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Data from iindustrialized countries suggests that irregular patterns of work. such 
as shift work anid extensive overtime work, have become increasingly common. In 
conjunction with this trend, there are more epidemiologic studies of the health ef­
fects of such irr,egular patterns of work, a number of which focus on heart disease. 
The following ii, 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 tbe epidemiologic efforts have been directed at this area, but the epi­
demiology of overtime work and heart disease also is reviewed. 

Shift Work and Heart Disease 

DEFINITION AND PREVALENCE OF SHIPr 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 prevalf(nce of shift work varies from cowitry 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.J34,254,ZS6 Gordon, et al. 
cite a figure of ~i6% for men and 18% for women in the United States in 1980.80 It 
appears that in both Europe and the U.S. the proportion of workers on rotating shifts 
bas been increasing since WW II. 8° For some particular occupations such as nursing, 
the proportion of workers on rotating shifts is very high. In Boston, for example, 
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60% of nurse~, reported in 1988 that they bad a history of shift work.127 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.2 

MECHANISMS FOR SHIFr WORK AND HEART DISEASE 

Shift woirk 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 tum are related to increased CV disease, e.g., re­
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 mechanisms clearly are 
not exhaustive. For example, Harma mentions the known decrease in fibrinolysis in 
early morning hours which might preferentially affect night workers, or some un­
known aspect directly related to sleep deprivation itself.92 B~ggild and Knulsson 
provide a mo11e thorough review of potential mechanisms.:i.s Note that for the second 
pathway desciribed 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 rhythm for rotating shift workers is 
probably the strongest proposed mechanism. with important and documented effects 
on the CV 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 tbey can adapt lo such disruption. 

Shift work could cause either acute or chronic effects on the heart, i.e., acute ef­
fects while perfonning shift work, or chronic effects years later. Disruption of circa­
dian Ihythms 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 heart. 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 heart 
disease rates.1108 On the other hand, if the effects were chronic, they might not become 
apparent until older ages and perhaps not until after workers had left the workplace. 

MBTHODOLOGIC ISSUF.S IN STUDYING SIOFT WORK AND HEART DISEASE 

As a general recommendation, in light of the potential for a long lag period be­
tween shift w1ork and overt CV disease, studies should include followup of workers 
after leaving 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 cmrently 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 wor·ker 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 he.art disease. Shift workers may be a select popu­
lation, and it may be difficult to find a comparable reference population of day workers. 
Shift wozkers may be selected into shift wOik because they are healthier to begin with 
and the employer believes they are better adapted to shift work. However, the opposite 
scenario is also Jpossible--mift workers may already have an unhealthy lifestyle and, 
lherefore, may b~ willing to worlc inegular hours because they won't suffer any lifestyle 
cbaoge. TbcreGe few data on this issue. McNamee, et al. found a significantly reduced 
risk of i.schemic 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 
bealth.172 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.13s · 

In addition to selection into 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 minimi.z.ed if one compares 
workers to worlci~rs. making the same general social class likely, especially if they are 
in the same worlc:place. 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 induding subjects from many different workplaces. 

There is reasonable evidence that some percentage of new shift workers switch 
back to day work because they cannot 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.93 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.140 Akerstedt, et al. cite evidence from Sweden in the 1940s that approximately 
IO% of workers with a history of shift work had transferred back to day work for 
health reasons within 10 yeaxs. 2 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. 11 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]). 172 On the other hand, B~ggild, et al. found no in­
creased risk for shift workers who switched back to day work.26 Nachreiner has pro­
vided an overview of the recent literature on workers' tolerance of shift work.182 

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 bi.as is particularly important in prevalence studies comparing shift 
workers to non-s,hift 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 emplioyed 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 pf 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.245 
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It is diffi.1cult 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 

El'IDEMIOLOGIC STUDIE.S OF SHIFT WORK 

Cardiovt.rscular Risk Factors. Disruption of circadian rhythms, poor life­
style, and incr1eased 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. Ahnost all of these studies are cross-sectional, assessing the 
prevalence of 1risk 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 bad ever been shift workers, but most did not, thereby 
allowing a pos:sible healthy shift-worker survivor bias. 

Blood pl'lessure usually exhibits a trough at night and peak during the day. The 
study by Baumgart., et al. listed in Tobie I shows that shift workers rapidly alter this 
pattern and e:dtlbit a peak at night while working; other investigators have dupli­
cated these fin1dings.44.2so.m However, most studies do not indicate that shift workers 
have a higher mean blood pressure, which would be expected to lead to more heart 
disease (an e:,::ception 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 th(, 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 pla.y 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 pressllrl!) was found among shift workers in prevalence studies, the question 
would still be ,~pen as to whether shift work was directly responsible for the increased 
prevalence of risk factors or simply associated with such factors. In the fonner case, 
shift work wo11ll.d truly be a cause of CV disease, and epidemiologic analyses would 
not control for risk factors because they would be intennediate variables on a causal 
pathway. In thie 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 factoIS. 
Thus, epidemiiologic analyses would have to control for known risk factors because 
they would be considered confounding variables. 'Ibis problem-whether known risk 
factors for an outcome should be considered intermediate or confounding variables­
is a common one in epidemiologic studies.281 Adequate studies to sort out this prob­
lem require a llongitudinal 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. 

CardioJ1tJrscular Disease. The principal epidemiologic studies comparing CV 
mortality or i11cidence 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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TABI.E l . Selected Recent Studies of Cardiovascular Risk Factors in Shift Workers* 

Findings, Shift V&sus Day 
Srudyt F'opulation Dcsign Wark; Cnmments 

Nakamura, 616 male Japanese Prevaie11Ce data Womcs rotating 3 shifts, but 110C 
et al. 1999 !blue-collar shift mcasorcd i.a 8DDUal those rotating 2 shifts, had 

·WO!ie(g, 239 day hcallh checkup significantly higher cbolcstetol and 
•worun, same plant obesity than day workm 

Pruniec-Poul- Pieuch custom Prevalence data, Oldu worken with m~ rotating 
maire, et al. ,i,fficials, 262 shift self-reponed high shifts reported significantly higher 
(1998} 1workcrs, 40 day blood pressure blood press~; however, they also 

·worms worldng in ~ significantly increased 
1wplanei beallh problems for 16 of oCher 19 

health conditio11& 

Knuttson and Saunple of 2548 Prevalence data on More cwrent smolcing for shift or 
N"ilsson 1998 JilleQ and 2836 current smoking night workers, odds ratio 1.3 (1.1-

women from 1990 1.6), contt0lling for age, stress, sex 
Swedish census, 
17% shiftwoders or 
1lighlworkers 

renbnen,el 1806 Finnish Prevalence data in No differences in smoking, alcohol, 
al. 1997 wozkers (564 shift 1982 for risk obesity, physical activity, or 

workefs) m several factors, shift work cholesterol; more n:poned stress 
industries, age 40- asof 1982 
55in1982 

l.ufargues, et 6'.76 male and 524 Prevalence data, No dilierence in blood pressure, 
al. 1996 Jfem.ale night matching OD broad alcohol, self-reported health status. 

,woibrs vs. pair- socioeccnODMc Cholesterol significantly lower in 
1natched conlrols, sttata (manual male night worws. Significantly 
both from 150,000 worte., clerical, highu triglycerides, smoking, 
volunteers for health manager), age, and obesity, WBC, sleep problem., in 
dreckup in France, sex. night workers. Not clear whether 
nged 30---50, 1991-3 oigbt wodus rotated shifts. 

!Cawachi, et al. ~>.109 U.S. nurses Prevale.l!Ce data. in More smoking, high blood pm;swe, 
1995 iige 30-55 in 1976, 1988 focrisk diabetes, obesity, physical activity, 

60% CWialt or past factors, any history less alcohol, no diffen:nce in high 
!:hift wodus 8ll of of shift work (both cholesterol (all age-adjustm) 
11988 self -reported) 

llcipper et al. 4li4 U.S. JWrSCS, Self-rq,otted 1988 No differences between rotating 
1990 !>4% rotating shifts, ~valence data, shift workers and olhen for physical 

~!3% daya, 12% age-adjusted, shift or mental health, except .increased 
c:venings or nights work as of 1988 stress for rotating shifters 

tomon, et al. 711 French shift Prevalence data, Higher triglycerides, less alcohol, 
1992 wodcets with tnm:e measured in 1988 no differe!l(:es in cholesterol 

(han one year vs. obesity, cig~ttes, blood pressure, 
110 age-matched day nutrients 
VVOIUO with DO 

J:1881 shift work 

Cnutsson, et 12: shift wodcets. 13 Prospective over 6 No diffel'CIICC in change in lipids or 
al. 1990 <llay workers, months, shift work blood pressure over 6 months 

Swedish paper mill as of time of study 

lursey 1990 5?r English shift Prevalence data No difference in obesity, blood 
workers (> 5 yr), measured at time of pressure, tholestcrol, EKG 
~;7 day wom.ni over study, ma1t:bing on 
4~ (never shift age, cigmttes, 
work) blue-collar statu5 

Table continued on TU?Xt page. 
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TABLE 1. Selected Recent Studies of Camiovascwar Risk Factors in Shift Workers* (Cont). 

Studyt 

BaWill!art, et 
al. 1989 

Coslll,et al. 
1990 

Knutsson, et 
al.1988 

Gordon, et al. 
1986 

Population 

17 English shift 
worms serving a& 

!heir own controls 

158 toll collectocs 
night or shift work 
vs. 44 day worters, 
same company, 
aged 35 or older 

361 shift wotters, 
240 day woxtrera, 
blue-collar wodrers 
at 3 Swedish plants 

828mcn. 833 
women, random 
sample of U.S., 
22% rowing shift 
workers 

Design 

Continuous blood 
prusum measured 
rooming and night 
shifts 

Prevalence data 

Prevalence data 
measured 1975-
1976, shill work 
as of time of study 

Prevalence data 
self-rcponcd 1980, 
drift work self­
reported as of 1980 

Findings, Shift Versus Day 
Wort: Comments 

No difference in mean blood 
pmisure between night and day 
shifts; ev.idence of an 8-hour lag in 
lbe diurnal variation of blood 
pl9SUl'C as soon as oigbt work 
began 

No difference in cholest.erol, 
obesity, blood pressure, 
triglyomdes unadjusted for age, no 
diffen:noe in summary me.asure of 
cardiovascular risk factocs aftec age 
adjustmeQt 

More smoking, higher triglycerides, 
no cliffen:nces in age, cholesterol, 
obesity, blood pressure 

Men and womm reported more 
drinking, job stress, emotional 
problems. No association with age, 
education, or income, or smoking. 
Women rcponcd more tranquiliur 
wie.. 

•Fora more co111iplete ~ew of such studies, incmding noo-Englid! publications, sec reference 25. 
t McNamee et al. 1996 omitted because of lack of age-adjaared data. 

heart disease while working (assuming an acute effect) and showed no harmful ef­
fects of eveniug or night work.2"C6 

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 
noL The 19971 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 confound1ed by drug treatment).256 Subjects worked at a variety of workplaces 
and representioo 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 4io%, 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, Tenkancn, et al. hypothesize an­
other mechanism possibly related to both stress and circadian rhythms-an alter­
ation offibrin.olysis among shift workers. They provide some data showing that the 
heart disease risk of shift woi:kers versus day workers was somewhat less for those 
who were taking gemfibrozil as part of a clinical trial. (Gemfibrozil is a lipid-low­
ering drug th.at 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. 255 However, they did not provide a test of 
significance for this interaction. 
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TA.BLE2. Studies of Shift-Work and Cardiovascular Disease* 

Findings, Shift Versus Day 
Studyt P~pulation Design Work; Comments 

Bji!ggild, et 5'.W9 men a&ed 40--- Cohan study with RR 1.0 (0.9-1.2) for shift wockm, 
al.1999 59 in 1971, from 22-yr followup, conlrol for most risk faclon 

ll 4 companie$ fatal/non-fatal lllD 
Knutxsot1, et 2()06 ~ first myo- Population based Cast/- RR 1.3 (l.I-1.6) for men and RR 1.3 
al. 1999 (:wial infvction, conlrol study (0.9-1.8) for women for shift work 

:!642 CClltrols in last 5 years. Control for smoking, 
education 

Ttn.kanen. et 11!06 Finnish womrs Cohort study with 6-yr RR for DID 1.4 (l.0-1.9), adjustment 
al.1997 (S64 shift worke.rs) followup, llID, (ICD for cigarettes, lipids, blood pressare, 

Tentanen, et in several industries. 410414) via death or obesity, alcohol, job strain. No 
al. 1998 age 40-55 in 1982, hospital discharge analysis by duration of shift work 

genttally long-tenn 
~JJift workers 

McNamee,et Male IDllDual workers Neslcd case-control OR 0.5 (0.3-0.8) in first 10 years 
al.1996 11t siqgle plant, age llllldy, shift worli: after shift work began, OR 0.9 {0.7-

< 50 when first em- based OD persOllDel 1.2) thereafter. No ttend with 
(lloyed betwl,eo records, any history duratioo of shift-work, control for 
11950-1992, 467 IlID > I mo (2/3 exposed) BP, smoking, job status, obesity 
deaths as per dealh mea.sllffli before employment 
c:ertificate, 467 controls 

Kawachi, et al. 79109 female nurses Cohort study wilh 4-yr RR 1.3 (1.0-1.7) for shift work, RR 
1995 1,ged 42-67 in 1988, followup, 292 fatal 1.2 (0.9-1.6) fur< 6 yr shift work, 

f~ofllID,60% and nonfatal CHD RR 1.5 (1.1-20} for 6 yr. Adjust-
with history of shift meat for risk factors in 1990 (little 
wort effect of adjustment OD RRs) 

Knut.sson. et al. 504 paper mill Cohort study 1S-yr RR 1.4 {n.s.), increasing mk of IHD 
1986 workers in 1968, followup, 43 cases wilh increuing durmon of shift 

3194 shift worker&, of llID (-,igina or wort until 20 yean (RR 2.8, 16-20 
few ex-shift work- MI) yr.), when RR drop5 pombly due to 
e~. at a single plant smvivor effect. control over 

smokiog, age 
Ange13bach, 210 shift worli:ers, Followup moxbidity No differences in cardiovascular 
et a). 1980 142 day WOibn, study ova 1966- complainu n,gistered in COIUpany 

4,1 ell•shift WO!WS, 77 btied on company clinic; study limited by restriction 
all who &layed em- medical reconb to IIClive workers 
p~oyed over 11 years. 
a.t a single plant 

Tuylorand Male manual womeia Cohort itlldy with fol- SMR 0.9 (0.8-1.l) fOI' day worurs, 
Pocock 1972 wilh !Ot years em- lowup through 1968, 1.0 (0.9--l.2)for shift workus, 1..2 

p.]oyment after 1946 444 CHD deaths, (0.9-1.7) for ex-shift woikeni 
and born before comparison to 
1920, from 10 com- gcmenl popubtion SMR 1.2 (l .0-1.5) for shift workers 
panie&, 4188 shift viaSMR.s 11Dder age 60. primarily in one 
workers with 10+ company adju.stment only for age, 
years shift wort. 3869 no analY3is by duration of shift 
day wotkers wilh 10+ worli: 
years day work and< 
6 mo shift wort, 555 
e:1-sbift WOiters wilh 
6+ mo shift work 

* Cross-sectional sttidies are omitted. t TbRC studies potentially relevant 10 rotating shift womrs are 
omitted (Al.ftedsson., et al. 1982, Alfredsson, er al. 1985, Thchsen 1993) because they are not based on a 
well-defined populaltion of wft wcdcm. The exposure variable in these three studies is defined as work 
in an occupation presumed to involve more fn,quent shift work than other occupatioos. These studies all 
show some increase in monality among workers in jobs piuumed lo involve more shift woik. However, 
the impfCcision of tlile definition of shift work and the poSllibility of confounders related to occupation 
make these studies ,of less value than the ones listed. (DID = ischemic heart disease, ICD = ischemic 
c~ disease, ClID = coronary heart disease, MI = myocardial infarction) 
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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). 127 Adjustment for traditional 
risk factors generally did not change results much, again suggesting that any shift 
work effect is 11t0t mediated through the risk factors usually considered for heart dis­
ease, although in this study only self-reported data on risk factors was available. A 
significant trend of increased risk with increasing duration of rotating shift work was 
shown. There fa 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 WCJ)e able to switch back to day work, even if they bad health problems. 

