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Abstract

Introduction Masked hypertension, i.e., normal clinic
blood pressure but elevated blood pressure during normal
daily activities as measured by ambulatory monitoring, is a
common problem and a serious cardiovascular risk factor.
Given previously reported associations between work
stressors and ambulatory blood pressure, an inquiry into the
relationship between work stressors and masked hyper-
tension is warranted.

Objective To assess the relationship between working
conditions and masked hypertension.

Design Cross-sectional study.

Setting Hospital and home care employers in New York
City.

Study Participants Forty-five male and 119 female hos-
pital and home care employee volunteers wore an ambu-
latory blood pressure monitor during working hours.
Main Outcome Measures Masked hypertension was
defined as work systolic ambulatory blood pressure
>135 mmHg or diastolic ambulatory blood pressure
>85 mmHg, and casual blood pressure <140/90 mmHg
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with no use of antihypertensive medications. Associations
between work stressors and masked hypertension were
tested by multiple logistic regression.

Results Masked hypertension, observed in 24.0 % of
males and 17.6 % of females with normal casual office
obtained blood pressure, was associated with evening,
night or rotating shiftwork (odds ratio (OR) 8.25, 95 %
confidence interval (CI) 2.11-40.31) and with the combi-
nation of job strain and effort-reward imbalance (OR 2.97,
95 % CI 1.02-8.60) after controlling for age. Associations
remained substantial, and statistically significant for shift-
work, after individual adjustment for each of 10 potential
confounders. Masked hypertension was not associated with
total weekly work hours.

Conclusions Masked hypertension is a significant indi-
vidual and public health concern. Additional research is
needed to clarify the role of work-related risk factors in the
development of masked hypertension, and to develop an
appropriate clinical and public health strategy for diagno-
sis, treatment and prevention.

Keywords Job stress - Job strain - Effort-reward
imbalance - Shiftwork - Work hours -
Masked hypertension - Ambulatory blood pressure

1 Introduction

Ambulatory blood pressure monitoring (ABPM) allows for
the identification of masked hypertension (MH), also
referred to as “occult” hypertension [1, 2]. It is charac-
terized by elevated ambulatory blood pressure (ABP)
during daily activities, such as work, but normal BP when
measured in a clinician’s office. In general population
studies, the prevalence of MH among people with normal
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clinic obtained BP ranges from 10 to 30 % [3-6]. People
with MH often demonstrate target organ damage, such as
increased left ventricular mass [4-8] increased carotid
plaque burden [7, 9], and increased risk of developing
cardiovascular disease (CVD) [4, 5, 10-12] at rates and
severity similar to patients with a diagnosis of
hypertension.

To date there have been five published studies that have
examined work-related risk factors for MH. Gallo et al.
found that MH (based on elevated 48-h systolic ABP on
workdays) was more common in blue collar and clerical
female workers than among higher status white-collar
female workers, though this relationship was not observed
for diastolic ABP [13]. Yamasue et al. found that male
managerial employees had significantly higher awake ABP
(and MH, personal communication, K. Yamasue) than that
of retirees of similar age [14]. Belkic et al. examined the
psychosocial work stressor “job strain” (high job demands
combined with low job control), using a slightly different
definition of MH (>85 mmHg diastolic work ABP), and
found an association between job strain and MH among
men in the Cornell Work Site BP Study, conducted in New
York City, however, the association did not reach statistical
significance (prevalence ratio 1.55) [1, 2]. Konstantopou-
lou et al. found that “high work responsibilities” were
more prevalent in patients with masked hypertensions than
those with white-coat hypertension [15]. In a population of
white-collar workers, Trudel et al. [16] found that MH was
associated with both higher job demands and higher job
control among men (thus no association with “job strain”),
and no significant associations with job strain were
observed for women.

