RESEARCH FINDINGS LINKING
WORKPLACE FACTORSTO .
CARDIOVASCULAR DISEASE OUTCOMES |

SHIFT WORK, LONG HOURS, AND CARDIOVASCULAR
DISEASE: A REVIEW by Kyle Steenland, PhD

* Data from industrialized countries suggests that irregular patterns of work, such
as shift work and extensive overtime work, have become increasingly common. In
conjunction with this trend, there are more epidemiologic studies of the health ef-
fects of such irregular patterns of work, a number of which focus on heart disease.
The following is a review of the literature, with comments on possible mechanisms
linking irregular hours and heart disease as well as on the methodologic difficulties
of studying this topic. Shift work and heart disease are the primary focus here, be-
~ cause most of the epidemiologic efforts have been directed at this area, but the epi-

- demijology of overti{ne work and heart disease also is reviewed.

Shift Work and Heart Disease

DEFINITION AND PREVALENCE OF SHIFT WORK ,

Shift work refers to work patterns other than the standard day shift. It therefore
includes both rotating shifts in which the worker works a rotating pattern of days,
evenings, and nights, and permanent shift work in which a worker works steadily
during evenings or nights (second or third shift). Most of the epidemiology regard-
ing the health effects of shift work has focused on rotating shifts. There are many
forms of rotating shifts. A worker may work a week of days, a week of evenings,
and a week of nights, with weekends off. He or she may work three shift rotations
changing more frequently, including sometimes double-shifts (16 hours), or perhaps
alternative day and night work. '

The prevalence of shift work varies from country to country, but most data sug-
gest that in Western industrial countries approximately 10-20% of workers now
work rotating shifts. Taylor and Pocock cite a figure of 25% for England in 1968;
Tenkanen, et al. cite an estimate of 15-20% for Europe currently; and Knutsson, et
al. report an estimated 10-12% in Sweden in the early 1990s,1342542% Gordon, et al.
cite a figure of 26% for men and 18% for women in the United States in 1980.% It
appears that in both Europe and the U.S. the proportion of workers on rotating shifts
has been increasing since WW IL¥ For some particular occupations such as nursing,
the proportion of workers on rotating shifts is very high. Iri Boston, for example,
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60% of nurses reported in 1988 that they had a history of shift work.””” Permanent
shift work appears to be more rare than rotating shift work; for example, Akerstedt, et
al. report Swedish data showing a prevalence of only 7% for permanent shift work.?

MECHANISMS FOR SHIFT WORK AND HEART DISEASE

Shift work might reasonably be considered a risk factor for heart disease be-
cause: (1) shift work, especially rotating shift work, disrupts circadian rhythms,
which are are linked to a number of CV risk factors such as blood pressure, heart
rate, and-catecholamine levels, (2) shift work is either correlated with or leads to
poorer lifestyle factors which in turn are related to increased CV disease, e.g., 1e-
duced physical activity, poorer diet, increased cigarette consumption, and less social
contact, and (3) shift work involves more occupational stress because such jobs are
more demanding and often involve less control on the part of the worker, and in-
creased stress may increase heart disease. These possible mechanisins clearly are
not exhaustive. For example, Harma mentions the known decrease in fibrinolysis in
early morning hours which might preferentially affect night workets, or some un-
known aspect directly related to sleep deprivation itself.”> Baggild and Knutsson
provide a more thorough review of potential mechanisms.” Note that for the second
pathway described above, shift work could be either causal or simply a marker for
confounders (standard heart disease risk factors), which when controlled would
eliminate any association between shift work and heart disease. - :

The (continual) disruption of circadian thythm for rotating shift workers is
probably the strongest proposed mechanism, with important and documented effects
on the C'V system (see Chapter 5 for a review). However, key questions remain
about exactly how this disruption might lead to increased disease in shift workers,
and whether they can adapt to such disruption.

Shift work could cause either acute or chronic effects on the heart, i.e., acute ef-
fects while performing shift work, or chronic effects years later. Disruption of circa-
dian thythms might be suspected of having acute effects, although chronic alterations
of blood pressure, for example, might lead to heart disease at a later date. A worse
pattern of lifestyle characteristics and increased stress -could reasonably be associated
with either acute or chronic effects on the beart. Whether the presumed effects are -
acute or chronic, they may be more easily observed in younger men, during working
ages, simply because single risk factors for heart disease are more easily detected at
younger ages before a large number of risk factors begin to cause much higher heatt
disease rates.!%® On the other hand, if the effects were chronic, they might not become
apparent until older ages and pethaps not until after workers had left the workplace.

METHODOLOGIC ISSUES TN STUDYING SHIFT WORK AND HEART DISEASE

'As a general recommendation, in light of the potential for a long lag period be-
tween shift work and overt CV disease, studies should include followup of workers
after Jeaving work. Analyses should pay careful attention to different possible lag
times between the beginning of shift work and observable heart disease. Assuming
some appreciable lag, studies restricted to workers currently employed might more
profitably focus on the development of intermediate CV risk factors (e.g., blood -
pressure, cholesterol) rather than manifest CV disease (which in many cases will -
cause the worker to leave the workforce). However, cross-sectional studies of inter-
mediate risk factors among the currently employed are limited due to the usual prob-
lem of determining temporal sequence, so longitudinal studies with baseline
measures before shift work would be far preferable.
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There are several additional aspects of shift work that potentially complicate any
epidemiologic study of its relation to heart disease. Shift workers may be a select popu-
lation, and it may be difficult to find a comparable reference population of day workers.
Shift workers may be selected into shift work because they are healthier to begin with
and the employer believes they are better adapted to shift work, However, the opposite
scenario is also possible—shift workers may already have an unhealthy lifestyle and,
therefore, may be willing to work irregular hours because they won’t suffer any lifestyle
change. There are few data on this issue. McNamee, et al. found a significantly reduced
risk of ischemic heart disease in the first 10 years after starting shift work, which then
was no longer apparent, suggesting an initial selection of shift workers for good
health.” Knuttson and Akerstedt studied 53 men who applied for day work or shift,
work and found that the applicants for shift work were more accustomed to irregular
sleep patterns, but there were no differences in traditional CV risk factors.’

-In addition to selection inio shift work for health-related reasons, shift workers
may have unhealthier lifestyles and lower educational backgrounds than day workers,
biasing upwards studies of heart disease. Such biases are minimized if one compares
workers to workers, making the same general social class likely, especially if they are
in the same workplace. This potential bias is more of a concern in broad-based studies
such as population-based case-control studies including many social classes, or in
cohort studies including subjects from many different workplaces.

Thete is reasonable evidence that some percentage of new shift workers switch
back to day work because they caonot tolerate shift work. Harma, et al. provide evi-
dence that 20% of shift workers switch back to day work within a year due to intol-
erance of shift work.?? Koller reports cross-sectional data indicating 22% of workers
with a history of shift work had abandoned shift work due to health or family prob-
lems.* Akerstedt, et al. cite evidence from Sweden in the 1940s that approximately
10% of workers with a history of shift work had transferred back to day work for
health reasons within 10 years.? Angersbach, et al. report in a study of 600 workers
that 11% had switched from shift work to day work, two-thirds of whom did so for
health reasons.!! These same authors found a higher prevalence of health problems
in these workers who had dropped out of shift work, compared with day workers or
workers who had stayed in shiftwork. McNamee, et al. found an increased risk of
heart disease death in the first 5 years after a shift worker switched back to day work
(odds ratio 2.69 [1.04—6.96]).17* On the other hand, Bgggild, et al. found no in-
creased risk for shift workers who swiiched back to day work.? Nachreiner has pro-
vided an overview of the recent literature on workers’ tolerance of shift work. 1%

The phenomenon of workers, particularly unhealthier workers, switching back
from shift work to day work is an example of a healthy shift-worker survivor bias,
which tends to create a bias towards the null in studies of shiftwork and CV disease.
This potential bias is particularly important in prevalence studies comparing shift
workers to non-shift workers, and in longitudinal studies that seek a trend in risk
with shift work duration rather than compare those ever employed in shift work to
those never employed in shift work.

‘While the healthy shift-worker survivor bias concerns workers switching from
shift work to day work, there is also the more general problem of the healthy
worker survivor bias, which refers to the tendency of sick workers to leave the
workforce altogether. Heart disease is a serious illness that often results in the re-
moval of workers from the workplace. One approach, when comparing shift workers
to day workers, is to compare illness or mortality rates when both groups are work-
ing or when both groups are not working.
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It is difficult to summarize these possible biases to say that the overall “net”
likely bias is negative or positive. Judgement of the likely sum effect of such biases
depends on study design and can best be done for each study individually

EPIDEMIOLOGIC STUDIES OF SHIFT WORK

Cardiovascular Risk Factors. Disruption of circadian rhythms, poor life-
style, and increased stress presumably operate via a worse profile of CV risk factors
among shift workers versus day workers. However, the healthy shift-worker survivor
bias and the healthy worker survivor bias might make it more difficult to observe
such a worse profile, particularly in prevalence studies. The data on CV risk factors
as shown in Table 1 do not indicate a consistently worse profile of risk factors
among shift workers. Almost all of these studies are cross-sectional, assessing the
prevalence of risk factors at a given point in time. Shift work is defined in these stud-
ies by either current status as a shift worker or by a history of shift work. Some stud-
ies excluded day workers who had ever been shift workers, but most did not, thereby
allowing a possible healthy shift-worker survivor bias.

Blood pressure usually exhibits a trough at night and peak during the day. The
study by Baumgart, et al. listed in Table 1 shows that shift workers rapidly alter this
pattern and exhibit a peak at night while working; other investigators have dupli-
cated these findings.4+?302% However, most studies do not indicate that shift workers
have a higher mean blood pressure, which would be expeeted to lead to more heart
disease (an exception is the study by Prunier-Poulmaire, et al., but it is somewhat
suspect due to a small day worker referent group that was doing a different kind of
job, and the fact that 18 of 21 self-reported health conditions were significantly
worse in shift workers, suggesting a possible selection bias). It is possible that a dif-
ferent diurnal pattern of blood pressure troughs and peaks could increase risk of
heart disease, but this is currently unknown. ‘

The lack of consistent prevalence findings of more CV risk factors does not
strengthen the case that shift work increases CV risk, but neither does it fatally
weaken it. First, the evidence is not totally negative: second, the healthy worker
biases may play a role in negative studies. Even if a consistent profile of worse CV
risk factors (either lifestyle factors such as smoking or physiologic measures such as
blood pressure) was found among shift workers in prevalence studies, the question
would still be open as to whether shift work was directly responsible for the increased
prevalence of risk factors or simply associated with such factors, In the former case,
shift work would truly be a cause of CV disease, and epidemiologic analyses would
net conirol for risk factors because they would be intermediate variables on a causal
pathway. In the latter case, shift work might or might not be a true cause of heart dis-
ease, but if it were, it would not operate via causing an increase in known risk factors.
Thus, eptdemiologic analyses would have to control for known risk factors because
they would be considered confounding variables. This problem—whether known risk
factors for an outcome should be considered intermediate or confounding variables—
is a common one in epidemiologic studies.”®! Adequate studies to sort out this prob-
lem require 4 longitudinal design in which shift workers and day workers are studied
at baseline and then followed to determine whether CV risk factors develop preferen-
tially in shift workers. .

Cardiovascular Disease. The principal epidemiologic siudies comparing CV
mortality or incidence among shift workers and day workers or non-shift workers
are listed in Table 2. The focus is on studies of rotating shift workers. There is only
one study of permanent shift workers in the literature; this study focused on fatal
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TABLE 1. Selected Recent Studies of Cardiovascular Risk Factors in Shift Workers*

Y

Findings, Shift Versus Day

Stdyt Population Design Work; Comments
Nakamura, 66 male Japanese Prevalence data Workers rotating 3 shifts, but not
et al. 1999 blne-collar shift measured in annual those rotating 2 shifts, had
workers, 239 day health checkup significantly higher cholesterol and
workers, same plant obesity than day workers
Prunier-Poul-  French custom Prevalence data, Older workers with more rotating
maire, et al. officials, 262 shift self-reported high shifts reported significantly higher
(1998) workers, 40 day blood pressure blood pressure; however, they also
workers working in reported significantly increased
airplanes health problems for 16 of other 19
health conditions
Knuitson and Sample of 2548 Prevalence data on More current smoking for shift or
Nilsson 1998  men and 2836 current smoking night workers, odds ratio 1.3 (1.1-
women from 1990 1.6), controlling for age, stress, sex
Swedish census,
17% shiftworkers or
nightworkers
Tenkanen, et 1806 Finnish Prevalence data in No differences in smoking, alcohol,
al, 1997 workers (564 shift 1982 for risk obesity, physical activity, or
workers) in several factors, shift work cholesterol; more reported stress
industries, age 40~ as of 1982 .
551in 1982
Lasfargues, et 676 male and 524 Prevalence data, No difference in blood pressure,
al. 1996 female night matching on broad alcohol, seif-reported health status.
workers vs, pair- socioeconomic Cholesterol significantly lower in
tnatched controls, strata (manual male night workers. Significantly
both from 150,000 worler, clerical, higher triglycerides, smoking,
volunteers for health manager), age, and obesity, WBC, sleep problems in
checkup in France, sex night workers. Not clear whether
aged 30-50, 1991-3 night workers rotated shifts,
Kawachi, etal, 79,100 U.S. nurses Prevalence data in More smoking, high blood pressure,
1995 age 30-55 in 1976, 1988 for risk " diabetes, obesity, physical activity,
60% correntor past  factors, any history less alcohol, no difference in high
shift workers as of of shift work (both cholesterol (all age-adjusted)
1988 seif-reported)
Skipperetal. 464 U.S, nurses, Self-reported 1988 No differences between rotating
1920 54% rotating shifts, = prevalence data, shift workers and others for physical
23% days, 12% age-adjusted, shift or mental health, except increased
evenings or nights work as of 1988 stress for rotating shifters
Romon, etal. 71 French shift Prevalence data, - Higher triglycerides, less alcohol,
1992 wortkers with more measured in 1988 no differences in cholesterol '
than one year vs. obesity, cigarettes, blood pressure,
70 age-matched day nutrients
workers with no
past shift work . .
Knutsson, et 12 shift workers, I3 Prospective aver 6 No difference in change in lipids or
al. 1990 day workers, months, shift work blood pressore over 6 months
Swedish paper mill  as of time of study
- Bursey 1990 57 English shift Prevalence data No difference in obesity, blood
- workegs (> 5 yr), measured at time of préssure, cholesterol, EKG
57 day workers over  study, matching on
40 (never shift age, cigarettes,
work) blue-collar status

Table continued on next page.
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TABLE 1. - Selected Recent Studies of Cardiovascular Risk Factors in Shift Workers* (Conf).
' Findings, Shift Versus Day
Swdyt Population Design Work; Comments
Baumgart, et 17 English shift Continuous blood No difference in mean blood
al. 1989 workers serving as pressure measured pressure between night and day
their own controls morning and night shifts; evidence of an 8-hour lag in
shifts the diurnal variation of blood
pressure as soon as night work
began
Costa, et al. 158 toll collectors Prevalence data No difference in cholesterol,
1990 night or shift work obesity, blood pressure,
vs. 44 day workers, triglycerides unadjusted for age, no
same company, difference in summary measure of
aged 35 or older cardiovascular risk factors after age
adjustment
Knutsson, et 361 shift workers, Prevalence data More smoking, higher triglycerides,
al. 1988 240 day workers, measured 1975~ no differences in age, cholesterol,
blue-collar workers 1976, shift work obesity, blood pressure
at 3 Swedish plants  as of time of study
Gordon,etal. 828 men, 833 Prevalence data Men and women reported more
1986 women, random self-reported 1980, drinking, job stress, emotional
sample of U.8., shift work self- problems. No association with age,
22% rotating shift reported as of 1980 education, or income, or smoking.
workers ‘Women reported more tranquilizer

nse.