The third positive study, by Knutsson, et al., is a smaller study without exten­
sive control over conventional CV risk factors. 136 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 risJc, which the authors interpret as a survivor effecl-fillift 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.134 Shift work (14-15% did shift work, about the same for men 
and women) mi 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 categori1.ation 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. Nonetlheless, 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 variable. The principal concern in 
this study is possible upward bias in the odds ratio due to uncontrolled confounding. 
Shift workers were of lower socioeconomic class than non•shift workers, and 
smoked more. Education and smoking (current, fonner, never) were controlled in 
the analysis, but residual confounding by social class may have occurred, and there 
was no control 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 1-emaining studies in Table 2, in contrast, are largely negative. There 
are no obvious flaws in the designs of the studies by B~ggild, et al., McNamee, et 
al., and Tuylor and Pocock to explain why they are negative.26.172.2S4 The Bjijggild, et 
al. smdy is one. of the better analyses overall, as it is a cohort study with good base­
line data on po:ssible confounders, some validation data indicating that self-reported 
data on shift wen were reasonably accurate, and a recontactof75% of the cohort 15 
years after basc:line to again ascertain shift-work status.26 Worlcers 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 wmkers rotated. There is no suggestion of any excess risk for shift wmx­
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 1>0pulations of workers, might be an important confounder in shift­
work studies. 
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The McNamee, et al. study was done in a workforce at a single plant.172 This 
study showed no effect overall of shift work, nor with duration of shift work (in con­
trast to Kawacli~. et al. 1995 and Knuttson, et al. 1986). McNamee, et al. conducted 
a number of time-specific 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 Taylo:r 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.2s4 Despite tlne 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 160 years of age, but the authors state that this is largely due to one 
particular com1~any 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-ye:ar period.11 '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.253 

SUMMARY OF EPIDEMIOLOGIC EVIDENCE FOR HEART DISEASE-SHIFT WORK LINK 

Taken as a1 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 diseas4e. However, the epidemiologic studies are still relatively few in 
number, and thc~y 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 wait 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 undlerstood 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 nulll, but there is other evidence that some positive findings in general 
populations may have been confounded positively by social class. 

REGULATIONS CONCERNING SHJFT 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 he enforced within the European Economic Community. These reg­
ulations apply more generally to all work organization, but a number of points are 
directly relevant to shift work. The ILO recommendations call for: (I) advice to the 
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worker at regular intervals 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 E111ropean 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 
hours 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 railro~d workers). The U.S. National Institute for Occupational Safety and 
Health bas published guidelines for shift work. 

Overtime 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. 21° Finally, 
there are more recent data indicating that long hours of overtime may increase aver­
age blood pres:sure 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 olf long hours and heart disease involve many of the same methodologic 
issues as studiies of shift work and heart disease; it is important to compare popula­
tions of worke1rs that are as similar as possible with respect to potential confowiders 
to avoid selection biases, and longitudinal studies with careful attention to temporal 
sequence of e:x:posure are preferred. 

Overtime work as a risk factor for heart disease is difficult to separate from the 
more general literature regarding stress, since overtime work generally is considered 
stressful. Theire are a few early studies suggesting that long working hours are 
among the str1essful factors that increase the risk of heart disease.224•264 More re­
cently, Falger :md Shouten studied cases of male acute myocardial infarction versus 
hospital and m~ighborhood controls.68 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.37•83 These studies can provide only indirect evidence and are 
not reviewed here. 

The mos1t important studies to date attempt to separate the independent ef­
fects of long hours and stress, either by explicit attempts to measure both these 
variables and by matching, or by quantitatively measuring hours worked.95•111•243 

1\vo 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 nonnotensive controls (less than 30 hours overtime 
a month) (Group A).95 Blood pressure was recorded during a routine checkup. 
Investigators also studied 15 exposed men and 11 controls 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 worlced for the 
same company, and group 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 ven.us controls in groups A and B. Group C, perhaps 
the most interesting because it was studied longitudinally and avoided potential con­
founding (subje:cts were their own controls). showed a significant increase in blood 
pressure (diastolic and systolic) and a significant decrease in sleep when working 
more overtime 1(average 96 hours/month, versus 43 hours/month during the control 
period). 

Iwasaki, e1t al. studied systolic blood pressure among 71 salesmen in the same 
company divide:d into two groups by length of work week in the previous month.1' 1 

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 e.xposed and nonexposed. This study provides only weak evidence of 
an exposure eftiect 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.243 Controls were chosen via 
lists of workers who had had yearly routine medical exams. Occupational matching 
was by eight broad occupational categories. Data on medical history, blood pressure, 
cholesterol, glu.cose 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 b€:fore infarction or interview (for controls) did not differ between 
cases and con~:,ls (average 9.2 hours). However, when the data were categorized, 
patients bad significantly increased likelihood of having worked either short or long 
hours in the previous month (either> 11 hours on the average, or< 7) compared to 
controls, sugges.ting a U-shaped relationship between working hours and heart dis­
ease. The autho:rs speculated that the increase in risk for those with short working 
hours might have been due to these subjects suffering from early disease (and there­
fore working Iei;s), 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 inc:rease 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 heart diseas1e. 
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CHEMICAL AND PHYSICAL FACTORS by uirry Fine, MD, PhD 

Recently, much of the interest in the relationship between work and cardiovas­
cular disease (CVD) has focused on psychosocial factors. However, there are a host 
of occupational chemical and physical factors that have been studied to investigate 
their possible 1relationship to CVD. Some of these exposures, such as cold weather, 
noise, and passive smoking, are common. 

Cold Weathier 
Several epidemiologic studies have observed a definite relationship between envi­

ronmental exposure to temperature below I 8°C and small increases in the acute mortal­
ity from coromuy artery disease (CAD) and CVD in individuals older than 50 years.66 
These increase:s in risk of death from cold exposures in Europe occurred to a greater 
degree in regio1ns with wanner 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 mtm 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.55 The increases in mortality appear preventable 
by adequate indoor heating and adequate-protection against cold while outdoors. 

In a study of the population ofYakutsk, which has extremely cold winters with 
mean October to March temperatures of -27°C, mortality from CVD and CAD 
among 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 exc~eptionally warm clothing and the reduction of outdoor excursions at 
temperatures below -20°C. 5-4 These studies suggest that older workers who have reg­
ular or intenni1ttent outdoor exposure in the winter may be at slightly increased risk 
of mortality worn CVD and CAD; however, the excess risk seems to be prevented by 
adequate clotltling (e.g., overcoats, gloves, and hats) and opportunities to rest in 
warm indoor tmvironments. The mortality of older workers with outdoor exposures 
is an area for future study. 

The relatfonship 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 monitorilt1g is suggestive of transient myocardial ischemia. Results from the 
CORDIS study found significant increases in the rate of silent ST-segment depres­
sion among w1omen 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, bull also normal subjec1s_1z4e.221. 

Heat Exposures and Warm Weather 
Acute myocardial infarction (Ml) may occur (although rarely) after severe heat 

exhaustion or !heat stroke, as they are associated with widespread tissue injury. 77 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 
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ST-T electrocardfographic changes consistent with acute myocardial ischemia.3 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.ZAOI 

Heat stroke and exhaustion are certainly acute risk factors for myocardial is­
chemia in an indhridual with CAD. For exposures less intense than those that cause 
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.230.251• One epidemiologic study 
of open-hearth steelworkers did not fmd an elevated risk of death from CAD.217 

However. a second study of French Potash miners concluded that there was an in­
creased risk of IHD from the hot underground mining environment. One possible 
reason for the negative study is the selection of strong, healthy workers, both at hire 
and during employment.2BB · 

Further studiles 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 beat stroke~ and beat exhaustion may prevent or limit myocardial ischemia in 
workers with und«~lying coronary disease.50 

Noise 
Research on noise exposure and hypertension or elevations in blood pressure 

has focused on two aspects: objective measures of noise exposure, usualJy 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 haLve reached somewhat different conclusions about the relation­
ship between objectively measured noise exposure and hypertension. 65•261 

Experiments in animals suggest that noise exposure in spontaneously hyperten­
sive rats can incri!ase the number of ischemic myocardial lesions. 99 This issue is 
not entirely resolved, but there may be a dose-response relationship between 
noise and hypertension; the importance of duration of exposure has not been clar­
ified.70,101,195 The J[>roponents of a causal relationship between noise and hyperten­
sion havl;} noted tlhat the likely increases in BP would result in modest increases 
(1.1-1.2) in the rdative risk for CAD.65 Overall, there is considerable, if conflict­
ing, evidence tha1t prolonged exposure to high noise levels causes significant. 
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 hYJ>Othesis that noise ex­
posure could affoct lipid levels.114 One interesting and provocative study found a 
borderline signific:ant relationship in men between transient episodes of ST..(lepres­
sion on ambulatory electrocardiac monitoring and industrial noise exposure.81 Since 
noise exposure is still common, further research on the relationship between CVD 
and chronic, high-1evel 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.65 A risk assessment based on mea­
sured levels of em~ironmental tobacco smoke (ETS) in office air and salivary coti­
nine in nonsmokilllg U.S. workers estimated that 4000 heart disease deaths occurred 
annually among office workers from occupational exposures to passive smoking. 
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This number was based on an estimated prevalence of unrestricted smoking in U.S. 
office workplaces of 28%.221 

In some workplaces with particularly high levels of exposure to passive smok· 
ing. such as casinos, CAD risk may be even greater.268 Environmental sampling was 
perfonned to evaluate occupational exposure to ETS among casino employees. The 
geometric mean serum cotinine level of the 27 participants who provided serum 
samples was ll.34 nanograms per milliliter (ng/ml) pre-shift, and 1.85 ng/ml post­
shift. Both mieasurements exceeded the geometric mean value of 0.65 ng/ml for 
participants in the third National Health and Nutrition Examination Survey 
(NHANES ID) who reported exposure to ETS at work.2611 This evaluation demon­
strates that a sample of employees woixing 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 Ex•~ and Vibration 
Numerous studies consistently find that higher levels of physical activity, 

whether at work or leisure, are 8880ciatcd with lower risks of CAD and CVD.158 The 
biological proc::esses proposed to explain the beneficial effect of higher levels of phys­
ical activity are very plausible.1511 Because of the negative effect of a lack of physical 
activity, sedentary work can be viewed as an occupational risk factor for CAD.65 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 ovenll 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.2.,. Three specific physical occupational factors have been suggested as 
possible risk factors. m 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.289a However. while the relative risk is 
high. the absolute risk is low, and habitual physical activity greatly reduces the risk 
of heavy physical exertion. 

Evidence: 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 worlc, the risk was even higher. Resistance weight training has been used 
safely in ~e rehabilitation of patients with cardiac disease. 19 

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, filirther investigation of this association would be of some interest B•.61• 

Chemical Ellposures and Cardiovascolar Disease 
A few occupational exposures, such as carbon monoxide, carbon disulfide 

(CSi), 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 are less common. Low-level exposures to carbon monoxide, lead, 
and carbon dinulfide are common. 
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CARBON DISULFIDE 

CS2 was definitively associated with increased risk of CAD in Finnish epidemi­
ologic studies which showed that higher exposures before 1970 were linked to high 
relative risks fo.r CAD, and that following substantial reduction in exposure the risk 
declined to less than 1.192 Overall, the several other epidemiologic cohort mortality 
studies strength1en the evidence that CS2 can cause CAD in workers exposed for long 
time periods and at high levels.166.251b 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 restrick~d to currently or recently exposed workers in some of the cohort 
mortality studie:s. 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.211 The most recent cohort mortality study concluded that exposure to 
relatively low le:vels of CS2 increases the risk of CV mortality.ma As with many oc­
cupational advfirse effects, the precise shape of the dose-response curve between 
mortality from CAD and exposure to CS2 remains an important area of research. 

CS2 has be)en associated with several effects that suggest direct and indirect 
mechanisms for the increased risk of CAD. Interestingly, in both Belgian and 
Japanese CS2 workers, but not Finnish workers, an increased prevalence of microa• 
neurysms of thti retinal artery has been reported.1968·277 The other effects that have 
been noted are ECG abnormalities, a negative inotropic effect, an increase in LDL­
cholesterol, and increased diastolic BP.S?.62.141 

NITRATE ESTERS 

Nitrate esters such as nitroglycerin (NTG) and ethylene glycol dinitrate (EGON) 
caused angina and more rarely cardiac sudden death in highly exposed workers in the 
past.18,105.244• FoUowing withdrawal front exposure, coronary artery spasm has been 
postulat.ed as occurring. In the occupational setting, skin exposure to the nitrate esters 
is the principal 1route of exposure. In the studies of mortality from CAD in exposed 
explosives worloers, it is not clear whether the effects are solely acute after withdrawal 
from exposure c,r 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.1os This study suggested that CV effects of 
NTG and EGON 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. 106 

Older clinical reports suggested that sudden 4eath 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.244, This 
absence of an effect could be due to a combination of lower exposures and effective 
screening to identify more high-risk workers. Prospective studies of currently ex­
posed workers ruie 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 CS2• CO exerts its adverse effects via its avid 
binding to bemo,globin, resulting in decreased delivery of oxygen to the tissues.58 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%, th•e reduction in tissue oxygen delivery can cause myocardial ischemia 
or infarction, dysrhythmias, or even sudden death. 58 These high levels of exposure 
can occur 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 o1f flood debris in basements). For example, in one study of structural 
fire fighting, 10% of the samples exceed 1500 ppm of C0.112 

Toe acute cardiac effects of CO even at low levels of exposure are dependent 
on the ability of the coronary arteries to increase blood flow to the myocardium in 
response to the hypoxic stress of CO. Workers with significant CAD may be af­
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/m3), had 
carboxyhemoiglobin levels of 2.l-7.6%.2ss Levels above 4% carboxyhemoglobin 
have been as~:,ciated with reduced time to onset of angina during exercise tests. m 
Higher workplace exposures, for example at the OSHA recommended exposure 
limit, could raise the carboxyhemoglobin level of the nonsmoker above 4%. 
Workers with CAD may have an increased number of angina attacks in occupa­
tional environments with CO exposure. 