A recent meta-analysis of 22 studies of job strain indi-
cates a significant positive association with systolic
(3.4 mmHg) and diastolic (2.1 mmHg) ABP [17]. Some
studies have also reported associations between BP eleva-
tion and long work hours [18, 19], high work efforts
combined with low rewards [20, 21] and “threat-avoidant
vigilance” [22, 23] while there is less evidence for a role
for shift work [24-26]. Therefore, we hypothesized that job
strain, effort-reward imbalance, the combination of job
strain and effort-reward imbalance, shiftwork and long
work hours would be associated with masked hypertension.

2 Methods
2.1 Subjects
Participants were volunteers for a study of working con-
ditions and ambulatory blood pressure recruited from

employees at a hospital and from home health care agen-
cies in New York City between September 2004 and
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September 2005. Individuals were eligible for the study if
they were working full-time at the hospital or as a home
health aide for at least one year and were at least 18 years
of age. Participants completed a questionnaire, then wore
an ABP monitor throughout a work-shift, and were com-
pensated $25 for participation. While participants were
encouraged to wear the monitor for 24 h, they were only
required to wear the monitor during work hours. Ten home
health care workers and 175 hospital workers wore an ABP
monitor on a work shift. The median time between return
of the completed survey and ABP monitor placement was
28 days (range 0-147 days). All participants were still
employed at the same site when the questionnaires were
returned. All research procedures were approved by the
hospital’s Institutional Review Board, and all participants
provided informed consent.

2.2 Procedures

On the day of the scheduled ABPM, hospital workers met
with a trained technician either at the study office (near the
hospital) or at the participant’s work location in the hos-
pital. Home care workers met the technician either at their
agency or the technician traveled to the worker’s home to
place the monitor. Prior to the start of their work shift,
participants had their BP measured in a seated position
with their arm supported at the level of their heart. Three
measurements with the Spacelabs 90207 or 90217 ABPM
were done simultaneously with an upper arm aneroid
sphygmomanometer; a Y-connector facilitated the simul-
taneous measurements. Cuff size was determined by upper
arm circumference. For ABPM readings to be considered
acceptable for utilization in the study, the average of the
three readings was required to be within +10 mmHg of the
systolic BP [27] heard on sphygmomanometry. The
Spacelabs monitor calibration readings served as the clinic
or “casual” BP readings for the study.

The ABP monitor was programmed to take BP readings
automatically every 30 min. Participants were asked to
complete a short diary in which they recorded the time of
the reading, their location (work or home), and their
position (standing, sitting, or lying down). This information
was used to calculate averages for both systolic and dia-
stolic ABP by location. Participants returned the monitor
and diary to the study office after their shift or the next day.

2.3 Psychosocial Questionnaire

Before BP measurement, participants completed Karasek’s
Job Content Questionnaire, assessing psychological job
demands and job decision latitude [28, 29] and Siegrist’s
Effort-Reward Imbalance questionnaire [30]. Physical job
demands was measured by a single item (job requires lots
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of physical effort). In the previously conducted Work Site
BP Study, the 3-year test-retest reliability for both job
decision latitude and for psychological job demands was
r = 0.64 [31] and for physical job demands was r = 0.67
[32]. Other information obtained by self-report question-
naire included hours worked per week on main health care
job and on second job (if any), shift schedule, hours
worked per week on tasks at home, and demographics.

Biomedical and behavioral questions derived from the
Work Site BP Study questionnaire [31, 33] included hours
per week of leisure time physical exertion, height, and
weight. Yes/no questions were included for current preg-
nancy, current or past diabetes, current use of antihyper-
tensive medications, ever diagnosed with hypertension, and
family history of hypertension. Body mass index was
computed as weight (kg)/height (m)®. Alcohol consump-
tion was measured as the sum of the number of glasses of
wine, bottles or cans of beer (12 0z.), and mixed drinks (1
shot of liquor) consumed per week [34]. Current smoking
was based on one question (“do you smoke cigarettes?”
(yes/no)), which had a 3-year test—retest reliability of 0.69
(kappa) in the Work Site BP Study [32].

