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Lower socioeconomic status among men in relation to the association
between job strain and blood pressure
by Paul A Landsbergis, PhD,1,2 Peter L Schnall, MD,3 Thomas G Pickering, MD,2 Katherine Warren, BA,2
Joseph E Schwartz, PhD 4

Landsbergis PA, Schnall PL, Pickering TG, Warren K, Schwartz JE. Lower socioeconomic status among men in
relation to the association between job strain and blood pressure. Scand J Work Environ Health 2003;29(3):206–
215.

Objectives This study attempted to determine whether the association between job strain (high job demands
plus low job control) and blood pressure among men varies by socioeconomic status.
Methods The cross-sectional associations between job strain and ambulatory blood pressure, by level of
education, occupational status, and income, and the interaction between job strain and these measures of
socioeconomic status were assessed by multiple linear regression, adjusted for age, race or ethnicity, body mass
index, alcohol use, smoking, standing position, and worksite for 283 men, aged 30–60 years, from eight
worksites in New York City.
Results A substantial association between job strain and work ambulatory blood pressure was found among
men with lower socioeconomic status, ranging from 2.7–11.8 mm Hg systolic to 1.9–6.1 mm Hg diastolic blood
pressure, depending upon the measure of socioeconomic status examined. However, in the groups with high
socioeconomic status, the association between job strain and ambulatory blood pressure at work was much
smaller, the range in blood pressure being 0–5.3 (systolic) and 0.2– 2.1 (diastolic) mm Hg. Two of the 10 tests of
the interaction between job strain and socioeconomic status had a P-value of <0.05.
Conclusions These data provide evidence that the relationship between job strain and blood pressure is greater
among men with lower socioeconomic status.
Key terms hypertension, job stress, social class.

Job strain, defined as a combination of high psychological job demands and low job decision latitude or job
control, has fairly consistently been shown to be a risk
factor for cardiovascular disease, and also for blood
pressure (BP) elevation when BP is measured with an
ambulatory monitor (1, 2). Lower socioeconomic status
is also consistently associated with a wide variety of disease outcomes in developed countries, including hypertension (3) and cardiovascular disease (4–6). However,
synergism between low socioeconomic status and job
strain has rarely been assessed.
1
2
3
4

In six studies of men (7–12) and two studies of women (8, 13), the associations between job strain and cardiovascular disease, in general, were stronger for employees with lower socioeconomic status. However,
only two studies have examined this interaction for BP
elevation. In a 1-year prospective study in Stockholm,
the association between increasing job strain and increasing BP was greater for waiters than for other occupations, for example, physicians, orchestra musicians,
air traffic controllers, baggage handlers, and airplane
mechanics (interaction term, P=0.01) (14). However,
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among Quebec white-collar workers, women with a university degree showed a substantial association between
job strain and BP, while there was no association among
those without a university degree (15).
In our study, the hypothesis of an increased association between job strain and BP among employees with
lower socioeconomic status was tested through an analysis of data from the Work Site Blood Pressure Study
that took place in New York City (16–19).

Subjects and methods
Study sample
The Work Site Blood Pressure Study is a prospective
study of psychosocial factors and ambulatory BP. It has
enrolled 472 initially healthy full-time employees from
a wide variety of white-collar and blue-collar job titles
in New York City (16–19). This analysis focuses on the
283 eligible men participating during the first round of
data collection (time 1, 1985–1988). These men were
recruited from eight New York City worksites, each
employing at least 150 persons. The sample selection
procedures have been described in detail elsewhere (16,
17, 19). Briefly, potential subjects received casual BP
screenings by specially trained staff at their worksites.
This study was initially designed as a case-referent
study, before funding became available for the prospective study. After the initial screening of 3216 men at
eight worksites, the subjects were eligible for selection
into the initial case-referent study if they were between
30 and 60 years of age, were employed >30 hours a
week, were able to read English, had a body mass index (BMI) of <32.5, had no second job of ≥15 hours a
week, and had been at their current worksite for at least
3 years before being approached for the study and, if
applicable, before being diagnosed as having high BP
(16). Potential subjects were excluded if they had a history of coronary, cerebrovascular or peripheral vascular disease, electrocardiographic evidence of myocardial
infarction, ischemia or atrial fibrillation, funduscopic
changes, evidence of any secondary cause of hypertension, a screening systolic BP of >160 mm Hg, or a
screening diastolic BP of >105 mm Hg.
After these eligibility and exclusion criteria were
applied, 1674 men were found eligible for the study, 474
cases (of mild hypertension) and 1200 referents. In order to increase the statistical power of the initial casereferent study, attempts were made to recruit all cases
and a random sample of referents (N=297).
Eligible cases were further defined as subjects with
mean casual diastolic BP of >85 mm Hg at both the initial screening and the recruitment (4–6 weeks later) or
who were taking medication for hypertension. Those