Overall, 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. Some of these studies are positive and others are negative.90,14 i.u9a 
Some of the positive studies involved workers who are exposed to more than one 
agent. For example, one found a significant increase in mortality from sudden death 
presumably due to CAD in furnace workers in ferroalloy plants.1114 The increase was 
not explained lby smoking or alcohol conswnption; however, these workers were ex­
posed to mang:anese, CO, and heat. In~stingly, two studies have found evidence of 
an increase in hypertension moxbidity or mortality; however, in both studies workers 
did have multiple exposures. 104•141 The latter observation raises the hypothesis that 
chronic CO ex.posure 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.2498 The tunnel workers bad a 35% in­
creased mortality from CAD. The excess declined after 1970 when the CO levels 
were reduced lby 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 epidcmiologic studies do suggest that high-level CO exposure may 
cause at least moderate increa.5es in lhe 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 ha1.al'd for individuals with sig­
nificant CAD. 1bese lower exposures in the individual with CAD would be potentially 
more bazatdoUIS 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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METiiYLENE 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 3.5 ppm. Methylene chloride has been a common solvent in 
furniture-stripping solutions. m The risk of methylene chloride exposure is related 
to the duration ,md 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.1s.19s 

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 liow exposure levels has led to reduction in recommended occupational 
exposure limits from 80 to 40 micrograms/di. so. At these lower levels of exposure it is 
possible that lead may be contributing to hypertension.1so 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 l mm increase in systolic pressure and 
0.6 mm increase: in diastolic pressure. 2A4b The reviewers were not sure that the relation­
ship was causal. They believed that there were several possible plausible mechanisms, 
including interle:rence of lead with calcium metabolism. a possible direct effect oflead 
on the vascu1ar smooth muscle, or potentiation of sympathetic stimulation by lead. The 
most recent cross-sectional studies of worlrers are also inconsistent. The issue of whether 
occupational exposures to lead contribute to hypertension is not totally resolved. 

SOLVENTS AND DYSRHYTHMIAS 

A limited D1umber of chemicals have been associated with atrial and ventricular 
dysrhythmias by mechanisms unrelated to ischemia; such events may occur even in 
individuals with anatomically normal coronary vessels.286 Some organic solvents, 
particularly fluorocarbons such as chlorofluorocarbon 113, are implicated in the oc­
cupational setting. 189 Suspected proarrhythmic agents are bromofluorocarbons, 
methyl chloroform. methylene chloride, and trichloroethylene.1:26 The strongest evi­
dence for this re:lationship is from case reports following very high, intentional ex­
posures (e.g., g:lue sniffing).51 Other evidence comes from clinical studies and 
experimental animal investigations.126 The animal studies suggest that a wide range 
of solvents at very high levels of exposure are cardiac toxins; however, the risk in 
usual working s.ituations is probably small. 220 

The pathog:enesis of solvent-related dysrhytlunias likely involves potentiating 
the effect of endogenously secreted catecholamines to cause arrhythmias. The com­
bined effect of tbe solvent and catecholamines results in atrial or ventricular aahyth­
mias.126 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 mo:st hazardous. Epidemiologic shldies of workers exposed to fluoro­
carbons in nonconfined spaces and presumably at lower levels of exposures are not 
consistent. 61 A positive study found an association between history of episodes of 
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palpitation among pathology residents and exposure to fluorocarbons in the prepara­
tion of frozen sections from surgical specimens.244 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 dysrhythmias on a low exposure day (64 ppm personal 
time-weighted average [fWA]} were compared to a higher exposure day (442 ppm 
TWA).62 There is also an equivocal study among refrigerator repairmen.61 

In summa:ry, occupational exposures to fluorocarbon-113 at levels below the 
OSHA standard of I 000 ppm have not been associated with cardiac dysrhythmias. 

Several ep,idemiologic 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 detennining 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 miscllassification of exposure is substantial A review of the epidemiologic 
literature shows no consistent association between solvents, with the exception of 
CS2, and elevated risks of mortality from heart disease.286 

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.2J7 A recent cross-sectional study 
reported associations between occupational exposures to benzene or xylene, but not to 
phenol, and the prevalence of hypertension. atrial, and ventricular ectopic beats. 142 A 
significant but slight increase in mortality from CAD was reported among aerospace 
worlrers exposed to trichloroethylene or toluene. 22 This study had an internal reference 
group and careful exposure assessment. The 10-20% increases in this study generally 
were not dose :aelated, 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. 13 

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

In 1958, a icase-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 "occupational 
stress and straint based on a detailed occupational history, compared to 20% of healthy 
controls.224 In the same year, Friechnan, Rosenman and Canoll published their seminal 
paper demonstr:ating a significant relation between serum cholesterol and blood clotting 
times, and cycliic variation in occupational stress among accountants.76 Since these early 
studies there has been a bmgeoning 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 
K.arasek.173 Systematic investigation of psychosocial workplace factors and CVD was 
dramatically adlvanced by this model, which can be readily applied in epidemiologic 
shldies. The first hypothesis is that strain occurs when there is exoessive psychological 
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worldoad demwl'lds together with low job decision latitude. 'Th.is combination provokes 
arousal, as well as distress, activating both the sympathoadrenomedullary and adreno­
cortical axes, and yielding a highly deleterious combination.11.74 A third dimension, 
social isolation, was later added to the Job Strain Model.11-4- The second hypothesis is 
that high demands together with high decision latitude lead to active learning 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 Eff'ort-Rewanl Imbalance (ERI) Model was introduced 
by Siegrist and colleagues.23~ 23s In comparison to the Job Sttain Model with its em­
phasis on moment-to-moment control over the worlc process (i.e., decision latitude), 
the ERI Model provides an expanded concept of control, emphasizing macro-level 
long-tenn control vis-a-vis rewards such as career opportunities, job security, 
esteem, and inc:ome. The ERi Model assesses the balance between these rewards 
and effort, posi11ing that work stress results from an imbalance between high effort 
and low control over long-term rewards. Effort is seen to 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 consttuct for which there is some empirical data, reviewed herein. 

The following review results from in extenso English language publications in 
peer-reviewed j1Durnals 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 Straiio Model 

ISCHEMIC HEART DISEASE AND OTifER HARD CVO ENDPOINTS 

Table 3 pn:sents 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 wen: 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 titJle revealed major significant findings with regard to aspects of con­
trol6·8·117,265 and/or to exposure to high psychological demands together with low con­
troI.6·8·88 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. 64 

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 1:elative risk of myocardial infarction. 87 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. 



FimAurhor 
(Year) 

Alm:dsson, 
et al. 

(1982 & 
1983) 

Billing, et al. 
(1997) 

Bob'1c, et al. 
(1998) 

Eindad. et al. 
(1997) 

Study Porticiponll 

Swedish, < 6S y.o. 
N = 334 cases, 
N = 882 population CCll!rols 

Swedish, < 70 y.o. 
Casea: N "'S31 male, 

236 female 
Populalioo CODlrOls: 

N"' 34 male, 15 female 

Czech, 2S-64 y.o. 
N = 179 cases 
N = 7 &4 conttol& 
All fall-lime employed 

Swedish,< 52 y.o. 
N= 13cases 
N = 12 hypcrtmsive cantrols, 
All professional driven 

TABLE 3. Studies of Job Strain and lschemic Heart Disease among Men 

Fom,( I) qJ Job Strain 
Voriablt 

Wlll!llllll: 
Hectic/various aspects of 

control as quadrant ll:ml& 

~: 
PSJSQ 

Main effects only 

Sclf-re»90· 
i, Demands (3 items) 
Decision-latitude (8 Items) 
Quartile term 
(21 % job strain) 

~: 
PSJSQ 
Demand/control 
Quotieot tcnn 

1/lntsl 011tcomt 

Hoopilaliud 
and/or fatal MI 

Otronic, stable 
aogina pec:toris, 
clinic patienli 

Fint nonfatal Ml 

Hospicalized IHD 

Sig,,ffeco"' Po1itivt .A.lsocialions 
(Adjusttd Confounder~ J 

'lbtal §twl): (Agt) 
Monotony 
Rushed lempo + low influence 

uvcr work tempo 
Rulhed tempo+ oOf learning new 

lhing, 
~- (Agt1 d: immigra"' ltatlll 

or tducalion) 
Hc,:;tic work + no Influence on pace 
Hectic work + few possibililles 

ID learn new things 

Skill dlacretion 
Coolrol 
(Att) 

Hishm decision latitude quutlle 
(Agt, dinrict, education. hyper­
muion, 0/Mr coronary RF) 

RR 
1.32 
1.35 

1.45 

.. 1.1 
-2 

i 
<.001 
<.01 

.Bl!. 
0.43 

N~/1 or Sig. Ntgat/vt Aisoc. 
(/uij,uted Confounlkrs) 

Rushed ~po= NS 
Low influence over work. tempo == NS 
Not learning new thinp = NS 
Rushed tempo+ monotony"' NS 
(Agt) 

1' demand = NS 
Decision authority = NS 
(Agt} 

Job strain= NS 
Highest iv demands qaartilc RR = 0.52 

(Age, dJstrict, tducatum. hyptr· 
t~ns/on, other coronary RF) 

Job strain "' NS 
i, demand= NS 
Decision latitude= NS 
Skill di~oo = NS 
ConL!Ol=NS 
(Ag~} 

(Tobi~ con1inut1d on nn.t page.) 



TABLE 3. Studies of Job Strain and lschem.ic Heart Disease among Men (Continued) ~ 
First Author 

:,0 
Fonn(s) flf Job Strai1t SignjficQlt/ Posiri~ Associa1i,ms Nu1I or Sig. Negalivr Anoe. ll'l 

(Ytar) Str4dy Participanu Variable 11/neu Ourc~ (Mjusted Confourukrs) (lldjusted C01tfo11nder1) ~ ~ : <o»wJe> RR C{h)timan RR 
Hallqvist, et al. Swedish, 45--64 y.o. PSJSQ Fint hospitalized Self-RPQrt; ~ : ~ (1998), N= 1047cues Quani!e term and and/or fatal Ml Job atrain 2.2 -+ 9.2 • Non-manual workers @ Thcorell, N = 1450 population controls op6m.al term S;nergy index 4.0 -+ 7.5 Job strain : NS 

ctal. 1998) (reflects optinrum , Manaal worms 'I' demands'"' NS 
,, 
"' balance between exposure Job strain 10.0 -+ 46.1 Decision la.rilllde = NS > 

contrllt and powcc) Synergy Index I I.I -+ 23.9 • Manual workers e 
Decision latitude 2.3 'I' demands= NS (") 

~ : ( H~rteruion, SMOking, BMI) (Hypertension, smolang, BMI) ~ PSJBM ~ OR ~ 
Decision latilllde Decision latitude (Age, catclullent 1.7 Do::isioo lali!Ude = NS 0 
Qullltiles area} (Age, cak:hmtlll area. 1ocial ckm, I COl'Olla,Y RF) 

l.nlmllm: Whjt,;coQu RR B!uc;colJv 
Hammar, ct al. Swedish, 30-6' y.o. Hcctic/as~ts of FintMI Hectic work aod low influence over I.4 Siog]e facton: = NS 

(1994) N = l 3.'.205 cases Deci&lon-latilllde warkhoun Hcctlc work and other factors = NS 
N = 22,599 population Quadrant term (Age, ctnu1ty, calendar year) WhjtecoU41: 

oontrols (relaxed quadrant BS Single factors= NS 
referent) (llge, COHnty, caundar year) 

~ : BR 
Sihtn, et al. Danish, < 55 y.o. Workload/clemenu of Sllt'Vivors of MI Heavy worl<load + conlJ'adictmy 1.96 Workload= NS 

(1991) N = 52cases control demands Autonomy = NS 
N = 72 community and Quadrant term Heavy wodrload + low responsibility 1.78 Influeocc = NS 

hospital control& Low workload+ good •ocial O.S& Contradicto,y demands = NS 
intccaction Growth+ development= NS 

(Age,SES) (Age, SES} 

~ : p. 11' demand& = NS 
Theorell, C( al. Swedish, <45 y.o. 3 Quotient tetmS: Hospitaliu,cl Variety of wor:k task& 0.oJ Influence aver wort: = NS 

(1987) N=85cascs Demands (2 itenu) + nonfatal MI V dcmandsfvaricty of work tasks 0.01 Tntcllecrual dl!ICTetion = NS 
N = 116 commwrlty controb Influence (3 items) 1jl demands/intellectual discretion 0.04 'I' dernarulslinfluc:nce over work = NS 

lotellcctual di$Cf'etion or (Age, tducation, coro1tary rirkfactors) £,Su i:411Qilia& ~12a.i1J11Q wk filgau.l 
variety (1 item each) CmpnaJY artery Degree coronary ~tosi& and 

alhcromaiosis quotient terms or main effccu = NS 
(Table conli1t~ on 1IUt page.) 

~ 
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Finrt Author 
(Year) 

Johnson, et al. 
(1988) 

Johruon, et al. 
(1989) 

JCaruek. et al. 
(1987) 

KaraJCk, et al . 
(1988) 

TABLE 3. Studies of Job Strain and Ischemic Heart Disease among Men (Continued) 

Fonn(s) of Job Strain 
Shldy Panicipa/llJ Variab/t Jltn11s1 Olllcornt 

~ ; 
N =7165, Swedish, 16-65 11' Demands (2 items) Self-rep<mcd CVD 

y.o. population wnple Conlrol (II items) (N=409) 
Support (S icema) 
Quadnnt lcrm 

(JCllli:d quadrant as 
referent) 

~ : 
N = 7219, Swedish, 25-65 V Demands (2 items) Self-n,ported CVD 

y.o. population sample Control (II item&) (N=407) 
Support (5 iiems) 
Compare high to low quintile 

~ : 
N = 5000, Swcdi.lh, Widload (3 items) Self-reported heart 

mean age 37.1 :t: 12.1, Decision latitude ( 4 iteJm) dlsease 
white coUu, lrmlc-union 
mcmberl Main effccu only 

1miu11111: 
U.S., 18-79 y.o. QBS MI 
N=2409HES, (N=39HES) 
N = 2424 HANES Qlladcant lcrm (N = 30 HANES) 

populllion .sainple (20% job drain) 
(87'J>white) 

Signlficalll PoJitiw Auociation1 
(A4i1111td ConfozwkrJ) 

Bhll: r;;g!III( 
High 11' demands/low control 
High 11' demand&llow control/ 

low support 
While gglJai; 
High 1jl demands/low suppon 
(Age, dime,ulons of iJoJtroin) 
3-Factor multiplicalive iDlcractlon 

ratio= 1.09 

.All 
llollnlin 
lllzcmllc 
Iaootnln 
(Age) 

(Age, ""1rirtd sratu.r) 
Workload 
Canfllcl 
Clarity 
Decislon/latitude 
Social support 

Job lltrain-HES 
-HANES 

11/~HANES 
Deci&ion Iatitwlo-HES 

-HANES 
(Age, race, education. SBP, other 
co-,yRF) 

l!B. 
3.55 
7.22 

I.SI 

l!B. 
J.77 

2.04 

SOB 
1.24 
1.18 
1.12 
0.92 
0.90 

SOB 

Null or Sig. N11ga1iw As.roe. 
(Adjusted Confo"11der.1) 

All 
Hlgh 11' demands = NS 
Control=NS 

White collar 
High 1f1 demands/low control= NS 
(Age, di-ns/ons of i101train) 

WhitccoHar 
lJOSlnin (Age) = NS 

1.5 V Demands-HES= NS 
1.6 (Age, Tall, td11eation, SBP, other 
2.1 coronary RF) 
-1.5 
-2.0 

(Table conrinued 011 nur page.) 