* For a more complete review of such studies, including non-English publications, see reference 25.
+ McNamee et al. 1996¢omitted becanse of lack of age-adjusted data.

heart disease while working (assuming an acute effect) and showed no hatmful ef-
fects of evening or night work >

The data in ‘Table 2 are rather sparse, and the results are not consistent. Four
studies show a significant increase in CV disease for shift workers, while four do
not. The 1997 study by Tenkenen, et al. is one of the strongest because it was done
within a clinical trial and had good data on heart disease risk factors and outcomes
(data were analyzed with and without treated subjects, to make sure results were
not confounded by drug treatment).?56 Subjects worked at a variety of workplaces
and represented different social classes (restriction of the data to blue-collar work-
ers lowered the relative risk about 25%, indicating some confounding by social
class). Overall, analyses indicated that the excess risk shown by shift workers (ap-
proximately 40%, borderline significant) was not much affected by adjustment for
risk factors such as blood pressure, cholesterol, smoking, or occupational stress.
This finding suggests that shift work does cause heart disease, but not via an in-
crease in prevalence of any known or suspected risk factors (e.g., occupational
stress), at least as measured in this study. Indeed, Tenkanen, et al. hypothesize an-
other mechanism possibly related to both stress and circadian rhythms—an alter-
ation of fibrinolysis among shift workers, They provide some data showing that the
heart disease risk of shift workers versus day workers was somewhat less for those
who were taking gemfibrozil as part of a clinical trial. (Geémfibrozil is a lipid-low-
ering drug that subsequently was found to increase fibrinolysis.) In a followup
paper, Tenkanen, et al. found that higher relative risks occurred for shift workers
who smoked, suggesting an interaction.?s However, they did not provide a test of
significance for this interaction.
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TABLE 2, Studies of Shift-Work and Cardiovascular Disease®*

Findings, Shift Versus Day

Study Population Design Work; Comments
Bgggild, et 5249 men aged 40— Cohort study with RR 1.0 (0,9-1.2) for shift workets,
al. 1999 59 in 1971, from 22-yr followup, control for most risk factors
14 companies fatal/non-fatal THD
Knutsson, et 2006 cases first myo-  Population based case- RR 1.3 (1.1-1.6) for men and RR 1.3
al. 1999 cardial infarction, control study {0.9-1.8) for women for shift work
2642 controls in last 5 years, Control for smoking,
education
Tenkanen, e 1806 Finnish workers  Cohort study with 6-yr  RR for THD 1.4 (1.0-1.9), adjustment
al. 1997 (564 shift workers) followup, IHD, (ICD for cigarettes, lipids, blood pressure,
Tenkanen, et in several industries, 410-414) via death or obesity, alcchol, job strain. No
al. 1998 age 40-55 in 1982, hospital discharge analysis by duration of shift work
generally long-term
shift workers .
McNamee, et Male manual workers  Nested case-control OR. 0.5 {0.3-0.8) in first 10 years
al. 1996 at single plant, age study, shift work after shift work began, OR 0.9 (0.7-
< 50 when first em- based on personnel 1.2) thereafter. No trend with
ployed between records, any history duration of shift-work, control for
1950-1992, 467 IHD > I mo (2/3 exposed} BP, smoking, job status, obesity
deaths as per death measured before employment
certificate, 467 controls .
Kawachi, etaf. 79109 female nurses ~ Cohort study with 4-yr  RR 1.3:(1.0~-1.7) for shift work, RR
1995 aged 4267 in 1988, followup, 292 fatal 1.2 (0.9-1,6} for < 6 yr shift work,
free of IHD, 60% and nonfatal CHD RR 1.5 (1.1-20) for 6 yr. Adjust-
. with history of shift ment for risk factors in 1990 (litfle
work effect of adjustment on RRs)
Knutsson, etal. 504 paper mill Cohort study 15-yr RR 1.4 (n.8.), increasing risk of THD
1986 workers in 1968, followup, 43 cases with increasing duration of shift
804 shift workers, of THD (angina or work until 20 years (RR 2.8, 16-20
few ex-shift work- Mb) yr.), when RR drops possibly due to
ers, at a single plant survivor effect, control over
smoking, age
Angersbach, 210 shift workers, Followup morbidity No differsnces in cardiovascular
et al. 1980 142 day workers, study over 1966— complaints registered in company
41 ex-shift werkers, 77 based on company  clinic; study limited by restriction
all who stayed em- medical records to active workers
ployed-over 11 years,
at a single plant
Taylor and Male manual workers  Cohort study with fol-  SMR 0.9 (0.8—-1.1) for day workers,
Pocock 1972 with 10+ years em- lowup through 1968, 1.0 (0.9-1.2) for shift workers, 1.2
: ployment after 1946 444 CHD deaths, (0.9-1.7) for ex-shift workers
and born before comparison to
1920, from 10 com- general population SMR 1.2 (1.0+1,5) for shift workers
panies, 4188 shift via SMRs under age 60, primarily in one

workers with 10+
years shift work, 3869
day workers with 10+
years day work and <
6 mo shift work, 555
ex-shift workers with
6+ mo shift work

company adjustment only for age,
no analysis by duration of shift
work

* Cross-sectional studies are omitted,

coronary disease, CHD = coronary heart disease, MI = myocardial infarction)

¥ Three studies potentially relevant to rotating shift workers are
omitted (Alfredsson, et al. 1982, Alfredsson, et al. 1985, Tuchsen 1993) because they are not based on a
well-defined population of shift workers. The exposure variable in these three studies is defined as work
in an occupation presumed to involve more frequent shift work than other occupations. These studies afl
show some increase in mortality among workers in jobs presumed to involve more shift work, However,
the imprecision of the definition of shift work and the possibility of confounders related to occupation
make these studies of less value than the ones listed, (IHD = ischemic heart disease, ICD = 1schenuc

I\
\
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The study by Kawachi, et al. of U.S. nurses is a second well-designed study
with a positive result (RR = 1.31, 95% CI 1.02-1.68).17 Adjustment for traditional
tisk factors generally did not change results much, again suggesting that any shift
work effect is not mediated through the risk factors usually considered for heart dis-
ease, although in this study only sélf-reported data on risk factors was available. A
significant trend of increased risk with increasing duration of rotating shift work was
shown, There is no suggestion in the data that those who left shift work shortly after
entering it (the “drop-outs™) had a higher heart disease risk. This could be because
few nurses were able to switch back to day work, even if they had health problems.

The third positive study, by Knutsson, et al., is a smaller study without exten-
sive control over conventional CV risk factors.'? It is consistent with the Kawachi,
et al. study in that there is an overall excess risk of about 40% for shift workers, and
a significant increasing trend in risk with increasing duration of shift work, at least
until 20 years. Employees who have been shift workers for more than 20 years show
a decreased risk, which the authors interpret as a survivor effect—shift workers who
survive more than 20 years are a particularly hardy group unaffected by heart dis-
ease. However, no such survivor effect was seen in the Kawachi, et al. study.

The fourth positive study, also by Knutsson, et al. is unusual in that it is a pop-
ulation-based case-control study in which shift work in the last five years was deter-
mined by interview.'* Shift work (14-15% did shift work, about the same for men
and women) in this study is not rotating shifts per se, but includes those reporting
night work (about 3-—4% did night work). The limited time window for shift work
and the lack of detailed information on the reported shift work are limitations in this
study. The categorization of exposed (shift work) versus nonexposed is likely to be
less precise than in cohort studies; this fact would ordinarily bias findings towards
the null. NOnetheléss, a modest but significant relative risk of 1.3 was found for both
men and women. Adjustment for self-reported job strain did not change the findings,
nor was there any interaction with the job strain Vvariable. The principal concern in
this study is possible upward bias in the odds ratio due to uncontrolled confounding.
Shift workeis were of lower socioeconomic class than non-shift workers, and
smoked mote. Education and smoking (current, former, never) were controlled in
the analysis, but residual confounding by social class may have occurred, and there
was no conirol for risk factors such as obesity, blood pressure, and cholesterol.
While it could be argued that these last factors might be intermediate variables
which should not be included in the model, this case has not been proved, and it is at
least equally plausible that these variables act as confounders.

The four remaining studies in Table 2, in contrast, are largely negative. There
are no obvious flaws in the designs of the studies by Bgggild, et al., McNamee, et
al., and Taylor and Pocock to explain why they are negative.267225¢ The Bgggild, et
al. study is one of the better analyses overall, as it is a cohort study with good base-
line data on possible confounders, some validation data indicating that self-reported
data on shift work were reasonably accurate, and a recontact of 75% of the cohort 15
years after baseline to again ascertain shift-work status.?s Workers worked in 14 dif-
ferent companies and came from different social classes. Although workers with any
night work are mixed with rotating shift workers, evidence presented suggests that
most shift workers rotated. There is no suggestion of any excess risk for shift work-
ers in this study, with or without controlling for traditional risk factors. There is
some evidence in these data that inadequate control over social class, in studies with
heterogenous populations of workers, might be an important confounder in shift-
work studies.
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The McNameg, et al. study was done in a workforce at a single plant.!” This
study showed no effect overall of shift work, nor with duration of shift work (in con-
trast to Kawachi, et al. 1995 and Knuttson, et al. 1986}, McNamee, et al. conducted
a number of time—specifid analyses, including analyses by years since beginning
shift work; the latter revealed a significant excess risk for ex-shift workers shortly
after leaving shift work (odds ratio 2.69, 1.04-6.96, 14 cases, 6 controls) compared
to day workers. However, this finding may have been a reflection of sick workers
leaving employment rather than a health effect specific to shift work.

The Taylor and Pocock study is an older study that is limited by the lack of a
direct comparison between shift workers and day workers (all groups are compared
to the general population), but which is based on large numbers and had a good divi-
sion of workers between long-term shift workers, day workers, and ex-shift work-
ers.?5* Despite the lack of a direct comparison between worker groups, this study can
be considered negative. There is an interesting finding of a modest excess for shift
workers under 60 years of age, but the authors state that this is largely due to one
particular company and that there may be additional reasons (not specified) why
young workers at this company might have high heart disease rates.

The final study in this group, by Angersbach, et al,, is a morbidity study based
on company medical records and restricted to workers who remained employed
during an 11-year period.!! This is an important limitation in so much as the effects
of shift work on the heart might cause workers to leave employment, or might first
occur only after employment, so this study must be given less weight than the others.
A similar study of illness among active workers was conducted, but it did not report
CV disease separately.?>? :

‘ _
SuMMARY OF EPIDEMIOLOGIC EVIDENCE FOR HEART DISEASE-SHIFT WORK LINK

Taken as a whole, the epidemiologic data suggest that a modest association
between shift work and heart disease may exist. There are plausible biological
mechanisms (via disruption of circadian rhythms) by which shift work could result
in heart disease. However, the epidemiologic studies are still telatively few in
number, and they are not consistent. Therefore a causal relationship between shift
work and heart disease cannot be inferred. It is a difficult subject to study epidemi-
ologically, and we must wa1t for additional data before drawing more definitive
conclusions.

Those studies that do show a shift work effect do not suggest that this effect is
mediated by changes in conventional heart disease risk factors; however, these risk
factors may not have been well measured or may not have been the true risk factors
of interest, Furthermore, there may be effects of shift work on the CV system that
are not well understood and are not well explained by the current proposed mecha-
nisms: There is some evidence of selection biases operating that could bias findings
towards the null, but there is other evidence that some positive findings in general
populations may have been confounded positively by social class.

REGULATIONS CONCERNING SHIFT WORK

Kogi recently reviewed international regulations on the organization of work,
principally the recommendations of the International Labor Organization (ILO)
dating from 1990, and the directive of the European Council of 1993 which (at least
in theory) must be enforced within the European Economic Community. These reg-
ulations apply more generally to all work organization, but a pumber of points are
directly relevant to shift work. The ILO recommendations call for: (1) advice to the
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worker at regular iniervals on how to cope with shift work, (2) transfer to a similar
day job when the worker is found unfit for shift work, (3) special compensation for
shift work, (4) consultation between worker and employer on the details of the shift
work, and (5) at least 11 hours rest in each 24-hour period (no consecutive full-time
shifts). The European directive is similar. It calls for: (1) a minimum daily rest
period of 11 hours in a 24-hour period, (2) a rest period of at least 35 consecutive
bours per 7-day period, (3) maximum of 48 work hours per week, and (4) transfer to
day work when problems with night work are recognized. -
In the U.S. there are no general regulations covering shift work, although there
are some regulations for particular sets of transportation workers (pilots, truck dri-
vers, and railroad workets). The U.S. National Institute for Occupational Safety and
Health has pubhshed guidelines for shift work.

Overl:lme Work and Heart Disease

Overtime work is commonly thought to be stressful and fatiguing and may be
correlated with sleep deprivation, thereby involving two of the same mechanisms
hypothesized for heart disease and shift work. There are data indicating that, in gen-
eral, being at work (versus not being at work) increases blood pressure, so that
longer working hours implies more time with increased blood pressure.2'° Finally,
there are more recent data indicating that long hours of overtime may increase aver-
age blood pressure as measured over 24 hours. One model for an effect of long hours
on heart disease suggests that this increased blood pressure contributes to an acute
myocardial infarction.

