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ABSTRACT

Background: Prior research concerning the effects of occu-
pational status and work stress on ambulatory blood pressure
(AmBP) has seldom included women, and available results are
equivocal. Moreover, the concurrent effects of occupational sta-
tus and job characteristics have rarely been investigated. Some
research is consistent with the idea that stressful job characteris-
tics are especially detrimental to health in low-status workers,
creating a cumulative physiological burden. Purpose: To exam-
ine the independent and joint effects of occupational status and
perceived demands, control, and social support at work on AmBP
and heart rate (HR) in women. Methods: One hundred eight
women (M age = 41.07 years) wore an AmBP monitor for 2 days
and completed a self-report assessment of job control, demands,
andsupport (i.e.,Kareseketal.’sJobContentQuestionnaire).Re-
sults: After controlling for numerous potential confounds, occu-
pational status and job characteristics accounted for 18% and
22% of the inter-individual variability in ambulatory systolic
blood pressure (SBP) and HR, respectively. Occupational status
independently predicted ambulatory cardiovascular activity and
interacted with job characteristics, particularly in relation to
SBP. Conclusions: Inasmuch as ambulatory SBP and HR predict
future cardiovascular morbidity and mortality, women with both
lower status occupations and stressful job circumstances could
be at disproportionately high cardiovascular risk.

(Ann Behav Med 2004, 28(1):62–73)

INTRODUCTION

Karasek (1) and Karasek and Theorell (2) proposed the job
strain model to explain how psychosocial aspects of the work
environment affect health and well-being. This framework
maintains that jobs involving high levels of psychological de-

mands (i.e., rapid pace and high volume of work) and low con-
trol (i.e., inadequate power to make decisions and opportunity to
use one’s skills) produce deleterious health effects. Of the two
components, some research suggests that low job control is
more toxic (e.g., 3–7; see 8 for a review), although a recent study
found stronger effects for job demands (9). Johnson and col-
leagues (10,11) extended the job strain model by demonstrating
that a lack of social support at work further increases health
risks. Although several updates and alternatives been proposed
(12), the job strain model remains a useful and dominant per-
spective in research concerning work characteristics and health.

Substantial research indicates that job strain precedes health
problems, most frequently cardiovascular morbidity and mortal-
ity (13,14). In part, job strain may influence cardiovascular health
by altering autonomic nervous system activity. Consistent with
this assertion, prior research shows that men with high-strain
jobs experience elevated ambulatory blood pressure (AmBP)
(15–18). The limited research examining job strain and AmBP in
women has yielded inconsistent results, with some studies find-
ing an association (e.g., 19,20) and others identifying no associa-
tion (e.g., 15,18). Given the conflicting findings, further research
concerning job strain and AmBP in women is needed.

Occupational status is also an important predictor of cardio-
vascular morbidity and mortality (6,7,21–24). The relationship
typically is inverse and linear, such that individuals with lower
status occupations evidence greater health risks than their coun-
terparts with higher status jobs. However, an interesting depar-
ture from this trend has been identified by several prior studies,
in which higher rates of coronary heart disease (CHD) morbid-
ity (25,26) and greater atherosclerotic burden (22) were ob-
served in women with clerical jobs (i.e., middle status), relative
to women with either blue collar (i.e., low status) or white collar
(i.e., high status) jobs.

Like job characteristics, occupational status might influ-
ence cardiovascular outcomes through effects on autonomic
nervous system activity. However, the few studies that have
tested this hypothesis have produced conflicting results.
Blumenthal et al. (19) found a positive association between oc-
cupational status and AmBP in untreated hypertensive individu-
als. In another study, the combination of a high-effort coping
style and high-status job predicted elevated AmBP in women
(27). The authors suggested that this pattern of results could re-
flect range restriction created by studying a high socioeconomic
status sample. Similarly, in Blumenthal et al.’s study (19), the
range of AmBP may have been restricted in the hypertensive
sample. Matthews et al. (28) found no difference in AmBP be-
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tween men and women with professional versus technical/cleri-
cal jobs but did find a difference for ambulatory heart rate
(AmHR). Finally, a recent study of British civil servants from
the Whitehall II cohort identified elevated ambulatory systolic
blood pressure (SBP) and AmHR in men and women employed
in low-status positions (i.e., clerical or office workers) relative to
middle- or high-status positions but only for readings taken dur-
ing morning hours (29). Given the conflicting evidence to date,
further research is needed to clarify the nature of the association
between occupational status and AmBP, preferably in studies in-
cluding participants with a range of occupational status and
blood pressure levels.

Although low occupational status and work stress often
co-occur (30,31), their joint effects on cardiovascular outcomes
have rarely been tested. Nonetheless, some research suggests
that the effects of job characteristics on cardiovascular morbid-
ity and mortality are more salient in lower status workers than in
higher status groups (e.g., 5,32,33). Furthermore, job strain
showed a stronger association with AmBP in men with lower
status jobs than in those with white collar jobs (34). Individuals
with low-status jobs and high work stress may experience a dou-
ble psychological and physiological burden, which could create
synergistic health effects. However, contradictory findings were
identified in the Western Electric Study (35), in which job con-
trol had a greater protective effect in white collar than in blue
collar workers. Two other studies found no interactive effect of
job strain and occupation class on CHD risk (7,9).