TABLE 3. Studies of Job Strain and Ischemic Heart Disease among Men (Continued) 

FimAuthor 
(Yt!Or) S1,uly Participarrn 

· Form(s) of Job Slruir, 
Variahk 

HI.alley, d al. 
(1995} 

Fim lu,rltor 

N = ll32 males. N = 3S7 
females 

U.S. pad en II Ulldergoing 
ccronuy angiogRpby 
(118~ whi~ ~ white 
collu) 

~: 
JCQ 
Predefined cutpom15: 

(23'K> job~ l!!el!; 

43% in women) 
Job alrWI index = quotient 

FA, Form(f}ofJobStrain 
(Year) Study Parrkipanri (y) Varl@le 

Alf'reduon. 
et al. 
(1985) 

N = 958,096 total•, 
Swedish, 20-64 y.o., 
popalalioo.-bued 

lllllalwl: 
Hectic/variocls aspects of 

OOQll'O) a, quadrmil term& 

• Total ooc by gender. sa,der-struified analysis dooo--malee in thit table 

Sauna. et al. 
(1997 & 
1998) 

N • 6896, U.I<:~ 
35-S.5 y.o. civil 
ICIVlllU 

Scl(-i'C111¢ 
5.3 i,Dernaodt (4 ilel!UI) 

Control (15 items) 
Median cutpoint quadl'ant 
Term and llllfflll:tion tan! 
~4ilfflle 

~: 
Johnson, 11111. N = 7219, Swedish, 9 11' Demand& (2 .ilcma) 

Caotrol ( 11 ilema) 
Support (S ill:ml) 
Compan: hi&h lo low 

(1989) 25-65 y.o. popwa­
tioa-bued 

quintile 

J/lne:u Outc~ 

Degree of 
coronary 
a:he.-o..urwSiii 

SisnifiC'tJltt POllitiW! Jmociat/ons 
(Mj,uttd Confi,ur,dm) 

Cohort Studla 

Hospitalized Ml 
<N= 1059) 

Self-n:pon 
Angilla,CHD 

event. D.11. IHD 

CVD D!Ol1ality 
CN= 193) 

Significant Positm Amx:iat/o,u 
(Adjwtfd Co,ifourukr) 

(Age) 
Punctuality 
Pew postibilitiel to l.c1U11 new thiap 
ffcctic nod mgpomnqllf wad; 
Hectic work and few ponibilirie, 

to learn new lhing, 
(Ag, + ,narltal .rlalll/J, r,atiOllality, 
1,,co,,v. smoking or hea)'J lifting 
atwon:) 

(Age & /Ill rinw) 
Low COllll'O! (SR) & angina peclorh 
Low oonln>l (SR) & diaJIIO'O(I llID 
Low comrol (SR) & any CHD ~t 
Low COblrOl (0) & any am event 
Job snin (SR) & any CHD CYCttt 

SM& 
121 
113 
111 
.. 125 

QR 
l.S<t 
1.6 
1.55 
1.43 
1.45 

BB 
1.92 
2.58 

Null or Sii. Negailve As3t>C. 
(A4)iuttd Con/tNUWrt) 

Job 8IIain = Quadrant tcnn ~ NS 
lndcx=NS 

(Age, ~r, bloodprtSSIUt!, coronary 
riitjac/Ol'J, hutory uj Ml, typical 
tJll8illO) 

Null or Sig. NegoliWI Auoc. 
(Adjwud~r) 

(11.te) 
Hectic wed:.• NS 
MOIIOtOnm.l, wad::= NS 

Job slnin (SR) & angina pcctori1 "' NS 
Job lltnliD (SR) & diljp!OSed IHD = NS 
Job attain <O) & an ouceome, = NS 

lsottrain: White r:oUar .. NS 
(A,e} 



TABLE3. Studies of Job Strain and Ischemic Heart Disease among Men ( Continued) 
~ 
C 

Fim Autfwr FA, Fomr(s) of JobStraill Signijic,uu Positiw As1oclatioM NuJJ or Sign. Ntgaliw Auoc. 
(Ynr) Srwly P1JT1icipa1111 (y} Variablt lllu1:r Outc- (Adjusttd Confoundln) (Atfjusttd confr,imlltrs) 

lmll!lll:4: BR 
Johnson, <:I al. N = 12,517, Swcdillh 14 '( Demand, (2 ilCIIIIJ) CVD mortality Lowconuol 1.83 11' demands= NS 

(1996) 25-74 y.o. popwa- ConllOI (J2 llcm5) (N=521) Low conlrol/low support 2.62 ,Job slnlln = NS 
tion-bued (ncsed S11ppon (4 items) ( Age, ckul, ""'""'4/ity. physical (Same tuljustmelll as for positivt 
cue-<:ontrol IDtcr:Elion lcmlS job danands, etlucalion, turci.Jt, findings) 
N = 2422 cootrols) 1molcitlg. la.rt yt11r nnpfoytd} 

~ OR 
Karuek,ct al. N = 1461, Swedish. 9 11' demands (2 ltemi) CVO & cerebro- HJab V demands 4.0 Low intellecN.al discretion = NS 

(1981) l~ly.o., Intellectual Diactetion vascular High 'II demands & low personal 4.0 Low personal ftt,cdom ,c:hedule = NS 
population-baled (2 items) mortality freedom achcduJe 
(Nested• cue-control ; Pmonal Schedule Freedom (N=22) (Ag,, tdwca/WII, tmoking, CHD :a (Sanu adjus-nl as for positive 
N = 66 COlllrol&) (3items) at ba.rtlint!) findings) 

SOB. 
6 Self-n:port CIID HIJb. 11' demandt 1.29 Personal Schednlc Freedom = NS 

Low Inrellectull Diacretiou 1.44 
(Ap, ttlucaliLin, mwki11g, owrwighl) (1111M a4jusaunt as for po,i,tw 

findings) 

Self-report· I! 
Theorell, et al. N = 79, Swedish, s 3 Quotient term&: Mortality from Demand&+ vuicty (anlvariab:) 0.03 Dcmllllds=NS 

(1991a) < 4S y.o. employed, Demmds (2 items)+ repeat MI DemandJ + inte11ec;nJal discreti.oo 0.02 Single upecta of decillioo latitude = NS 
lint MI IIIJVivon Influence (3 items), (N= 13) (Biomtdical rukfac1or3) 

lntellilctual di~on or 
variecy (1 item each) 

.IDillllGII: BR 
~tcmum, N= 1683 U.S., 2S QES CHO mortality High decision latitude 0.76 Job strain (Age) = NS 

·ct al. (1994) 38-.56 y.o. Tc:rtilc tc,m (Ap, SBP. cholesterol. smoking, 111 Demands (Age)= NS 

I Chicago Weatem (7% job strain}) 11/cohol, jamHy hi1tv,y CVD) Deciaion latitude 
Blccuic helllthy (l!ducation + agt, SBP, choll!lltrol. 
employees of smowrg. alcolrol.ftu,tily hi31ory 
&ropean ancestry CVD)=NS 
(74CJ, blue collar) J (Tabk eo<1tinued on nur pagt1.) 
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TABLE 3. Studies of Job Strain and lschemic Heart Disease among Men (Continued) 

First Author Flu Fonn(3) of Juf, Strain Significant Positiw, Associatiom Null or Sig, Negari~ Assoc. 
(Year) Study Participant, (y) Variable Illness OUJcome (Adjusted Confoundus) (Adjiuted Confoundm) 

~ : 111 l!llimta :ri:ilb 1i saifi,lllll CAil: 
Hla.lky, et al. N: 1132men. 4 ICQ Incident nonra1al Job strain index & quadn\ot tenn = NS 

(1995} N=3:i7women (Cutpoinu: MI (N =70) for cardiac dealb & cardiac events 
U.S. patients under- ljl demands> 32, cardiac deiilhs ( "EJtab/iJhed prognoJtic j'rutors" 
going coronary dcci&ioo latitude< 28) (N = 42} including ejtctlonfraction, CAD 
angiography Men: 23% job strain utent, nryocatdial ischemia) 
(88'l> white, Women: 43% job auain ID 111liCDII !iilll12111 aiK11ifiwl1 ce.12: 
60% white collar) Job ,train inde~ = quodenl Job &train lndclc & quadrant term = NS 

term for cardiac events (N = 6 total) 
(Age, getuler, ej«rionfraction. 

inslgnijica,ir CAD) 

~ : 
Recd. et al. N=4737.U.S. 18 QES Incident definite AU calculated forms of Job Stnin = NS 

(1989) Hawaiians of Quartile Tenn CHD (N:359) V Demaocu = NS 
Japanese descent, Multiplicative Score Decision latitude = NS 
45-oSy.o. VC()tocScorc lll 111:1:11Jturated ll[!lllp: 
population-based Low job strain (vector IICOl'C) p < 0.05 

(Age, blood pnuun &: other coro,rary 
riskfactor.r) 

~: OR 
Steenland, N: 3575, U.S. 12- Ql!S Incideot heart Job control (highest compared 10 0.71 Stratified analysis blue lllld white 

et al. (1997) 25-74y.o., 16 disease lowesl quartile) collar: 
population-bllSed Quamleterm (N =519) (lige, educ4tion, blood pressun, Job strain, \jl Demands, Low conirol = 
58% blue collar (17% job strain) other coronary ri.rk factors) NS 

High cootrol & high demand 
OR = 0.69 for blue collar 

(Ai for po.ririve findings) 

ljl = psychological, Dx = diagnosed, HES= Health Examinalion Survey, RANES= HealUt and Nutrition Examination Survey, lffD = ischemic heart disease, JCQ = job content questionnaire, 
NS= nonsignificaot, OR= odds ratio, PSJSQ = psychological job strain questionnaire (Swedish), PSJEM = Psychosocial Iob Exposure Malrix, QES = quality of employmcn1 surveys, RF= risk 
faclors, RH =- relative hazard, RR= relative risk, SES = socioeconomic suuus, SMR = staodard monality ratio, SR = sclf-reponed. 

NO!ea: Significant positive associations require a lower limit of the 95% confidence intervals > 1.0 and/or p < 0.05. The N for women is indicated only if the analysis was not geoder strarified. 
• The study by KIU'asck, et al. (1981) analyzes incident cases of CVD death co~ to marched contr0ls selected from the cohort. As per Hulley, et al.,"" we IC'1ll this a "nesllld case con­

trol srudy" and include it withio the cohort studiei. 
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32 STEENLAND, ET AL. 

Of the five cross-sectional investigations of job strain and CVD. four relied 
upon self-report of exposure to the job strain dimensions and of the disease out­
come. Johnson and Hall found that the interaction among demand, control, and sup­
port was mone than multiplicative (by 9% ), with a three-factor multiplicative 
interaction ratfo = 1.09 .114 Karasek, et al. used the imputational method to assess ex­
posure to job strain, together with objective verification of the presence of myocar­
dial infarction1 (MI).124 Thus, this population-based, cross-sectional data can be 
considered free of self-report bias of any kind and reveals a significant positive asso· 
ciation between exposure to job strain, as well as each of its main dimensions, and Ml. 

Among tllie ten cohort studies of job strain and CVD. six report significant pos­
itive results with regard to exposure to various types of low control,7-9.29·30•116.247 and 
four show signiificant associations with exposure to some form of high psychologi­
cal demands c,oupled with low control.7,29,30.119•259• Significant positive results were 
seen for expm:ure to high psychological demands alone119 and for isostrain (high 
psychological demands. low control and low social support at worlc). 115 

Four cohort studies had predominantly null results.9,103.2,s.247 Titree of these had 
followup periods of 12-25 years without assessment of employment status subse­
quent to intake, such that the participants were likely to have been r.emporally far re­
moved from these job exposures.9·2 ' 8•247 In two of these the mean age at CHD 
occurrence is high, and with advancing age the impact of CVD risk factors de­
clines.9·218 The three also used the imputation method for determining exposure to 
job sttain (see Chapter 6). While providing a convenient means of converting coded 
occupational titles into exposure data and obviating self-report bias, the imputation 
method provides no assessment of within-occupation variability and, due to nondif­
ferential misclassification, underestimates actual associations between job charac­
teristics and ht:alth outcomes. 143 Thus, while significant positive associations found 
using the imputational method provide powerful evidence for the model, negative or 
nonconfinnatoiry studies may be due. at least in part, to loss of statistical power.226 

This is particullarly problematic with respect to psychological demands, which show 
the largest amount of variance within rather than between occupations, and this vari­
ance is therefore not reflected in the averaged values.261 

Particular attention in the clinical cardiologic arena has been paid to the study of 
Hlatky and colleagues in which exposure to job strain was reix>rted not to be signifi­
cantly associatc::d cross-sectionally with degree of angiographically-assessed coronary 
atherosclerosis,. nor prospectively with cardiac events.103 In immediate response to the 
publication of these results, the American Heart Association issued the following state­
ment: "Although psychological stress in the workplace is widely believed to increase 
the risk of comnary heart disease, scientific evidence supporting this belief 'is rela­
tively sparse' a.com:ding to scientists publishing a new study. Their research suggests 
that job strain iis not an important coronary risk factor."10 We believe that this conclu­
sion is incorrec:t. This study does not appear to have been designed initially to test the 
job strain hypo,thesis. The original purpose of this research seems to have been to ex­
amine employment patterns among patients with coronary artery disease.168 The sam­
pling techniqw~ used (evaluation of all patients with chest pain undergoing coronary 
angiography) may have been suitable to that purpose. However, it is not appropriate 
for research intended to explore the role of psychosocial stress factors in CVD. 

A close examination of the study reveals a number of major, interconnected 
flaws which inextricably undermine its internal validity. By choosing consecutive 
stable patients with chest pain, who were undergoing coronary angiography at a uni­
versity hospital, as the study sample, with the cross-sectional endpoint being degree 
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of coronary atherosclerosis, the chances are high that the etiologic relationship be­
tween exposure and outcome is severely distorted. 109,2 " This overreporting of chest 
pain would lead a large number of patients without coronary artery disease (CAD), 
but with self-reported job strain, to present to the medical system, and insofar as a 
substantial number of these persons were sent to angiography, this would lead to a 
lowered odds r:atio for CAD related to job strain. This form of selection bias is an 
example of differential misclassification, which tends to bias the results negatively. 
Existing eff ect11 between job strain and CAD are less likely to be detected because 
the frequency of reported chest pain is higher, by at least an order of magnitude, 219 in 
the study patients than in the population of a similar age. 

Patients with chest pain and nonnal coronary arteries have been recognized as a 
group with a big)i prevalence of occupational and behavioral difficulties.42.1).4,l9S,200.21)6,2(M! 

