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Background: Stress is a common hazard in the work environment and is associated with multiple adverse
health effects. The association between work-related stress (WRS) and cardiovascular disease has been
established in a number of epidemiological studies.

Methods: A systematic review was conducted according to the PRISMA statement of the English literature
involving WRS and carotid artery intima media thickness (CIMT).

Results: Four cohorts and six cross-sectional studies of occupational stress and CIMT were identified. All
cohorts and five of the cross-sectional studies reported a significant positive association, while one
reported an inverse association of WRS and CIMT.

Discussion: The weight of the evidence that we were able to identify suggests that occupational stress
results in an increased risk of atherosclerosis, assessed via CIMT. Studies that include longitudinal
measures of stress and intermediate cardiac endpoints, with adequate accounting for confounders, are
needed. Interventional studies should also be conducted to determine whether CIMT progression can be
prevented with workplace stress reduction.
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Introduction
Rationale

Work-related stress (WRYS) differs from other occupa-
tional injuries and illnesses in several ways. Although
stress-related disorders comprised only a small frac-
tion of occupational injuries and illnesses reported to
the United States Bureau of Labor Statistics in 1997
(the most recent surveillance data available), the
median time away from work is more than four times
greater for stress-related conditions than for injuries
and illnesses overall.! Work-related stress is thought to
contribute to a range of occupational illnesses includ-
ing cardiovascular disease.

Unlike physical, chemical, or biological occupa-
tional hazards, job stress cannot be readily and
objectively measured. Two commonly used metrics
for measuring WRS are the job strain and effort—
reward imbalance models. The job strain model was
developed by Karasek and is based on questions
from the U.S. Department of Labor/University of
Michigan Quality of Employment Survey.> The
instrument measures two work environment char-
acteristics: job demand and the degree of the worker’s
decision latitude. Job demand includes factors that
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quantify the burden of work, such as too much work,
insufficient time to complete tasks, and working
extremely hard. Decision latitude includes the free-
dom a person feels in the job, the ability to participate
in work decisions, and having input on the job. High
job demand coupled with low decision latitude results
in a high level of job strain.® Johnson later added
social support as a third dimension of the model.*
Jobs with high job strain combined with low social
support are proposed to have the greatest health risk.

The effort-reward imbalance model approaches
WRS from a different perspective. The effort construct
is composed of demands and responsibilities of the job
(extrinsic), a worker’s need for control (intrinsic), and
coping patterns utilized to deal with job demand.
Reward is determined by esteem, money, and status
control.>® The latter term accounts for lack of
promotion, holding a job that does not match one’s
educational background, and moving down (instead
of up) in the organizational structure.’

High levels of WRS have been associated with
increased risk of cardiovascular mortality and mortal-
ity. A 28-year study of 812 employees in a Finnish
manufacturing company found that individuals with
high job strain or effort-reward imbalance had more
than twice the risk of cardiovascular mortality
compared to individuals with low job strain or
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effort-reward imbalance.” Systematic reviews and

meta-analyses consistently find at least moderate
evidence of an association between WRS and cardio-
vascular disease.®'!" Evidence of a dose response
relationship between job strain and angina was found
in a large cohort of males in England.'> Among workers
who suffered a myocardial infarction, those who
experienced effort-reward imbalance at their jobs were
found to be at increased risk of a recurrent coronary
event."?

Identifying workers with early evidence of work-
related cardiovascular disease may be useful in work-
place prevention initiatives. Three intermediate cardi-
ovascular disease endpoints have been investigated in
relation to WRS: hypertension, heart rate variability
(HRYV), and carotid artery intima media thickness
(CIMT). A review by Rosenthal and Alter found an
association between WRS and hypertension.'* How-
ever, the findings from studies have been inconsistent
in showing an association between WRS and HRV.'?
While there have been reviews assessing the associa-
tion between WRS and both hypertension and HRV,
the relationship between CIMT and WRS has not
been systematically evaluated.

Carotid artery intima media thickness is obtained
by ultrasound examination of the carotid arteries,
which quantifies the distance from the Iuminal-
intima to the media—adventitia interface of the
vessel.'®'® Guidelines for obtaining CIMT measure-
ments are provided in the Mannheim Carotid Intima-
Media Thickness consensus document.'’ Standard
ultrasound equipment includes B-mode ultrasound
with a frequency >7 MHz."” Specific measurement
techniques include assessing the artery in a long-
itudinal orientation and preferentially measuring the
carotid artery far wall."