In summary, prior work indicates the utility of concurrently
examining occupational status and job characteristics in relation
to cardiovascular outcomes, and further research concerning
women is needed. Toward this goal, in this study we investigated
the independent and interactive effects of occupational status
and job demands, control, and support on AmBP and AmHR in
women working in white collar, clerical, and blue collar occupa-
tions. The study expands on prior research by including women
with a range of occupations, thereby avoiding the potential in-
fluence of range restriction. Furthermore, our study is the first,
to our knowledge, to examine the interactive effects of occupa-
tional status and the Karasek job strain parameters on AmBP in
women. Women wore an AmBP monitor during 2 working days
and completed diary entries assessing confounding influences
on cardiovascular activity. Consistent with most prior research,
we predicted that women with low-status occupations and more
stressful job situations would evidence higher levels of AmBP
and heart rate (HR), when compared with women working in
higher status occupations or those reporting less stressful work
environments. Furthermore, on the basis of the premise that hav-
ing a low-status occupation and high work stress would produce
synergistic effects, we also predicted that the effects of job char-
acteristics would be heightened in women with low-status occu-
pations compared with women in higher status occupations.

METHOD

Participants

Participants were 114 women recruited from a small mid-
western university town (Kent, OH) and surrounding communi-

ties. Participants self-referred for the study in response to flyers,
university e-mail announcements, or newspaper advertisements
stating that healthy women were needed for a study of blood
pressure and social experiences. Some participants learned
about the study through word of mouth. Eligibility was assessed
via phone interview. Participation was limited to women work-
ing at least 35 hr/week during daytime or evening hours and who
were married or living as if married. These exclusionary criteria
were adopted so that participants would be exposed to a variety
of social interactions and environmental demands throughout
the monitoring period. Additional eligibility criteria included
self-reported absence of cardiovascular diseases (CVDs) and no
use of medication with autonomic or other cardiovascular ef-
fects. Participants were paid $60 (n = 65) or $75 (n = 42) for
completing the experiment. (The incentive payment was in-
creased to expedite enrollment.) One participant was excluded
because she failed to complete the assessment of job character-
istics, and 5 participants were excluded because they provided
no usable AmBP or diary data, generally consequential to
equipment failure.

Procedure

Ambulatory monitoring took place during 2 consecutive
working days, on Mondays through Thursdays. Participants re-
ported to the laboratory on the first morning and received a de-
tailed explanation of the study protocol. After obtaining written
informed consent, a trained technician attached the AmBP mon-
itor and provided the participant with a handheld computer. The
technician then explained the use of the AmBP monitor and the
handheld computer, obtained test readings, and allowed the par-
ticipant to complete practice diary entries. Participants were
given a battery of questionnaires to be returned on the 2nd day of
monitoring. Participants wore the monitor throughout the period
of wakefulness the 1st day, removed it approximately 1 hr be-
fore bed, and returned to the laboratory the following morning
for the initiation of a 2nd day of monitoring. The monitor was
set to take automatic readings of SBP, diastolic blood pressure
(DBP), and HR at 45-min intervals (randomly varying from 40
to 50 min), to operate in dynamic inflation mode (i.e., to inflate
to 30 mmHg higher than the previous reading), and to perform
one retry if an erroneous reading was taken (e.g., as a result of
arm movement or insufficient inflation pressure). Participants
were kept blind to their readings. Participants were instructed to
complete a diary entry on the handheld computer immediately
following each cuff inflation. On the average, 30.5 readings (SD
= 10.28) were provided. Variable numbers of readings across
participants were due to a combination of factors, including par-
ticipant noncompliance (e.g., removing the monitor prior to the
proscribed time); monitor retries; equipment failure (e.g., in-
ability to download some of the monitor or electronic diary data
or unusable data); and varying work, sleep, and wake times.

Measures

Occupational status. Participants noted their job title and
were grouped according to employment in blue-collar (n = 18;
e.g., bakery worker; parking attendant, janitorial worker, cam-
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pus police) administrative support/clerical (n = 50; e.g., secre-
tary, administrative assistant, accounting clerk, receptionist,
data entry), or white collar (n = 40; e.g., associate professor, as-
sistant dean, lecturer, school psychologist, accountant) occupa-
tions, based on the Duncan socioeconomic index (SEI) (36).
Specifically, white collar workers comprised women with
Duncan SEI codes within the category “executive, administra-
tive, and managerial occupations”; clerical workers had Duncan
SEI codes within the category “technical, sales, and administra-
tive support,” subcategory “administrative support occupations,
including clerical”; and blue collar workers had Duncan SEI
codes within the category “service occupations.” If occupational
status was not apparent from the job title, the experimenter
sought further information about responsibilities and work con-
tent until status could be assigned.

Job characteristics. Psychological work demands, deci-
sional latitude, and support were assessed with Karasek et al.’s
(37) Job Content Questionnaire. The Psychological Demands
scale consists of nine items that measure work quantity, intellec-
tual demands, and time constraints. Decisional Latitude refers
to the degree to which the respondent can make decisions at
work, express creativity, and use and develop skills. Social Sup-
port at work is assessed with 11 items—5 describing supervisor
support and 6 related to coworker support.1 Substantial prior re-
search has demonstrated the reliability and validity of the Job
Content Questionnaire scales. In this sample, internal consis-
tency was calculated at α = .67 for Psychological Demands, α =
.81 for Decisional Latitude, and α = .85 for Social Support at
work. Henceforth, these scales are referred to as Demands, Con-
trol, and Support.

Health-related covariates. Weight and height were self-re-
ported, and body mass index (BMI) was calculated (weight in
kg/height in m2). Smoking status was evaluated with one item
asking if the participant regularly smokes at least one cigarette
per day. Participants self-reported their menopausal status and
whether they were using hormone replacement therapy (HRT)
or hormonal birth control (BCP).

Diary. Participants completed a 39-item diary entry after
each AmBP measurement. Most items were derived from the
Diary of Ambulatory Behavioral States (38). For this study, we
examined extraneous cardiovascular influences, including pos-
ture, physical activity, temperature, talking during the time of
cuff inflation, and exercise and substances ingested between
readings.2

Equipment

AmBP monitor. The Accutracker DX ambulatory monitor
(Suntech Medical Instruments, Raleigh, NC) was used to assess
AmBP and AmHR. The Accutracker DX uses a noninvasive,
auscultatory technique and has been shown to accurately assess
cardiovascular changes during simulated ambulatory assess-
ments with mental and physical stressors (39).

