers with CVD
and other chronic conditions associated with reduced fitness (4). Regulatory statutes dealing with work
time and rest schedules need to assure that workers are protected from excessive aerobic strain even if
individual monitoring is not available.

The evidence gained in this way could form the basis for the development of new primary, secondary,
and tertiary prevention programs aiming at the prevention of CVD occurrence and progression, optimal
rehabilitation of CVD patients, facilitation of safe return to work after CVD diagnoses, and increased well-
being for all workers irrespective of their age, gender, fitness, health status, or socioeconomic position.

Niklas Krause, MD, PhD, MPH
University of California at San Francisco
UC Berkeley Richmond Field Station
1301 South 46th Street, Building 163
Richmond, CA 94804, USA

[E-mail: nkrause@berkeley.edu]
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