2.4 Data Analysis

Job strain was modeled using the standard definition of
high psychological job demands combined with low job
decision latitude [33]. National averages for all employees
from the 1969-1977 US. Quality of Employment Surveys
were used as reference points [29]. Job strain based on
these cutpoints was defined as job demands >30.9 and
decision latitude <70.3.

Effort-reward imbalance was calculated using the for-
mulas of Siegrist and Peter [30]. The sum of the six effort
items equaled E and the sum of the 11 reward items
equaled R. The formula E/(R*6/11) produces a ratio score,
which equally weights efforts and rewards. Higher values
represent higher levels of job stress, that is, greater effort
combined with lower reward. This ratio was dichotomized
so that “effort-reward imbalance” is defined as E/(R*6/
11) > 1. A dichotomous variable “job strain and effort-
reward imbalance” was created, defined as “yes” if par-
ticipants reported both job strain and effort-reward imbal-
ance, to determine the risk of combined exposure.

Work hours Number of hours usually worked per week
on the participant’s health care job and on a second paid
job (if any) were summed into a measure of “total paid
hours worked per week”. This work hour measure was
summed with hours worked per week on tasks at home to
create a measure of “total paid plus home hours worked per
week”.

Shiftwork Since more than 85 % of the sample worked
regular day shifts, for the purposes of data analysis,

participants reporting work on evening or night shifts, or
rotating shifts, were classified as having “shiftwork”.

Work systolic and diastolic ABP was determined by
averaging ABPM readings obtained during work hours (as
per diary record). If fewer than 5 readings were obtained at
work, the average was treated as missing data. Five read-
ings are considered minimally sufficient to produce reliable
estimates of mean work BP [35]. Five or more work
readings were obtained from 175 ABP participants. The
average number of valid work readings was 15.8 £ 6.5.
Casual BP readings were available for 164 participants
who wore the ABP monitor and had at least 5 ABPM work
readings. Only 22 participants had 5 or more home read-
ings, thus home ABP averages were not analyzed. MH was
defined according to the recommendations of the European
Society of Hypertension Working Group [36] and the
American Heart Association [37] as awake systolic ABP
>135 mmHg or diastolic ABP >85 mmHg combined with
casual office obtained systolic BP <140 mmHg and dia-
stolic BP <90 mmHg. 21 subjects met these criteria. Since
we were interested in risk factors for MH in the general
population and not among treated hypertensive patients, we
added as a criterion for MH that there be no use of anti-
hypertensive medications among participants.

After excluding those participants with office obtained
casual blood pressure above 140/90 mmHg, associations
between each work stressor and MH were examined by
multiple logistic regression. Since a minimum of 10 cases
per predictor variable is recommended to avoid overfitting
regression models [38], and since only 21 cases were
included in the analysis, only odds ratios controlling for
age are presented. However, in exploratory analyses, in
order to assess additional confounding, each of 10 potential
confounders (gender, race (black vs. other), physical job
demands, leisure time exercise, body mass index, preg-
nancy, alcoholic drinks/week, smoking, family history of
hypertension and ever diagnosed with hypertension) were
added in separate regression models to the model con-
taining the work stressor and age. Regression analyses,
controlling for age, were also conducted excluding partic-
ipants reporting that they were pregnant or had ever been
diagnosed with hypertension. Analyses were conducted
using SPSS v. 16.0.2.

3 Results

3.1 Study Sample

The study sample consisted of 164 health care workers
with complete BP and survey data, 72.6 % of whom were

female; average age 44.8 years (range 23-76); 48.8 %
were African-American; and 23.2 % reported their highest
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educational level as high school. The most frequent job
category was clerical (42.7 %). Less than one-half were
involved in direct patient care in job titles such as regis-
tered nurse (4.3 %), licensed practical nurse and certified
nurse assistant (17.1 %), social worker, physicians’ assis-
tant or emergency medical technician (4.3 %), operating
room, laboratory, radiology, ultrasound, tomography, other
technicians and technologists; rehabilitation, physical,
occupation, recreational and speech pathologists or thera-
pists (15.2 %) and home health care worker (5.5 %).
Evening, night or rotating shifts were worked by 12.7 % of
the sample.