Studies of long hours and heart disease involve many of the same methodologlc
issues as studies of shift work and heart disease; it is important to compare popula-
tions of workers that are as similar as possible with respect to potential confounders
to avoid selection biases, and longitudinal studies with careful attention to temporal
sequence of exposure are preferred.

Overtime work as a risk factor for heart disease is difficult o separate from the
more general literature regarding stress, since overtime work generally is considered
stressful. There are a few carly studies suggesting that long werking hours are
among the stressful factors that increase the risk of heart disease.?2426¢ More re-
cently, Falger and Shouten studied cases of male acute myocardial infarction versus
hospital and neighborhood controls.5® With hospital controls (but not neighborhood
controls), they found that self-reported prolonged overtime (time period not defined)
caused a significant two-fold excess risk for acute myocardial infarction after con-
trolling for smoking, age, education, and self-reported exhaustion. The focus in
these studies has been more on stress rather than on overtime work per se.

There are two other studies in which working long hours is inferred for study
subjects based on occupational category, using ancillary surveys of work habits by
different occupations.’” These studies can provide only indirect evidence and are
not reviewed here,

The most important studies to date attempt to separate the independent ef-
fects of long hours and stress, either by explicit attempts to measure both these
vatiables and by matching, or by quantitatively measuring hours worked.95111.243
Two of the studies concern long hours and blood pressure, while one is a case-
control study of long hours and myocardial infarction. All three come from Japan,
where working long hours is common and where death from overwork, or
“Karoshi,” is a publicly recognized phenomenon, despite the lack of formal epi-
demiologic evidence,
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Hayashi, et al. studied 10 normotensive men working long hours (more than 60
hours overtime a month) and 11 normotensive controls (less than 30 hours overtime
a mopth) (Group A).*s Blood pressure was recorded during a routine checkup.
Invegtigators also studied 15 exposed men and 11 conirols who had mild hyperten-
sion/(group B}, as well as a group of normotensive men whose hours varied between
heavy overtime and light overtime (group C). Groups A, B, and C all worked for the
same company, and groop C members worked in the same department; exposed and
controls were similar with respect to age, body mass, and smoking habits. Hourly
blood pressure, recorded over a month and averaged, showed significantly higher
blood pressure for the exposed versus conirols in groups A and B. Group C, perhaps
the most interesting because it was studied longitudinally and avoided potential con-
founding (subjects were their own controls), showed a significant increase in blood
pressure (diastolic and systolic) and a significant decrease in sleep when working
more overtime (average 96 hours/month, versus 43 hours/month during the control
period),

Iwasaki, et al. studied systohc blood pressure among 71 salesmen in the same
company divided into two groups by length of work week in the previous month.!!!
Based on a single blood pressure measurement, the group with more hours (65
hours/week) had higher systolic blood pressure for one age group (age 50~59) than
did the group with shorter working hours (57 hours/week), despite the fact that the
difference in hours worked was not extreme. Smoking and, body mass were compa-
rable between exposed and nonexposed. This study provides only weak evidence of
an exposure effect due to its cross-sectional nature, the possibility of confounding,
and reliance on a single blood pressure measurement..

In the most thorough study to date, Sokejima and Kagamimori compared 195
Japanese survivors of first heart attacks to 331 controls who were free of heart dis-
ease and matched by age and occupation to the patients.> Controls were chosen via
lists of workers who had had yearly routine medical exams. Occupational matching
was by eight broad cccupational categories. Data on medical history, blood pressure,
cholesterol, glucose tolerance, body mass, and smoking habits were obtained for
both cases and controls, as were data on psychosocial conditions at work and time
spent in sedentary work. The last two factors were not associated with heart disease
in the analysis, while the former, more established risk factors were. Working hours
in the month before infarction or interview (for controls) did not differ between
cases and controls (average 9.2 hours). However, when the data were categorized,
patients had significantly increased likelihood of having worked either short or long
hours in the previous month (either > 11 hours on the average, or < 7) compared {0
controls, suggesting a U-shaped relationship between working hours and heart dis-
ease. The authors speculated that the increase in risk for those with shott working
hours might have been due to these subjects suffering from early disease (and there-
fore working less), or from a protective effect of working a full work day. The au-
thors also found that there was a significant trend of increasing risk of infarction
with a larger increase in working hours during the year prior to infarction, so that a
change towards longer working hours increased risk. This finding is consistent with
a postulated increase in blood pressure contributing to a heart attack.

In summary, although the literature is sparse, there is some suggestion that
long hours can increase blood pressure and lead to increased heart disease, inde-

“pendent of other stressful conditions at work. These findings must be viewed as
preliminary, but are intriguing enough to warrant more studies on overtime work
and beart disease.
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CHEMICAL AND PHYSICAL FACTORS by Larry Fine, MD, PhD

Recently, much of the interest in the relationship between work and cardibvas-
cular disease (CVD) has focused on psychosocial factors. However, there are ahost
of occupational chemical and physical factors that have been studied to investigate
their possible relatlonshlp to CVD. Some of these exposures, such as cold weather
noise, and passive smoking, are common.

Cold Weather

‘Several epidemiologic studies have observed a definite relationship between envi-
ronmental exposure to temperature below 18°C and small increases in the acute mortal-
ity from coronary artery disease (CAD) and CVD in individuals older than 50 years.
These increases in risk of death from cold exposures in Europe occurred to a greater
degree in regions with warmer winters, in populations with cooler homes, and among
people who wore fewer clothes and were less active outdoors. In a large study of 50- to
69-year-old men in London between 1986 and 1992, it was found that cold exposures
of normal life are sufficient to induce prolonged hemoconcentration and increases in
both systolic and diastolic blood pressure (BP). These changes occurred on the first
cold day and persisted for a few days.> The increases in mortality appear preventable
by adequate indoor heating and adequate protection against cold while outdoors.

In a study of the population of Yakutsk, which has extremely cold winters with
mean October to March temperatures of —27°C, mortality from CVD and CAD
ameng individuals 50-59 years old did not change. In comparison to other Siberian
cities, this lack of mortality associated with cold stress seemed to result from the
. wearing of exceptjonally warm clothing and the reduction of outdoor excursions at
temperatures below —20°C.5 These studies suggest that older workers who have reg-
ular or intermittent outdoor exposure in the winter may be at slightly increased risk
of mortality from CVD and CAD; however, the excess risk seems to be prevented by
adequate clothing (e.g., overcoats, gloves, and hats) and opportunities to rest in
watrm indoor environments. The mottality of older workers with outdoor exposures
is an area for future study..

The relationship between mortality and cold exposure may be of interest in cli-
mates with mild winters, since the effects observed in Europe are seen in, for exam-
ple, Italy and Greece. In addition, studies of cold temperatures may be of interest
even in workers with exposures below 20°C, whether indoors or outdoors. ST-seg-
ment depression with or without anginal symptoms during ambulatory electrocar-
diac monitoring is suggestive of transient myocardial ischemia. Results from the
CORDIS study found significant increases in the rate of silent ST-segment depres-
sion among women workers working at ambient temperatures lower than 20°C after
adjusting for possible confounding factors such as age, type of work, smoking, and
relative weight. It seems biologically plausible that sudden exposure to cold could
induce coronary artery spasm, since the cold pressor test can provoke abnormalities
of myocardial perfusion not only in patients with structural coronary disease or vari-
ant angina, but also normal subjects. #2212

Heat Exposures and Warm Weather

Acute myocardial infarction (MI) may occur (although rarely) after severe heat
exhaustion or heat stroke, as they are associated with widespread tissue injury.”” The
risk of acute ischemia with heat stroke or heat exhaustion in working populations is
unknown. In a study of Hajj pilgrims suffering from heat stroke, 21% had localized

e
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This number was based on an estimated prevalence of unrestricted smoking in U.S.
office workplaces of 286%.22' -

In some workplaces with particularly high levels of exposure to passive smok-
ing, such as casinos, CAD risk may be even greater.?68 Environmenial sampling was
performed to evaluate occupational exposure to ETS among casino employees. The
geometric mean serum cotinine level of the 27 participants who provided serum
samples was 1.34 nanograms per milliliter (ng/ml) pre-shift, and 1.85 ng/ml post-
shift. Both measurements exceeded the geometric mean value of 0.65 ng/ml for
participants in the third National Health and Nutrition Examination Survey
(NHANES IIT) who reported exposure to ETS at work.?6® This evaluation demon-
strates that a sample of employees working in a casino gaming area were exposed
to ETS at levels greater than those observed in a representative sample of the U.S.
population, and that the serum and urine cotinine of these employees increased
during the working shift. The number of these high-exposure environments in the
U.S. is unknown.

Physical Exercise and Vibration

Numerous studies consistently find that higher levels of physical activity,
whether at work or leisure, are associated with lower risks of CAD and CVD.!*® The
biological processes proposed to explain the beneficial effect of higher levels of phys-
ical activity are very plausible.'* Because of the negative effect of a lack of physical
activity, sedentary work can be viewed as an occupational risk factor for CAD.5 The
relative risk of death from CAD is about 2.0 for sedentary compared with active oc-
cupations. Unfortunately, the level of physical activity in the population may be on
the decline overail because of changes on the job and in transportation.

Uncertainty exists about the level and type of physical activity on the job may
be protective.?® Three specific physical occupational factors have been suggested as
possible risk factors.?*¢ While increasing the level of physical activity is beneficial in
preventing CAD, irregular heavy physical exertion (such as 6 or more metabolic
equivalents) is associated in most studies with substantially increased risk of an
acute MI in the first hour after the exertion.?8* However, while the relative risk is
high, the absolute risk is low, and habitual physical activity greatly reduces the risk
of heavy physical exertion.

. Bvidence that lifting may be an occupational risk factor is limited. Associations
with lifting may be due to some other confounding factor.246 However, a significant
increase in SMR for MI related to heavy lifting has been found; when combined
with hectic work, the risk was even higher. Resistance weight training has been nsed
safely in the rehabilitation of patients with cardiac disease.!®

Both segmental and whole body exposure to vibration have been postulated
to have acute effects on the CV system. Since there are some data supporting this
hypothesis, further investigation of this association would be of some interest 3+6la

Chemical Exposures and Cardiovascular Disease

A few oceupational exposures, such as carbon monoxide, carbon disulfide
(CS,), methylene chloride, and nitrate esters, have been definitely linked to selected
CV conditions. The evidence for these exposures is by far the strongest when the
level of occupational exposure is high. For some chemicals {e.g., lead, arsenic, and
2,3,7.8-tetrachlorodibenzo-p-dioxin) evidence is more limited or substantial occupa-
tional exposures ate less common. Low-level exposures to carbon monoxide, lead,
and carbon disulfide are common.
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ST-T electrocardiographic changes consistent with acute myocardial ischemia.’ Heat
waves in the United States are clearly associated with increase in overall mortality
among the elderly. One European study found excessive total daily CV mortality
among males between the ages of 45 and 65 when maximum air temperature ex-
ceeded 33°C. 20

" Heat stroke and exhaustion are certamly acute r1sk factors for myocardial is-
chemia in an individual with CAD. For exposures less intense than those that canse
heat stroke or exhaustion, the risk of cardiac ischemia in an individual with CAD ap-
pears to be related to the magnitude of the heat stress.?3251 One epidemiologic study
of open-hearth steelworkers did not find an elevated risk of death from CAD.?"
However, a second study of French Potash miners concluded that there was an in-
creased risk of ITHD from the hot underground mining environment. One possible
reason for the negative study is the selecl:lon of strong, healthy workers, both at hire
and during employment.28-

Further studies of heat waves to determine if active working adults have ele-
vated mortality patterns and more studies of occupational groups with intermittent
exposures to high temperatures would be interesting. Prompt recognition and ther-
apy for heat stroke and heat exhaustion may prevent or limit myocardml ischemia in
workers with underlymg coronary d:lsease 0

Noise .
Research on noise exposure and hypertension or elevations in blood pressure
has focused on two aspects: objective measures of noise exposure, usually ex-
ceeding 80 dB, and duration of exposure. A few studies have defined noise as any
exposure that is considered by the exposed worker to be an annoyance. Two
recent reviews have reached somewhat different conclusions about the relation-
ship between objectively measured noise exposure and hypertension.65267
Experiments in animals suggest that noise exposure in spontaneously hyperten-
sive rats can increase the number of ischemic myocardial lesions.® This issue is
not entirely resolved, but there may be a dose-respotise relationship’ between
noise and hypertension; the importance of duration of exposure has not been clar-
ified. 7010125 The proponents of a causal relationship between noise and hyperten- -
sion have noted that the likely increases in BP would result in modest increases -
(1.1-1.2) in the relative risk for CAD.55 Overall, there is considerable, if conflict-
ing, evidence that prolonged exposure to high noise levels causes SIgmficant
chronic elevation of BP.

A few studies address the effect of noise on other cardiac risks, such as choles~
terol. However, the results are not definitive, but raise the hypothesis that noise ex-
posure could affect lipid levels.'™ One interesting and provocative study found a
borderline significant relationship in men between transient episodes of ST-depres-
sion on ambulatory electrocardiac monitoring and industrial noise exposure.® Since
noise exposure is still common, further research on the relationship between CVD
and chronic, high-level noise exposure is important. '

Passive Smoking

A review by Kristensen underlined the importance of passive smoking at work
as a risk factor for premature CVD in Denmark.®* A risk assessment based on mea-
sured levels of environmental tobacco smoke (ETS) in office air and salivary coti-
nine in nonsmoking U.S. workers estimated that 4000 heart disease deaths occurred
annually among office workers from occupational exposures to passive smoking.
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CARBON DISULFIDE

CS, was definitively assomated with increased risk of CAD in Finnish epidemi-
ologic studies which showed that higher exposures before 1970 were linked to high
relative risks for CAD, and that following substantial reduction in exposure the risk
declined to less than 1.1°2 Overall, the several other epidemiologic cohort mortality
studies strengthen the evidence that CS, can cause CAD in workers exposed for long
time periods and at high levels. 66251 The mechanism may be primarily a direct ad-
verse effect on the CV system, since the risk of dying from heart disease has been
largely restricted to currently or recently exposed workers in some of the cohort
mortality studies. The importance of this hypothesis is that the adverse effect may be
reversible to some extent.

There is some debate about the level of exposure associated with increased
risk of CAD.2!! The most recent cohort mortality study concluded that exposure to
relatively low levels of CS, increases the risk of CV mortality.?’* As with many oc-
cupational adverse effects, the precise shape of the dose-response curve between
mortality from CAD and exposure to CS, remains an important area of research.