Major problems with confounding also exist in the IIlatky, et al. study. The patients 
with nonnal coronary arteries or insignificant CAD more often had white-collar jobs 
than did the patients with significant CAD (p = 0.0001), and yet no adjustment for 
socioeconomic status was made. Lack of gender stratification further obfuscates eti­
ologic relations. By self-report data, 43% of the women fell into the job strain cate­
gory compared f.o 23% of the men. Women comprised 48% of patients with nonna1 
coronary arteries versus 14% of those with significant CAD. No mention was made 
of Syndrome X, characterized by enhanced ventricular pain sensitivity, 199 and whose 
prevalence am0111g women is higb.2s2 There is also evidence that the CAD patients 
reporting low d1ecision-latitude and/or job strain had disproportionately stopped 
working at 1 ye!lll' followupl68; this further attenuates any association between point 
exposure to job strain at entry into the study and subsequent cardiac events. 

One cohort study examined the important issue of cumulative exposure topsy­
chological demands, control, and social support.116 These authors emphasize that the 
etiological fraction for CV disease mortality attributable to long-term exposure to • 
low work control is substantially larger (35%) than previously estimated for job 
strain assessed at. a single point in time (7-16%). By assessing cumulative exposure 
it becomes apparent that the magnitude of the CV effects due to unhealthy work 
conditions has been heretofore largely underestimated. 

These studies, taken together, predominantly demonstrate a significant, positive 
relation between c~xposure to low control and/or job strain and subsequent CVD. The 
evidence, while limited, suggests the existence of a dose-response relationship (both 
in tenns of intensity of point exposure87 and temporal dumtion116) between exposure 
to job strain or low control and CVD outcomes. The cohort studies provide another 
important piece of confirmatory evidence of causality, based upon their demonstra­
tion that the temporal nature of the association is in the expected direction. 

BLOOD PREssURE 

Ambulatory Blood Presn.re Studies. As elaborated in Chapter 5, there are 
numerous potential mediating mechanisms by which psychosocial workplace fac­
tors can increase the risk of developing ischemic heart disease. Elevation in arterial 
blood pressure (BP) and hypertension represent one of the most well-recogniud and 
important risk factors, with ambulatory, as opposed to casual, clinic BPs being of 
greatest prognostic importance, particularly when recorded during work. 

Table 4 summarizes the data relating job strain and/or its major dimensions to 
ambulatory BP. Of the 11 cross-sectional ambulatory BP studies, five reveal a signif­
icant positive effect of exposure to job strain upon ambulatory systolic blood pres­
sure (SBP) record,ed during work.41 •1~9•227•228a.276 In the four of these five studies in 
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TABLE. 4. Studies of Job Strain and Ambulatory Blood Pressure among Men (Continued) 
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which recordings were continued outside work, ambulatory SBP was found to be 
significantly ele'vated 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 ambulatozy SBP during 
work, as well as during leisure time.91 High psychological demands also were found 
to be associated with a significant elevation in ambulatory SBP during .work.223• 

Ambulatory diastolic blood pressure (DBP) was significantly higher during work 
among those exposed to job strain, with a "carry-over effect" to leisure time in two 
studies. m.221,22aa,2s9,216 

Significant dose-response relationships were reported in three studies: when 
job strain was de:fined 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 dile Landsbergis, et al. study together, when job strain was defined 
by the usual quadrant tenn work ambulatory $BP showed a +6.7 mmHg effect, but 
when the 9th cell was used the effect rose to + 11.5. m.22&a In the study of borderline 
hypertensives by Tbeorell 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.m Self-report bias was obviated in this study by use of the impu­
tation method. 

In contrast, both Blumenthal, et al. and Cesana, et al. obtained null or negative 
results when job :strain was assessed by self-report among borderline, unmedicated 
hypertensives.23•41 The latter group of authors have suggested that this may reflect a 
denial phenomenon. This formulation is concordant with Theorell's observations 
that an underreporting of a stressor may be associated with overreaction physiologi­
cally, among those with a positive family history ofhypertension.257 

In the Knox, et al. study and the 1beorell, 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. 133•262 Two single·occupation 
studies by Steptoc:i and colleagues also reveal a number of null cross-sectional ambu­
latory BP finding:s. 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 dimension. 249 Using 
similar methodolc,gy, 49% of teachers (not gender stratified) were said to have been 
exposed to job stJrain.248 Nondi:fferential misclassification due to limited range of 
variation of actual job characteristics may explain these results. Nevertheless, when 
job strain exposw:e status was combined with systolic reactivity, a significant posi­
tive effect upon afternoon work SBP was found (+12.4) among the firefighters. 
Among the teache:rs, the difference in BP between evening and day work was signif­
icantly less amonJ~ 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 exposun: to job strain and hypertensive status. as defined by work ambu­
latory BP.228 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). 

Bodil cohort i!lmbulatory BP studies report significant positive findings. In the 
Schnall, et al. 199:S 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.227 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 Pres,ure Studies. Studies of job strain 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 casuall 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.41 ,173 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.130 In only one of the five lmge databases assessed by Pieper, et al. was 
exposure to job strain using the imputation method significantly associated with 
casual SBP and DBP.209 However, a summ.axy estimate of all five working popula­
tion samples revealed a significant relation between a low decision-latitude 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.52 

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.4.9.40.64.IIQ,252 (In the Carrere, et al. study, BP was measured im­
mediately prei- and post-work.) In the investigations of Greenlund, et al. and 
Netterstr!iim, 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.112.186 A cohort study by Chapman, 
et al. revealed that exposure to deadlines at work was associated with a significant 
increase in SBP. while other single or interaction terms reflecting job strain and/or 
its major dimensions showed no significant relations to SBP nor DBP' among men.43 

The pape:rs of Albright, et al., C811'Cre, et al., and Emdad, et al. are on single 
occupations, and therefore are of limited range of variance. •.'40.64 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."2o7 Worksite point measurements of BP 
appear to be more reliable than casual clinic BP (see Chapter 7). Schnall 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.228 Furthennore, 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 s,evere job strain. In addition, there is cohort data demonstrating not 
only the expec:ted temporal relationship between exposure and outcome,221 but also 
the effect of cumulative exposure. Finally, the data, albeit ob~rvational rather than a 
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controlled inte.rve:ntion, indicate that "a change in exposure is associated with a 
change in morbidity.''227 Hemberg has categorized the latter as "the most conclusive 
evidence of causaliity:•100 

0mER CAROL~ RISK FACTORS 

Some studies .indicate that exposure to job strain and/or its major dimensions is 
associated with oth1er standard cardiac risk factors among men. There are theoretical 
background discus1sions on bow work organizations can influence health-related be· 
haviors that impact: upon the CV system. 1 u,m 

With regard to dgarette smoking, it has been proposed that workplace stres­
sors have less impact on smoking prevalence than on smoking intensity, since people 
often begin smokm1g before entering the labor market.283 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 h1 higher-strain work smoked significantly more cigarettes, and 
more of them had increased the number of cigarettes smoked. compared to those 
with lower-strain jobs.81 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.98 Kawakami, et al. found that 
high-strain jobs and passive jobs with low social support were associated with in· 
creased smoking initensity.130 Other studies also reveal a significant positive associa­
tion between job s1train and/or its major dimensions and smoking intensity among 
men. 176.209 

However, in ai1 study of young adults, after adjusting for age, education, and 
type A behavior, Greenlund and colleagues found no significant relation between 
self.reported job dlemands, decision latitude, job strain, and smoking intensity.82 

Among male profe1!lsional drivers, no significant relation was found between self-re­
ported job strain, pi;ychological demands, decision latitude, and smoking intensity.63 

.Two imputational :studies, in which sociodemographic adjustment was not made, 
also reveal no assoieiation between exposure to job strain and/or its major dimen­
sions, and how much workers smoke.9•218 In the one prospective study in which 
changes in smoking prevalence were examined, men whose job decision latitude in­
creased over 3 yeairs had a supstantial reduction in cigarette smoking. The greatest 
increase in decisiolll latitude was found among those 13 men who quit smoking.151 

Sedentary belhavfor during nonwork time was found to be significantly asso­
ciated with less soicial interaction at work, as well as with fewer opportunities to 
learn new thlngs 011 the job (an integral part of the decision-latitude), in a popula­
tion·based sample of Swedish men, after adjusting for age and education. 113 

Similarly, another 8tudy found a significant inverse relation between low decision­
latitude and number of exercise sessions per week, after sociodemographic adjust­
ment. 98 However, 1110 significant association was found between sedentary leisure 
time and job strain ior its major dimensions in the study of Landsbergis, et al. 151 

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 jolb strain, decision authority, and psychological demands (impuca. 
tion method), after adjusting for age, education, and smoking status.78 Netters~m 
and colleagues reported that both self-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.186 In 
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.9s.uo, 151,2u In a study of male 
professional drivers, an inverse relation was found between self-reported job strain 
and self-reported BMJ. 63 This finding was attributed to denial, which has been 
shown to deleiteriously impact upon cardiac risk among professional drivers. 187.292 

Hellerste:dt and Jeffery found a significant relation between high-fat diet and 
exposure to high psychological demands, as well as job strain.98 

Psychosllcial stressors may promote atherogenic processes (see Chapter 5). 
Here, we brielly summarize the epidemiologic data concerning these metabolic pa­
rameters and job strain and/or its major dimensions. lshizaki, et al. found that low 
psychological demands significantly predicted tissue plasminogen activator levels, 
independently of traditional cardiac risk factors.110 Elevated fibrinogen was reported 
by Brunner a11Ld colleagues in the Whitehall II study to be associated with low work­
place control, as assessed both by self-report and external observer.36 In the former 
case, this e:ffoct remained after adjustment for socioeconomic status. However, 
lshizaki, et al. found neither job strain nor its major dimensions significantly associ­
ated with plasma fibrinogen levels. Moller and Kristensen also failed to find that job 
strain was a siignificant, independent predictor of plasma fibrinogen levels, using a 
multivariate model that included social class.r78 

Of the s1tudies that have examined the relations between serum cholesterol 
and/or its com,tituent fractions, and job strain or its major dimensions, no significant 
results amonE: men have been reported.9,67.s2.1 1o,no.m.1ao.1B6,21s Netter.;trfllm, et al. re­
ported that HbAlC 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.186 Other studies assessing glucose intolerance showed no significant relation 
to job strain or its major dimensions among men.67.82,110.m 

Thus, thit,re is preliminary evidence that job strain or its major dimension(s) 
may impact 01n 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 me,~hanisms and other metabolic indices contributing to the atherogenic 
process; howEiver, there are also substantial null findings. Much additional research 
is needed before definitive conclusions can be reached in this area. 

The Effort-JReward Model 

ISCHBMIC HEART OISE.ASE AND 0nmR HARD CVD ENDPOINTS 

Measure:s of effort-reward imbaJance (ERI) at worlc have been found to predict 
new manifestations of coronary heart disease in Germany, Finland, and England 
(Table 5). lo a prospective study of 416 German factory workers aged 25-55, a 
number of m~:asures 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.239' Th~ measures included status inconsistency (OR 4.4), job insecurity 
(OR 3.4). work pressure (OR 3.5). and overcommitment (OR 4.5). A combined "low 
reward/high e:ffort" 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 ERJ becomes even more substantial.233 

Among men in the British Whitehall study, exposure to a combination of high 
effort and low reward more than doubled the risk of newly reported CHD over 5.3 
years. 30 Finally, in a prospective study of F'mnish men, those f.acing high work demands, 
low work resoiurces, and low income bad a more than doubled risk of myocardial ~ 
tion or dying from heart disease after 8.1 years. compared to_ ~en with low demands, 
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CGIIGft s.aai r Flrit Autlror Fotm(1) of &p,nwre Flu stpqicxuu Polltlve hux:larioM NuU or Sig. N,fMl!t As.lOC. 

(Year) Sllldy Pamcipanr., Variable (y} lllntu~ (Milll#d~n) (Adjiuttd Confin,ndcn) 

Siegri1t, et al. 416 male Gamm Low aec:aricy, career 6.5 Mlle Ml IX SCD CR I ab ilulability. picocwork, lhiftwoct. ~ (1990) blue-collar WQtken opportUnitie&: job (11=2631D Stalll3 incoJlllatcncy 4,4 noise, increase in worldold = NS; 
frmu 3 flC!Orii:a imecurity or stalull IIIWJIII) Ow:tQouunitmcm 4.S low promotion prollpCC!ll ~ 
~ Low eecurity, cuecc opportuoitici; or 4.S Not aigni1icant COlllrolling for ocher 

~ High tdfort: Md: b.lghdfort meuurea of low security, c:uca-
preaaurear Low IICCUrity, cucu opportunitic& and 30.6 opportuailic& and high effort n 
overoommltmeot b.lgh eft'on ]ob imecurity ~ (Age, BMI, SBP, lipid.r) Warlt p!Q1111'C 

~lei: Acute Ml, SCD, or Work presaure z.s 

( Peter (1994); advanced {sub- Low security, career oppommllic&, or 2.4 Overcommitment 
Siegrist clinical) CAD high effort 
(1996) (n= 329 in Low i;ccmi.ty, career opponmitic&, and 6.2 

analy&ia) high effort 
Siegrilt, et al Acute MI. SCD, <>v=ommi~ 3.6 

(15192); ar1trom StaW& inconsi11e11cy 2.9 
Siegr!Jt Low aec:arity, - opponunl!le,, and 8.2 
(1996) high effort 

(Agt, BMI, BP, lipku, 1mokinf, 
eurr:lu) 

Lynch N = 940, Bastein • Str=s from won; 4.2 Progrcwon of High dcmanda, low income El Groups with olher combinations of 
(1997a) F'mnish men, demanda scale (11 items carotid athero- For change in max. lMT 0.03 demandl aod income = NS 

4:z..«l y.o., split at high 20%) iclcrosis (plaque For ch&ogc in plaque bcigbt 0.008 (Age, bauli~ IMT) 
population-based • Economic rewards ocale heiiht, max. & (Age, bauliM /MT) 

(income. split at low 20%) mcaqlMT) For cllangc in plaque bcigbt O.Q4. 
(Age, HDL. LDL. triglycerides. 

smoking, alcohol, BM/, SBP, 
rlY!ated hypenension or 
hyperlipi<kmJa) 

(Table conti-d OIi ~xi past.) 



TABLES. Studies of the Effon-Reward Imbalance Model and Canliovascular Outcomes for Men (Continued) 

Flr#Aledw- Form(s) o/Expo1u" Flu 
(Yffll') Stlldy Panicipan/1 Variabk (y) 

l<YDcb, ct al. N = 22.'Tl, Eu&em • Stn:as from work 8.1 
(19'J7b) Finnish men, demanda ,caie (11 itemS) 

42-@y.o .• • Rewm,:cs IICIUC (5 items) 
popalatioo-bascd (mil ducretioa/emo-

lional rewards of work; 
lntemtiag, enjoyable, 
mcanlngful work) 

• Economic rewards scale 
(income, split at low 40%) 

Referent= low, high, high 

Boaui,etal 10,308 Britisb civil High clfon: mmpetivcncu, 5.3 
(1998) IICl'VallD (33'1, oven:ommiL, ho&tilily 

women), 35-SS y.o. Low rewanl: poor promotion 
prospecU. blockied cai'CCa' 

J/IMSI 011/cOTM 

AcuteMI 

CVD mortalicy 

Newly IqlO(led 
om (reau!ta {or 
men) 

IIIMs.s ONlcomt! 