3.2 Masked Hypertension

Of the 164 participants, 30 had office based casual systolic
BP >140 mmHg or diastolic BP >90 mmHg (two of the
30 had “white coat” hypertension and 28 had sustained
hypertension). Twenty four additional participants were
taking anti-hypertensive medications. After excluding
these 54 subjects, 110 participants remained for analysis.
Of these, 21 had work ABP averages above the threshold
and therefore were defined as having MH (24.0 % of men
and 17.6 % of women). In bivariate analyses, there were
only two significant differences between participants with
MH and those with normal casual BP and ABP below the
threshold (and not on hypertensive medication) (see
Table 1) Those with MH were significantly more likely to
report working evening, night or rotating shiftwork
(p = 0.002) and to be older (p = 0.02).

In multivariate analyses, controlling for age, MH was
still significantly associated with evening, night or rotating
shiftwork (odds ratio (OR) 8.25, 95 % confidence interval
(CD 2.11-40.31) and also with the combination of job
strain and effort-reward imbalance (OR 2.97, 95 % CI
1.02-8.60) (Table 2). In no cases did adjustment for each
of 10 additional covariates reduce the odds ratios for
shiftwork or for job strain plus effort-reward imbalance
more than 10 % (In approximately half the cases, adjust-
ment increased the odds ratios.). The association with
shiftwork remained significant and substantial in all cases,
however, the odds ratio for job strain plus effort-reward
imbalance was 2.69 (95 % CI 0.86-8.43), which was of
borderline significance (p = 0.09) after controlling for
physical job demands. Work hours were not associated
with MH.

When pregnant women or those previously diagnosed
with hypertension were excluded, the association between
MH and shiftwork remained substantial and significant.
The association for job strain plus effort-reward imbalance
increased, but was of borderline statistical significance
(p = 0.051). Similar results were obtained if the sample
was restricted to hospital workers, or if sample median
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cutpoints for job demands and job decision latitude were
used to define job strain. Stronger associations with job
strain and effort-reward imbalance, but weaker although
significant associations with shiftwork, were obtained if the
sample was restricted to women (data not shown).

4 Discussion

The current study suggests that workers exposed to shift-
work and a combination of job strain plus effort-reward
imbalance are at increased risk for MH. These findings are
consistent with and complement prior studies which have
shown associations between ABP and job strain [17, 22,
31, 39, 40] and ABP and effort-reward imbalance [20, 21].
However, limited evidence previously existed for an
association between ABP elevation and shift work [24-26].
Our findings may help to explain the previously reported
associations between job stain and CVD [41, 42] since both
BP elevation and MH are risk factors for cardiovascular
disease (CVD) [10-12].

In our study, the majority of participants were in lower
status occupations. Several studies have provided evidence
of a stronger association between job strain and BP elevation
in lower (vs. higher) socioeconomic groups [13, 43, 44]. The
largest study of job strain and MH to date [16] was conducted
in a high status white-collar population, and found an asso-
ciation between MH and high job demands and high job
control (but not job strain), in contrast to the findings of the
current study. More research is needed on whether the
association of job strain (and other work stressors) and ABP
and MH differs by socioeconomic status.

The prevalence of MH in the current study among par-
ticipants with normal clinic BP was similar to that of other
studies of healthy subjects, i.e., not hypertensive patients
[3]. However, since the current study sample was com-
prised of volunteers, and therefore subject to potential
selection bias, the observed prevalence of MH may not
reflect the prevalence of MH among the employees of the
hospital or the home health care agencies where study
volunteers worked.