CS, has been associated with several effects that suggest direct and indirect
mechanisms for the increased risk of CAD. Interestingly, in both Belgian and
Japanese CS, workers, but not Finnish workers, an increased prevalence of microa-
neurysms of the retinal artery has been reported.'?6:277 The other effects that have
been noted are ECG abnormalities, a negative inotropic effect, an increase in LDL.-
cholesterol, and increased diastolic BP.552147

NITRATE ESTERS

Nitrate edters such as nitroglycerin (NTG) and ethylene glycol dinitrate (EGDN )
caused angina and more rarely cardiac sudden death in highly exposed workers in the
past, 18105244 Bollowing withdrawal from expesure, coronary artery spasm has been
postulated as occurring, In the occupational setting, skin exposure to the nitrate esters
is the principal route of exposure, In the studies of mortality from CAD in exposed
explosives workers, it is not clear whether the effects are solely acute after withdrawal .
from exposure or also occur during acute overexposure. There are substantial case
studies and epidemiologic evidence to confirm this hypothesis of an acute effect of -
nitrate esters, Only one study found evidence that there may be a chronic effect that
persists several years after exposure ceases, 9 This study suggested that CV effects of
NTG and EGDN might be more complex than simply the precipitation of coronary
spasm after acute withdrawal from exposure. It is possible that the nitrates also lead
in some manner to increased diastolic BP, since one study also found, in addition to a
chronic increase in CAD mortality, a nonsignificant increase in CVD mortality,'0¢
Older clinical reports suggested that sudden death rarely occurs in exposed workers
without pre-existing CAD. However, Stayner found that workers hired after 1970
who were screened every 6 months for hypertension as well as resting and exercise
ECG abnormalities did not have an excess risk of death from NTG exposure.* This
absence of an effect could be due to a combination of lower exposures and effective
screening to identify more high-risk workers. Prospectlve studies of currently ex-
posed workers are needed to determine whether there is any remaining excess risk.

CARBON MONOXIDE .

Substantial exposure to carbon monoxide (CO) is more common than substan-
tial exposure to either nitrate esters or CS,, CO exerts its adverse effects via its avid
binding to hemoglobin, resulting in decreased delivery of oxygen to the tissues.” In
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addition, CO binds to the cytochrome oxidase system in the mitochondria of cardiac
muscle, raising the possibility that CO exposure could directly decrease myocardial
contractility. A limited number of occupational exposures to CO can result in car-
boxyhemoglobin levels greater than 25%. When the carboxyhemoglobin level ex-
ceeds 25%, the reduction in tissue oxygen delivery can canse myocardial ischemia
or infarction, dysrhythmias, or even sudden death.5® These high levels of exposure
can occwr from exposure to combustion sources, such as during fire fighting activi-
ties or use of gasoline engines in confined spaces (e.g., gasoline-powered washers
for cleaning of flood debris in basements). For example, in one study of structural
fire fighting, 10% of the samples exceed 1500 ppm of CQ.12 : _

The acute cardiac effects of CO even at low levels of exposure are dependent
on the ability of the coronary arteries to increase blocd flow to the myocardium in
response to the hypoxic stress of CO. Workers with significant CAD may be ai-
fected at lower levels of exposure. In addition, CO exposure from workplace com-
bustion sources are additive with the CO exposure that smokers receive from their
cigarettes. One study showed that smokers in workplaces with low levels of CO ex-
posure (3—12 ppm), far below the OSHA exposure limit (50 ppm or 55 mg/m?), had
carboxyhemoglohin levels of 2.1-7.6%.%% Levels above 4% carboxyhemoglobin
have been associated with reduced time to onset of angina during exercise tests.'*2
Higher workplace exposures, for example at the OSHA recommended exposure
limit, could raise the carboxyhemoglobin level of the nensmoker above 4%.
Workers with CAD may have an increased number of angina attacks in occupa-
tional environments with CO exposure.

Cverall, mortality studies of exposed workers provide some evidence that CO
exposure may be associated with an increase in mortality from CAD while the expo-
sure continues. dome of these stodies are positive and others are negative,?0.141.24%
Some of the positive studies involved workers who are exposed to more than one
agent. For example, one found a significant incréase in mortality from sudden death
presumably due to CAD in firnace workers in ferroalloy plants.1® The increase was
not explained by smoking or alcohol consumption; however, these workers were ex-
posed to manganese, CO, and heat. Interestingly, two studies have found evidence of
an increase in hypertension morbidity or mortality; however, in both studies workers
did have multiple exposures.!®!4! The latter observation raises the hypothesis that
chronic CO exposure could potentiate other CV effects.

One of the few studies with a detailed exposure assessment for CO, no other
potential cardiac toxic exposures, and a good internal comparison group is that com-
paring tunnel workers to toll booth operators.2*#2 The tunnel workers had a 35% in-
creased mortality from CAD. The excess declined after 1970 when the CO levels
were reduced by improved ventilation (prior to 1970, levels averaged over 50 ppm).
The excess mortality was limited to the first few years after employment ceased.

Overall, the epidemiologic studies do suggest that high-level CO exposure may
cause at least moderate increases in the risk of CAD. It is not surprising that studies of
the adverse effects of CO in physically active occupations with intermittent exposures,
such as fire fighting and foundry work, have had mixed results. Acute exposures in fire
fighting or to a combustion source in a confined space and that cause carboxyhemo-
globin level above 25% may pose a cardiac hazard even for individuals with a normal
CV system, while lower levels of exposure may pose a hazard for individuals with sig-
nificant CAD. These lower exposures in the individual with CAD would be potentially
more hazardous if other factors were present that could increase the risk of cardiac is-
chemia, such as cigarette smoking, high altitude, or substantial physical exercise.
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METHYLENE CHLORIDE

Methylene chloride (dichloromethane) is metabolized to CO. Any worker who
presents with a clinical picture consistent with CO toxicity and a history of solvent
exposure should be evaluated for methylene chloride exposure. Exposures as low
as 75 ppm of methylene chloride can produce similar levels of carboxyhemoglobin
as exposure to CO at 35 ppm. Methylene chloride has been a common solvent in
furniture-stripping solutions.!”* The risk of methylene chloride exposure is related
to the duration and intensity of the exposure. Two epidemiologic studies of occupa-
tionally exposed chemical workers involved in the production of methylene chlo-
ride have not found an association with CAD,75.198

LEAD

Occupational exposures to lead are still common in some industries, such as con-
struction and manufacturing of lead batteries. The identification of subtle subclinical ef-
fects of lead at low exposure levels has led to reduction in recormended occupational
exposure limits from 80 to 40 micrograms/dl.#% At these lower levels of exposure it is
possible that lead may be contributing to hypertension.!*® This concern was first raised
by studies in the general population. One recent review of the animal, epidemiologic oc-
cupational, and general population studies concluded that there is a weak positive rela-
tionship between both systolic and diastolic BP and lead exposure. A two-fold increase
in blood lead concentration was associated with a [ mim ipcrease in systolic pressure and
0.6 mm increase in diastolic pressure. % The reviewers were not sure that the relation-
ship was cansal. They believed that there were several possible plausible mechanisms,
including interference of lead with calcium metabolism, a possible direct effect of lead
on the vasculap smooth muscle, or potentiation of . Sympathetlc stimulation by lead. The
most recent cross-sectional studies of workers are also inconsistent. The issue of whether
occupational exposures to lead contribute to hypertension is not totally resolved.

SOLVENTS AND DYSRHYTHMIAS

A limited number of chemicals have been associated with atrial and ventricular
dysrhythmias by mechanisms unrelated to ischemia; such events may occur even in -
individoals with anatomically normal coronary vessels.?® Some organic solvents,
particularly fluorocarbons such as chlorofluorocarbon 113, are implicated in the oc-
cupational setting.!®® Suspected proarrhythmic agents are bromofluorocarbons,
methyl chloroform, methylene chloride, and trichloroethylene.’ The strongest evi-
dence for this relationship is from case reports following very high. intentional ex-
posures (e.g., glue sniffing).5! Other evidence comes from clinical studies and
experimental animal investigations.?¢ The anirnal studies suggest that a wide range
of solvents at very high levels of exposure are cardiac toxins; however, the risk in
usual working situations is probably small.220

The pathogenesis of solvent-related dysrhythmias likely involves potentiating
the effect of endogenously secreted catecholamines to cause arthythmias, The com-
bined effect of the solvent and catecholamines results in atrial or ventricular arthyth-
mias.!% At very high levels of exposure other mechanisms are possible, such as
decreased myocardial contractility or hypoxia from respiratory depression.

There are several case reports of sudden death or atrial fibrillation following
exposure to chlorofluorocarbon 113 in confined spaces. The most volatile fluorocar-
bons are the most hazardous. Epidemiologic studies of workers exposed to fluoro-
carbons in nonconfined spaces and presumably at lower levels of exposures are not
consistent.’! A positive study found an association between history of episodes of
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palpitation among pathology residents and exposuze to fluorocarbons in the prepara-
tion of frozen sections from surgical specimens.?* A negative study involved ambu-
latory EKG monitoring and exposure measurements to fluorocarbon-113 in sixteen
sedentary aerospace workers. The frequency of ventricular and atrial premature
beats and other evidence of dysthythmias on a low exposure day (64 ppm personal
time-weighted average [TWA]) were compared to a higher exposure day (442 ppm
TWA).% There is also an equivocal study among refrigerator repairmen.&!

In summary, occupational exposures to fluorocarbon-113 at levels below the -
OSHA standard of 1000 ppm have not been associated with cardiac dysrhythmias.

Several epidemiologic mortality studies of solvent-exposed workers have been
conducted, principally in aerospace, rubber, chemical, and dry cleaning industries.
Each of these studies has limitations in determining if there is an association be-
tween acute solvent exposure and cardiac mortality. Most were designed to concen-
trate on the relationship between chronic solvent exposure and cancer rather than
acute exposure and CVD. The majority of cardiac deaths occurred years after expo-
sure ceased. Most did not have detailed exposure measurements; therefore, the po-
tential for misclassification of exposure is substantial. A review of the epidemiologic
literature shows no consistent association between solvents, with the exception of
CS,, and elevated risks of mortality from heart disease.¢

A few studies do indicate one or more positive associations. A case-control study
in the rubber industry found no evidence of association between the most solvent ex-
posures and heart disease, but did find limited evidence of an association between
ethanol or phenol exposure and mortality from CAD.?¥” A recent cross-sectional study
reported associations between occupational exposures:to benzene or xylene, but not to
phenol, and the prévalence of hypertension, atrial, and ventricular ectopic beats.!%2 A
significant but slight increase in mortality from CAD was reported among aerospace
workers exposed to trichloroethylene or toluene.? This study had an internal reference
group and careful exposure assessment. The 10-20% increases in this study generally
were not dose related, and there were overlapping exposures to several solvents. In an-
other study of trichloroethylene there was no evidence of an increased risk from CV
mortality in the workers with long duration or higher levels of exposure.’?

PSYCHOSOCIAL FACTORS: REVIEW OF THE EMPIRICAL
DATA AMONG MEN by Karen Belkié, MD, PhD, Paul Landsbergis,
PhD, Peter Schnall, MD, Dean Baker, MD, Téres Theorell, MD, PhD,
Johannes Siegrist, PhD, Richard Peter, PhD, and Robert Karasek, PhD

In 1958, a case-control study by Russek and Zohman revealed that of 97 male coro-
nary patients under age 40, 91% were judged to have been exposed to “occupaticnal
stress and strain,” based on a detailed occupational history, compared to 20% of healthy
controls.??* In the same year, Friedman, Rodenman and Carroll published their seminal
paper demonstrating a significant relation between serum cholesterol and blood clotting
times, and cyclic variation in occupational stress among accountants.’ Since these early
studies there has been a burgeoning body of evidence demonstrating a relationship be-
tween psychosocial factors at the workplace and cardiovascular disease (CVD).

Approximately 20 years ago, the Job Strain Model was introduced by
Karasek.'” Systematic investigation of psychosocial workplace factors and CVD was
dramatically advanced by this model, which can be readily applied in epidemiologic
studies. The first hypothesis is that strain occurs when there is excessive psychological
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wotkload demands together with low job decision latitude. This combination provokes
arousal, as well as distress, activating both the sympathoadrenromedullary and adreno-
cortical axes, and yielding a highly deleterious combination.” 7 A third dimension,
social isolation, was later added to the Job Strain Model.!* The second hypothesis is
that high demands together with high decision latitude lead to active learing of new
behaviors, and possibly improved health through long-term positive changes in coping
behaviors. (See Chapter 3 for a detailed discussion of the theoretical construct,)

More recently, the Effort-Reward Imbalance (ERT) Model was introduced
by Siegrist and colleagues.3*2* In comparison to the Job Strain Model with its em-
phasis on moment-to-moment control over the work process (i.e., decision latitude),
the ERT Model provides an expanded concept of control, emphasizing macro-level .
long-term control vis-a-vis rewards such as career opportunities, job security,
esteem, and income. The ERI Model assesses the balance between these rewards
and effort, positing that work stress results from an imbalance between high effort
and low control over long-term rewards. Effort is seen fo stem both extrinsically
from the demands of the job and intrinsically from the individual’s tendency to be
overly committed to these work demands. (See Chapter 3 for further discussion:) In
addition to research using these two models, several other psychosocial risk factors
are being examined for their potential explanatory value with regard to CV out-
comes. Threat-avoidant vigilant work, also termed “disaster potential,” represents a
plausible construct for which there is some empirical data, reviewed herein.

The following review results from in extenso English language publications in
peer-reviewed journals as these pertain to samples of men, in whom the majority of
this research has been conducted. The empirical.evidence with regard to workplace
psychosocial factors and CVD outcomes among women is described toward the end
of this chapter.

The Job Strain Model

IscueMIC HEART DISEASE AND OTHER HARD CVD ENDPOINTS

Table 3 presents the data concerning exposure to job strain and/or its major di-
mensions, in relation to ischemic heart disease or other hard CVD endpoints. A brief -
description of how the job strain variable was assessed in each study, the variables
for which adjustment is made, and significant positive as well as null and negative
findings are shown. (For more details concerning methods for evaluating job strain
and other psychosocial workplace factors, see Chapter 6.)