Palmtop computer. Participants were provided with a bat-
tery-operated handheld computer (Palm Inc., Santa Clara, CA),
containing a diary programmed using the Experience Sampling
Program (developed and distributed by Lisa Feldman-Barrett,
http://www2.bc.edu/~barretli/esp). Questions were presented in
a fixed order on a liquid crystal display, and participants re-
sponded by tapping the touch-sensitive screen with a stylus.
Each entry was automatically time stamped. Diary data were
downloaded to an IBM-compatible computer after each day of
monitoring.

Data Analysis

Consistent with criteria set forth by Marler et al. (40), blood
pressure and HR readings were considered artifactual and were
deleted if (a) SBP was < 70 or > 250, (b) DBP was < 45 or > 150,
(c) HR was < 40 or > 200, or (d) SBP/DBP < [1.065 + (.00125 ×
DBP)] or > 3. To ensure that all analyses were based on the same
data, if one reading was deleted for an entry, all cardiovascular
parameters were deleted. Using these decision rules, approxi-
mately 17% of the readings were omitted for each person, on av-
erage. Erroneous values were typically accompanied by
Accutracker error messages, indicating problems such as micro-
phone difficulties or arm movements. An average of 25.25 en-
tries remained for each participant (SD = 10.52) after artifactual
data were deleted.

Primary analyses were conducted through hierarchical lin-
ear modeling (HLM 5.04) (41,42), a procedure for examining
outcomes measured on repeated occasions, which does not re-
quire equal numbers or increments of measurements across par-
ticipants. SBP, DBP, and HR served as dependent variables in
separate analyses. HLM proceeds at multiple levels. Here, Level
1 analyses modeled a distinct regression equation for each par-
ticipant based on time-varying covariates (e.g., posture, exer-
cise, substances). At Level 2, between-subjects covariates (e.g.,
age, BMI) and predictors (i.e., occupation, job characteristics)
were used to predict systematic variability in the person-specific
parameters. Covariates were centered about the grand mean, and
time-varying covariates were treated as fixed, to reduce model
complexity and because the effects of these variables were not
expected to vary randomly. Maximum likelihood methods were
used to obtain the model solutions.

Initial analyses were performed to identify covariates.
Next, we tested models containing only the job environment
components, to examine their main effects on the outcomes and
the amount of variance accounted for by these effects. We then
tested models containing occupational status, job characteris-
tics, and their interactions. Previous research has identified dis-
tinct influences of the individual parameters of the job strain
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1One participant did not complete the Supervisor Support scale.
To avoid loss of data, the mean for the coworker support items was mul-
tiplied by 11 and used to represent total work support.

2The diary also included information about momentary psycho-
social experiences, including mood, task demands, and social interac-
tion. Consistent with prior research (28), women with lower status oc-
cupations tended to report more negative psychosocial experiences.
However, these variables were weakly predictive of cardiovascular out-
comes and therefore are not presented here.



model. Furthermore, power in this study was not sufficient to es-
timate models containing all main effects and two-, three-, and
four-way interactions forming the full factorial model for the ef-
fects of occupation, job strain, and isostrain. We therefore exam-
ined the distinct effects of Demands, Control, and Support.
These variables were centered about the grand mean (i.e., M = 0)
to reduce multicollinearity with interaction terms (43). Occupa-
tion was expressed with two dummy codes that compared the
clerical and white collar groups, respectively, to the blue collar
group (coded 0). Because of this coding scheme, in the full
model the job characteristic terms represent the simple main ef-
fects for the blue collar group. Interaction effects were created
by multiplying the occupational status dummy codes with each
job parameter.

RESULTS

Participant Characteristics
and Health-Related Covariates

The mean age of the women was 41.07 years (SD = 9.18)
and, consistent with the area demographics, the majority
(86.9%, n = 93) was White. Of the remainder, 11 women were
African American, 2 were Latina, 1 was Asian American, and 1
woman did not specify her race/ethnicity. The average BMI for
the sample was 27.12 (SD = 5.96). Thirteen percent of the sam-
ple reported smoking regularly (14 women), 31% (33 women)
were postmenopausal, 7.4% (8 women) were taking HRT, and
13% (14) were taking BCP.

Participant Characteristics
and Health-Related Variables According
to Job Characteristics and Occupation

One-way analyses of variance (ANOVAs) and chi-square
tests showed that the occupation groups did not differ according
to age, ethnicity, smoking status, menopausal status, or use of
HRT or BCP (all ps > .35). The occupation groups differed in
body mass, F(2, 105) = 4.09, p < .05. Women with blue collar jobs
(M = 30.68, SD = 6.14) had higher BMIs than women in clerical
(M=26.46,SD=4.91)orwhitecollar jobs (M=26.34,SD=6.60).
Correlation coefficients revealed no associations between the job
scales and age (ps > .15). Control and Support were significantly,
inversely related to BMI (rs = –.19 and –.34, respectively), and

Demands were related marginally to BMI (r = –.17, p < .10). The
job scales were not related to ethnicity, smoking status, meno-
pausal status, or use of HRT or BCP (all ps > .18).

Association Between Occupational Status
and Job Characteristics

Occupation group differences on the job scales were tested
through one-way ANOVAs. As shown in Table 1, the occupa-
tion groups differed on all parameters. Follow-up tests revealed
that the clerical group reported higher Demands when compared
with the blue collar group. The white collar group reported
higher Control than either the blue collar or clerical groups.
Finally, all groups differed according to work support, with the
white collar group reporting the highest support and the blue
collar group reporting the lowest support.