Numerous studies report higher relative risk for
cardiovascular disease with increased CIMT.?® This
has been found to linearly increase the Framingham
risk score for cardiovascular disease.>! Carotid artery
intima media thickness is high among people who
have symptomatic coronary artery disease compared
to asymptomatic controls. A thickening of the CIMT
of more than 1 mm has been associated with a 5.07
(95% CI 3.08-8.36) relative risk (compared to those
with =1 mm) for coronary artery disease in women
and 1.85 (95% CI 1.28-2.69) in men, based on data
from the Atherosclerosis Risk in Communities
study.?° Carotid artery intima media thickness values
are predictive of the extent of coronary artery
atherosclerosis determined by coronary angiogra-
phy.?*?® Carotid artery intima media thickness has
been reported to be a stronger predictor of coronary
artery disease than total cholesterol.?

The objective of this systematic review was to
determine whether WRS is associated with increased
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CIMT, an intermediate endpoint of cardiovascular
disease that can be measured objectively and non-
invasively.

Methods

This review is organized based on the PRISMA
guidelines for systematic reviews. This study protocol
was not registered.**

Eligibility criteria

All the studies included in this review met specific
criteria, as determined by the lead author. Studies
had to include only employed individuals, be original
research, and have measured CIMT via carotid
ultrasound. There also had to be an exposure
assessment of WRS.

Information sources

Pubmed, Ovid, and PsycINFO databases were
searched for this review. The following search terms
were used in PubMed: (Occupational OR work-
related) AND (mental OR psychological AND stress)
AND (carotid artery intima media thickness). Ovid
was searched with the terms WRS and carotid artery
intima media thickness. A string search in PsycINFO
included (carotid artery intima media thickness)
AND (work related OR occupational) AND (mental
stress OR psychological stress).

The databases were searched on 4 October 2013, with
no date restrictions. A second search was performed on
30 January 2014 and no new information was revealed.
The lead author screened articles for eligibility.

Data items

Data were extracted from each study into a
spreadsheet and organized by funding source, stress
measurement instrument, ultrasound instrumenta-
tion, CIMT assessment technique, quality control
measures, study population, study design, gender
consideration, and confounding factors controlled
for in the study. Funding sources and conflicts of
interest were noted to assess the risk of bias. Studies
were scored against a list of criteria similar to a
method used in another systematic review (Table 1).

Results
Study selection

Twenty-nine articles were identified. Twenty articles
did not meet the eligibility criteria or were duplicates.
One additional article was identified by reviewing the
citations of eligible studies (Figure 1).

Study characteristics

Six studies were cross-sectional in design and four
were prospective cohort studies. Eight studies found
positive associations with WRS.%*? Jedryka-Goral
et al reported a statistically significant inverse
association between WRS and CIMT.*? Fujishiro
et al. reported an association between CIMT and job
control, but not with job strain (Table 3).>* The
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Initial search conducted 10/04/2013 ——>| 29 articles identified

12 — Repeat studies
5-No direct(m‘easure of work-related stress 5| 20 articles excluded
2 —Not an original research study
1 —No measure of CIMT

1 article identified
through search of
references

10 articles accepted for
review

Figure 1 Article search strategy.

average sample size across studies was 928 subjects,
with a range of 94-24801. Individual study character-
istics, along with quality scoring, are listed in Table 2.

Risk of bias within studies

The funding source was not listed for one study.”® One
investigator involved with the Kamarck study had an
interest in a company providing a survey instrument used
in the study. The most common funding sources were
governmental agencies and private foundations. The risk
of bias within studies was determined to be limited.

Prospective cohort study results

The four cohort studies had quality scores that
ranged from 6 to 12 out of a possible 13. All four
reported increased CIMT with higher levels of WRS.
Study follow-up ranged from four to six years. Job
strain or components of the demand/control model
were utilized in three studies and one study used
the effort-reward imbalance model.”> Two studies
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controlled for blood pressure, smoking, lipids, and
diabetes.”®?® Eller and Netterstrom did not account
for diabetes.”> Hintsa ef al. did not account for any
biomedical factors.?” Two studies enrolled both males
and females and one reported gender specific results.
Work-related stress was associated with CIMT thick-
ening for both males and females, but the specific
subscales exhibiting this relationship differed.>

Cross-sectional study results

Quality scores of the cross-sectional studies ranged
from 3 to 9 (Table 2). Five out of six studies reported
a positive relationship between CIMT progression
and WRS. Jedryka-Goéral et al. reported an inverse
association between CIMT and WRS, but they did
find greater CIMT among managers than among
clerks, even though clerks tended to be older and had
a higher prevalence of hypertension.*?