One limitation of the current study is that long work
hours were not common in the study sample. Only 8.2 % of
the participants typically worked 50 or more hours per
week. Hayashi et al. [18] found an effect of long work
hours on ABP in employees working at least 55 h per week
or more. Another limitation is that most casual BP mea-
surements were taken at the work site; therefore they are
casual but not truly “clinic” BP. It is possible that if true
clinic BP measurements were used (i.e., not in the partic-
ipants’ work environment) levels of casual BP might have
been lower, and the prevalence of MH in the current study
might have been higher [1, 2]. Since job strain would likely
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Table 1 Comparison of participants with masked hypertension to those with normal work blood pressure (among participants with normal
casual blood pressure, <140/90 mmHg, and not on medication for hypertension)

Normal work ABP: Work Masked hypertension: Work ¥ p
ambulatory SBP <135 and DBP ambulatory SBP =135 or DBP
<85 mmHg 285 mmHg
N % N %
Total 89 100 21 100
Female gender 70 78.7 15 71.4 0.51 048
Race/Ethnicity: 742 0.12
Black 43 48.3 9 429
White 14 15.7 3 14.3
Hispanic 29 32.6 5 23.8
Asian 1 1.1 2 9.5
Other 2 22 2 9.5
Education: 1.73  0.79
Some high school 3 34 1 4.8
High school diploma 14 15.7 5 23.8
Some college 46 51.7 10 47.6
4-year college degree 15 16.9 4 19.0
Graduate school 11 12.4 4.8
Current smoker 15 16.9 2 9.5 0.70 0.40
Family history of hypertension 48 53.9 10 47.6 0.27 0.60
Diabetes 0 0 0 - -
Pregnancy 6 6.7 3 14.3 1.29 0.26
Leisure-time exercise hours/week 1.59 .66
<lh 38 42.7 12 57.1
1-3h 26 29.2 5 23.8
4-6h 15 16.9 9.5
>6 h 10 11.2 9.5
Evening, night or rotating shift 7 7.9 7 333 9.92 0.002
Job strain 46 51.7 13 61.9 0.71 0.40
Effort-reward imbalance >1 42 47.2 12 57.1 0.67 0.41
Job strain and effort-reward imbalance >1 32 36.0 11 524 1.93 0.17
Mean SD Mean SD t p
Mean casual BP: systolic 115.0 10.3 128.9 9.9 10.65 <0.001
Diastolic 70.7 7.2 81.3 5.6 9.51 <0.001
Mean work ambulatory BP: systolic 114.9 8.9 134.7 7.2 6.33 <0.001
Diastolic 74.0 6.9 85.9 39 5.59 <0.001
Age 40.8 11.11 474 12.84 2.37 0.02
Body mass index 27.7 5.43 26.9 3.74 0.60 0.55
Physical job demands 247 0.96 2.71 0.72 1.30 0.20
Alcohol use (drinks per week) 0.97 1.46 1.48 2.11 1.05 0.30
Paid hours worked per week 40.4 6.63 40.0 6.60 0.28 0.78
Total hours worked per week (paid plus home hours) 52.4 15.36 49.0 10.21 0.96 0.34

n = 110 participants with casual blood pressure <140/90 mmHg, and not on medication for hypertension

be associated with larger differences between casual clinic
BP and casual workplace BP, use of casual workplace BP
in the current study biases results towards the null value. In
addition, casual BP readings should be taken on several

occasions to reduce error in classifying individuals as
clinically normotensive or hypertensive. The direction of
bias caused by such measurement errors in the current
study is unknown.
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Table 2 Work-related predictors of masked hypertension, adjusted for age