with a diastolic BP of ≤85 mm Hg on both occasions
and not taking antihypertensive medication were eligible to serve as referents. Workers at worksites 2 through
7 whose diastolic BP (DBP) crossed over (initial screening DBP of >85 mm Hg and recruitment session DBP
of ≤85 mm Hg or initial screening DBP of ≤85 mm Hg
and recruitment session DBP of >85 mm Hg) were not
invited to participate in the case-referent study (16). In
addition, to increase the number of eligible subjects for
the prospective study, beginning with the eighth site during the first round of the data collection, the following
eligibility criteria were changed: (i) subjects were no
longer recruited using an approximate ratio (2:3) of cases to referents as at the previous sites, (ii) subjects no
longer needed to be at their worksite for 3 years but instead 1 year was enough, and (iii) the subjects who had
screening and recruitment changes in their casual BP
that resulted in their being classified as “crossovers” and
excluded from the initial time-1 case-referent (16) and
cross-sectional (17, 18) analyses were allowed to remain
in the prospective study. The third criterion was no longer relevant to the outcome of interest (continuous measures of BP). None of these changes should have had any
impact on either the effect estimates or on the validity
of the findings.
After the “crossovers” and eligible screening subjects who refused participation were excluded, 84 cases
and 186 referents were enrolled into the initial case-referent study. The nonparticipants in the case-referent
study were slightly younger and had a slightly higher
diastolic BP at the time of the screening than the participants had. However, there were no substantial differences between the groups in the proportion who had hypertension, systolic BP, race, education, or BMI. Thus
there was little evidence to indicate any substantial bias
due to the sample selection. After the addition of 13
“crossovers”, 283 male participants were eligible for the
cross-sectional analyses of BP at time 1.

Ambulatory monitoring
At each round of the data collection, the subjects wore
an ambulatory BP monitor for 24 hours during a normal workday (16). At sites 1–7 at time 1, a SpaceLabs
5200 device (SpaceLabs Medical, Issaguah, WA, USA)
was worn, and at site 8, a SpaceLabs 90202 device was
worn (20). At time 1, the men currently on antihypertensive medication (N=28 of 283) were titrated off medication and then monitored for 3 weeks prior to the wearing of the ambulatory monitor. The subjects with diagnosed hypertension were eligible only if they could have
their medication stopped for at least 3 weeks before they
wore the ambulatory monitor and still maintain a diastolic BP of <105 mm Hg. All 28 of the subjects on medication maintained their diastolic BP at <105 mm Hg,
and thus none were excluded for this reason.
Scand J Work Environ Health 2003, vol 29, no 3
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The monitor was attached at the subject’s worksite
and calibrated by comparing five successive systolic and
diastolic readings against simultaneously determined
auscultatory readings taken by a trained observer with
a mercury column, for which the respective means both
had to be within 5 mm Hg of each other to be acceptable. The timer on the monitor was set to take readings
at 15-minute intervals during the day, and 30–60 minute
intervals during normal hours of sleep, and the subject
was instructed to proceed through a normal workday.
Each time the monitor inflated and recorded a BP during waking hours, the subject was asked to remain as
motionless as possible and then to record his activity,
location (work, home or sleep), position (standing, sitting, reclining), and mood in a diary. The diary information was used to compute the proportion of readings in the standing position (as a proxy measure of
physical activity at work) and was used to calculate
the average ambulatory BPs for each location category. When fewer than five readings were obtained at
work, at home, or during sleep, the corresponding average was treated as missing data. Five readings are considered minimally sufficient to produce reliable estimates of mean work BP (21). The mean number of valid readings of the ambulatory BP at work, at home, and
during sleep was 28 (SD 7), 18 (SD 7), and 13 (SD 4),
respectively (19).