Studies that investigated gender as a modifier of
the WRS-CIMT association generated conflicting
results. Two studies reported an association in males
and not females.””*° Two other studies found the
opposite to be true.*’*? Differences in the WRS—
CIMT association in males were found to be modified
by a genetic factor. Men with the VAL/VAL
catechol-O-methyl transferase allele had increased
CIMT in relation to WRS, while those with either the
MET/MET or MET/VAL allele did not.”

Bias

It is probable that studies reporting an association
between stress and CIMT are more likely to be
published than those reporting no association. This is
a potential source of bias across the studies evaluated.

Table 1 Article ranking criteria
Category Item Scoring
A Stress measurement 0 — Use of an unvalidated assessment method
1 — Use of a validated assessment method
B Ultrasound 0 — Unknown ultrasound mode AND <7 MHz or unknown
Instrumentation frequency
1 — B-mode or unknown ultrasound OR <7 MHz or unknown
frequency
2 — B-mode ultrasound >7 MHz
C Carotid assessment 0 - Image obtained from carotid near wall OR not specified
1 — Image obtained as composite of carotid near and far wall
2 — Image obtained from carotid far wall only
D Quality control 0 — No ultrasound measurement quality control information
1 — Information regarding equipment (phantom scans) OR readers
(interclass correlation)
2 — Information regarding BOTH equipment and readers
E Population 0 — Population restricted to single organization or profession
1 — Population derived from multiple organizations or professions
F Study design 0 - Cross-sectional or retrospective
1 — Prospective
G Gender 0 — Gender not considered as a confounding factor
1 — Gender taken into account as a confounding factor
2 — Gender analyzed separately or single gender study
H Confounding factors 0 — Adjustment for only demographic and/or socioeconomic factors

1 — Adjustment for demographic, socioeconomic, and bio-clinical
factors such as blood lipids

2 — Adjustment for demographic, socioeconomic, bio-clinical
factors, and adiposity
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Table 2 Quality ranking of work-related stress (WRS) and Carotid artery intima media thickness (CIMT) studies