Covariates of HLM Models
for Ambulatory Cardiovascular Activity

Initial HLM models were run to select time-varying
covariates. Covariates that predicted one or more of the cardio-
vascular outcomes at p ≤ .10 in individual models were included
in all analyses; specifically, posture (two dummy codes: sitting
vs. lying down and standing, respectively), physical activity
(three dummy codes: none vs. some, moderate, and strenuous),
temperature comfort (two dummy codes: too hot and too cold),
talking at the time of cuff inflation, and exercise and consumption
of substances (caffeine, food, drugs) between readings. Con-
sumption of alcohol did not predict any of the outcomes. In addi-
tion to the Level 1 covariates, age, smoking status, BMI, meno-
pausal status, use of BCP, and use of HRT were examined as
possible covariates at Level 2.3 Each of these variables predicted
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3We did not include ethnicity in the covariates analyses because
the vast majority of participants were White and because neither occu-
pation status nor the job characteristics were related to ethnicity (p >
.25). Furthermore, 1 participant did not report her ethnicity. However,
there was a tendency for women with African American/Black ethnic-
ity to show higher ambulatory SBPs (p < .10) when compared with
women of other ethnicities (but not DBPs or HRs, p > .4). To ensure that
this trend did not bias the results, we ran the primary SBP model con-
trolling for ethnicity and found that the results were not substantively
different from the uncontrolled analysis.

TABLE 1
Results of the One-Way Analyses of Variance Examining Differences in the Work Environment Variables

Among the Occupation Groups

Blue-Collara Clericalb White-Collarc Total Sampled

Variable M SD M SD M SD M SD F(2, 105)

Demand 22.83a 3.50 25.54b 4.17 24.45a,b 3.18 24.69 3.81 3.61*
Control 27.43a 4.57 28.70a 3.60 34.88b 3.71 30.78 4.95 37.57**
Support 27.57a 3.92 31.59b 5.58 33.88c 4.98 31.77 5.51 9.48**

Note. Means with different subscripts differ according to Fisher’s Least Significance Difference Test at p < .05.
an = 18. bn = 50. cn =  40. dN = 108.
*p < .05. **p < .01.



one or more of the cardiovascular outcomes in preliminary analy-
ses, and therefore all were included as between- subjects
covariates.Table2shows the resultsof theanalyses that regressed
the cardiovascular outcomes on all selected covariates, simulta-
neously. Chi-square tests indicated substantial remaining
interindividual variability for each ambulatory cardiovascular
outcome after controlling for the covariates (all ps < .0001), sug-
gesting the utility of examining further predictors.

Job Characteristics and Ambulatory
Cardiovascular Activity

Initial models examined the main effects of job characteris-
tics on AmBP and HR. After controlling for covariates, the job
characteristics accounted for 4.6% of the interindividual vari-
ability in SBP, χ2(3, N = 108) = 4.47, p > .10. An examination of
individual effects showed that Support predicted SBP, γ = –0.67,
SE = 0.32, t(98) = –2.09, p < .05, but the effects of Demands, γ =
0.15, SE = 0.43, t(98) = 0.36, and Control, γ = 0.41, SE = 0.38,
t(98) = 1.09, were nonsignificant. The job characteristics ex-
plained 3.4% of the interindividual variance for DBP, χ2(3, N =
108) = 2.93, p > .10, and none of the individual job parameter ef-
fects were statistically significant, with γ = 0.07, SE = 0.32, t(98)
= 0.32 for Demands; γ = 0.24, SE = 0.18, t(98) = 1.35 for Con-
trol; and γ = –0.23, SE = 0.16, t(98) = 1.42 for Support. The anal-
ysis for HR showed that the job scales explained 10.2%, a signif-

icant amount, of the variability in HR between participants,
χ2(3, N = 108) = 10.37, p < .05. Demands, γ = 0.56, SE = 0.25,
t(98) = 2.28, and Support, γ = –0.36, SE = 0.17, t(98) = –2.12,
were statistically significant predictors (p < .05), and Control, γ
= 0.33, SE = 0.19, t(98) = 1.76, p < .10, was a marginally signifi-
cant predictor of this outcome.

Occupational Status, Job Characteristics,
and Ambulatory Cardiovascular Activity

Table 3 displays the results of the analyses that contained all
occupational status and job characteristics main effects and all
two-way interaction terms. After controlling for the covariates,
the occupation and job variables accounted for 18% of the vari-
ability between participants in SBP, χ2(11, N = 108) = 19.38, p =
.05. Consistent with predictions, the clerical and white collar
groups evidenced lower AmBP levels when compared with the
blue collar group. The effects for Demands, Control, and Support
were all significant for the blue collar group, in the expected di-
rection. Furthermore, all interaction effects were statistically sig-
nificant, which indicates that these effects differed for the clerical
and white collar groups, relative to the blue collar group. Figure 1
depicts the interaction between Demands and occupational status
in predicting SBP. Increasing Demand was associated with aug-
mented SBP levels in the blue collar group but had little effect on
SBP in the clerical or white collar groups. As shown in Figure 2,
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TABLE 2
Effects of Time-Invariant and Time-Varying Covariates on Ambulatory Cardiovascular Activity

Systolic Blood Pressure Diastolic Blood Pressure Heart Rate

Variable Coefficient SE t Coefficient SE t Coefficient SE t

Intercept 132.11 1.58 83.58**** 78.23 0.77 101.45**** 82.56 1.00 82.72****

Age (1-year increase)a 0.07 0.19 0.70 0.23 0.09 2.55** –0.12 0.13 –0.91
Body mass index (kg/m2)a 0.64 0.26 2.49** 0.61 0.14 4.38**** 0.28 0.18 1.62
Current smokera –4.56 4.09 –1.12 –2.43 2.52 –0.96 2.53 2.84 0.89
Postmenopausala 3.82 4.28 0.89 2.68 1.93 1.39 1.65 2.53 0.65
Taking HRTa –9.74 6.15 –1.58 –5.43 2.88 –1.88 –3.40 2.81 –1.21
Taking BCPa –0.14 4.36 –0.03 –0.53 2.30 –0.23 0.46 3.01 0.15
Caffeineb –2.95 1.24 –2.38** –0.25 0.70 –0.35 –0.29 0.80 –0.36
Foodb 2.48 0.99 2.50** 0.49 0.58 0.84 0.71 0.64 1.12
Drugsb –3.39 2.64 –1.27 1.22 1.71 0.71 1.22 1.82 0.67
Exerciseb –0.95 2.61 –0.37 0.72 1.22 0.59 2.82 1.61 1.75*