Medical examination
The subjects received a medical examination, which included a full history, a physical examination, a 24-hour
urine collection for electrolyte excretion, and an assessment of alcohol intake, current smoking history, and
exercise habits. Height and weight were determined at
the physical examination, and the BMI was calculated
according to the formula weight (kg) / height (m)2.
Psychosocial questionnaire
The subjects completed a questionnaire packet, which
included the Job Content Questionnaire (to evaluate job
strain), the Jenkins Activity Survey, and a demographic
questionnaire. The Job Content Questionnaire is a widely used, well-validated, (22) 42-item instrument based,
in part, on questions drawn from the United States Quality of Employment Surveys (QES) (23, 24). All its items
were scored on a Likert scale of 1 to 4. The following
value labels were used: “strongly agree”, “agree”, “disagree”, and “strongly disagree”. The following job characteristic scales were also used: job decision latitude,
psychological job demands, and job-related physical
exertion. Job decision latitude, an operationalization of
the concept of “job control”, was the sum of the following two equally weighted subscales: (i) skill utilization,
measured by six items [keep learning new things, can
develop skills, job requires skill, task has variety, task
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is repetitious (reverse scored), job requires creativity],
and (ii) decision authority, measured by three items
(have freedom to make decisions, can choose how to
perform work, have a lot of say on the job). Psychological job demands were defined by five items (excessive
work, conflicting demands, insufficient time to do work,
fast work pace, hard work). Decision latitude and job
demands were scaled to have a range of 12 to 48. The
internal consistency reliability (Cronbach’s alpha) was
0.74 for job demands and 0.83 for job decision latitude.
The 3-year test-retest reliability was r=0.64 for both job
demands and decision latitude. Job-related physical exertion was measured by a single item (job requires lots
of physical effort). Its 3-year test-retest reliability was
r=0.67.
The demographic items included gender, race or ethnicity (Caucasian, Black, Hispanic, other), and age
(years). The following measures of socioeconomic status (SES) were reported at each assessment: education
(years), categories of personal and family income, and
job title. The response options for income were in USD
5000 increments ranging from USD 5000–9999 to USD
≥100 000. (The midpoint of each income category was
used for computing the sample means.) The participants’
job titles were coded with a 3-digit occupational code
using the 1980 Standard Occupational Classification
(SOC) system (25). The codes were classified as whitecollar (managerial and professional specialty occupations, SOC 003–199), clerical-technical (technical, sales
and administrative support occupations, SOC 203–389),
or blue-collar (service; precision production, craft and
repair occupations; operators, fabricators and laborers,
SOC 403–472, 503–889) on the basis of Census Bureau
categories. Each participant was also assigned an occupational status score for his occupation code on the basis of the system developed by Nam & Terrie (26).
These status scores can range from 0 to 100 (with a median of 50) and are based on the median educational and
income level of persons counted in the United States
Census according to their occupation code. Over 3
years, the measures of SES displayed high test-retest
reliability: education (r=0.99), occupational status
(r=0.92), personal income (r=0.84), and family income
(r=0.82).
The 52-item Jenkins Activity Survey (27) was administered to evaluate type-A behavior, and the subjects
were classified as “type A” if they scored above zero.
The 3-year test-retest reliability was 0.70 (kappa) or 0.72
(phi coefficient).
Alcohol and smoking behavior was assessed by a
questionnaire at the time of the medical examination,
with the responses reviewed by a nurse. Following the
widely used survey of Cahalan et al (28), alcohol consumption was based on two questions representing frequency and quantity. First, the subjects indicated how
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often they took a drink of beer, wine, or liquor. Second,
they reported how many alcoholic beverages they typically had per occasion. Regular drinking was defined
as binge drinking or drinking ≥4–6 days/week. The 3year test-retest reliability was 0.40 (phi coefficient).
Current smoking was based on one question (“Do you
smoke cigarettes?”; yes, no), and it was treated as a dichotomous measure. The 3-year test-retest reliability
was 0.69 (both the kappa and phi coefficients).

Construction of the job-strain exposure variable
The interaction between psychological job demands and
job decision latitude, which defines job strain, was modeled with the use of the previously reported job-strain
“quadrant” term (16, 17, 22). This term is computed by
dichotomizing demands and latitude at their respective
sample medians for males. The dichotomous job-strain
variable was defined as job decision latitude <37, as
well as job demands >32. Despite the relative stability
of both continuous subscales, job strain is unstable over
3 years (kappa 0.27, phi coefficient 0.29).