Stress Ultrasound Carotid Study Confounding
measurement instrumentation assessment Quality control Population design Gender  factors
Category Category Category Total
Category A Category B Category C Category D Category E  F G H Score
Eller and Netterstrom?®
Used effort-  Information not  No The same 97% Prosp. Analyzed BP, WHR, BMI,
reward provided information individual healthcare by fibrinogen,
imbalance provided performed all  sector for gender  cholesterol,
and demand- regarding examinations  females, 41% HDL, tobacco
control whether near and readings  healthcare use, alcohol
models or fall wall sector for intake, and PA
measurements males
were taken
Score: 1 0 0 1 1 1 2 2 8
Everson et al.?®
Used Used B mode  Images Calibrated via Employed Prosp. Males age, SBP, HDL,
questions ultrasound, obtained from  phantom participants only blood glucose,
from another 10 MHz posterior wall studies and from the apolipoprotein
study, not of left carotid IMT Kuopio B, BMI, alcohol,
stated as measurements ischemic heart smoking,
validated made with disease risk education,
edge factor study diabetes, IHD,
detection and
software medications
Score: 0 2 2 2 1 1 2 2 12
Fujishiro et a3
Job content B-mode IMT reported Inter-reader Employed X-S Analyses BMI, smoking,
questionnaire  ultrasound, as maximum reproducibility  participants of adjusted blood pressure,
frequency not  IMT of near for CCAwas  the Multi- for HTN, diabetes,
specified and far walls 0.87, ICA 0.94. Ethnic Study of gender  total and HDL
of right and Atherosclerosis cholesterol,
left carotid. age, income,
education, and
place of birth
Score: 1 1 1 1 1 0 1 2 8
Hintsa et al.”
Job demands Ultrasound LCA scanned  Between Employed Prosp. Males Age, family
measured mode not according to observer participants of only history of CHD,
with specified, an unspecified coefficient of  The income,
occupational 13 MHz standardized variation of Cardiovascular education,
stress protocol 5.2% Risk in Young parental
questionnaire, Finns Study education, and
job control parental life
measure with satisfaction
job content
questionnaire
Score: 0 1 0 1 1 1 2 0 6
Hintsanen et al.°
Job demands Ultrasound LCA scanned  Between Employed X-S Analyzed Age,
measured mode not according to observer participants of by socioeconomic
with specified, an unspecified coefficient of  The gender  status, social
occupational 13 MHz standardized variation of Cardiovascular support,
stress protocol 5.2% Risk in Young smoking status,
questionnaire, Finns Study alcohol
job control consumption,
measure with PA, BMI, HDL,
job content and LDL
questionnaire cholesterol
Score: 0 1 0 1 1 0 2 2 7
Jedryka-Goéral et al®®
Occupational B-mode No No quality 100 managers  X-S Analyses Age, DBP, LDL,
stress/coping  Ultrasound, information control and 50 office not anti-HSP
risk factors 7.5 MHz provided information workers gender-  antibodies, and
from: stress at regarding provided specific  anti-cardiolipin
work ultrasound antibodies
questionnaire technique
Score: 0 2 0 0 0 0 0 1 3
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Stress Ultrasound Carotid Study Confounding
measurement instrumentation assessment Quality control Population design Gender factors
Category Category Category  Total
Category A Category B Category C Category D CategoryE  F G H Score
Kamarck et al.?®
Job content B-mode Far wall of left  Ultrasound Currently Prosp. Analyses Baseline
questionnaire  ultrasound, and right read with employed adjusted disease, age,
unknown common automated participants for sex, clinic SBP,
frequency carotid, edge gender  fasting glucose,
carotid bulb, detection insulin, current
and proximal software smoking status,
1 cm of internal HDL, LDL, and
carotid waist
circumference
Score: 1 1 2 1 1 1 1 2 10
Nordstrom et al.*°
Six item B-mode IMT estimated  IMT measured Employees of a X-S Analyzed Height, age,
questionnaire  ultrasound, over 1 cm with utility company by PA, fat intake,
regarding unknown segment of automated gender  alcohol intake,
work frequency carotid far edge tracking BMI, SBP, total
demands and wall system cholesteral,
work HDL, ethnicity,
intrusion at job category,
home education,
smoking, BP
meds,
cholesterol
meds, and DM
Score: 0 1 2 1 0 0 2 2 8
Rosvall et al.®!
Job demands B-mode Far wall IMT No quality Employed X-S Analyzed Smoking,
and decision ultrasound, of CCA, control participants by Alcohol, PA,
latitude unknown bifurcation, information from a sub gender  LDL and HDL
instrument by  frequency and 1 cm of provided cohort of SBP, treatment
Karasek and internal and Malmo Diet for HTN, DM,
Theorell external and Cancer BMI, social
carotids Study participation,
emotional
support,
cohabiting
status, hours
worked,
overtime,
household
duties, children
at home, and
educ. level of
neighborhood
Score: 1 1 2 0 1 0 2 2 9
Xu et al®?
Effort-reward  Ultrasound Minimum of No quality Occupations X-S Analyzed Age, HTN, DM,
imbalance mode not five carotid control including civil by hyperlipidemia,
questionnaire  specified, far wall information servants, gender  and BMI
frequency of measurements  provided managers,
8-13 MHz teachers,
policemen,
other white
collar workers
Score: 1 0 2 0 1 0 2 2 8

Prosp., prospective; X-S, Cross-sectional; DM, diabetes mellitus; PA, physical activity; HTN, hypertension; BMI, body mass index;
SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoproteins; LDL, low density lipoproteins.

Discussion
Summary of evidence

The studies described above found modifiable and
non-modifiable risk factors to be associated with
increased CIMT. These include age, hypertension,

gender, cigarette smoking, LDL and HDL choles-
terol, and obesity.* Increased intima-media thickness
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was also exhibited in sedentary individuals compared
with people engaging in regular physical activity.¢
All the cohort studies and the majority of the
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cross-sectional studies (Table 3) found greater CIMT
with higher levels of WRS. The study by Jedryka-
Goral et al, which had the lowest quality score,
found an inverse association between WRS and
IMT.** The study population was composed of
exclusively of white-collar workers and had consider-
ably fewer study participants than other WRS-CIMT
studies.®® Jedryka-Géral also used a stress assessment
method that differed from studies reporting a positive
relationship between WRS and CIMT. In a follow-up
article by the same group, Bugajska et al. proposed
that perhaps somatization of stress occurred in
subjects reporting lower WRS, resulting in IMT
changes.’