Talkingc 0.20 0.83 0.25 0.93 0.52 1.78* 0.09 0.54 0.16
Too coldc 0.47 1.87 0.25 –0.76 1.15 –0.66 –2.35 1.13 –2.08**

Too hotc 1.50 1.95 0.77 0.05 1.10 0.04 4.55 1.20 3.79****

Posturec

Lying down vs. sitting 0.10 2.27 0.04 –3.21 1.62 –1.98** –1.56 1.37 –1.14
Standing vs. sitting 2.15 1.13 1.90* 1.89 0.60 3.14*** 4.82 0.80 6.01****

Physical activityc

Some vs. no activity 1.01 1.10 0.92 0.58 0.58 0.99 1.34 0.74 1.81*

Moderate vs. no activity –0.76 1.56 –0.49 0.20 0.98 0.20 4.63 1.23 3.77****

Strenuous vs. no activity 4.52 4.80 0.94 4.20 3.04 1.38 7.62 3.80 2.01**

Note. Estimates are unstandardized partial regression coefficients and standard errors. All covariates were centered about the sample mean prior to entry
and were entered simultaneously. N = 108. HRT = hormone replacement therapy; BCP = birth control pills.

aCovariate entered at Level 2. bBetween readings. cAt time of cuff inflation.
*p < .10. **p < .05. ***p <  .01. ****p < .0001.



Control was inversely associated with SBP levels in blue collar
workers, whereas Control had a slight augmenting effect on SBP
levels in the clerical group and very little effect in the white collar
group.AsshowninFigure3, increasingworkSupporthadanaug-
menting effect on SBP in the blue collar group; higher Support
was associated with lower SBPs in the white collar group and, to a
lesser extent, in the clerical group.

The model examining the joint effects of job characteristics
and occupation accounted for only 8% of the between-subjects
variability in DBP, χ2(11, N = 108) = 8.36, p > .10, after control-

ling for covariates. As shown in Table 3, none of the individual
effects were statistically significant.

The aggregate occupation and job characteristics model ac-
counted for 22% of the inter individual variance in AmHR lev-
els, χ2(11, N = 108) = 25.08, p > .01, after controlling for
covariates. Examination of individual effects, shown in Table 3,
indicated that white collar workers displayed significantly lower
AmHRs when compared with blue collar workers. The effect of
Demand was marginally significant for the blue collar group,
with higher Demand predicting higher HR. The interactions
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TABLE 3
HLM Analyses Examining the Effects of Occupational Status, the Psychosocial Work

Environment Scales, and Their Interactions, on Ambulatory Cardiovascular Activity

Systolic Blood Pressure Diastolic Blood Pressure Heart Rate

Variable Coefficient SE t Coefficient SE t Coefficient SE t

Intercept 147.33 2.83 52.00*** 80.58 3.04 26.538*** 88.19 3.30 26.75***
Clerical (vs. blue collar) –15.53 4.21 –3.69*** –3.11 3.34 –0.93 –3.49 3.94 –0.89
White collar (vs. blue collar) –12.88 4.39 –2.93*** –1.81 3.68 –0.49 –10.80 3.77 –2.86***
Demands 3.14 0.95 3.33*** 0.07 0.56 0.13 1.22 0.63 1.94*
Control –1.98 0.71 –2.78*** –0.41 0.30 –1.36 –0.18 0.44 –0.42
Support 2.19 0.59 3.69*** 0.35 0.49 0.71 0.09 0.56 0.17
Demands × Clerical (vs. blue collar) –2.91 1.22 –2.39*** 0.10 0.65 0.15 –0.57 0.83 –0.67
Demands × White Collar (vs. blue collar) –2.48 1.27 –1.95** 0.25 0.69 0.36 –0.72 0.72 –1.00
Control × Clerical (vs. blue collar) 3.24 1.07 3.02*** 0.82 0.50 1.65 1.29 0.72 1.79*
Control × White Collar (vs. blue collar) 2.13 1.08 1.97** 0.57 0.52 1.10 0.95 0.57 1.68*
Support × Clerical (vs. blue collar) –2.70 0.71 –3.78*** –0.63 0.54 –1.16 –0.55 0.64 –0.85
Support × White Collar (vs. blue collar) –3.29 0.77 –4.25*** –0.48 0.56 –0.86 –0.11 0.60 –0.19

Note. Blue collar is the comparison group, so that the intercept represents the average level of the outcome for the blue collar group, the occupation dummy
codes examine the difference between the clerical, or white collar, and blue collar groups, and the Demands, Control, and Support terms represent simple main
effects for the blue collar group. The interaction terms compare the effects of the job characteristics for the clerical or white collar group, with those for the blue
collar group. HLM =  hierarchical linear modeling.

*p < .10. **p < .05. ***p < .01.

FIGURE 1 Average ambulatory systolic blood pressure (SBP) according to occupational status and perceived job demands. SBP estimates are ad-
justed for all covariates included in the model. Demand is depicted at the sample mean, and at 1 SD above and below the sample mean, for illustrative
purposes.



comparing the effects of Control for the blue collar versus cleri-
cal and white collar workers were both marginally significant.
Control had little effect on HR in the blue collar group and was
positively associated with HR in the other groups.