Sig,uJiautl Po#tiw Auoclalion.r 
(Adj,uud Confoundm) 

High dcmmds, low l'CSOC.ll'CCS, low 
rewaids 

(Agt!, atcolwi nnoldng,physlcal. activity} 
(Age, lkprrslion. marital :rranu. 

/wpt!lt!SJnt!SI) 
(Age.fibrinopn, SBP, BM/, CV 

fitnt1111, lip/di, ot/u!r bioRF) 
Higb demaod&, low rcsouroc1,, 

low rewurli 
(Age, alcohol, smoking, physical activity) 
(Age,fibrino1m. SBP, BMI, CV 

fl/rim, Up/"3, odier bioRF) 

Higb effort and low reward 
(Age, BM/, sf1Wkin8, BP, lipids. em· 

ploymmr gradt!, M8atiw: offectiv/ty, 
lt!n11h qf followgp, job control) 

5'pifjcan1 P01iliW! AssoclaliOlu 
(A,Jju.,ted COllfoi,lukn) 

BIi 

2.3 
2.2 

1.9 

2.6 

2.3 

OR 
2.2 

Pda:, ct al 2098 Swedish men Efrort·rewud imbal111Ce: ratio> l Acute nomatal MI OR 
(199911) and-· Job strain: latitude bottom 25'1> or {resulu for men) Eft'on-reward imbalam:e (no job strain) 1.4 

-4S-64 y.o., demands top 2S'K> Bffixt-rewanl hnbalaooe md job 2.3 
populalioa.-bued attain 
~ (Agt!, BM/, smo4illg, HPT. lipids, 
SHBBP study eMrciu, ~re•,famlly llinory, SES) 

Null or Sig. Nt!gatiw Ats«. 
(Adjuned Confounders) 

Groups with olher oomblnatlou of 
demand&, resowces, rewmll : NS 
(Agt!) 

High effort or low reward 

Nllll or Sig. Nt,aliw: Assoc. 
(A,JjustN Confowukr.1) 

bioRP = biological Jisk: faccors. CAD = COl'OIW)' artery disease, CVD = canliovascular diseaae. HPT = hypateaaioo, !MT = intima-medla dtlcbies,, Ml = myocardial i.o.farctioa, SCD = sudden 
c:a1liac death. 

ti 
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high resouroes. aitld high income.1M In addition, in this sample a combination of high 
work demands and low income was significantly associated with progression of carotid 
alhetosclerosis.164 (In the Gennan and Finnish studies, some measures of high effort oc 
low ieward were 1oot associated with heart disease, as shown in Table 5.) 

BLOOD PmimJR.B 
As seen in Table 6. in the cross-sectional study of 179 male German middle 

managers aged 40-SS. foroed job change (low reward) (OR 3.3) and a variable com­
bining frequen~ interruptions (effort) and forced job change (OR 5.8) were strongly 
associated with bypertension.205 Similarly, in a cross-sectional study of Stockholm 
mca residents, .Ul effort-reward ratio greater than one was associated with hyperten­
sion (OR 1.6) llDlODg men. 202 The combination of ERI and sbiftwork among 
Stoctholm men led to an even stronger association (OR 2.2) with hypertension.203 

In the prospective study of 416 German blue-collar workers from three facto­
ries. low promotiion prospects at work (OR 2.7), competitiveness at work (OR 2.8), 
and feelings of imstained anger (OR 5.4) predicted coronary high risk status.23s 
(High risk was dc,fined 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 instabili1ty, and layoffs Oow reward) was similarly associated (OR 3.3) with 
a comanifcstation of hypertension and atherogenic lipids.233 (In all of these studies 
of hypertension. !lome 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 n1ay contribute to CVD. Among Gennan blue-collar workers, 
LDL/HDL ratio was associated with high work demand, increased workload, and • 
job insecurity, combined with occupational instability.235 In German managen;, LDL 
cholesterol was predicted by a combination of workload and lack of support.m In 
Swedish men. cholesterol/HDL ratio, but not plasma fibrinogen, was associated with 
BRI. 211'U03 Among the German .managers, fibrinogen was associated with a combina­
tion of overcommitment and lack of social ("reciprocal") support, but not with com­
lnnations of other measures of effort or reward. z37 

COMMENTS ON nm NULL FINDINGS AND GENERAL rnTERPRETATION 

Despite the positive :findings, some questions remain about which specific work 
factors are respon:sible for increasing CHO risk, and whether these variables are ad· 
litive or interactive. 

Specific Pret.uetors of Risk. In the earlier studies, the set of variables used to 
neasure effort and. reward was not always identical, as some studies used ''proxy" 
neasures.30,164.165 Jin addition, Siegrist, et al. applied a less restrictive measurement 
1pproach where subjects were considered "exposed .. to ERi when at least one of the 
:ffort and one of !the reward variables were positive.238,239 Thus, we cannot be sure 
ivhich work characteristic contributed to this combined risk factor. More recently, a 
:tandardi?.ed summary measure of ERi has been constructed based on a predefined 
ilgorithm.202-204 To illustrate this issue, in the three studies of hypertension (Thble 6), 
,nly the Gennan middle-manager study found associations between outcome and 
neasures of extri.n1Sic effort.ios Extrinsic effort was not associated with hypertension 
n the Swedish WOLF study.20'Z In the German blue-collar study, work pressure was 
tot associated with outcome, and forced piecework was not in the analysis (due to 



TABLE 6. Studies of the Effort-Rewanl Imbalance Model and Hypertension for Men 

Cohort Studies 

FintAlllhor Fonn(I) of E'.lq,t,mll Flu Significant Positiilt Ar.rociation1 NuJJ or Sig. Nt~ Assoc. 
(Year) Stwdy Panicipanu Variable (y) lllltas Oldc:ontt (A.dj,uttd Con[owukn) (AdjU3ttd Conjm1111Jm) 

Siegrist, et al. 416 male German Low &ee:Qtiiy, carcc:r oppor- 65 Com&lliiuwloa .QI!. 
(19'.ll); blue-collar tunitiea: job iDatability, of hypcru:mion Low promotion pro•pccts 2.7 Work ~wre, job inslabilily: f«ccd 
Sqriat worunfrom low promotion proipect& and high LDL- CompetitimJCSS 2.8 piecewor1' and slalll$ incoPSlsl=:y 
(1996) 3factomi Overcommiancnl: c.ompet- cholestcml Sustained 111&« 5.4 wcm aot in die analysis, due to 

ilivencas, auataiued anger (a= 314 in High eff'on-Jow rcwaid 3.3 atlcmplS IO find lhc IDOi( pam-
High effort-low reward: ovt:r- analy,ia) (Agt, BM!, snwki,,g, turr:ist) moolaus model 

time and job ialbbilir.y or 
li:ar of job lolll 

FintAIIIMr Fonn(s) of Expq1urt! Sipifiauu Posilivt Auocianom NIIU or Sig. Negolivt }JM>c. 
(Y,e,rr) Stwly Porricipants · Variable /lbtt11 O'lat:OIM (Adjiutal Co1'fou111lm) (Adjus2d CoNOUndm) 

l't.1er &. 179 bcalthy Clenaao High atrimic effort: tulle pressure, Hypcmoaioo. BiYNiam BDllnii: Overcommitmeat 
~ male middle frequent illterruptiom ~ l60.'9S JDDIH&) nm.c pn:sure SUslaiac:d maer 
(1997); IDlllll,cr1I, lfiJ!h iatrimic ell'ort: ov=ommit- {n= 170in Pn,qlle'Dt IDl£Rupiom uu:Jt of support 
Sicgriat 40-S5y.o. meat (upper tmile), auataiDed analysis) Forced job change Swus incoqrueaoe 
(19%) anger Preq. iaterrupcions + ron:cc1 job change Slalus dilcrepaacy 

Low n:wud: lacl, of sapport, awus All Sll!IIIIIG 'YIIIUblu, ia madoel: OR Timei;,re-
iDcongnlcnce, stalus di&aepency Fon:cd job change 3.3 Pn,quc:at .ialemlpliom 
fon:ed job cbaoge IW'«t-fflW&rd imb1law:& meuurea: 

Preq. inlfflVplions or furcal job change 2.3 
Freq. ia.tenuplicm + forud job change S.8 
(Alt, BM/, smolitig, t.lt4rr:iuJ 

~.eta! N = 2228, SwedWl Effint-reward imbalmce: (ratio > I): Hypectensioa DiYvillC l&lllysla: O-.:Ommitmenl 
(1998) meo, 30-SS y.o., oven:ommitmenl (upper tertile), ~160.9SmmHO) Bffort-rewanl imbalance Exlrinlic dfon 

I popubtian-baed exlrinaic ellott (above mediao), (re1ul11 for mm) Lowr;wu:4 OR 
WOLi' ICUdy low n:ward (above mc:dian) Effort-rewlltd imbalaaoe 1.7 

(A,t, smoking, BM/, turr:iu) 
Bffint-reward lmbalaoce 1.6 
(~, lffli)GltB, BMI, ~. lipids. SES) 

~.eta! Rotating shift workm E.ft'ort-n:ward imbalance+ rocati11g shift 2.2 
(1999a) (v, day shift) (Age. :unoki11g, BM/, uercist) ~ 

BMI = body 1111111 indcii, SES = aocioccoaomic sta1111. ~ 
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colinearity). 238 Only in one later analysis of the sample was overtime (plus low 
n,ward measures) associated with high CHD risk.m Similarly, ''forced job change" 
in the middle maritager study and "low promotion prospects" in the blue-rollar study 
were the only low reward measures associated with hypertension. ("Status inconsis­
tency'' was not in the analysis of the blue-collar sample due to colinearity with other 
reward meastn'es.) 

ln the CHD studies (Table 5), no extrinsic measure was included in the 
Whitehall study ainalysis.30 and a very broad measure of work demands was used in 
the Finnish studfos.164.165 Low status control (low job sectirity) was essentially the 
measure of low rc:ward in the German blue-collar sample and the Whitehall study, 
while economic mward and social support were added as measures of reward in the 
FJ.ODish and the Swedish SHEEP studies. 

lnteraetion lTersus 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," see 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 study, for example, 
the relative risk of' CIID 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.~.2J3 However, no statistical tests of interaction were conducted. A number of 
more recent 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 
signifiC81Dt positiv•~ associations between measures of high effort/low reward and el­
evated lipid leveli;, hypertension, and CVD. The magnitude of the relationship is 
similar to that typically found for job strain with respect to these outcomes. 
Furthermore, preliiminary evidence indicates that the effects of job control and ERI 
are statistically independent of each other in prediction of CH1)30 and that the com· 
bined effects of e,tposure to job strain and ERi upon CVD are much stronger than 
the separate effect:s of each.204 

Threat~Avoidai1tt Vigilant Work 
A particularly heavy psychological burden occurs when one must continuously 

maintain a high le:vel 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. facperimental animal studies have shown an association between 
performance of threat (shock) avoidance tasks and cardiac electrical instability. 46.162 

A few epide1niologic studies have specifically examined aspects of threat­
avoidant vigilant activity with regard to CVD outcomes. ln 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 work."17s Levels 
were based on the "economic and financial implications of decisions taken at work, 
as well as the refovance of possible damage and hazards both economic and for 
human life as a coinsequence 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 n~sponsibility at work compared to the lower levels. Job dimension 
data from expert ra.tings weie imputed to a CV disability data base (N = 98S5).1s1 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. thini, and highest quartiles, respectively. (Confidence inter­
vals were not provided; the author identified job dimension scores having an OR of at 
least 2 as meiriting additional research attention.) In the imputational study by 
Alfredsson, et al., an SMR of 132 (116-149) was calcu1ated for hospitalization for 
MI, among Swedish men whose jobs entailed risk of explosion. 7 Occupational titles 
wete used to .unpute job characteristics based upon observational analysis and inter­
views in a study of 6213 Finnish municipal employees.251 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 wotk and CVD outcomes. Further investigation is 
needed, with more precise, well-controlled risk estimates, and accounting of bio­
medical and poychosocial risk factors. 

SOCIAL CLASS, OCCUPATIONAL STATIJS, AND CVD by 
Michael Marmot, FFPHM-Supported by an MRC research professorship 
and by the Jo,hn D. and Catherine T. MacArthur Research Foundation 
Research Nel'work on Socioeconomic Status and Health 

A dominant feature of the occmrence of cardiovascular disease (CVD) in most 
industrialized societies is the higher rate in people of lower socioeconomic position. 
The Wbiteball studies of British civil servants showed that the link between socioe­
conomic position and CVD was not confined to higher rates among the poor.169•170 

The poor do have high rates, but there is 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 s.unilar social gradient in the u.s.11a 

What implications docs the social gradient have for questions of etiology and in 
particular for the role of work? In the U.K., we traditionally used Registrar General'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. 1:irst. low social position may be related to materiaJ deprivation, and 
absolute mateiial deprivation (poverty) may be related to risk of illness. Second, so­
cioeconomic J~osition may be related to standing In society which may, in tum, 
relate to sbarc:d values, culture, and lifestyle. Third. socioeconomic position is a 
measure of po:lition in the social hierarchy, which is telated to power reladonships. 
People higher in the hierarchy have more control over their own, and other people's, 
lives. These power relations operate in the workplace, but not exclusively so. 

Figure 1 shows standardized mortality ratios from ischemic heart disease (DID) 
by Registrar General's social classes in England and Wales.56 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, ~ men in social class IV 
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1979-83 

fll(JlJll.E L tsch,~mk hi.',:J.11 disease hy wcial dass in England and W;,ics. males 197(),..,93. 
(Dma from Dn~ver l\ Whitditad M. Roden. M: Current patren\s and 1.nmds in mak mortality 
l:ry social .c.!as~; (ba.,,ed 011 oceupation). Popu.! ]):ends 86: l5-20, l 996; wir.h pt!rmi1,sfon,J 

have mortality 25'% higher. T'he high mortality of men in 1he lowest $Ocial class could 
be attributed, in part. to the effect of ahs6Jutc deprivation, It is difficult to attribute the 
rest nf the gradient to differing degrees of material deprivation, ln comempornry 
Britain. the overwhelming majority of these men in dasses T to TV are adequately 
housed, nourished, and dothe<l, with adequate provision (>f safe water and food, and 
safo handling of sewage, In addition, the steepening of the gradient over the 20-ycar 
r1.Jriod shown occnrred at a time when ma1e:riql prosperity .was increasing for the top 
80% cJ the population. Absi)!Ut~ deprivation does noc, therefore, provide a ready e:xpla· 
nation for the gradient in lHD moitality, Using data on U,S. cotmties grouped according 
(O the proportion in whilc-t<)tlar oe~upations, Wing, el uL.,:,;lmwed that the inverse. :,;oda! 
grndientin CHD inormlity has bci:mtw pmgrei;sively steeper hetweiln 1968 and 1982:u, 

The othettwo concepts of soda] stratitkalion ,,re mor<) likd y to provide expkum­
tfons for r:hc grndient. The research t<1sk is to distinguish inftue11ces. associated with 
power re!:1tions that nre linked t(} 'Nork. from influences related to general S<)ckU stand­
ing that are luiked more to Jifosryk, Neither. of the other two modds akme gives a ful.ly 
1deqtrnte nccoimting of the changing sociai d ass rdati~)ns nf tf{D, Extending rhc com­
paris<nis in Figure 1, there is evkkhce from England. Wales, and the Netherlands that in 
1he 1950.e: and earlier, heart di:;case runn1l!ity may huve been morn common in peopie of 
higher socioeconomic position.1~'' Lifestyle may play some role In this; there is evi·· 
,knee that when the s1h0king ,;,pldemk first hit, it was at least as common among 
people ofhig11cT stmus but, with time. fag.her stams people gave up smoking or de.dined 
to take up the habitl to a greater degree tban people of lower sr~tus. Physical activity 
may foive foUo,ved a simUar coursi~, With the, decline ofphyBkal ac tivity in !he work­
pla;;e. the greater tendency for high-status people to he physkaBy aclivc in leisure time 
may have conferred increasing pmtection on thcn1. One particular feature of diet--<:011-
sumption offresh fruit and vegetables that contain antioxidants and other protect.ivc nu­
trienls--al.so may be related to the. fower rate i)fheart disease .in people ofhig,ber stams. 