A possible effect modification by gender of the
WRS-CIMT association was suggested. However,
findings among individual studies are inconsistent
about the direction of the effect modification. Gender
differences in the WRS-HRV association are a
challenge to interpret because of the variation in
smoking status, cholesterol levels, degrees of WRS,
and baseline CIMT by gender. Hintsanen et al. and
Nordstrom et al. found a relationship between work
related stress and increased CIMT in males, but
observed no association among females.*>>°
Conversely, two studies found a relationship between
WRS and CIMT in females, but not males.?!3?
Differences in smoking, BMI, and hypertension
across studies may explain these conflicting results.
Genetic characteristics also appear to modify the
association between WRS and CIMT. Hintsanen
et al. noted that WRS was associated with CIMT
progression among those with the VAL/VAL allele of
the catechol-O-methyl transferase gene.”

Critique

Defining a measure of risk, such as relative risk or an
odds ratio, for the WRS—CIMT association based on
the available literature was not possible due to
inconsistencies in the stress assessment methods.
The two main measures of WRS utilized were job
strain and effort-reward imbalance. Although these
scales were used in many of the studies, the specific
questions included in the instruments varied
(Table 4). In those that used the job strain model,
the number of questions assessing demands ranged
from two to five.?>?%3132 The calculation of stress
scores also differed by study. Job
evaluated as a combination of decision latitude and
job demands based on the median score of each
characteristic in two studies, with the other studies
either calculating job strain using a different formula
or analyzing the  subscales independently
(Table 4).25272931:3 The two studies which utilized
effort-reward imbalance assessments also differed
from one another in the number of questions asked,

strain was
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and in the formula for calculating imbalance.>>>

Other methods of assessing WRS included measuring
only job demands and sources of pressure on the job
scale.*?

Adjustment for cardiac risk factor confounders in
the WRS-CIMT association also varied. The bio-
clinical factors, particularly blood lipids, were
accounted for to a greater degree than demographic
factors. An indicator of adiposity was accounted for
in half of the studies either as BMI or waist
circumference. Workplace exposures other than stress
were not considered in any studies. Although the
relationship between these factors and CIMT is
limited, there is evidence that some of these exposures
may have an effect on CIMT and should be
accounted for in future research. For example,
exposure to ambient fine particulate matter is
associated with an increased CIMT.*® An increased
CIMT also has been shown in a population of
barbecue workers exposed to carbon monoxide, as
assessed by carboxyhemoglobin levels.** Further
studies need to be conducted in order to better
characterize the effects of various workplace expo-
sures on CIMT.

One general challenge in interpreting occupational
epidemiology studies is that of selection. Workers
with known cardiac disease may self-select into jobs
with lesser degrees of WRS or leave the work force
entirely. Workers in high strain jobs who subse-
quently develop cardiac disease may shift out of those
positions, and potentially into new ones with lower
degrees of WRS. Finally, people who work in high
strain occupations may engage in poor health
behaviors, which may not be adequately adjusted
for in statistical models (i.e., residual confounding).*°

The cross-sectional design also limits the ability to
account for changing levels of WRS. Many of the
studies examined the effect of WRS on cardiovas-
cular outcomes in different age groups, but the length
of employment in the particular job strain categories
was not quantified. The frequency and direction of
changes in WRS over time were not adequately
addressed in any studies and should be a focus in the
future. Although Eller and Netterstrom conducted a
prospective study, the psychosocial stress levels were
averaged between the initial and follow-up period.?
This presents a challenge in assessing the CIMT
progress in relation to a changing psychosocial work
environment.