Do the Effects of Work Environment and
Occupational Status Vary According to Location?

Secondary HLM analyses included a time-varying,
dummy-coded variable specifying location at the time of cuff in-
flation as work versus elsewhere (generally, home). When in-
cluded in the covariates-only models, location was marginally
predictive of SBP, γ = 2.09, SE = 1.12, t(107) = 1.89, p < .10, and

SBP tended to be lower at work. Location did not predict DBP, γ =
0.70, SE = 0.55, t(107) = 1.26, or HR, γ = 1.00, SE = 0.70, t(107) =
1.42. We then examined whether the effects of job characteristics
differed according to location. In no case did Demands, Control,
or Support interact with location to predict AmBP or HR (all ps >
.25), and results of these analyses were not substantively different
from those that did not include location. Finally, we tested models
that included all occupation and job characteristic effects predict-
ing average AmBP or HR (i.e., intercepts) and predicting the
slopefor theassociationbetweenlocationandambulatorycardio-
vascular activity. We did not test the three-way interactions
among occupation, job characteristics, and location, because of
inadequate sample size. In these models, neither location (both ps
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FIGURE 3 Average ambulatory systolic blood pressure (SBP) according to occupational status and work support. SBP estimates are adjusted for
all covariates included in the model. Support is depicted at the sample mean, and at 1 SD above and below the sample mean, for illustrative purposes.

FIGURE 2 Average ambulatory systolic blood pressure (SBP) according to occupational status and perceived job control. SBP estimates are ad-
justed for all covariates included in the model. Control is depicted at the sample mean, and at 1 SD above and below the sample mean, for illustrative
purposes.



> .60) nor the interaction of location with occupation or job char-
acteristics (all ps > .15) predicted SBP or DBP. Furthermore, the
results of these analyses did not differ from those that did not ac-
count for location.LocationalsodidnotpredictAmHRlevels (p>
.15).However, theeffectof locationonHRdiffered forbluecollar
andclericalparticipants (p<.01).Onaverage,bluecollarworkers
had AmHRs that were 2.88 beats per minute (bpm) lower when
measured somewhere other than work, whereas clerical workers’
AmHRs were 3.4 bpm higher when somewhere other than work.
The occupation and Occupation × Job Characteristic interaction
effects for HR were not substantively different from those in the
model that did not include location.

Could Results Reflect a Blood-Pressure-Related
Sampling Bias?

Given the relatively high blood pressures observed in this
study, and because we did not restrict entry based on resting
blood pressure, one might argue that observed effects could re-
flect a sampling bias resulting in the disproportionate presence
of untreated hypertension in low-occupation or highly stressed
workers. To eliminate this possibility, we examined occupation
and job strain in relation to the average of a series of sitting and
standing blood pressure readings taken on the morning of each
monitoring day from 103 of the participants. The occupation
groups differed marginally according to SBP, F(2, 100) = 2.43, p
< .10, but did not differ according to DBP, F(2, 100) = 1.57.
Higher job control was marginally, inversely associated with
SBP (r = –.16) and significantly related to DBP (r = –.28), but no
other job strain effects were observed. When we repeated the
full-model AmBP analyses controlling for the average labora-
tory SBP and DBP values, the pattern of observed results was
quite similar to that from the uncontrolled analyses, with the ex-
ception that the effects of Control for the blue collar group, and
the interaction comparing the effect of Control in blue collar
versus clerical workers, were no longer significant (with ps = .12
and .13, respectively). One woman in the blue collar group was
found to have particularly high SBP (i.e., average sitting and
standing SBPs across both days = 193 mmHg). To ensure that
her data did not disproportionately influence the results, we also
repeated the analyses excluding this participant and found that
the statistical findings were unchanged from the original analy-
ses. Notably, the average ambulatory SBP for this participant
throughout the 2 days was 136 mmHg, and it is therefore possi-
ble that her clinic BP measures were inaccurate. Furthermore,
when this participant was excluded from the analysis, the
ANOVA testing the difference in clinic SBP for the occupation
groups was nonsignificant, F(2, 99) = 0.90.

DISCUSSION

In combination, measures of occupational status and job
characteristics predicted ambulatory cardiovascular activity in
women, accounting for 18% of the interindividual variance in
SBP and 22% of the interindividual variance in HR. These ef-
fects emerged after controlling for numerous potential con-
founds, including BMI and smoking status, as well as momen-
tary fluctuations in posture and physical activity. Consistent

with prior research suggesting an occupational gradient in car-
diovascular risk for women (e.g., 6,7,22), having a lower status
occupation predicted higher ambulatory cardiovascular activity.
Furthermore, these effects were large in this sample, with white
collar and clerical workers having average SBPs that were
nearly 13 and 16 mmHg lower and HRs that were nearly 11 and
3.5 bpm lower, respectively, when compared with blue collar
workers. Some previous studies did not find the expected in-
verse association between occupational status and AmBP
(5,27,28), and one study found an inverse association during
morning hours only (29). It is possible that these results were in-
fluenced by a restriction of range in BP (5) or occupation
(27–29). We consistently observed very little difference in
AmBP between the upper and middle-status occupation groups.
As in a prior study (28), women with white collar occupations
did appear to have lower HRs than women in clerical positions,
and a secondary analysis revealed that this was a statistically
significant difference, γ = 4.93, SE = 2.50, t(98) = 1.97, p < .05.
It is important to note that the effects of occupation emerged in
models that controlled for job characteristics. Marmot et al. (6)
suggested that work control may explain much of the occupa-
tion gradient in cardiovascular health. However, as Wamala et
al. (7) noted, job control may be more closely confounded with
social status in men than in women. Women in low-status jobs
are likely to many face occupational obstacles beyond poor job
control, as we discuss next.