The evidence from the Whitehall and Whitehall U studies iis that these lifestyle 
factors mav account for some, but bv no means all, of the social gradient in CVD. In 
the v\'hfiehall studies there was a sod al gradient in smoking. c'.(;nsmnption of fruit 
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FIGUKH 2, Odds ratlQ for new CQWn:u:y hean disenst in Whitehall n by t:mploymcni 
grn,fo, males. (From l\farmot MO, B,%ma H, 1-kmingway H, et al: Ci)nlrihl.ilkin ofj{lb cnntro! 
aml ,)t.her risl; .facton, U> 8{Jdd vari,ltkms in comnll.r'>" liei1rl di~e,1sc incidence~. Lrnc,'.l 
35fl:235-239. !99'!.) , 

and vfigi:tables, and se<'.kntary l.i.fost.yk, but only for a limited extent in olwsity and 
blood pressure level, and not at aU in phsma d1oles1cmL ln Whitehall I (CHD m<'.lr­
ta.Uty) and Whitehall II (CHD inddence), adjusting for coronary risk factors related 
w l.ifesiyk ac<Cmmted for abom a rhird of the social gradientY'''.:N Among nonsntok­
ers the social gradien1 in CHD incidence and mortulltv was similar H> the ~rndiem in 
smokers. ln \\''hitehaU U, )()w control in the workplace was rdated to CH1) inci, 
dence1i• and accoumcd for about half the S{)dal gradi.ent 1~v (Fig. 2). 

ln seeking, to lmcrprei this finding of the importance of the p,{ychosodd work 
erwironmenl, consider two related questions; Did low control appear to be associ­
ated with CHD because kl'\'<' corHrnl is associated with low soci<~economic stnws. 
and other factors account for ttw association of knv socioeconomic status with dis­
ease; in other wordf; s.vas there confounding? Did low contrnl appear to be an impnr­
tant mediator of the relation between soda! position and CHD be..:ause low cornmt 
is simply a measure of low sodoec<mnmk p,Hltion'! Severn! cotwlndng lines of ,n-­
gumem tndicare that these i-csulls were not simply the result nf problems of con­
founding and/or measurement. 

In !he Whitehall n study and in a Czech casc-contn:il study. the rdatiO!l between 
low ,;ontml filld CHD was not nimow~d hy adjU$tlng for socioe{:oi1omic. statusY·N 
This finding impli.es tha1 within ,1 p,irticular eiriph,yment level, ~1osc with more c.o.n­
troI overtheir •.vork havi~ lower incidence ofCHP than those with less control. 

In scpatak: smdies in Swcde11, fast fohrb•)n and Hall ,\nd then llallqvist shnwe<l 
that job strain according to the demandtcomwl model (DCM) was more strongly rc-­
la!ed w CHD in bhte·tollur lhiln in white--collar workcrnf',i i.i Of course. it crnlld be 
argued that manual workers with more control., and lower comnmy risk, are of .higher 
status compared tn man1.u! wurkers with less contrnt This, lww,;ver, h not an argu· 
rnent against the importance of fov,• contn)! in the W(}rkplace because it may be pn:-­
cbety th.is partknfor feature of low social status that is responsibk: for pan of the s.od.al 
grndicnt in disease< One app.rriach to dedding if it ls tow C()l1trol or other characteris­
tics associated with !nw social swtus tbal arn rebkd 10 CH!) is multivariate analyses. 
ln the Vilhitelmll H study. multivariate :malysis showed an indcpendem effect of low 
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control. The second approach is to explore biological maikers, such as plasma fibrino­
gen, which is a risk factor for coronary disease. In Whitehall II, smoking, obesity, and 
lack of exercise were associated with plasma fibrinogen level. Independent of this 
finding, Iow control at work also was associated with plasma fibrinogen level.36 

In the White.hall II study and the Czech case-control study, high demand was 
not associated witb coronary risk. The fact that these civil servants were office-based 
workers may be relevant In Sweden, the OCM was related to disease more strongly 
in manual than in nonmanual worlrers. Thus, the degree to which the full OCM pre­
dicts disease may l>e 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 important contribution to the social gradient in CHD, 
along with other risk factors, including those related to lifestyle and early life. 
There still is a pf(llblem, however. A social gradient in CHD exists in people who 
are not working in formal employment: homemakers, the unemployed, and retired 
people. Low contr,ol in the workplace does not apply to them, but they may be af­
fected by power re:lations that apply throughout society. High-status people among 
these groups who are ''not working" may have power, control, and mastery that de­
rives from their general position in the social hierarchy, rather than the workplace. 
This is in accord vnth the results of studies in nonhuman primates that show high­
status animals to have less atherosclerosis and less activation of stress hormones. 232 

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 interprietation of this finding is that income inequality is a marker for the 
quality of the social environment which, in tum, affects disease risk. '28,1 29,2119 One 
reason for focusin~: 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, WOEt.K, 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.60.2l!4a CHD, the largest component of CVD, shows a lower rate in 
women than in mein in younger age groups, but approaches similar rates for women 
and men in older giroups.73 Therefore, the study of CHO in women of working age is 
more difficult than the study of men of similar age because lmger populations of work­
ing women have to be emolled to obtain a sufficient number of C1ID events. Over the 
last two decades, CVD mortality rates have shown consistent decreases.15.u,6 However, 
in several countries there has been no decrease in women69•216.2'18 or the decrease has 
been less marked than in men.102.m This difference could be due to changes that have 
occurred in women's lives since the 1970s-such as paid employment.193 It is esti­
mated that the proportion of women aged 25-49 involved in paid work will be 82% in 
the year 2000 in crnmtries of the European Union.177 

Gender Differen:ces in Work and Home Exposures 
Most women and men are employed in jobs where their own gender has a large 

roajority.12.177.194 fobs held predominantly by women are concentrated in the ser­
vices.177 In countlcies participating in the Organisation de Cooperation et de 
Developpement Economiques, four service industries contained half of working 
women: office worllc, sales, health care, and teaching.194 
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•Woman Cl Men 

Notes: ~enc•~ cannot be compared between OOW1tries because different methods were used to cau:­
gome exposure gruaps. 
(1) RaQdom population sample-3847 male and 2587 female wmkm. Psychological demands and deci­
sion latitude UAeis.sed with 7 items from Job Contmt Qucstioonaire (JCQ). Median .splits used to define 
highjob stnin.30 

(2) Slratified .random population aample-721 male and 389 female women. Psychological danands and 
dec:mon latitude lweued with full JCQ. Median splitl used to dcfiae bigb job strain. I"' 
(3) 748 male and 756 female whicc- and blue-c:ollar wotkm Jiving in 11 municipalities in Copenhagen 
County. Ptycbologi.cal demands and decision la1itadc asaesscd with 2 and 7 items. Job 1ttain defined u 
combinalion of lclw degree of decision latitude (score :i!: 3) and high worll: pace (work pace reported too 
high or time pres1n1re).116 
(4) 6895 male and 3413 female London civil savants. Psychological dcmaods and deci.sion laalllde u­
sesscd reapcctivel:y wilh 4 and 9 items. Medians splits used to define high job strain.JO 
(S) 82TI male and 3170 female worm& from the Gazel cohort. Psychological demands and decwon laa­
tude assessed will~ full JCQ. Median splits used to define high job strain.I• 
(6) 4018 mailhandlen from U.S. Pogtal Service. Psychological demands and decision latitude usesscd 
mipectlvely with S and 9 items from JCQ. Median splits used to define high job stnin.>9 

FIGURE 3. ~coce (%) of bigbjob 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 reganling high job stJ:ain, 
defined as the combination of high psychological demands and low job decision lali­
tude.122 Indeed., studies conducted in Canada, Denmark. England, France, and the U.S. 
all found a higher p:evalence of job strain in women than in men (Fig. 3),Jll,34,39.J'6.186,1ae 

It is particularly the level of control that is lower in women's jobs,29.39,W4,122.i56,1s1 In 
some studies, ltligher psychological demands were observed in women, 39.a2.156 but other 
studies found little difference between women and men on this factor. e,,m 

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,u7.i<,0,m 

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 s}Mmt 8 and 11 hours, respectively during the s~_periods.94 
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Job Strain 

JOB STRAIN AND CARDIOVASCULAR DISBASES 
: 

High job sttainl has been defined by Karasek as the oombination of high psycho­
logical demands a111d low decision latitude.122 Psychological demands refers to the 
quantity of wOlk, thie mental requirements, and the time constraints. Decision latitude 
refers to the ability to make decisions about one's own work and the posslbility of 
being creative and using and developing skills. The Job Strain Model empbasix.es 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 be or she is subjecL 

From 1981 on, a number of studies investigated the effect of job strain on CHD 
risk,6.7,9,29.30,83,86.B&.103.114-ucs.119,1u.1+11,21B.247.2E0.265 In the area of stress at work and CHD. 
these studies consti1tute the largest group using a common conceptual mode1.1zi.144,2l6 

Some recent studiel!: found a high CHD risk mainly in wmirers exposed to low deci­
sion latitude.29,30.86.n6,247.26S Others found little effect.9·'°"11 Some studies also found 
that low social sup1port at work had a main effect on CHD and could amplify the 
effect of job strain cm CHO risk.114,IIS 

Few of the prei~ious studies were conducted among women. Tu.hie 7 shows stud­
ies using a prospective cohort or cas~control design in women. A majority (five) of 
these studies found that women exposed to high job strain or one of its components 
bad significant inCDeases in CHD risk. Three evaluated job strain using the job title 
me1hod, 7,86.118 which relies on the attribution of an inferred mean score to all women 
having the same job title. 229 This method may lead to misclassification of exposure 
in that it does not take into account the within-occupational variance that can be im­
portant in many occupations.124.22!1 Misclassification may lead to an undetestimation 
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 demands83 or decision lati­
tude148 was a proxy of the original job strain measure. 120 In a third study these mea­
sures were taken aft:er the occurrence of the myocardial infarction. 197 Therefore. the 

TAJirLE1. Effect of lob Strain oo CHD Risk in Women 

Job Slrlin 
Study Numbel'of Bvalwdion RR(9S'lr>CI 

Author Year Country Design Subjects Method orpValuc) 

lar;roix 1984 U.S. Collon 389 Individual 2.9(pS.Ol) (I) 

Almdsson 198S Sweden Cohort 319,365 Job title 1.6 (1.1-2.3) 

Hun 1988 Fll11and Collon 902 lndMdua) 5.0(p•.03) (1) 

Hall 1993 Sweden Cohort S921 Joblide 1.3 (0.9-1.8) Cl) 

Hammar 1994 Sweden Cue-<:ootrol 4667 Job title 1.3 (1.1-1.6) 

Bosma 1997-98 England Cohort 3413 Individual 1.7 (1.l-2.6} (4> 

Orth-Gomer 1998 Swcdcl1 Case-coil.trol S84 Individuu 2.S (1.2-5.3) 

(1) In lhe subsample of cllcrical women, the RR W11.B 5.2 (p < .001). 
(2) Tbc study popll1ation includu both men (N .. 603) and women (N"' 299). 
(3) RR for women ~iid to low dcdsion lati111dc only. 1be RR for women exposed to low worlc social 

support WU of aimilalr mapitude. 
(4) RR obs«vcd for womien exposed to low decision laatu& oaly. Tbe RR for job &train exposure was 1.1 

(0.8-1.7).30 
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high risk fow1d 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.30 Similar limitations, and 
others not mentioned bere, 1-is.144.226 also are present in studies conducted in men. 

In two s1tudies, an elevated risk was observed only for women exposed to low 
decision Jatitude,29.86 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.86 In several studies in­
cluding both women and men, the effect of job strain on CHD risk tended to be of 
similar magniltude in both groups.1.30,0,BB 

JOB STRAIN AND BLOOD PRllsSURE 

A number of studies have reported that workers exposed to high job strain had 
increased blood pressure.23•130,149.u9•227.22s.25s.2S9.263,276 However, null results also have 
been found.•,:Jla.43,82,91,186.209·249.262 Studies 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. ~c1.,49.2511.216 Two studies that did not were conducted on very small sam­
ples of 64159 ~md 22263 women, and the percentage of participants was either not pro­
vided159 or very low (22% ), 263 Five of six studies using casual measures of BP at rest 
did not find an effect of job strain.32•.43.s2.12.1s6 These findings demonstrate that the 
typt of BP measure is an important factor explaining the discrepancy in the results. 
Ambulatory l~P measures: (l) take into consideration the normal BP level at work 
and outside worlc 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 bave about twice the precision of a single measure. In studies using am­
bulatory meaiSures, 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.149 

There i1! evidence that the effect of job strain on BP is persistent beyond work­
ing hours. Foir example, in the study by Laflamme, et al. among women holding a 
university deJ~. 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).1-49 The difference was, on average, 5.5 mmHg (p <: 0.05) in the morn­
ing, 10.5 mnllHg (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. In~~. Laflamme, et al. measured job strain at two different times (Tl and 
T2) with a m1edian of 14.4 months between the two measures. Among women hold­
ing a university degree, those with high strain at both Tl and T2 had a significant el­
evation in sys1tolic BP of7.7 mmHg (p = .001), on average, over the 24 hours when 
compared to women unexposed at both Tl and T2 (Fig. 5). Women exposed only at 
Tl and womcm exposed only at T2 had a slight but nonsignificant elevation in BP 
when compaired 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.221 · 

Most av.llilable studies on job strain and BP are cross-sectional. The cross-sec­
tional design is subject to differential selection and information bias.45 For exam­
ple, it is plausible that individuals employed in high-strain jobs will tend to move, 
in time. to a llow-strain job. Evidence of such a selection effect has been found. 149 
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TABJf-E 8. Effect of Job Strain on Blood Pressure in Women 

Number BP Differc:ncea in BP Between 
Study of Evalaation Exposed and Nooexpo.sed 

Author Year Cmmtry Design Subjects Method (mmffg) 

Diostolic Sysrolic 
(95% Clor (95% Cl or 
p value) pva~) 

~ll 1988 Swc:,den c.ohort 22 AmbulatOJY N.S. 4(N.S.) (I) 

Cbaptnan 1990 AtLS!nllia Cohort S34 Casual N.S. N.S. 