Data analysis
To estimate the magnitude of interaction, we computed
six-level categorical variables for the combination of job
strain and each variable of SES. The dichotomous jobstrain variable was multiplied with the natural categories of education (≤12 years, 13–15 years, ≥16 years)
and occupational status (blue-collar, clerical-technical,
white-collar) and approximate tertiles of income and
continuous occupational status. The reference group was
the one with the least hypothesized association with BP
(ie, no job strain and high SES). The outcome variables
were work, home, and sleep ambulatory systolic and diastolic BP at time 1. The analyses were conducted using multiple linear regression controlling for age (years),
race or ethnicity (Caucasian, Black, Hispanic, other),
BMI, current smoking status (yes,no), regular alcohol
drinker (yes,no), proportion of ambulatory BP readings
in the standing position, and worksite. The analyses of
systolic BP also controlled for the quadratic term of age.
An addition of other potential confounders (job-related
physical exertion, type-A behavior, and urine sodium
excretion) to the regression models produced only slight
changes in the coefficients of the job strain-SES regression, and therefore these variables were not included as
covariates in the final model.
The statistical significance of the hypothesized interaction was assessed by computing two dummy variables for each trichotomized SES variable, multiplying
the dummy variables with job strain, adding the two
product terms to the model with the main effects, and
examining the F-statistic for the change in R2.

Missing data
There were very few missing data for the subjects included in these analyses. There were no missing data
on job strain, education, or job title (and therefore occupational status). The 5 men missing personal income
data and 11 men missing family income data were excluded from the analysis of these measures. Those missing data on ambulatory BP were excluded from the analyses of that measure. The modal category (or mean) was
substituted for the few pieces of missing data on the categorical (or continuous) covariates.
Sample demographics
The sample of 283 men averaged 14.3 (range 6–18)
years for education, USD 50 629 for personal income,
USD 58 667 for family income (range for both personal
and family income being USD 17 500– ≥100 000), and
72.0 (range 15–95) for occupational status. The men
were predominantly white-collar (46% of sample), but
also included a variety of clerical-technical (33%) and
blue-collar (21%) jobs (tables 1 and 2). As in United
States national studies (29), positive correlations were
observed between SES and both job decision latitude
(r=0.36–0.44) and job demands (r=0.28–0.36). As a
result, our measure of high demand–low latitude
work (“job strain”) was not significantly associated
with any measure of SES (tables 1 and 2). Job strain
was also not significantly associated with any potential
confounder or other variable in tables 1 and 2. In fact,
the nonsignificant tendency was for men with job strain
to have lower values of risk factors such as age, blue-collar job, smoking, and alcohol use.
None of the measures of SES were significantly associated with ambulatory BP at work. Most were near
the null value. The largest association was for blue-collar men, whose systolic BP at work was 4.0 mm Hg
[95% confidence interval (95% CI) –2.4–10.3] higher
than that of the white-collar men. Type-A behavior was
associated with higher SES; thus type-A behavior could
not explain the higher BP in the job strain groups with
low SES.

Results
The associations between job strain and ambulatory BP
at work tended to be larger among the men with lower
education and occupational status (table 3). For example, blue-collar men with job strain had an adjusted
mean systolic BP that was 11.8 (95% CI 1.6–22.0) mm
Hg higher than that of the white-collar men without job
strain and 8.4 mm Hg higher than that of the white-collar men with job strain. Men with only a high-school
education with job strain had an adjusted systolic BP
Scand J Work Environ Health 2003, vol 29, no 3
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Table 1. Means and standard deviations for the age, body mass
index (BMI), 24-hour sodium level, education, occupational status, personal income, family income, and physical exertion at
work for the 283 male employees, aged 30–60 years, who participated in the study from eight worksites in New York City by
category of job strain. a
Category
Characteristic

Age (years)
Body mass index (kg/m2)
24-hour urine sodium
(mEq/24 hours)
Education (years)
Occupational status b
Personal income (USD)
Family income (USD)
Physical exertion at work

Job strain (N=61)

No job strain (N=222)