There were eight case-control studies of job strain and CVD. Those investiga-
tions which obviated self-report bias by imputing job strain exposure on the basis of
occupational title revealed major significant findings with regard to aspects of con-
trol%87.265 and/for to exposure to high psychological demands together with low con-
trol.&388 The other five studies, relying on self-report data, also revealed primarily
significant positive associations. An exception is the very small study of Emdad, et
al., which, unlike the others, restricted itself to a single occupational group (profes-
sional drivers) having a limited range of variation on demands and control, and, thus,
less statistical power to detect an effect of job strain.®

Self-report data of Hallqvist, et al. provided another important facet of causal
evidence by showing a dose-response relationship between strength of exposure to
job strain® and relative risk of myocardial infarction.?” The significant, positive
Synergy Index reveals that exposure to the combination of high demands and low
control confers greater risk than the additive effects of the dimensions.
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which recordings were continued outside work, ambulatory SBP was found to be
significantly elévated during leisure, nonwork time among those exposed to job
strain. One additional study, in which only main effects were assessed, shows that
low skill discretion is a significant, independent predictor of ambulatory SBP during
work, as well as during leisure time.® High psychological demands also were found
to be associated with a significant ¢levation in ambulatory SBP during work,?28»
Ambulatory diastolic blood pressure (DBP) was significantly higher durmg work
among those exposed to job strain, with a “carry-over effect’” to leisure time in two
Studles 159,227,2284,259,276

Significant dose-response relationships were reported in three studies: when
job strain was defined at a more extreme level (e.g., the top tertile of demands or
the bottom tertile of latitude, or their combination—the 9th cell term; see Chapter
6), the blood pressure effect also was greater. Thus, analyzing the Schnall, et al.
1992 study and the Landsbergis, et al. study together, when job strain was defined
by the usual quadrant termn work ambulatory SBP showed a +6.7 mmHg effect, but
when the 9th cell was used the effect rose to +11.5.152228 In the study of borderline
hypettensives by Theorell and colleagues, exposure to “medium” levels of job
strain (and low levels of physical demand) was associated with a +7.4- mmHg effect
on ambulatory DBP during work, compared to +11.9 among those exposed to
“high” job strain.?® Self-report bias was obviated in thls study by use of the impu-
tation method.

In contrast, both Blumenthal, et al. and Cesana, et al, obtained nuli or negative
results when job strain was assessed by self-report among borderline, unmedicated
hypertensives.?*#! The latter group of authors have suggested that this may reflect a
denial phenomenon. This formulation is concofdant with Theorell’s observations
that an underreporting of a stressor may be associated with overreaction physiologi-
cally, among those with a positive family history of hypertension.?”

In the Knox, ¢t al. study and the Theorell, et al. 1985 study, use of the imputa-
tion method based upon single items to define the major job strain dimensions may
have contributed to nondifferential misclassification.!322%2 Two single-occupation
studies by Steptoe and colleagues also reveal a number of null cross-sectional ambu-
latory BP findings. In a group of firefighters, 51% were deemed to have been ex-
posed to job strain, based upon a small number of items for each diraension.?® Using
similar methodology, 49% of teachers (not gender stratified) were said to have been
exposed to job strain.?*8 Nondifferential misclassification due to limited range of
variation of actual job characteristics may explain these results. Nevertheless, when
job strain exposure status: was combined with systolic reactivity, a significant posi-
tive effect upon afternoon work SBP was found (+12.4) among the firefighters.
Among the teachers, the difference in BP hetween evening and day work was signif-
icantly Iess among those with high (0. 64/—2 45) versus low (-3.72/-4.5) job strain
(not gender stratified).

The case-control study of Schnall, et al. reveals a significant positive relation
between exposure to job strain and hypertensive status, as defined by work ambu-
latory BP.??8 Furthermore, as the definition of hypertension was made progres-
sively more rigorous (work ambulatory BP > 85, 90, and 95 mmHg), the odds ratio
for exposure to quartile-term job strain increased correspondingly (3.1, 3.6, and
24.4, respectively).

Both cohort ambulatory BP studies report significant positive findings. In the
Schnall, et al. 1998 study, exposure to job strain at baseline and 3 years later showed
a +11.1 mmHg effect on workplace and home ambulatory SBP compared to those
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unexposed at both times.??” The DBP effect also was marked. Furthermore, those
men who reported being exposed to job strain at baseline but not 3 years later
showed a significant drop in work and home ambulatory BP at 3-year followup, after
controlling for major confounders.

Casual Blood Pressure Studies. Studies of job sirain in relation to casual BP
(usually measured in the clinic or other unspecific setting outside the workplace) are
generally less consistent than those using ambulatory recordings at the workplace.
Significant positive effects of exposure to job strain among men were found with re-
spect to casual SBP in the cross-sectional studies of Cesana, et al., among normoten-
sives but not borderline hypertensives, and of Melamed, et al., in which exposure to
hectic, short-cycle, repetitive work was compared to jobs with substantial variety or
longer cycle.*17* Kawakami and colleagues reported a significantly elevated SBP
and DBP among day workers exposed to job strain, but not among those working ro-
tating shifts.” In only one of the five large databases assessed by Pieper, et al. was
exposure to job strain using the imputation method significantly associated with
casual SBP and DBP.>® However, a summary estimate of all five working popula-
tion samples revealed a significant relation between a low decision-latitnde and SBP.
In a similar vein, Curtis, et al. found a significant inverse relation between hyperten-
sive status based on casual BP readings and self-reported decision latitude at work. %

In contrast, in other studies neither exposure to job strain nor its major dimen-
sions (when analyzed) were associated with hypertensive status or BP levels, based
on casual BP readings.*940.64110252 (I, the Carrére, et al. study, BP was measured im-
mediately pre- and post-work.) In the investigations of Greenlund, et al. and
Netterstrgm, et al., nonsignificant relations (gender-adjusted but not stratified) be-
tween job strain or its major dimensions and casual BP measures were found, with a
few unexpected inverse relations in the latter study.?218 A cohort study by Chapman,
et al. revealed that exposure to deadlines at work was associated with a significant
increase in SBP, while other sirigle or interaction terms reflecting job strain and/or
its major dimensions showed no significant relations to SBP nor DBP among men.”

The papers of Albright, et al., Carrére, et al., and Emdad, et al. are on single
occupations, and therefore are of limited range of variance.*%05¢ The major issue,
however, for most of these studies, is that casual BPs are highly variable and, in the
clinic setting, may be influenced by psychosocial factors related to the clinic visit
itself, the so-called “white coat effect.”20? Worksite point measurements of BP
appear to be more reliable than casual clinic BP (see Chapter 7). Schaall and col-
leagues found that workers exposed to job strain showed an increased likelihood of
having hypertension, classified on the basis of worksite point measurements of
BP.*® Furthermore, as the definition of hypertension was made more stringent, the
odds ratio increased, providing additional evidence of the reliability of workplace
point estimates, as well as the criterion validity of the relation between job strain
and BP elevation. ‘

Thus, with respect to casual BP, we find limited evidence that job strain or its
dimension(s) has a major impact. This is in contradistinction to studies that measure
ambulatory BP and examine averaged BPs during work, as well as other periods, as
the outcome. These studies show strong, consistent effects of job strain or its major
dimension(s) on BP. Furthermore, there is some evidence, albeit not totally consis-
tent, of a dose-response relationship with respect to ambulatory BP and exposure to
increasingly severe job strain. In addition, there is cohort data demonsirating not
only the expected temporal relationship between exposure and outcome,*” but also
the effect of cumulative exposure. Finally, the data, albeit observational rather than a
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controlled intervention, indicate that “a change in exposure is associated with a
change in morbidity.”* Hermberg has categorized the latter as “the most conclusive
evidence of causality.”100 -

OmuER CARDIAC RISK FACTORS

Some studies indicate that exposure to job strain and/or its major dimensions is
associated with other standard cardiac risk factors among men. There are theoretical
background discussions on how work organizations can influence health-related be-
haviors that impact upon the CV system. 13151

With regard to cigarette smoking, it has been proposed that workplace stres-
sors have less impact on smoking prevalence than on smoking intensity, since people *
often begin smoking before entering the labor market.”®® Accordingly, the focus here
is on results concerning smoking intensity among current smokers, Green and
Johnson found, after controlling for sociodemographic factors, that male chemical
plant employees in higher-strain work smoked significantly more cigarettes, and
more of thern had increased the number of cigarettes smoked, compared to those
with lower-strain jobs.®! Hellerstedt and Jeffery also reported a significantly greater
number of cigarettes smoked per day among men in high-strain jobs compared to
passive jobs, after sociodemographic adjustment,’ Kawakami, et al. found that
high-strain jobs and passive jobs with low social support were associated with in-
creased smoking intensity.'* Other studies also reveal a significant positive associa-
tion between job strain and/or its major dimensions and smoking intensity among
mgn'l'?ﬁ,zog : .

However, in a study of young adults, aftef:adjusting for age, education, and
type A behavibr, Greenlund and colleagues found no significant relation between
self-reported job demands, decision latitude, job strain, and smoking intensity.s
Among male professional drivers, no significant relation was found between self-re-
ported job strain, psychological demands, decision latitude, and smoking intensity.5*
Two imputational studies, in which sociodemographic adjustment was not made,
also reveal no association between exposure to job strain and/or its major dimen-
sions, and how much workers smoke.?2!8 In the one prospective study in which
changes in smoking prevalence were examined, men whose job decision latitude in- -
creased over 3 years had a substantial reduction in cigarette smoking, The greatést
increase in decision latitude was found among those 13 men who quit smoking,1s!

Sedentary behavior during nonwork time was found to be significantly asso-
ciated with less social interaction at work, as well as with fewer opportunities to
learn new things on the job (an integral part of the decision-latitude), in a popula-
tion-based sample of Swedish men, after adjusting for age and education.!'3
Similarly, another study found a significant inverse relation between low decision-
latitude and number of exercise sessions per week, after sociodemographic adjust-
ment.% However, no significant association was found between sedentary leisure
time and job strain or its major dimensions in the study of Landsbergis, et al, 15!

Obesity, as assessed by detailed anthropometric measurements, has been found
among Hispanic men in the U.S. (HHANES study) to be significantly associated
with exposure to job strain, decision authority, and psychological demands (imputa-
tion method), after adjusting for age, education, and smoking status.? Netterstrém
and colleagues reported that both seif-reported and imputed exposure to job strain
were-associated with a significantly elevated body mass index (BMI) in a sample of
men and women; these results were adjusted for, but not stratified by, gender.18 Tn
contrast, a number of other studies relying upon BMI show no relation between job
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strain or its major dimensions and BMI among men.t110.151218 In a study of male
professional drivers, an inverse relation was found between self-reported job strain
and self-reported BML$* This finding was attributed to denial, which has been
shown to deleteriously impact upon cardiac risk among professional drivers, 872

Hellerstedt and Jeffery found a significant relation between high-fat diet and
exposure to high psychological demands, as well as job strain.*

Psychosocial stressors midy promote atherogenic processes (see Chapter 5).
Here, we briefly summarize the epidemiologic data concerhing these metabolic pa-
rameters and job strain and/ot its major dimensions. Ishizaki, et al. found that low
psychological demands significantly predicted tissue plasminogen activator ievels,
independenitly of traditional cardiac risk factors. 110 Elevated fibrinogen was reported
by Brunner and colleagues in the Whitehall II study to be associated with low work-
place control, as assessed both by self-report and external observer. In the former
case, this effect remained after adjustment for socioeconomic status. However,
Ishizaki, et al. found neither job:strain nor its major:dimensions significantly associ-
ated with plasma fibrinogen lévels. Moller and Kristensen also failed to find that job
strain was a significant, independent predictor of plasma fibrinogen levels, using a
multivariate model that included social class.!”

Of the studies that havé examined the relations between serum cholesterol
and/or its constituent fractions, and job strain or its major dimensions, no significant
results among men have been reported.5732.1i0.130.173,180186.218 Netterstrgm, et al. re-
ported that HbA1C was significantly associated with imputed exposure to job strain
in a sample of men and women; these results were adjusted for, but not stratified by,
gender. 86 Other studies assessing glucose intolerance showed no significant relation
to job strain or ifs major dimensions among meh, 5782110173

Thus, theré is preliminary evidence that job strain or its major dimension(s)
may impact on cardiac risk factors besides BP. Some noteworthy results are seen re-
garding smoking intensity. There are some suggestive data regarding links to the co-
agulation mechanisms and other metabolic indices contributing to the atherogenic
process; however, there are also substantial null findings. Much additional research
is needed before definitive conclusions can be reached in this area.

The Effort-Reward Model

Iscuemic HEART DISEASE AND OtER HARD CVD ENDPOINTS

Measures of effort-reward imbalance (ERT) at work have been found to predict
new manifestations of coronary heart disease in Germany, Finland, and England
(Table 5). In a prospective study of 416 German factory workers aged 25-55, a
number of measures of high effort and low reward independently and strongly pre-
dicted CHD incidence over 6.5 years after adjusting for other behavioral and somatic
risk factors.?? These measures included status inconsistency (OR 4.4), job insecurity
(OR 3.4), work pressure (OR 3.§), and overcomumitment (OR 4.5). A combined “low
reward/high effort” variable was also a significant predictor (OR 3.4) in a separate
analysis. If advanced, subclinical CHD (OR 6.2) or stroke (OR 8.2} is added to the
case definition, the association with ERI becomes even more substantial.?3>

Among men in the British Whitehall study, exposure to a combination of high
effort and low reward more than doubled the tisk of newly reported CHD over 53
years.® Finally, in a prospective study of Finnish men, those facing high work demands,
low work resources, and low income had a more than doubled risk of myocardial infarc-
tion or dying from heart disease after 8.1 years, compared to men with low demands,
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high resources, and high income.'s’ Tn addition, in this sample a combination of high
wotk demands and low income was significantly associated with progression of carotid
atherosclerosis. ' (In the German and Finnish studies, some measures of high effort or
Jow teward were not associated with heart disease, as shown in Table 5.)

BiLoop PRESSURE

As seen in Table 6, in the cross-sectional study of 179 male German middle
managers aged 40-55, forced job change (low reward) (OR. 3.3) and a variable com-
bining frequent interruptions (effort) and forced job change (OR 5.8) were strongly
associated with hypertension.?* Similarly, in a cross-sectional study of Stockholm
area residents, an effort-reward ratio greater than one was associated with hyperten-
sion (OR 1.6) among men.?” The combination of ERI and shiftwork among .
Stockholm men led to an even stronger association (OR 2.2) with hypertension. 2

In the prospective study of 416 German blue-collar workers from three facto-
ties, low promotion prospects at work (OR 2.7), competitiveness at work (OR 2.8),
and feelings of sustained anger (OR 5.4) predicted coronary high risk status.?*
(High risk was defined as the 13.6% of the sample with both hypertension and high
lipid levels.) In addition, a variable combining overtime work (effort) and fear of job
loss, job instability, and layoffs (low reward) was similarly associated (OR 3.3) with
a comanifestation of hypertension and atherogenic lipids.® (In all of these studies
of hypertension, some of the measures of high effort or low reward were not associ-
ated with hypertension; see Table 6.} .