Ne«erstrom 1991 De,nmarlc Cross- 1209 C=al -.4(N.S.) 1.7 (N.S.) (2) 

sectional 

VanEgeren 1992 u~s. Crosl;. 37 Ambulatory 4.0 (p = .04) 12.0 (p = .001) (3) 

sectional 
Light 1992 U.S. Cross- 64 Ambwatruy -2.2(N.S.) -1 (N.S.} 

sectional 
Theorell 1993 Sweden Cross- 56 Ambulatoiy 3.7 (p < .OS) 4 .4 (p<.05) ,., 

sectional 
Blumenthal 199S u.:s. Cross- 38 Ambuia!.Oty N.S. 5 .0 (N.A.} 

sectional 
GreenJund 1995 U.,S. Cros11- 601 Casual 0.2(N.S.) l.O(N.S.) (5) 

sectional 
Cunis 1997 u.:s. Cross- 453 Cull81 0.7 {-2.0-3.4) -0.4 (-4.1-3.4) 

ICCtioDal 
Laflamme 1998 Calllllda Croes- 71 Almllatoey 6.4(p=.01) 8.0 (p = .005) (6) 

aecticaal 
Brisson 191J9a Camada ero.- 212 Cuaa1 6.5 (l.J-11.9) N.S. (11 

-=ttoaal 
Briseon 1999c Canada Cross- 3864 CuUll 0.2(N.S.) 0.4(N.S.) 

ICClicaal 

N.S. •JIOOlipJftcant N.A. • llallfflillbla 
(1) ~ .... ,DCliaiiGII wilh blpmtlllllJar.wt&tl'lillon foar UIC88IIH:Ots during a I-year followup. 
(2) SCa4y popllMice illlllnclol bodi lDllil (N., 664) ad womeit (N"' S4S). Job strain evaluation bued on job title 

yidded~tlmIIISel. 
(3) Saldy populalioll incl~bodi mm and~ 
(4) Diffemicea eltilnatl,d from publimed article using correaponding multiple regression coefficients. 

Differcncel oonespoillded IO an inert.Ille of 0.1S an job Btrain score as observed between female physicians 
(low) and waiJreaos J[high) in. pm>iwa lllldy.• 

(5) Retults omened A!Dll,og blac.k women. Similarly, no effect obstzved among white women. 
(6) Resllllll oblawd amcmg university-edacaltd women (N = 71). No effect obierved among women without a 

Wlivmity degree (N == 139). 
(7) Results observeclin wmneo who had childml (N = 212). No effect obattved in women without children (N = 

150). For all women (N = 362), lhe diffCICllCe was 4.1 (0.6-7 .6) for diuttllic BP. Similar trends observed for 
syitOlic BP, although inot siamtically 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 TI 
(p = .003). If job s1train 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. llndeed, 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 %.166 The association between daytime ambulatory BP and 
these disease endp<11ints is stronger than that of casual BP.201 
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FIGURE 4. Hourly mean systolic blood pressure by current job strain exposure among 
whi~Uar women holding a university degree (1 mmHg .. 0.133 kPa). (From Laflamme N, 
Brisson C, M1oisan J, et al: Job strain and ambulatory blood pressure among female white­
collar woikers,. Scand J Work Environ Health 24(5):334--343, 1998; wilh permission.) 
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FIGURE 5. Hourly mean systolic BP by cumulative job strain exposure among white-collar 
women holding a university degree (Tl= 1991-1993, T2 = 1993-1994, I mmHg.., 0.133 kPa). 
(From I aflamme N, Brisson C. Moisan J, et al: Job strain and ambulalmy blood pressure among 
female whi~ollar wcaiel"s. Semi JWork Environ Health 24(5):334-34.,, 1998; with pennission.) 
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Little is known about the long-tenn 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 dluration. Well-designed prospective studies are needed to evaluate 
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 m1tervention studies aimed at reducing job strain in the workplace. 

JOB STRAIN AND 0rnER CARDIOVASCULAR RISK FACTORS 

Psychosocial factors at work may contribute to the risk ofCVD 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:9,98·113·121 or the intensityBl,98,176.283 of smoking; the prevalence of 
sedentary behavior98·' 13; and obesity.78,98 However, null results also have been ob­
served.107,151·176·186·209 Studies largely are conducted among men. Only one previous 
study used a prospective design. 1s1 

In studies conducted among women, job strain was not consistently associated 
with CVD risk facl:ors. None of the four studies on the association with smoking 
found an effect.31,s2:.98.186 However, the prevalence of smoking was associated with 
psychological demands in two studies.31·98 1\vo studies observed that women with 
high job strain had a higher BMI than nonexposed women.9s,,s6 However, other stud­
ies failed to find an association.11 .2so Job strain was not associated with cholesterol 
(total ~d HDL)IB6 1or high fat intake.98 Brisson31 found an association between job 
strain and sedentary behavior, but Hellerstedt93 did not Sedentary behavior was asso­
ciated with lower cfocision latitude98,113 and with psychological demands.113 The two 
studies on plasma fibrinogen observed an association with high job strain 186 and with 
low job control.36 

TABLE 9. Effect of Job Strain and Family Load in White-Collar Women 

High High Job Systolic Diastolic 
FL Slrain n BP(mmHg) BP(mmHg) 

Wmk9h-161h no no 42 116.3 :t 1.2 74.3 :t 1.0 
no yes 7 119.7 ±3.0 77.8 ± 2.4 
yes no 14 119.9±2.l 76.3 :t 1.7 
yes yes 6 127 .3 :t 3.2•• 80.6±2.6* 

Evening 17h-21h no no 42 116.7 :t 1.2 74.4:t:I .0 
no yes 7 119.l ±3.0 76.S:t2.4 
yes DO 14 119.1± 2.1 74.9± 1.7 
yes yes 6 128.6 :t 3.3*** 81.2 ± 2.6• 

Nigbt0b-6h no no 42 98.6 :tl.O S7.8 :t0.9 
no yes 7 98.8±2.S 58.0:t 2.1 
yes DO 14 100.2. :t 1.8 S8.7 :t: I.S 
yes yes 6 105.4 :t 2.7* 63.4:t2.3* 

All day (24 hours) no no 42 110.0:t 1.0 68.4 :t 0.8 
no yes 7 112.S ± 2.4 71.0±2.0 
yes DO 14 113.0 :t 1.7 69.9 :t: 1.4 
yes yes 6 119.7 :t: 2.6*** 74.7 :t2.2•• 

• p s; .OS;** p ~ .01; • 0 • p s; .OCH; FL= family load. 
Values are meaos :t standard errors adjusted for age, smoking, and use of oral contr111:eptives. Exposed 
categories are compared with the reference category (first category of each variable). Significance of the 
diff- is estimated by Student's t test. 
From Brisson C, Laflam:Jne N, Moisan J, et al: Effect of family responsibilities and job strain on ambula­
tory blood pressure amoD1g white-<:0llar women. Psycbosom Mod 61(2.):205-213, 1999; with pmnission. 
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JOB STRAIN AND FAMILY REsl'oNSIBD.Jl'IES 

Several author.; have reported that the high prevalence of job strain in women and 
its combination with large-family responsibilities may lead to high CV 
risk. 12.ss.96.111.LSJ.J63.226 In the Framingham study, employed women who had 1hree or more 

children had ,11 higher incidence of CV diseases than employed women who had no cllil­
dren or than lllousewives with three or more children. 91 Frankenhaeuser has shown that 
among womcm managers, BP remained elevated in the evening after work. unlike men 
managers, wbo showed a decrease.72 Brisson, et al. found that. among women having 
children, tho.se exposed to high strain had a significant increase in diastolic BP, while 
among womf:n without children, little effect was observed.33 

In another study, Brisson, et al. investigated specifically the combined effect of 
bighjob strain and large-family responsibilities on ambulatory BP.32 Significant ef­
fects were found among white-collar women holding a university degree (Table 9). 
The combined exposure of large-f8JD11y 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 llarge-family responsibilities and high job strain was associated with 
higher systolic and diastolic BPs for all three periods (work, evening, and night), 
which also s1(lggests 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 perfonned. 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 Effort-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. 233 Effort comes from two sources: an extrinsic source (the demands of the 
job) and an iintrinsic source (the motivation of the individual worker). Rewards at 
work are disltribut.ed in money, esteem. and status control233 

In the Whitehall study, Bosma, et al. have observed that this model and the de­
cision latitude dimension from Karasek's model had independent effects,30 suggest­
ing the complementarity of the two models. The Swedish WOLF Study found that 
women 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% Cl, 
0.9-2.7).2.0'l This study also found that high intrinsic effort (overcommitment) was 
related to increased LDL-cholesterol in women (POR 1.4, 95% Cl, 1.1-1.8). 

Other Job Conditions and Cardiovascular Diseases 
Shiftwork:47•256•270 and long working hoursM,..,.21• have been associated with CVD 

in studies conducted among men. Few studies were conduct.ed 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% Cl, 0.9-1.8 for women aged 45--70 
and OR 3, 9.5% Cl, 1.4-6.5 for women aged 45-55). 134 Alfredsson, et al. reported 
that at I-year followup, the SMR for hospitalization for MI was 131 (95% Cl, 
105-162) for women working in occupations with long working hours and 152 
(95% Cl, 119-191) for women in occupations with irregular working hours.7 For 
men, moderate overtime was a protective factor against hospitali:ration 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.161.179 
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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 persisted 
after adjustment for smoking and other CV risk factors. Among nurses reporting 6 or 
more years of shifllwork, the adjusted relative risk was 1.5 (95% CI, 1.1-2.0).127 

Brugere, et al. have observed no association between shiftwork and the prevalence of 
hypertension among: 8928 women followed by occupational medicine specialists.35 

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

The burden of CVD is unequally distributed across various occupations. The 
identification of oo:upational groups at high cardiac risk can be extremely helpful 
in generating etiolo:gic hypotheses. Culpable single factors, e.g., exposure to carbon 
disulfide, and more1 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 willy 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 M1orbidity Studies of "All" Occupations 

EAfu.y STUDIES USING PROPORTIONAL MORI'AUTY RATIOS 

Information foom the Great Britain decennial census has been used together 
with national death registration data to study socioeconomic differences in mortal­
ity.184 The first study of disease-specific mortality by occupation was published in 
1851. and since the111 updates have been published every IO years. 196 This design is 
not very reliable for CVD, however, because the proportional mortality ratio 
(PMR) measure 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 tllle 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 tJhis 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 STIIDIES BASED ON CE.Nsus DATA 

A new generati1on of mortality and/or morbidity studies based on census data in 
Denmark,53.272 Norway,2s Finland,167,191·225 and Sweden7•88•89 has successfully over­
come the aforementioned shortcomings. Additional studies come from West 
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Germany27 and Western Australia. 279 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.79 These cohort stud­
ies with a 5-year and later a 10-, 15- and 20-year followup may control well for the 
"healthy worker" effect. Furthermore, some of them use the economically active and 
not the entirie 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 countries also have been pooled into one data set.190 

The occupations had to be aggregated to 55 broad occupations because there were 
some diffettmces in the detailed classifications between the countries. In Italy, a 
cross-sectionial mortality study was published in 1995, together with a followup study 
of morbidity .. 49•271 Recently, Danish and Swedish data were pooled to obtain better es­
timates for occupations with few employees. s The study supported the hypothesis that 
working in a brewery, cannecy, slaughterhouse, or dairy, or in the chemical, paper, or 
rubber and plastics industries may lead to increased risk of MI. Alfredsson, et al. also 
draw our atu:ntion to the large differences among occupational groups. In a case con­
trol study in1cluding most of the Swedish population, they found a nine-fold higher 
risk in metal process workers (RR 2.8) than judges (R 0.3).145 

All the8e studies may produce positive findings due to chance and multiple 
comparisons,. One way to avoid such misinterpretations is to focus on the occupa­
tions fowid l:o be at high risk in more than one country or study (Table IO). 

Professional Drivers: The Most Consistent Evidence of Ele-,ated Risk. In 
these studies:, professional drivers, particularly urban 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 
confinning 1the increased risk of ischemic heart disease and hypertension among 
professional drivers. 16 These authors conclude: "Such a consistent and large body of 
data conceming 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% Cl, 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 CHO, leisure and occu­
pational physical activity, and sociodemographic factors.223 Another study reported 
that the risk of hospitalization for stroke is also increased among professional dri­
vers in Denmark.269 Compared to employed referents, the age-specific standardized 
hospitalizatilDn ratio was 114 (95% Cl, 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.185 For high versus low traffic intensity, the RR 
was 2.7 (95% Cl, 0.9-7.6) in Copenhagen, and 3.4 (l.2-9.5) in the province. 

Methodolo1gic 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 1example, there are conflicting fmdings concerning the risk in police. 
According to a study by Tttchsen and colleagues, it may only be higher ranking~ 
licemen whil> are at elevated risk for CVD.271 It is also helpful to detect low-risk 
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TABLE IO. Occupations at Increased Risk of Either Acute Myocardial Infarction or 
lschemic: Heart Disease Mortality or Morbidity in More than One Srudy 

Men 

Air traffic coqtrolJers 
Bakus 
Bus driven 
Butchers 
Cannery WorutS 
Coo.ks 
Firefightus 
Fi&hermen 
Foundzy workers 
Hairdressers 

Lony drivers 
Papuindustry womn 
Police 
Prison wanlens 
Rubber and plastics worlcen 
Ship's deck officers and 

seapil()(S 
Taxi drivm 
Waitas 
Wlll'Chousemen, storekeepers 

Women 

Busdrivus 
Cleanm 
Homebclp 
Rubber and plulics wodm 
Paper wolbrs 
Sclf~mployed .in hotel and catering 
Taxi drivers 
Unslcilled worm in tube, 

sheet. and s=l constn1ction 
Waitresses 

Lower lilllil of the 95% confidcru:c intervals must have been> 1 for each study considen:d 10 be positive. 
Cohort studies: references 28, 49, 79, 167, 191,271,279. Case coDtroJ studies: references 5, 27, 89. 

groups, to maximiize the risk differences among occupational groups.s,u5 Note, how· 
ever, that the mag:nitude of the risk in such studies is not necessarily representative 
for the groups as a whole. because it depends on the precise defmition of both the 
index group and tllte standard group. 

The need for improved design also includes conducting quantitative studies of 
the various occupational exposures with variable degrees of exposure. There are few 
studies in this field that take exposure intensity and peak values into consideration. 
However, length c>f exposure has been a valuable variable in some studies. For ex­
ample, the prevale:nce of hypertension among San Francisco Municipal Transit vehi­
cle operators was found to increase "in a step.wise fashion" with length of expos~ 
to that job.2u 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 
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FIGURE 6. Time: trend in predicted standardize4 hospitalization ratios due to ischemic 
heart disease amonJg male employment status groups and single occupations in Denmark, 
1981-1993. (From '.rtichsen P, Bndahl LA: Increasing inequa1ity in ischaemic heart disease 
morbidity among ellllployed men in Denmark 1981-1993: The need for a new preventive 
policy. Int J Epidemiiol 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 
l.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. 273 An unexpected increase in 
inequality of CHD risk over time was found (Fig. 6). Bus drivers not only bad 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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