Mean

SD

Mean

SD

42.9
25.8
142.5

8.8
3.2
56.2

44.6
25.7
150.6

8.6
2.7
66.5

14.4
74.2
48 051
56 293
1.85

2.5
18.7
20 209
22 411
0.9

14.3
71.4
51 324
59 311
1.85

2.4
18.4
22 878
23 468
0.8

All 283 employees were included in all the comparisons, except for
personal income (N=278), family income (N=272), home blood
pressure (N=277), and sleep blood pressure (N=253) due to missing
data.
b Nam-Terrie scale: status scores could range from 0 to 100 (with a
median of 50) and were based on the median educational and income
level of persons counted in the 1980 United States census according
to their occupational code.
a

Table 2. Percentage of the 283 subjects who were white-collar,
clerical, and blue-collar workers, were regular alcohol drinkers,
had some college education, had type-A behavior, were Caucasian, were current smokers, and had Ambulatory blood pressure
readings at work in the standing position, by categry of job strain.
Category
Characteristic

Occupation
White-collar
Clerical, technical, administrative
Blue-collar
Regular alcohol drinker
Some college education
Type-A behavior
Caucasian
Current smoker
Work ambulatory blood pressure readings
in standing position

Job strain
(N=61)

No job strain
(N=222)

%

%

53
33
15
20
71
44
85
12
32.8

45
32
23
22
67
39
83
22
33.4

that was 6.5 (95% CI –0.7–13.7) mm Hg higher than
that of college graduates without job strain and 3.8 mm
Hg higher than that of college graduates with job strain.
In general, the high-status groups tended to show little
or no association between job strain and BP, a pattern
that was the most consistent for diastolic BP.
The hypothesized pattern of interaction was somewhat less consistent for income (table 3). For systolic
BP, there was a tendency for the greatest association
between job strain and BP to occur among the men in
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the middle-income category. The men in the lowest personal income category were, in fact, 86% white-collar
and only 2% blue-collar, 74% having a college degree.
(A similar pattern was observed for the family income
categories.) The blue-collar workers in this sample tended to be skilled workers with income in the middle and
upper tertiles of the distribution.
Two of the ten tests of interaction between job strain
and SES had a P-value of <0.05. The patterns of association for home and sleep ambulatory BP were slightly
less consistent than those of the ambulatory BP at work
(data not shown).
The interaction between the components of job strain
(demands and latitude) and SES was also examined for
their association with BP. None of the P-values for the
interaction terms for demands or latitude were below
0.05, and only two were below 0.15 (data not shown).
Most of the P-values for the interaction terms were higher than those for job strain and SES. Thus it appears that
the formulation of job strain–SES best specifies the interaction associated with higher BP. In addition, the pattern of interaction (a dose-response effect of the work
stressor by SES level) was somewhat more consistent
for job strain than for job demands.

Discussion
We found a substantial association between job strain
and BP at work among men with lower SES, the BP
ranges being 3–12 (systolic) and 2–6 (diastolic) mm Hg.
In contrast, in the groups with high SES, the association between job strain and BP at work was, for the most
part, near the null value. While there was some inconsistency in the pattern of findings for income (perhaps
due to the higher income of blue-collar workers in this
sample), workers with a personal income of USD 50 000
or greater or a family income of USD 60 000 or greater
showed little or no association between job strain and
BP. Among the men exposed to job strain, there was a
clear inverse dose-response relationship between most
of the measures of SES and BP. Therefore, these data
provide evidence that the relationship between job strain
and BP among men varies by SES. It remains to be determined whether such synergism exists for women.
The association between job strain and BP at work
at time 1 among the men with lower SES was clinically
significant and substantial, roughly 1–2 times the difference between Blacks and Caucasians in this sample
and similar to the estimated effect of aging 15–30 years
or gaining 25–50 pounds (11–23 kilograms) in weight.
If the findings are confirmed, they identify a subset
of employed men who are substantially more likely to
be hypertensive than the general population. In this sample, the high-risk group was relatively small (ie, only 6%
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Table 3. Association between job strain and work ambulatory blood pressure of 282 male employees aged 30-60 years in eight worksites
in New York City, by level of socioeconomic status (SES), as adjusted for age, race or ethnicity, body mass index, alcohol use, smoking,
standing position, and worksite.a
SES measure