OTHER CARDIAC RISK FACTORS

Cardiac risk factors other than hypertension;may represent additional pathways
by which ERI may contribute to CVD. Among German blue-collar workers,
LDL/HDL ratio was associated with high work demand, increased workload, and
job insecurity, combined with occupational instability.?s In German managers, LDL
cholesterol was predicted by a combination of workload and lack of support.?’ In
Swedish men, cholesterol/HDL ratio, but not plasma fibrinogen, was associated with
ERI.»225 Among the German managers, fibrinogen was associated with a combina-
tion of overcommitment and lack of social (“reciprocal”) support, but not with com-
binations of other measures of effort or reward.”’ -

COMMENTS ON THE NULL FINDINGS AND GENERAL INTERPRETATION

Despite the positive findings, some questions remain about which specific work:
factors are responsible for increasing CHD risk, and whether these variables are ad-
ditive or interactive.

Specific Predictors of Risk. Tn the earlier studies, the set of variables used to
measure effort and reward was not always identical, as some studies used “proxy”
measures. 164165 Tn addition, Siegrist, et al. applied a less restrictive measurement
approach where subjects were considered “exposed” to ERI when at least one of the
effort and one of the reward variables were positive.262% Thus, we cannot be sure
which work charactéristic contributed to this combined risk factor. More recently, a
standardized summary measure of ERI has been constructed based on a predefined
algorithm. 2 2% To illustrate this issue, in the three studies of hypertension (Table 6),
only the German middle-manager study found associations between outcome and
measures of extrinsic effort.20 Extrinsic effort was not associated with hypertension
in the Swedish WOLF study.?? In the German blue-collar study, work pressure was
not associated with outcome, and forced piecework was not in the analysis (due to
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colinearity).??® Only in one later analysis of the sample was overtime (plus low
reward measures) associated with high CHD risk.?3 Similarly, “forced job change”
in the middle manager study and “low promotion prospects” in the blue-collar study
were the only low reward measutes associated with hypertension. (“Status inconsis-
tency” was not in the analysis of the blue-collar sample due to colinearity with other
reward measures.) : :

Tn the CHD studies (Table 5), no extrinsic measure was included in the
Whitehall study analysis,® and a very broad measure of work demands was nsed in
the Finnish studies.164165 Low status control (low job security) was essentially the
measure of low reward in the German blue-collar sample and the Whiteball study,
while economic reward and social support were added as measures of reward in the
Finnish and the Swedish SHEEP studies. )

Inferaction Versus Additive Burden. - As with the Job Strain Model, the ques-
tion arises as to whether measures. of high effort and low reward combine with each
other additively to increase CHD risk, or whether they interact with each other
(“synergism,” sec Chapter 3). In some analyses, as seen in Tables 5 and 6, synergism
appears to exist. In the blue-collar study and the middle manager stady, for example,
the relative risk of CHD due to measures of high effort combined with low reward is
substantially greater than the sum of the risks due to these two components sepa-
rately.20523* However, no statistical tests of interaction were conducted. A number of
more tecent analyses used a combined high effort-low reward ratio variable, which
prevents observation of possible interaction. :

In summary, several studies, both cross-sectional and prospective, have shown
significant positive associations between measures of high effort/low reward and el-
evated lipid Jevels, hypertension, and CVD. The magnitude of the relationship is
similar to that typically found for job strain with respect to these outcomes.
Furthermore, preliminary evidence indicates that the effects of job control and ERI
are statistically independent of each other in'prediction of CHD* and that the com-
bined effects of exposure to job strain and ERT upon CVD are much stronger than
the separate effects of each.?*

Threat-Avoidant Vigilant Work

A particularly heavy psychological burden occurs when one must continuously
maintain a high level of vigilance to avoid disastrous consequences, which could
occur with a momentary lapse of attention or a wrong decision. Among several of
the occupations shown to be at high risk for CVD (e.g., bus, taxi, and truck drivers;
air traffic controllers; sea pilots), threat-avoidant vigilant activity is a prominent
aspect of work. Experimental animal studies have shown an association between
performance of threat (shock) avoidance tasks and cardiac electrical instability.#.162

A few epidemiologic studies have specifically examined aspects of threat-
avoidant vigilant activity with regard to CVD outcomes. In a cohort study by Menotti
and Seccareccia of 99,029 Italian men employed by the railroad system, occupational
psychologists rated jobs with respect.to level of “responsibility at wotk.’175 Levels
were based on the “economic and financial implications of decisions taken at work,
as well as the relevance of possible damage and hazards both economic and for
human life as a consequence of possible mistakes made at work.” The age-adjusted
mortality rates due to MI were significantly greater (p < 0.001) for each of three as-
cending levels of responsibility at work compared to the lower levels. Job dimension
data from expert ratings were imputed to a CV disability data base (N = 0855).18 For
the dimension of having to be “alert to changing conditions,” age-adjusted ORs of
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1.85, 2.17 and 2.8 were found for the second, third, and highest quartiles, respec-
tively. The “hazardous job situation” dimension showed age-adjusted ORs 2.07, 3.32,
and 4.09, for the second, third, and highest quartiles, respectively. (Confidence inter-
vals were not provided; the author identified job dimension scores having an OR of at
least 2 as meriting additional research attention.) In the imputational study by
Alfredsson, et al., an SMR of 132 (116-149) was calculated for hospitalization for
MI, among Swedish men whose jobs entailed risk of explosion.” Occupational titles
were used to impute job characteristics based upon observational analysis and inter-
views in 2 study of 6213 Finnish municipal employees.?’! These authors identified
requisites for “alertness of the senses” and dangerous work as quantitatively impor-
tant stressors among male transport workers, with high prevalence of self-reported
hypertension and CHD.

These epidemiologic studies provide suggestive evidence for an association be-
tween aspects of threat-avoidant work and CVD outcomes. Further investigation is
needed, with more precise, well-controlled risk estimates, and accounting of bio-
medical and psychosocial risk factors.

SOCIAL CLASS, OCCUPATIONAL STATUS, AND CVD by
Michael Marmot, FFPHM—Supported by an MRC research professorship
and by the John D. and Catherine T. MacArthur Research Foundation
Research Network on Socioeconomic Status and Health

A dominant feature of the occurrence of cardiovascular disease (CVD) in most
industrialized societies is the higher rate in people-of.lower socioeconomic position.
The Whitehall $tudies of British civil servants showed that the link between socioe-
conomic position and CVD was not confined to higher rates among the poor.!6%
The poor do have high rates, but there i$ a social gradient: the lower the social status,
the higher the CV risk. A review by Kaplan and Keil covers a wealth of studies
showing a similar social gradient in the U.S,118

What implications does the social gradient have for questions of etiology and in
particular for the role of work? In the U.K., we traditionally used Registrar Genetal’s
social classes, which are based on occupation. It has never been clear whether the
differences in CVD observed using these classes are due to occupation or to other
features correlated with occupational status.

. Elsewhere in this volume we show how ideas on the effects and meaning of
social stratification have been shaped by Marx, Durkheim, and Weber. It is useful to
think of three “meanings” of socioeconomic position, in terms of the ways they may
affect health, First, low social position may be related to material deprivation, and
absolute material deprivation (poverty) may be related to risk of illness. Second, so-
cioeconomic position may be related to standing in society which may, in turn, .
relate to shared values, culture, and lifestyle. Third, socioeconomic position is a
measure of position in the social hierarchy, which is related to power relationships.
People higher in the hierarchy have more control over their own, and other people’s,
lives. These power relations operate in the workpiace, but not exclusively so. _

Figure 1 shows standardized mortality ratios from ischemic heart disease (THD)
by Registrar General’s social classes in England and Wales.5 Focusing on the 1991-93
period, we see that IHD is markedly higher among men in social class V, unskilled
manual workers, The gradient is shown clearly. Men in social class I have a mortality
ratio about 35% lower than the England and Wales average, and men in social class IV
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FIGURE 1. TIschemic heart disease by social class in England and Wales, males 1970-93.
(Data from Drever I, Whitehead M, Roden M: Current patterns and trends in male mortality
by social class (based on occupation). Popul Trends 86:15-20, 1996; with permission.)

have mortality 25% higher. The high mortality of men in the lowest social class could
be atiributed, in part, to the effect of absclute deprivation. It is difficult to attribute the
rest of the gradient to differing degrees of material deprivation. In contemporary
Britain, the overwhelming majority of these men in classes I to IV are adequately
housed, nourished, and clothed, with adequate proyision of safe water and food, and
safe handling"of sewage. In addition, the steepening of the gradient over the 20-year
period shown occurred at-a time when material prosperity was increasing for the top
80% of the population. Absolute deprivation does not, therefore, provide a ready expla-
nation for the gradient in THD mortality. Using data on U.S. counties grouped according
to the proportion in white-collar occupations, Wing, et al. showed that the inverse social
gradient in CHD mortality has become progressively stecper between 1968 and 19822 -
The other two concepts of social stratification are more likely to provide explana-
tions for the gradient. The research task is to distingnish influences associated with’
power relations that are linked to work from influences related to general social stand-
ing that are linked more to lifestyle. Neither of the other two models alone gives a fully
adequate accounting of the changing social class relations of IHD, Extending the com-
parisons in Figure 1, there is evidence from England, Wales, and the Netherlands that in
the 1950s and earlier, heart disease mortality may have been more common in people of
higher socioeconomic position.! Lifestyle may play some role in this; there is evi-
dence that when the smoking epidemic first hit, it was at least as common among
people of higher status but, with time, higher status people gave up smoking or declined
to take up the habit to a greater degree than people of lower status. Physical activity
may have followed a similar course. With the decline of physical activity in the work-
place, the greater tendency for high-status people to be physically active in leisure time
may have conferred increasing protection on them. One particular feature of diet—con-
sumption of fresh fruit and vegetables that contain antioxidants and other protective nu-
trients—also may be related to the lower rate of heart disease in people of higher status.
The evidence from the Whitehall and Whitehall 11 studies is that these lifestyle
factors may account for some, but by no means all, of the social gradientin CVD. In
the Whitehall studies there was a social gradient in smoking, consumption of fruit
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FIGURE 2. 0Odds ratio for new coronary heart disease in Whitehall II by employment
grade, males. (From Marmot MG, Bosma H, Hemingway H, et al: Contribuiion of job control
and other risk factors to social variations in coronary heart disease incidence. Lancet
350:235-239, 1997.)

and vegetables, and sedentary lifestyle, but only for a limited extent in obesity and
blood pressure level, and not at all in plasma cholesterol. In Whitehall T (CHD mor-
tality) and Whitehall IT (CHD incidence), adjusting for coronary risk factors related
to lifestyle accounted for about a third of the social gradient.16*170 Among nonsmok-
ers the social gradient in CHD'incidence and miortality was similar to the gradient in
smokers. In Whitehall II, low control in the workplace was related to CHD inci-
dence? and accounted for about half the social gradient'®® (Fig. 2).

In seeking to interpret this finding of the importance of the psychosocial work
environment, consider two related questions: Did low control appear to be associ-
ated with CHD because low control is associated with low sociceconomic status,
and other factors account for the association of low socioeconomic status with dis-
ease; in other words was there confounding? Did low control appear to be an impor-
tant mediator of the relation between social position and CHD because low control
is simply a measure of low socioeconomic position? Several convincing lines of ar-
gument indicate that these results were not simply the result of problems of con-
founding and/or measurement.

In the Whitehall IT study and in a Czech case-control study, the relation between
low control and CHD was not removed by adjusting for socioeconomic status.*2
This finding implies that within a particular employment level, those with more con-
trol over their work have lower incidence of CHD than those with less control.

In separate studies in Sweden, first Johnson and Hall and then Hallgvist showed
that job strain according to the demand/control model (DCM) was more strongly re-
Jated to CHD in. blue-collar than in white-collar workers.?114 Of course, it could be
argued that manual workers with more control, and lower coronary risk, are of higher
status compared to manual workers with less control. This, however, is not an argu-
ment against the importance of low control in the workplace because it may be pre-
cisely this particular feature of low social status that is responsible for part of the social
gradient in discase. One approach to deciding if it is low control or other characteris-
tics associated with low social status that are related to CHD is multivariate analyses.
In the Whitehall II study, multivariate analysis showed an independent effect of low
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control. The second approach is to explore biological markers, such as plasma fibrino-
gen, which is a risk factor for coronary disease. In ‘Whitehall TI, smoking, obesity, and
lack of exercise were associated with plasma fibrinogen level. Independent of this
finding, low control at work also was associated with plasma fibrinogen level.

In the Whitehall TI study and the Czech case-control study, high demand was
not associated with coronary risk. The fact that these civil servants were office-based
workers may be relevant. In Sweden, the DCM was related to disease more strongly
in manual than in nonmanual workers. Thus, the degree to which the full DCM pre-
dicts disease may be influenced by the nature of employment in different settings.

These findings do suggest that low control in the workplace is independently
related to CHD and makes an impottant contribution to the social gradient in CHD,
along with other risk factors, including those related to lifestyle and early life.
There siill is a problem, however. A social gradient in CHD exists in people who
are not working in formal employment: homemakers, the unemployed, and retired
people. Low control in the workplace does not apply to them, but they may be af-
fected by power relations that apply throughout society. High-status people among
these groups who are “not working” may have power, conirol, and mastery that de-
rives from their gencral position in the social hierarchy, rather than the workplace.
This is in accord with the results of studies in nonhuman primates that show high-
status animals to have less atherosclerosis and less activation of stress hormones.?*

Kawachi and Kennedy and others have shown a relation between income in-
equality and mortality internationally; in the U.S,, the relation was shown at the state
level. Their interpretation of this finding is that income inequality is a marker for the
quality of the social environment which, in turm, affects disease rigk.128129.28 One
reason for focysing on the role of work as one of the causes of the social gradient is
that redesign of the workplace is more feasible than redesign of society, and may
have other beneficial consequences.