When examined independent of occupation, job character-
istics were weak predictors of AmBP. These findings are consis-
tent with other prior studies that have identified no effect of job
strain on AmBP in women (15,18), although other studies have
found an association (e.g., 19). It is important to note that previ-
ous studies have typically used a categorical assessment of job
strain, in which demands and control were dichotomized and
combined, consistent with the model advanced by Karasek and
Theorell (2). In contrast, we examined continuous individual pa-
rameters, and therefore our results cannot be considered directly
comparative. However, exploratory analyses found that multi-
plicative interaction effects representing job strain (Demands ×
Control) and isostrain (Demands × Control × Support) also did
not predict AmBP.4 There are a number of reasons that the job
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4Based on reviewer recommendations, we explored the effects of
“job strain” (i.e., the Demands × Control interaction effect [2]) and
“isostrain” (i.e., the three-way interaction of Demands, Control, and
Support [10]) on ambulatory BP and HR. Prior to creating multipli-
cative interaction terms, all scales were converted to z scores and
recoded so that a higher score would represent a more stressful job situ-
ation. Because all possible two-way interaction terms must be exam-
ined to test a three-way interaction, these analyses also included effects
for the interactions of demands by support and control by support.
Stepwise analyses were performed, in which we first added the main ef-
fects of Demands, Control, and Support to the regression equation that
contained covariates, then added the two-way interaction terms (Con-
trol × Demands, Control × Support, Support × Demands) and examined
both the change in variance accounted for, and the individual inter-
action effects, and finally added the three-way interaction effect and
examined the change in variance and significance of the term. Neither
the two-way interaction effects nor the three-way interaction added



strain model could be less relevant to explaining AmBP, and
possibly other cardiovascular outcomes, in women than in men.
In women, the impact of increasing demands might not be buf-
fered in the presence of higher control, in part because their level
of control is lower than that of men in comparable jobs (e.g.,
44–46). In addition, women still complete the majority of do-
mestic work even in dual-earner households (47,48), and the ef-
fects of high demands at work and at home could be synergistic
(46,49). Indeed, a prior study showed that in combination, work
and family responsibilities had a larger impact on ambulatory
BP than did either factor alone (but this effect emerged only for
women with a university degree; 50). Because we did not ad-
minister a comparable assessment of home stress, we cannot test
the combined effects of home and work stress in our study.5

Interaction effects emerged between occupational status
and job strain in predicting ambulatory SBP, and the job strain
parameters did significantly affect AmBP in the blue collar
group. Hence, in line with our predictions, the effects of stress-
ful work environments were especially salient in the low-status
occupation group. Specifically, for blue collar workers, a 1 SD
increase in demands, or a 1 SD decrease in control, would pre-
dict a 12-mmHg or 10-mmHg increase in SBP, respectively. The
finding that job characteristics have stronger effects in lower sta-
tus workers is consistent with some (e.g., 5,32,35), but not all
(e.g., 7,9), prior research. However, to our knowledge, ours is
the first study that examined the interactive effects of occupa-
tional status and the Karasek job strain parameters on women’s
AmBP. It seems intuitive that low occupational status and stress-
ful work characteristics would exhibit synergistic effects, be-
cause individuals with low-status jobs may have a number of
work stressors beyond the characteristics examined here, in-
cluding gender discrimination, physical aspects of the working
environment, lower salary, and poorer benefits. Asymmetry be-
tween personal efforts (psychological and physical demands)
and rewards (salary, esteem, and job security) is thought to in-
crease risk for CHD according to another prominent model of
work strain, the effort–reward imbalance model (51). Moreover,
especially for women, low status is likely to transcend the work

environment to home and other contexts. Thus, women in
low-status jobs may experience repeated stressors from multiple
sources, which, when occurring in combination with work
stress, could produce a cumulative physiological burden,
thereby fostering detrimental health outcomes, consistent with
the allostatic load hypothesis (e.g., 52). Conversely, if available,
resources such as control could buffer the effects of other stress-
ors present in individuals with low social status (as suggested by
Figure 2) although, as observed in this study, status and re-
sources are often confounded (see 53 for a related review and
discussion).

Not only did blue collar workers show the greatest augmen-
tation of SBP with higher demands and lower control, but they
also failed to benefit from work support and, in fact, evidenced a
positive association between SBP and work support. The rea-
sons for this directional effect are unclear, and they contrast with
those from a prior study showing that low work support was
most detrimental for cardiovascular morbidity and mortality in
blue collar workers (5). However, that study concerned a differ-
ent endpoint and involved a sample of Swedish men, and there-
fore the results are not directly comparable. Perhaps female blue
collar workers increased their productivity in response to the
perception of a supportive environment, resulting in greater car-
diac demand. Productivity in at least some members of this
group is likely to have a physical component, although these ef-
fects should have been accounted for through statistical control
for posture and activity. It is also important to note that blue col-
lar workers had lower levels of support when compared with the
other participants; indeed, all but 3 had work support scores be-
low the sample mean. Overall, the results suggest that examin-
ing either occupational status or work environment in isolation
may underestimate associated risk; researchers may gain more
information about cardiovascular outcomes by examining the
concurrent impact of these variables.