Education
≤12 years
13-15 years
≥ 16 years
P-value of interaction termc
Status category
Blue-collar
Clerical, technical, administrative
White-collar
P-value of interaction termc
Status score d
23–60
61–81
82–95
P-value of interaction termc
Personal income
USD 15 000–39 999
USD 40 000–49 999
USD ≥ 50 000
P-value of interaction termc
Family income
15 000–44 999
USD 45 000–59 999
USD ≥ 60 000

Job strain
category

N

Diastolic blood pressure (mm Hg)

Systolic blood pressure (mm Hg)

Difference b

Difference b

95% CI

95% CI

Job strain
No job strain
Job strain
No job strain
Job strain
No job strain

18
74
16
54
27
93

2.3
–1.7
3.1
–3.7
0.2
Reference
0.049

–2.1– 6.8
–5.0– 1.6
–1.3– 7.6
–6.8– –0.6
–3.2– 3.5
··

6.5
–4.1
2.6
–4.9
2.7
Reference
0.18

–0.7–13.7
–9.5– 1.3
–4.6– 9.9
–9.9– 0.1
–2.7– 8.2
··

Job strain
No job strain
Job strain
No job strain
Job strain
No job strain

9
50
20
72
32
99

5.2
–1.0
3.1
–2.1
0.7
Reference
0.11

–1.1– 11.4
–5.2– 3.2
–1.0– 7.2
–4.9– 0.8
–2.3– 3.8
··

11.8
1.8
8.6
–0.9
3.4
Reference
0.23

1.6– 22.0
–5.2– 8.7
1.9– 15.2
–5.6– 3.8
–1.7– 8.4
··

Job strain
No job strain
Job strain
No job strain
Job strain
No job strain

14
68
12
53
35
100

6.1
1.2
4.2
0.3
2.1
Reference
0.57

1.5– 11.2
–2.1– 4.6
–0.6– 8.9
–2.6– 3.2
–0.9– 5.1
··

9.8
0.8
6.3
0.2
5.3
Reference
0.70

1.6–18.1
–4.8– 6.3
–1.7–14.3
–4.5– 4.9
0.4–10.2
··

Job strain
No job strain
Job strain
No job strain
Job strain
No job strain

21
80
23
67
15
71

1.9
–1.2
3.9
–0.3
0.3
Reference
0.27

–2.2–
–4.4–
0.0–
–2.9–
–4.1–
··

6.1
1.9
7.7
2.4
4.7

2.7
–2.3
9.2
–3.2
–0.1
Reference
0.03

–4.3– 9.6
–7.4– 2.8
3.0–15.4
–8.3– 1.9
–7.2– 7.0
··

Job strain
No job strain
Job strain
No job strain
Job strain
No job strain

20
75
20
59
18
79

4.4
0.1
4.4
0.5
1.0
Reference
0.45

0.2–
–2.8–
0.5–
–2.5–
–3.1–
··

8.9
3.0
8.3
3.5
5.0

5.7
–2.8
7.6
–2.7
1.2
Reference
0.13

–1.3–12.7
–7.7– 2.2
1.1–14.0
–7.5– 2.1
–5.4– 7.8
··

P-value of interaction termc
a

The number was 282 for all the comparisons, except for personal income (N=277) and family income (N=271). One person with <5 ambulatory
blood pressure readings at work was excluded from the blood pressure analysis.
Difference from reference group in adjusted mean BP.
c
The P-value of the interaction term was computed by multiplying job strain by a trichotomous measure of the SES variable.
d Nam-Terrie scale: status scores could range from 0 to 100 (with a median of 50) and were based on the median educational and income level of
persons counted in the 1980 United States census according to their occupational code.
b

had both job-strain exposure and no college education
and only 10% had both job-strain exposure and a bluecollar or clerical-technical job). This small size was due,
in part, to the difficulties in recruiting industrial and assembly-line workers at large workplaces in New York,
a city with few large factories (16). Some blue-collar
occupations (eg, taxi or bus driver, waiter, police officer, firefighter) were excluded since vigorous arm movement interferes with the proper functioning of an ambulatory monitor. Therefore, the high-risk group was likely to be larger in size in the United States population as
a whole. In the United States, in 1990, 50.5% of the

active male labor force was in blue-collar jobs and
21.3% was in clerical-technical jobs (30) versus 21.2%
and 32.5%, respectively, in this sample. Similarly, in the
United States, in 1990, 48.9% of men had no more than a
high-school education (30) versus 32.5% in this sample.