WOMEN, WORK, AND CVD by Chantal Brisson, PhD

In several industrialized countries, CVDs are the leading cause of death in
women, as they are in men, and generate an equal amount of heart disease expenditure _
in both groups.®22% CHD, the largest component of CVD, shows a lower rate in
women than in men in younger age groups, but approaches similar rates for women
and men in older groups,” Therefore, the study of CHD in women of working age is
more difficult than the study of men of similar age because larger populations of work-
ing women have to be enrolled to obtain a sufficient number of CHD events. Over the
Tast two decades, CVID-mortality rates have shown consistent decreases.!5266 However,
in several countries there has been no decrease in women®2162 or the decrease has
been less marked than in men. %227 This difference could be due to changes that have
occurred in women’s lives since the 1970s—such as paid employment.!® Jt is esti-
mated that the proportion of women aged 25-49 involved in paid work will be 82% in
the year 2000 in countries of the European Union.!”

Gender Differences in Work and Home Exposures :

Most women and men are employed in jobs where, their own gender has a large
majority.!217.1% Jobs held predominantly by women are concentrated in the ser-
vices.l”7 In countries participating in the Organisation de Coopération et de
Développement Economiques, four service industries contained half of working
women: office work, sales, health care, and teaching.’**
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(1) Random population sample—3847 male and 2587 female workers. Psychological demands and deci-
sion latitude assessed with 7 items from Job Content Questionnaire (JCQ). Median splits used to define
high job strain.*

(2) Steatified random population sample—721 male and 389 female workers. Psychological demands and
decision latitude assessed with full JCQ. Median splits used toefine high job strain.!s6

(3) 748 male and 7§6 female white- and blue-collar workers 1jvifig in 11 municipalities in Copenhagen
County. Psychological demands and decision latitnde assessed with 2 and 7 items. Job strain defined as
combination of low degree of decision latitude (score 2 3) and high work pace (work pace reported too
high or time pressure),'3 '

{4) 6895 male and 3413 female London civil servants. Psychological demands and decision latitude as-
sessed respectively with 4 and 9 iterns. Medians splils used to define high job strain.?

(5) 8277 male and 3170 female workezs from the Gazel cohort. Psychological demands and decision lati-
tude assessed with full JCQ. Median splits used to define high job strain, '8

(6) 4018 mailhandlers from U.S. Postal Service. Psychological demands and decision latitude assessed
respectively with 5 and 9 items from JCQ. Median splits used to define high job strain.%

FIGURE 3. Prevalence (%) of high job strain by gender in six populations from five countries.

Given this gender division of jobs it is expected that job characteristics potentially
related to CV diseases also will differ. This clearly is the case regarding high job strain,
defined as the combination of high psychological demands and low job decision lati-
tude.i2? Indeed, studies conducted in Canada, Denmark, England, France, and the U.S.
all found a higher prevalence of job strain in women than in men (Fig, 3),3034%156.186.183
It is particularly the level of control that is lower in women’s jobs,293%828.12215618 I
some studies, higher psychological demands were observed in women,*#215 but other
studies found little difference between women and men on this factor.#3

Potentially stressful exposures related to family responsibilities are also more
prevalent in women than in men. Indeed, despite their increasing involvement in paid
work, women spend more hours than men in child caring and housework.20.157,166,293
For example, in countries of western Europe women spent an average of 35
hours/week in child caring and housework before 1975, and 31 hours/week after
1975. Men spent 8 and 11 hours, respectively during the same periods.**
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J 6b Strain

JOB STRAIN AND CARDIOVASCULAR DISEASES

High job strain has been defined by Karasek as the combination of high psycho-
logical demands and low decision latitude.?? Psychological demands refers to the
quantity of work, the mental requirements, and the time constraints. Decision latitude
refers to the ability to make decisions about one’s own work and the possibility of
being creative and using and developing skills. The Job Strain Model emphasizes that
high psychological demands are not, in themselves, a great source of strain if they are
combined with decision latitude, i.e., influence on one’s own work, since this influ-
ence enables a person to adequately meet the demands to which he or she is subject.

From 1981 on, a number of studies investigated the effect of job strain on CHD
risk_6,’7,9.29.30,83,86,88,103,1]4—116,119,1'24,148,218,247.250‘265 II] the area Of stress at WOfk and CHD’
these stndies constitute the largest group using a common conceptual model. 2514422
Some recent studies found a high CHD risk mainly in workers exposed to low deci-
sion latitude.2:30:86116247.265 Others found little effect.%193218 Some studies also found
that low social suppozt at work had a main effect on CHD and could amplify the
effect of job strain on CHD risk.1!4115 ‘

Few of the previous studies were conducted among women. Table 7 shows stud-
ies using a prospective cohort or case-control design in women. A majority (five) of
these studies found that women exposed to high job strain or one of its components
had significant increases in CHD risk. Three evaluated job strain using the job title
method,”8688 which relies on the attribution of an inferred mean score to ali women
having the same job title.?® This method may Iead to misclassification of exposure
in that it does not take into account the within-o¢ciipational variance that can be im-
portant in many occupations.2? Misclassification may lead to an underestimation
of the true effect, and may explain why studies using the job title method tended to
show lower relative risk (1.3-1.6) than other studies (2.5-5.0).

In two of the four studies using the individual method (reporting by the subject
of her job characteristics), the measure of psychological demands®® or decision lati-
tude™* was a proxy of the original job strain measure.’?® In a third study these mea-
sures were taken after the occurrence of the myocardial infarction.!*? Therefore, the

_ TABLE 7, Effect of Job Strain on CHD Risk in Women

. Job Strain

Study Number of - Evaluation RR (95% CI
Author Year Country  Design Subjects Method or p Value)
Lacroix 1984 Us. Cohort 389 Individual 29 (<.01) ®
Alfredsson 1985 Sweden Cohort 319,365  Jobtitle 1.6 (1.1-2.3)
Haan 1988 Fintand Cohort 202 Individual 50(p=.03 @
Hall 1993 Sweden Cohort 5921 Job title 13(09-1.8) @
Hammar 1994 Sweden  Casecontrol 4667 Tob title 1.3(1.1~1.6)
Bosma 1997-98 England  Cohort 3413 Individual 1.7(1.1-26) @

Orth-Gomer 1998 Sweden Ca;e—contto] 584 . Individual 25(1.2-5.3)

(1) In the subsample of clerical women, the RR was 5.2 (p < .001)..

(2) The study population includes both men (N = 603) and women (N = 299),

(3) RR for women exposed to low decision latitude onty. The RR for women exposed to low work social
support was of similar magnimude.

(4) RR observed for women exposed to low decision latitude only. The RR for job strain exposure was 11
({0.8-1.7)20
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high risk found in these studies must be interpreted with caution. In Bosma’s study,
the population was very specific (London civil servants); therefore the absence of an
effect of job strain could be specific to this population.® Similar limitations, and
others not mentioned here,125:14422¢ also are present in studies conducted in men.

In two studies, an elevated risk was observed only for women exposed to low
decision latitude,?># which parallels what has been noted previously in some studies
of men. In the Hall, et al. study the combination of low decision latitude and low
work social support seemed to be associated with higher risk.® In several studies in-
cluding both women and men, the effect of job strain on CHD risk tended to be of
similar magnitude in both groups,’208388

JoB STRAIN AND BLOOD PRESSURE

_ A number of studies have reported that workers exposed to high job strain had
increased blood pressure,23.130,149,159,227,228,258,259,263.276 However, null results also have
been found.432:43.8291,186.209249262 Sndies conducted among women are presented in
Table 8. Four out of six studies that used ambulatory measures of BP found an effect
of job strain,23.119.25827 Tyyo studies that did not were conducted on very small sam-
ples of 6415 and 223 women, and the percentage of participants was either not pro-
vided!®? or. very low (22%).%¢ Five of six studies using casual measures of BP at rest
did not find an effect of job strain,32»425232,16 Thege findings demonstrate that the
type of BP measure is an important factor explaining the discrepancy in the results.
Ambulatory BP measures: (1) take into consideration the normal BP level at work
and outside work rather than the level measured in a clinic-type situation; (2) control
for BP variability related to the observer or to the presence of medical personnel;
and (3) may hayc about twice the precision of 4 single measure. In studies using am-
bulatory meastres, women exposed to high job strain had increases in BP of 4-7
mmHg. A similar pattern of results has been observed in studies using ambulatory
BP measures in men.14 ‘

There is evidence that the effect of job strain on BP is persistent beyond work-
ing hours. For example, in the study by Laflamme, et al. among women holding a
university degree, those exposed to high job strain had an average of 6 mmHg (p =
.012) higher systolic BP than nonexposed women over the 24 hours of a working
day (Fig. 4). The difference was, on average, 5.5 mmHg (p < 0.05) in the morn-
ing, 10.5 mmHg (p < 0.001) in the afternoon, and 8.5 mmHg (p = .005) in the
evening.

There is also some evidence of a stronger effect when duration of exposure in-
creases, Indeed, Laflamme, et al. measured job strain at two different times (T1 and
T2) with a median of 14.4 months between the two measures. Among women hold-
ing a university degree, those with high strain at both T1 and T2 had a significant el-
evation in systolic BP of 7.7 mmHg (p = .001), on average, over the 24 hours when
compared to women unexposed at both T1.and T2 (Fig. 5). Women exposed only at
T1 and women exposed only at T2 had a slight but nonsignificant elevation in BP
when compared to women unexposed at both times. These findings are consistent
with a larger effect on BP when duration of exposure is prolonged, and with an
effect that diminishes when exposure ceases. Such findings are consistent with those
observed in a 3-year longitudinal study conducted in men.2?

Most available studies on job strain and BP are cross-sectional. The cross-sec-
tional design is subject to differential selection and information bias.** For exam-
ple, it is plausible that individuals employed in high-strain jobs will tend to move,
in time, to a low-strain job. Bvidence of such a selection effect has been found.!#
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TABLE 8. Effect of Job Strain on Blood Pressure in Women

Number BP Differences in BP Betweaen
Study of Evaluation Exposed and Nonexposed
Author Year - Country  Design Subjects  Method (mmHg)
Diastolic Systolic
(95% Clor  (95% Clor
p valne) p value)
Theorell 1988 Sweden  Cohort 22 Ambulatory  N.S. 4{N.8) m
Chapman 1990  Australia Cohort 534 Casual . N.S. N.S.
Netterstrom 1991  Denmark Cross- 1209 Casual -4 (N.S) 1.7 (N.8) @
sectional
Van Egeren 1992 1.8, Cross- 37 Ambulatory  4.0(p=.04) 120(p=.001) &
sectional
Light 1992 U.S. Cross~ 64 Ambulatory -22(N.S) -1 (N.S)
sectional
Theorell 1993 Sweden  Cross- 56 Ambulatory 3.7 (p<.05) 44(p<.05) 2]
sectional
Blumenthal 1995 U.S. Cross- 38 Ambulatory  N.S. 5.0(N.A)
- sectional
Greenlund 1995 U.S. Cross- 601 Casual 0.2 (N.5.) 1.0 (N.8) 2]
sectional
Curtis 1997  US. Cross- 453 Casual 0.7 (-2.0-3.4) 04 (4.1-34)
sectional .
Laflarnme 1998 Canada  Cross- 71 Ambulatory 64 (p=01) 80@p=.005) ©
sectional
Brisson 1999a Canada  Cross- 212 Casual 6.5(1.1~11.9) N.S. oo
sectional R
Brisson 199%: Canada  Cross- 3864 Cagual 0.2(N.58) 0.4 (N.5)
sectional

N.S. = nonsignificant, N.A. = unavailable

(1) Differences between occasion with highest and lowest strain on four assessments during a 1-year followup.

(2) Study population includes both men (N = 664) and women (N = 545}, Job strain evaluation based on job title
yielded comparable estimates.

(3) Smdy population includes both men and women.

(4) Differences estimated from published article using corresponding multiple regression coefficients.
Differences corresponded to an intrease of 0.15 on job strain score as observed between female physicians
(low) and waitresses (high) in a previous. study.?8

(5) Results observed among black women. Similatty, no effect observed among white women.

{6) Results observed among university-educated women (N = 71). No effect observed among women without a
university degree (N = 139).

(7) Results observed in women who had children (N = 212). No effect observed in women without children (N =
150). For all women (N = 362), the difference was 4.1 (0.6-7.6) for diastolic BP. Similar trends observed for
systolic B, although not statistically significant.

Indeed, in that study, twice as many women moved to another job among women
exposed to high strain (23.8%) as among those exposed to low strain (12.4%) at T1
(p = .003). If job strain is related to higher BP, this selection effect may lead to an
underestimation of the true association in cross-sectional studies. The absence of
an association among less-educated women also could be due to selection.

The increases in BP observed in women exposed to high job strain are clini-
cally significant. Indeed, it has been demonstrated, in a meta-analysis of nine
prospective studies conducted among women and men that a persistent elevation of
5 mmHg of diastolic BP increases the risk of strokes by 34% and the risk of coro-
nary heart disease by 21%.165 The association between daytime ambulatory BP and
these disease endpoints is stronger than that of casual BP.2!
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FIGURE 4. Hourly mean systolic blood pressure by current job strain exposuré among
white-collar women holding a university degree (1 mmHg =~ 0.133 kPa). (From Laflamme N,
Brisson C, Meisan J, et al: Job strain and ambulatory blood pressure among female white-
collar workers. Scand J Work Environ Health 24(5):334-343, 1998; with permission.)
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FIGURE 5. Hourly mean systolic BP by cumulative job strain exposure among white-collar
women holding a university degree (T1 = 19911993, T2 = 1993-1994, 1 mmHg = 0.133 kPa).
(From Laflamme N, Brisson C, Moisan I, et al: Job strain and ambulatory blood pressure among
female white-collar workers. Scand J Work Environ Health 24(5):334-343, 1998, with permission.)
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Little is known about the long-term effect of job strain on BP in women or men.
Indeed, very few of the previous studies used a prospective design or evaluated the
effect of exposure duration. Well-designed prospective studies are needed to cvaluate
the effect of prolonged exposure to job strain and the effect of exposure withdrawal
on BP. The issue of exposure withdrawal is particularly relevant for assessing the po-
tential benefits of intervention studies aimed at reducing job strain in the workplace.

JOB STRAIN AND OTHER CARDIOVASCULAR RISK FACTORS

Psychosocial factors at work may contribute to the risk of CVD by the adoption
of unhealthy behaviors (e.g., smoking, sedentary activity, high fat intake).226 A
number of studies found that some psychosocial factors at work were associated
with the prevalence®$%11%121 or the intensity®"9%176283 of smoking; the prevalence of
sedeniary behavior®.1i3; and obesity.”s*t However, null results also have been ob-
gerved,107.151176,185209 Siudies largely are conducted among men. Only one previous
study used a prospective design.1?