Research needs

Carotid artery intima media thickness was associated
with WRS in 9 out of 10 studies. Nevertheless, several
critical research needs are apparent. First, a consis-
tent measurement of stress should be established and
followed for future WRS research. Although job
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Table 3 Confounding factors, key results, and limitations for job stress and carotid artery intima media thickness (CIMT)

studies
Author
(year) Confounders accounted for Key results Limitations
Prospective studies
Eller and BP, WHR, BMI, fibrinogen, Effort, reward, demands, and Small population, small
Netterstrom cholesterol, HDL, tobacco overcommitment correlated variation in psychosocial
(2007) use, alcohol intake, and PA with IMT progression in exposure, specific
women; ERI and reward ultrasound technique not
correlated with IMT specified, and
progression in men psychosocial exposure
averaged over course of
study
Everson Age, SBP, HDL, Carotid atherosclerosis was Sample population was
et al. (1997) blood glucose, apolipoprotein B, greater in subjects with high highly homogenous,
BMI, alcohol consumption, job demands and high blood sources of stress outside
cigarette smoking, pressure reactivity than of work not considered,
education, diabetes, IHD, subjects who were either less and did not use
and medications reactive or experienced less commonly accepted
demanding jobs stress instrument
Hintsa Age, family history of CHD, High job strain associated with Possibility of selection

et al. (2008)

Kamarck
et al. (2012)

family income,

parental education, parental life
satisfaction, and

participant’s education.

Baseline disease, age, sex,
clinic SBP, fasting glucose,
insulin, current smoking
status, HDL, LDL, and waist
circumference

Cross-sectional studies

Fujishiro
et al. (2011)

Hintsanen
et al. (2008)

Jedryka-Goral
et al. (2006)

Nordstrom
et al. (2001)

BMI, smoking status,
blood pressure,
hypertension, diabetes,
total and HDL cholesterol,
age, household income,
educational level, and
place of birth

Age, Socioeconomic
status, Social support,
Smoking status, Alcohol
consumption, PA, BMI,
HDL, and LDL cholesterol

Age, DBP, LDL,
anti-HSP antibodies, and anti-
cardiolipin antibodies

Age and body height

higher CIMT in 27-39 year-old
males. This was not
significantly weakened after
accounting for pre-employment
factors

A significant interaction
between task demand and
employment status on IMT
progression. Mean demand
ratings significantly associated
with IMT progression for being
at work and not at work. Both
the demand and control
subscales from the JCQ were
not associated with IMT or
plaque progression

Job control correlation with
common CIMT. Job strain not
strongly associated with IMT

Strain and correlated with
increased IMT in men with the
VAL/VAL COMT genotype only,
not seen in women

Negative correlation between
global job strain and IMT
(RP=0.06). Increased IMT found
with being a manager rather
than a clerk

Increased likelihood of wall
thickening of the common
carotid artery in males, not
females

bias based on analysis

of non-participants,
assessment made early in
life and may not be
applicable to older
individuals, and self-
reported job strain
measures

Momentary demand and
control scales not stated
to be a validated stress
measurement instrument,
small sample size, analysis
based on initial
employment status with
only 36% of respondents
with initial employment
data available reported
working full or part-time
at follow-up

All information obtained
via self-report; current job
available only, therefore
previous stress exposure
not considered

Cross-sectional study
cannot determine
causation, previous
employment not
assessed, non-
occupational stress not
assessed, and young
population with relatively
short work history

Small sample size, not a
commonly used stress
instrument

Utilized stress assessment
instrument similar to job
strain, not stated as a
validated stress measure,
did not account for many
confounding factors of
cardiovascular disease,
and cross-sectional design
unable to determine
causality
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Table 3 Continued

Author
(year) Confounders accounted for Key results Limitations
Rosvall Smoking, alcohol Women w/job strain showed Cross-sectional design

et al. (2002)

consumption, PA, LDL and
HDL cholesterol, SBP,
treatment for HTN, DM,
BMI, social participation,
emotional support,
cohabiting status, #
working hours, overtime,
household duties/week,
children at home, and
education level of

neighborhood
Xu et al. Age, HTN, DM,
(2010) Hyperlipidemia, and BMI

high plaque prevalence odds
and thicker IMT at carotid
bifurcation compared to
relaxed jobs (mean difference
of 0.15 mm, 95% CI 0.07,
0.23). Women in active jobs
also showed thicker IMT than
relaxed jobs (mean difference
of 0.10 mm, 95% CI 0.01,
0.19). This association was not
seen in men

Effort, overcommitment, ERI
positively correlated, and
reward inversely correlated
w/CIMT, even after adjustment
in women. Similar association
seen in men, but disappeared
after adjustment (r=0.120 in
men, 0.307 in women for ERI
and CIMT)

unable to determine
causality, slightly more
male subjects excluded

Population consisted of
subject undergoing
physical exam at one
particular hospital, job
stress assessed with a
Chinese version of ERI
questionnaire, and age
was only demographic
confounder assessed.
Cross-sectional design
unable to determine
causality

BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; PA, physical activity; WHR,

waist-to-hip ratio.

strain and effort-reward imbalance are the most
common measures, questionnaires vary widely
between studies. Second, cumulative and recent
WRS should be described and differentiated.
Differentiating stress that has operated over a period
of months or years in current or past jobs should be
supplemented with current stress. Third, workplace

environmental measurements should be collected to
help quantify the contribution of environmental
stressors, such as noise and chemical exposures on
cardiovascular outcomes. Fourth, future studies must
account for known cardiovascular disease risk
factors. This is particularly critical, as some of these
variables have been associated with WRS. Finally,

Table 4 Job strain and effort—-reward imbalance scales

Author (year)

Scale items

Measurement technique

Job strain

Eller and Netterstrom
(2007)

Fujishiro et al.

(2011)

Hintsa et al.
(2008)

Hintsanen et al.
(2008)

Kamarck et al.
(2012)

Rosvall et al.
(2002)

Effort-reward imbalance
Eller and

Netterstrom

(2007)

Xu et al. (2010)

2 items for demand, 12 items for control,

4 items for support
5 items for demand, 9 items for job
control

3 items for work demand from the
Occupational Stress Questionnaire, 9
items for control from the Job Content
Questionnaire

3 items for work demand from the
Occupational Stress Questionnaire, 9
items for control from the Job Content
Questionnaire

5 items for job demand, job latitude
composed of 6 item skill discretion and
three item decision authority

5 items for demand, 6 items for decision
latitude

5 items for effort, 10 items for reward, 6
items for overcommitment

6 items for effort, 11 items for reward, 6
items for overcommitment

Each dimension analyzed independently

Categorized into high strain, low strain,
and active and passive groups following
trichotomization of the demands and
control scales

A continuous indicated calculated by
subtracting the demands from control

Job strain obtained by division of the
mean score of the job demands and
control sub scales

Task demand and control analyzed
separately

Scores dichotamized at the median
to form job strain, active, passive, and
relaxed jobs

ERI calculated as effort/reward x (5/10)

ERI calculated as 11 x effort/(6 x reward)
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the longitudinal evaluation of WRS in large cohort
studies is critical, particularly for investigating gender
differences. As the only prospective study, reporting
gender differences noted a significant effect of CIMT
and WRS for both sexes and the cross-sectional
studies were divided into their associations, more
prospective studies should be conducted to determine
the differences in the CIMT and stress relationship
between males and females. A prospective design
would also account for those who leave the work-
force, as those individuals may leave work because of
stress or cardiovascular disease. This would help
reduce the “healthy worker survivor effect” that can
distort results of cross-sectional studies.

As the evidence of the association between CIMT
and WRS is fairly consistent, interventional studies
should be conducted to determine if changes in the
rate of CIMT progression result from programs and/
or policies aimed at reducing WRS. Various types of
intervention studies examining smoking cessation
and obesity have already been conducted.*'** A
similar approach may be used with WRS, in which
efforts to decrease WRS will be evaluated as
predictors in slowing the progression of CIMT.

Limitations

This review was limited to publications cataloged in the
Pubmed, Ovid, PsycINFO databases, and snowballing
the references of identified studies. An additional
limitation involved restricting the articles identified by
using the keywords provided in the methods. Publication
bias may have resulted in an absence of negative studies.

Conclusions

Occupational health professionals, particularly those
involved in workplace wellness, may wish to consider
the use of non-invasive measures of subclinical
cardiovascular disease as a means of evaluating
health impacts of WRS. Carotid artery intima media
thickness is a non-invasive method of assessing pre-
clinical cardiovascular disease, which may be incor-
porated into routine medical monitoring. Given the
limitations noted, the body of published studies of
WRS suggests that higher degrees of occupational
stress are associated with greater CIMT, a consistent
finding even considering the variability across studies
in the stress assessment measurement techniques and
the number and types of confounding factors taken
into account. Greater CIMT may translate into an
increased risk of coronary artery disease. The
literature suggests differences in cardiovascular
responses to WRS by gender, being more consistent
among males. Large cohort studies as well as
intervention studies should be conducted in order to
better characterize the relationship of stress and
CIMT and to reduce the burden of cardiovascular
disease attributable to workplace stress.
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