Effects of the study design on the findings
This study was designed to minimize potential selection
bias that may artificially inflate associations. To reduce
the likelihood that hypertensives may be selected into
high-strain jobs, we required that cases be at their worksite at least 3 years before diagnosis. In addition, there
Scand J Work Environ Health 2003, vol 29, no 3
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was no association between case-referent status (or
mean BP) and personality or psychological measures
such as anxiety, hostility, anger, type-A behavior, or
negative affectivity, which might have influenced job
selection (16, 31). In fact, in national studies, the opposite pattern is seen—people tend to select out of highstrain jobs over time (32).
On the other hand, restrictions to the range of variation in exposure and outcome due to the study design
may have reduced the precision of the estimates of the
main effects of job strain and SES and may have affected the patterns of interaction. Blue-collar and high-strain
jobs may have been underrepresented in this sample, and
non-English speakers (eg, those working in “sweatshops”) were excluded. Participants with a screening BP
of >160/105 mm Hg were also excluded, due both to
ethical reasons (the risks of coming off antihypertensive
medication while wearing the ambulatory monitor), and
the hypothesis that stress mechanisms (eg, sympathetic
hyperactivity) would have little additional effect at these
levels (33). Finally, potential subjects with cardiovascular disease were excluded since BP is typically lower
following a heart attack or stroke (34) and those with
documented target organ damage may self-select out of
high-strain jobs. Unless the study participants were selected on the basis of both hypertension and job strain
(which seems implausible), the exclusions were unlikely to have affected our results.
The validity of the findings is enhanced by the use
of the state-of-the-art technique of measuring BP—ambulatory monitoring, which is more reliable and more
valid than recording BP in a clinical setting (20). Standard, highly reliable measures of exposure to job strain
and SES were also utilized. The Job Content Questionnaire (23) has been widely used in studies of job characteristics and cardiovascular disease (1, 2). This questionnaire, in contrast to some job stress questionnaires,
does not ask about perceptions of stress (eg, “how
stressed do you feel by...”), rather inquires about objective job characteristics, such as the extent of one’s decision-making authority. Several studies employing expert ratings have found high correlations (r>0.6) with
self-report measures of job decision latitude (7, 35, 36).
National surveys in the United States have shown high
proportions of between-occupation variance in self-reported job decision latitude and valid patterns of response (eg, much higher self-reported latitude for managers as compared with that of assembly-line workers) (29).
However, the potential remains for self-reported exposure to overestimate associations, particularly for psychological job demands, an inherently more subjective
measure than decision latitude. The subjects were not
aware of their ambulatory BP recorded at time 1 when
they completed the questionnaire, although some
were aware of a previous diagnosis of hypertension.
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However, there is little evidence that the cases exaggerated their job demands. Job demands were not associated with case-referent status (16), or with mean diastolic
BP, only with systolic BP at work (18). If the cases exaggerated their responsibility and authority levels (decision latitude) due to the prevailing popular belief in
“executive stress”, then the cases would have underreported job strain, and the association between job strain
and BP would have been underestimated. Finally, there
was also no association between case-referent status (or
mean BP) and personality or the psychological measures that may have influenced reporting (16, 31).