In studies conducted among women, job strain was not consistently associated
with CVD risk factors. None of the four studies on the association with smoking
found an effect.31.8298.18 However, the prevalence of smoking was associated with
psychological demands in two studies.?\% Two studies observed that women with
high job strain had a higher BMI than nonexposed women. 18 However, other stud-
ies failed to find an association, !9 Job strain was not associated with cholesterol
(total and HDL)# or high fat intake.*® Brisson®' found an association between job
strain and sedentary behavior, but Hellerstedt®® did not. Sedentary behavior was asso-
ciated with lower decision latitude®®11? and with-psychological demands.!* The two
studies on plagma fibrinogen observed an associafich with high job strain'® and with
low job control.® )

TABLE 9. Effect of Job Strain and Fanﬁly Eoad in White-Collar Women

Time High High Job Systolic Diastolic
Period FL Strain n BP (mmHg) BP (mmHg)
Work 9h~16th no no 42 1163+1.2 743 +1.0
no yes 7 119.7£3.0 Ti8+24
yes no 14 119.9x:2.1 763+ 1.7
yes yes 6 127.3 £ 3.2%% 80.6 £ 2.6*
Evening 17h-21h no no 42 116.7x1.2 74.4 £1.0
no yes 7 1191 +£3.0 76.5 %24
yes no 14 119.1+2.1 749 x1.7
yes yes 6 128.6 +3.3%%% 812 x£2.6*
Night Oh-6h no no 42 98,6 £1.0 57809
no yes 7 988+ 2.5 58021
yes no 14 1002+ 18 587+ 1.5
yes yes ‘ 6 1054 £2.7* 634 £2.3%
All day (24 hours) no o 42 1100+ 1.0 684 +0.8
no ves 7 1125£24 T1.0+2.0
yes no 14 113.0 % 1.7 99+14
yes yes 6 119.7 £ 2.6%%* TAT £ 2.2%%

* ps 05; %% p £ .01; **#* p £.001; FL = family load. .

Values are means + standard errors adjusted for age, smoking, and use of oral contraceptives. Exposed
categories are compared with the reference category (first category of each variable). Significance of the
differences is estimated by Stodent’s t test.

From Brisson C, Laflamme N, Moisan J, et al: Eifect of family responsibilities and job strain on ambula-
tory blood pressure among white-collar women, Psychosom Med 61(2):205-213, 1999; with permission.
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JoB STRAIN AND FAMILY RESPONSIBILITIES

Several anthors have reported that the high prevalence of job strain in women and
its combination with large-family responsibilities may lead to high CV
Tisk.728596.117.153,163.226 Ty the Framingham study, employed women who had three or more
children-had a higher incidence of CV diseases than employed women who bad no chil-
dren or than housewives with three or more children.¥” Frankenhaeuser has shown that
among women managers, BP rernained elevated in the evening after work, unlike men
managers, who showed a decrease.” Brisson, et al. found that, among women having
children, those exposed to high strain had a significant increase in diastolic BP, while
among women without children, little effect was observed.»

In another study, Brisson, et al. investigated specifically the combined effect of *
high job strain and large-family responsibilities on ambulatory BP.** Significant ef-
fects were found among white-collar women holding a university degree (Table 9).
The combined exposure of large-family responsibilities and high job strain tended to
have a greater effect on BP than the exposure to either one of these factors. The com-
bination of large-family responsibilities and high job strain was associated with
higher systolic and diastolic BPs for all three periods (work, evening, and night),
which also suggests a persistent effect beyond the work setting. Family responsibili-
ties were measured with a composite index taking into account the presence of chil-
dren, their age, and the proportion of domestic work performed. Further studies are
needed to evaluate the combined effect of large-family responsibilities and high job
strain on BP and the possible modifying effect of education on these associations.

Effort-Reward Imbalance at Work and Cardiovascular Outcomes

The Effoft-Reward Imbalance Model was developed by Siegrist to explore ad-
verse health effects of psychosocial factors at work. This model defines stressful
experience at work as an imbalance between high effort spent and low reward re-
ceived.?3? Effort comes from two sources: an extrinsic source (the demands of the
job) and an inirinsic source (the motivation of the individual worker). Rewards at
work are distributed in money, esteem, and status control.”3 :

In the Whitehall study, Bosma, et al. have observed that this model and the de-
cisgion latitude dimension from Karasek’s model had independent effects,® suggest- -
ing the complementarity of the two models. The Swedish WOLF Study found that
wornen who exercised high effort at work but received not enough reward had a
higher prevalence of hypertension than other women (adjusted OR 1.6, 95% CI,
0.9-2.7).2°2 This study also found that high intrinsic effort (overcommitment) was
related to increased LDL-cholesterol in women (POR 1.4, 95% CI, 1.1-1.8).

Other Job Conditions and Cardiovascular Diseases

Shiftwork 25627 and long working hours4952% have been associated with CVD
in studies conducted among men. Few studies were conducted in women. In a case-
control study, Knutsson, et al. found that women exposed to shiftwork had higher
risk of MI than unexposed women {OR 1.3, 95% CI, 0.9-1.8 for women aged 45-70
and OR 3, 95% CI, 1.4-6.5 for women aged 45-55).13¢ Alfredsson, et al. reported
that at 1-year followup, the SMR for hospitalization for MI was 131 (95% CI,
105-162) for women working in occupations with long working hours and 152
(95% CI, 119-191) for women in occupations with irregular working hours.” For
men, moderate overtime was a protective factor against hospitalization for MI. This
gender difference could be explained by the fact that it may be more difficult for
women to combine their family responsibilities with overtime, 6117
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In another prospective study, the age-adjusted relative risk of CHD was 1.4 (95%
CI, 1.1-1.8) in nurses who reported ever doing shiftwork. This excess risk persisied
after adjustment for smoking and other CV risk factors. Among nurses reporting Gor
more years of shiftwork, the adjusted relative risk was 1.5 (95% CI, 1.1-2.0).'%7
Brugere, et al. have observed no association between shiftwork and the prevalence of
hypertension among 8928 women followed by occupational medicine specialists.®

HIGH-RISK OCCUPATIONS FOR CARDIOVASCULAR DISEASE
by Finn Tiichsen, MSc

The burden of CVD is unequally distributed across various occupations. The
identification of occupational groups at high cardiac risk can be extremely helpful
in generating etiologic hypotheses. Culpable single factors, e.g., exposure o carbon
disulfide, and more complex psychosocial exposures, e.g., work comprising high
psychological demand and low decision latitude, might be identified, However,
combined exposures or some measure of total occupational burden (see Chapter 3)
may best explain why certain occupations consistently show high risk of CVD,

Knowledge about occupational exposures and CVDs can be obtained from
studies within a single occupation, insofar as there is sufficient variance, as well as
from studies comparing one occupation with a reference occupation and studies
comparing all occupations with a common standard. Each of these designs has
strengths and weaknesses. The following pages focus on the latter study design.

Mortality and Morbidity Studies of “AIPY Occupations
EARLY STUDIES USING PROPORTIONAL MORTALITY RATIOS

Information from the Great Britain decennial census has been used together
with national death registration data to study socioeconomic differences in mortal-
jty.18 The first study of disease-specific mortality by occupation was published in .
1851, and since then updates have been published every 10 years.!*¢ This design is
not very reliable for CVD, however, because the proportional mortality ratio-
(PMR) measute should only be used for rare diseases. Another serious problem is
that the occupational title is taken from the death certificate, and the title might be
a consequence of the disease rather than a valid proxy measure for the occupa-
tional exposure. The most recent update illustrates clearly these methodological
problems. For men, the occupation with the highest PMR was clergymen (PMR
120). The authors concluded: “The ranking of PMRs did not point to any obvious
occupational hazards, and the jobs at the top of the ranking were not those that
would be considered unusually stressful. Nor were they sedentary occupations.”
The problem with this design is that CVD accounts for one third of the mortality
of the men and 23% for the women, As expected, the differentiation in PMR was
low among men and higher among women. The highest PMR found was 178
among female railway signal workers. Larger differentials were observed for rarer
diseases, like stroke. "

A NEw GENERATION OF STUDIES BASED ON CENSUS DATA

A new generation of mortality and/or morbidity studies based on census data in
Denmark, 572 Norway,?® Finland, 67191225 and Sweden”58 has successfully over-
come the aforementioned shortcomings. Additional studies come from West
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Germany? and Western Australia. 2 Information on occupation is collected prior to
and independently of followup for death, and there is practically no loss to followup.
While the Nordic studies followed the entire population, a comparable longitudinal
study covering England and Wales was based on a 1% sample.™ These cohort stud-
jes with a 5-year and later a 10-, 15- and 20-year followup may control weli for the
“healthy worker” effect: Furthermore, some of them use the economically active and
not the entire population as their standard population. This is especially important
when studying CVD because of the very strong selection effect of these diseases:

Data from all five Nordic countiries also have been pooled into one data set.’®
The occupations had to be aggregated to 55 broad occupations because there were
some differences in the detailed classifications between the countries. In Italy, a *
cross-sectional mortality study was published in 1995, together with a followup study
of morbidity.#2" Recently, Danish and Swedish data were pooled to obtain better es-
timates for occupations with few employees. The study supported the hypothesis that
working in a brewery, cannery, slaughterhouse, or dairy, or in the chemiical, paper, or
rubber and plastics industries may lead to increased risk of ML Alfredsson, et al. also
draw our attention to the large differences among occupational groups. In a case con-
trol study including most of the Swedish population, they found a nine-fold higher
risk in metal process workers (RR 2.8) than judges (R 0.3).1%

All these studies may produce positive findirigs due to chance and multiple
comparisons. One way to avoid such misinterpretations is to focus on the occupa-
tions found to be at high risk in more than one country or study (Table 10).

Professional Drivers: The Most Consistent Evidence of Elevated Risk. In
these studies, professional drivers, particularly {itban transport operators, emerge as
the workers with the most consistent evidence of elevated risk. The high risk in bus
drivers has been known for several decades. A recent review cites 34 of 40 studies as
confirming the increased risk of ischemic heart disease and hypertension among
professional drivers.!6 These authors conclude: “Such a consistent and large body of
data concerning cardiac risk does not appear to exist for any other specific occupa-
tional group.” One particularly well-controlled study revealed that, after a mean of -

'11.8 years of followup, 103 middle-aged male mass-transit drivers in Gothenberg
had an OR 3.0 (95% CI, 1.8-5.2) for incident CHD compared to 6596 men from’
other occupational groups, after adjusting for age, serum cholesterol, BP, smoking,
body mass index (BMI}, diabetes, positive family history of CHD, leisure and occu-
pational physical activity, and sociodemographic factors.??* Another study reported
that the risk of hospitalization for stroke is also increased among professional dri-
vers in Denmark,”® Compared to employed referents, the age-specific standardized
hospitalization ratio was 114 (95% CI, 108.2-120.4) among men and 130 (100-168)
among women. Furthermore, there was a gradient of risk within the occupation that
appeared to be stress-related. Netterstrom and Juel found that objective workload
based on traffic intensity was a significant, independent predictor of acute MI inci-
dence among bus drivers in Denmark.'® For high versus low traffic intensity, the RR
was 2.7 (95% CI, 0.9-7.6) in Copenhagen, and 3.4 (1.2-9.5) in the province.

Methodologic Issues ‘ .

For some occupations there is conflicting or weak evidence about high risk.
These null or negative studies underscore the need for more and better designed re-
search. For example, there are conflicting findings concerning the risk in police.
According to a study by Tiichsen and colleagues, it may only be higher ranking po-
licemen who are at elevated risk for CVD.27! It is also helpful to detect low-risk



+ ¥

WORRPLACE FacTORS AND CVD OUTCOMES * 59

TABLE 10. Qccupations at Increased Risk of Fither Acute Myocardial Infarction or
Ischemic Heart Disease Mortality or Morbidity in More than One Study

Men Women

Air traffic controllers Lorry drivers Bus drivers

Bakers Paper industry workers Cleaners

Bus drivers Police Home help

Butchers Prison wardens Rubber and plastics workers
Cannery workers Rubber and plastics workers Paper workers ]
Cooks i Ship’s deck officers and Self-employed in hotel and catering
Fire fighters sea pilots Taxi drivers

Fishermen Taxi drivers Unskilled worker in tube,
Foundry workers Waiters sheet, and steel construction
Hairdressers Warchousemen, storekeepers Whaitresses

Lower limit of the 95% confidence intervals must have been > 1 for each study considered to be positive.
Cohort studies: references 28, 49, 79, 167, 191, 271, 279, Case control stadies: references 5, 27, 89.

groups, to maximize the risk differences among occupational groups.>* Note, how-
ever, that the magnitude of the risk in such studies is not necessarily representative
for the groups as a whole, because it depends on the precise definition of both the
index group and the standard group. ’

The need for improved design also includes conducting quantitative studies of
the various occupational exposures with variable degrées of exposure. There are few
studies in this field that take exposure intensity and peak values into consideration.
However, length of exposure has been a valuable variable in some studies. For ex-
ample, the prevalence of hypertension among San Francisco Municipal Transit vehi-
cle operators Was found to increase “in a step-wise fashion” with length of exposure
to that job.21* The increase from one category to the next (pre-employment, < 10
years, 10-20 years, > 20 years) controlling for age, race, gender, BMI, and alcohol

200
180 -
160 - ~-Bus driver
-~ Unskilled worker
o 140 - ~&- Skilled worker
% =+ Other salaried staff
120 - -% Leading salaried staff
-e-Manager
100 —+ Senior salaried staff

80

60 T T ¥ T T
1082 1984 1986 1988 1990 1992 1994

FIGURE 6. Time trend in predicted standardized hospitalization ratios due to ischemic
heart disease among male employment status groups and single occupations in Denmark,
1981-1993. (From Tiichsen F, Endahl L.A: Increasing inequality in ischaemic heart disease
morbidity among employed men in Denmark 1981--1993: The need for a new preventive
policy. Int J Epidemiol 28:640-644, 1999; with permission.
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consumption showed OR 1.19 (95% CI, 1.0-1.41) for mild hypertension and OR
1.25 (1.03-1.52) for moderate to severe hypertension.

Future Analysis

One may expect that the next generation of occupational mortality and morbid-
ity studies will focus on changes in relative risk over time. A recent study from
Denmark demonstrates the potential in such analyses.?”? An unexpected increase in
inequality of CHD risk over time was found (Fig. 6). Bus drivers not only had a high
risk, but the risk was increasing. These results convinced Danish authorities that a
large-scale workplace health promotion program among bus drivers had to be initi-
ated; such a program is now in progress in Copenhagen.
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