To place our findings in a clinical context, a growing body
of research suggests that AmBP measures are superior to casual
measures as predictors of cardiovascular morbidity and mortal-
ity (54,55). In this study, occupation predicted both SBP and
HR, and job characteristics predicted SBP and HR in blue collar
workers, but there were no effects for DBP. DBP has long been
thought to have the greatest prognostic value for cardiovascular
morbidity and mortality, but more recent evidence suggests the
significance of SBP, particularly in conjunction with aging. The
latest report from the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of Blood Pressure (in
2003) states that, in persons over 50, having a SBP over 140
mmHg is a more important cardiovascular risk factor than ele-
vated DBP (56). Furthermore, a recent meta-analysis of 61 pro-
spective studies suggested that each increment of 20 mmHg for
SBP above 115 mmHg predicts a twofold increased risk for car-
diovascular mortality for individuals aged 40 through 69 (57).
Other research provides evidence of the relationship among job
strain, AmBP, and structural changes in the heart signaling sus-
tained exposure to elevated blood press (i.e., increased left ven-
tricular mass [58]), further demonstrating the particular deleteri-
ous implications of these findings for the low-status workers.
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significantly to model fit for SBP, DBP, or HR (all ps > .27). An exami-
nation of individual interaction terms showed a significant effect of De-
mands × Support in predicting SBP, γ = 2.37, SE = 1.21, t(95) = 1.96, p
< .05, indicating that people with high demands and low support have
higher AmBPs. However, this effect became nonsignificant when
isostrain was included in the model. Demands × Support, γ = –4.21, SE
= 2.51, t(94) = –1.68, and Support × Control, γ = –4.26, SE = 2.67, t(94)
= –1.66, were marginally significant predictors of HR (p < .10), but
only after isostrain was added to the model. Notably, these effects were
in the opposite direction than one might predict from the job strain
model. These analyses are available from Linda C. Gallo on request.
Power was not sufficient to accurately estimate models containing the
job characteristic and occupation main effects and their two-, three-,
and four-way interaction terms.

5Participants did specify the number of children under 18 living in
the home. Because prior research has shown an association between
number of children and AmBP in women (50), we repeated the analy-
ses controlling for this variable; results were not altered.



Finally, although the prognostic meaning of elevated HR has not
been definitively established, some research suggests that
higher HR predicts cardiovascular mortality in middle-aged or
elderly normotensive individuals (59,60).

It is also notable that many women in this study had clinic
SBP values in the normal range but ambulatory SBP values in
the hypertensive range. Specifically, among the 103 women for
whom clinic readings were available, approximately 39% of
blue collar workers, 28% of clerical workers, and 21% of white
collar workers had unadjusted ambulatory SBPs but not clinic
SBPs, greater than or equal to 140 mmHg (the cutoff for a hy-
pertension diagnosis [56]). Participants were less likely to show
a discrepancy for DBP, with 6% of blue collar workers, 11% of
clerical workers, and 5% of white collar workers having ambu-
latory but not clinic DBPs > 90 mmHg. The likelihood of incon-
gruity between clinic and ambulatory SBP suggests the im-
portance of more widespread utilization of workplace blood
pressure surveillance (61)—particularly in higher risk workers,
such as those with lower status or highly stressful jobs.

These results should be interpreted in light of several limi-
tations. First, because the data are cross-sectional, we cannot be
certain of the direction of the association between job strain and
AmBP. However, job strain was assessed at the beginning of the
experiment, and participants were kept blind to their readings.
Hence, we can be reasonably sure that having higher AmBP did
not influence work perceptions. Second, we used a convenience
sample, obtained through volunteer recruitment procedures, and
we therefore cannot ensure that the resulting sample is represen-
tative. The sample is also relatively small, particularly for the
blue collar group, and effect sizes presented here should be
viewed tentatively. The sample is also ethnically homogeneous,
potentially limiting the generalizability of the results. Research
incorporating more diverse, and larger samples, preferably us-
ing a probability sampling technique, would increase confi-
dence in these findings. Future studies should also incorporate
both men and women in order to consider potential gender dif-
ferences in the observed associations. Including participants
with a range of blood pressure levels is a strength of this re-
search inasmuch it minimizes range restriction, but it would be
beneficial to repeat these methods in a larger sample with occu-
pation groups matched for blood pressure. However, because
occupation and hypertension status are inherently confounded,
this goal would be difficult to accomplish without potentially in-
troducing another systematic bias (e.g., a group of particularly
“healthy” blue collar workers).

A limitation of these findings is that we did not administer a
comparable assessment of home stress (i.e., demands, control,
and support). This could be especially important for women,
who maintain disproportionate obligations (i.e., child care,
housework) outside of the workplace (e.g., 62,63). Future re-
search might explore the concurrent effects of social status,
work stress, and home stress by assessing these characteristics
in a more detailed manner and evaluating AmBP across both
work and nonwork days. Our study also assessed only limited
aspects of work environment; other factors are clearly impor-
tant. For example, a recent study showed that both job strain and

an imbalance between efforts and rewards exhibited additive ef-
fects in predicting CVD risk (64), and another study found that
both models were about equally predictive of CVD mortality
when examined within the same working cohort (65). Thus, an
expanded evaluation of the psychosocial work environment
would be an important extension of this research. Additional re-
search has shown that work hours are a primary predictor of
CVD risk, with shift work creating a 40% increase in risk (66).
Furthermore, irregular or shift-based working hours may be
more common in lower status occupations. In this study, all par-
ticipants worked day or evening shifts, but we did not collect de-
tailed information concerning work hours. Future research
might evaluate degree to which working hours contribute to, or
modify, the observed associations.

Finally, a limitation to our diary procedure should be noted.
Specifically, we did not assess cigarette smoking between read-
ings, separate from other drugs. Participants were told by re-
search assistants to include nicotine in the “drug” category;
however, we were unable to control specifically for momentary
nicotine consumption. Because smoking status was not related
to occupation or job stress, we do not feel that this had a substan-
tial effect on the results.

In summary, this study contributes to prior research by ex-
amining the concurrent impact of occupational status and work
environment on AmBP in women. Women working in low-sta-
tus occupations evidenced higher ambulatory cardiovascular ac-
tivity compared with women in higher status jobs. Furthermore,
women in lower status occupations were especially vulnerable
to the effects of high job demands and low control, and they did
not benefit from work support. Inasmuch as ambulatory SBP
and HR are predictive of future cardiovascular morbidity and
mortality, this study adds to findings suggesting that women
with lower status occupations and greater work stress are at risk
for future cardiovascular health problems.
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