Interaction between job strain and socioeconomic
status
Further research is needed to understand the mechanisms explaining the synergism between job strain and
lower SES in their association with BP. Several hypothesized mechanisms, such as increased levels of smoking, BMI, or job-related physical exertion among workers with lower SES, are not supported by the current
study, since these risk factors were controlled in the
analyses. Only one worksite contained evening or nightshift workers, and worksite was controlled in the analyses. However, the evening and nightshift workers had a
lower SES than the dayshift workers. Thus shift work
needs to be evaluated as one potential mechanism for
the combined impact of job strain and low SES on BP.
In addition, workers with a lower SES face many
other hazards that may interact with job strain, including cardiotoxic chemicals, physical stressors such as
noise (37, 38), other psychosocial workplace stressors
such as effort-reward imbalance (39), threat-avoidant
vigilant work (40) or job insecurity, life stressors such
as unemployment, crime, a “deteriorating urban physical and social environment” (37, p 247), social isolation (41), economic rewards that are low (42) and decreasing (43), psychological effects of such stressors (eg,
hostility) (44, 45), depression (46), “learned helplessness”
(47), lack of “active emotional coping” (48), unhealthy
behavior (eg, sedentary behavior), and poorer biological
conditions (eg, higher levels of fibrinogen) (49, 50).
In addition, the “broadly serviceable resources” (eg,
money, knowledge, power, prestige, social support, social network) available to a person with a higher SES
(51, p 87) may buffer the impact of job strain on the
cardiovascular system. For example, persons with a
higher SES have greater access to exercise facilities
(52), better housing, nutrition (53), and medical care
(54), greater workplace social support and social networks (41), and greater coping resources, such as hopefulness, planning, a sense of control (50), mastery, selfefficacy (49) and active learning (55).
Two alternative explanations for the observed interaction include measurement invalidity and construct
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invalidity. First, while there is evidence of the validity
of self-report measures of job decision latitude (7, 29,
36), job demands are inherently more subjective. Measures of demands may be too nonspecific with regard to
white-collar workers, and the concept of demands may
be too loosely defined (11) to capture “high performance demands and an internalized work ethic” (37, p
265). Thus the absence of an association between job
strain and BP among workers with a high SES may be
due to the limited validity of the Job Content Questionnaire in this group. Other instruments, such as the effort-reward imbalance questionnaire (39), may be needed to capture such demands better. However, since the
error variance of the job demands (and job decision latitude) scale did not significantly differ across the strata
of education (data not shown), there is no evidence that
the participants with a high SES found the scale items
less appropriate than did those with a low SES.
Second, while the job demands–control construct has
two main hypotheses (22)—strain and activity level—
only the strain hypothesis has typically been tested in
studies on cardiovascular disease. The strain hypothesis predicts that the combination of high demands and
low control (“job strain”) increases stress and the risk
of stress-related illnesses such as hypertension and cardiovascular disease (1, 2). However, the activity hypothesis predicts that job characteristics influence motivation and behavior. For example, low control–low demand situations (“passive” jobs) can result in reduced
ability to solve problems or tackle challenges (22, 56)
and feelings of depression (56). Conversely, when high
job demands are matched with greater job decision latitude (controllable stressors or “active” jobs), more active learning occurs and people can develop a broader
range of coping strategies (22), including possibly
healthier behavior. Therefore, even though employees
with a higher SES may face situations of job strain (job
demands greater than job control), they will also, in their
careers, probably have experienced “active” (high demand–high control) work and the psychological and
behavioral benefits such jobs provide. “Active” work
has been associated with a reduced risk of cardiovascular disease in some studies (57, 58). However, men in
“active” jobs did not have a reduced risk of mild hypertension in this sample (17), and the interaction between
job strain and SES was observed even after control for
some types of health behavior. Therefore, the current
data do not provide strong support for this alternative
hypothesis.

States, real income declined for the bottom two-thirds
of the population between 1979 and 1993 (63) and therefore contributed to the highest levels of income inequality in the past 60 years (64, 65). Strong effects of income inequality on various health outcomes, including
cardiovascular disease, have been observed (63, 66, 67).
Concurrently, work conditions are deteriorating.
Trends such as downsizing, outsourcing to low-wage
suppliers, increases in contingent and temporary work,
and new management systems such as “lean production”
appear to be intensifying work (68) and increasing the
prevalence of job strain. The United States now leads
the industrialized world in workhours per year per worker (69). In Europe, the prevalence of job strain increased
from 25% to 30% between 1991 and 1996 (70). Finally,
the proportion of United States employees belonging to
labor unions has declined sharply over the past 40 years,
a situation that is weakening an important source of influence over work conditions and the buffer to job stress
available to employees with a lower SES (71). “Among
many manual and service sector employees when individual-level control over one’s task or one’s career is
limited, social or collective alliances become vitally
important …., a culture of solidarity …., a strategy for
surviving on the job ….” (37, p 261).
These trends may be contributing to the increasing
inverse association between SES and cardiovascular disease (62, 72, 73). Synergism between job strain and low
SES in their effect on BP and cardiovascular disease, if
confirmed, would be one intervening mechanism explaining this increasing gradient and would imply the
need for greater prevention efforts, such as healthy job
redesign, among workers with a lower SES.

Economic and workplace trends
Current economic and workplace trends associated with
economic globalization appear to be having dramatic
interrelated effects on job strain, SES patterns, and the
health of groups with lower SES (59–62). In the United
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