Odds ratio 95 % Confidence interval p
Job strain 1.82 0.66-5.05 0.25
Effort/reward imbalance >1 2.05 0.73-5.74 0.17
Job strain + effort/reward imbalance >1 2.97 1.02-8.60 0.045
Evening, night, rotating shiftwork 8.25 2.11-40.31 0.002
>41 h worked per week 0.86 0.25-2.94 0.81
>57.5 paid plus home hours worked per week (20th percentile) 1.33 0.45-3.96 0.61

n = 110 participants with casual blood pressure <140/90 mmHg, and not on medication for hypertension. A separate regression equation was

estimated for each work-related predictor listed

An additional limitation is the small number of partici-
pants with MH which prevented simultaneous statistical
adjustment for more than 2-3 independent variables.
However, none of the potential confounders, when added
individually to the regression equation, reduced shiftwork
or job strain plus effort reward imbalance odds ratios more
than 10 %. Also, limited study power can produce Type II
errors when associations do not reach statistical signifi-
cance. However, in the current study, shiftwork and job
strain plus effort-reward imbalance had substantial effects
and were significant predictors of MH despite limited sta-
tistical power.

Another limitation is that our ABPM data were only
available for most participants during work hours. Since
only 22 participants had >5 home ABP readings, home
ABP data were not analyzed. In most studies of MH, the
definition of MH is based on mean awake (including work
and home) ABP [3]. If awake ABP data had been available
for all participants in the current study, the prevalence of
MH might have been lower.

Since most published studies do not partition the work
and home components of awake ABP, it is unclear to what
extent the “at work” component is more responsible than
the home component for the prevalence of MH, and its
attendant increased target organ damage and CVD risk.
One study did find a higher correlation between left ven-
tricular mass and work ABP than home ABP or casual BP
[45]. ABP is higher by as much as 4 mmHg systolic during
work than non-work time [46, 47] and mean 24-h ABP is
lower on non-work days compared to work days [48].
Since work stressors appear to be causally related to work
ABP elevation, it is plausible that work stressors are the
important risk factors for MH and its sequelae [1, 2]
although it is possible that important non-work related risk
factors are yet to be discovered. We suggest that data from
published studies of MH be re-analyzed and future studies
designed to determine whether the work and home com-
ponents of ABP differentially cause target organ damage or
CVD risk. Furthermore, since participants taking antihy-
pertensive medications and those ever diagnosed with
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hypertension were excluded from our analyses, it is not
known if our findings can be generalized to patients diag-
nosed with hypertension whose BP appears to be controlled
based on casual BP readings but who have elevated ABP
(sometimes also labeled “masked hypertension™).

The possibility also exists for self-report to overestimate
psychological job demands or job efforts, these being
inherently more subjective measures than decision latitude
or job rewards. However, participants in the current study
did not have ABPM until after they had completed the
questionnaire. Did some participants exaggerate their
responsibility and authority levels (decision latitude)
because of the prevailing popular belief in “executive
stress”? If so, then they would have underreported “job
strain”, and associations between job strain and MH would
have been underestimated. Another potential explanation
of the observed associations is that employees with higher
ABP or MH selected into jobs with greater job strain,
effort-reward imbalance or shiftwork. However, there is
little evidence to support either of these hypotheses. In the
Work Site BP Study, no association was found between
case—control status (or mean ABP) and personality/psy-
chological measures such as anxiety, hostility, anger, or
Type A behavior that might influence reporting or job
selection [33, 49]. In fact, in national studies [50], as in the
Work Site BP Study [32], the opposite pattern is
observed—people tend to select out of high stress/strain
jobs over time.

5 Conclusions

The current study finds that workers exposed to shiftwork
and job strain plus effort-reward imbalance are at increased
risk for MH, and suggests that employees in general could
benefit from more intensive screening for MH, including
targeted ABPM or self-monitoring of BP [3]. Clinicians
and workplace health promotion staff should assess job
strain, effort-reward imbalance and shiftwork (as well as
other work stressors), and prioritize ABP monitoring for
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employees facing these work stressors [1-3]. A work
exposure and health surveillance program would facilitate
appropriate interventions, which may ultimately include
job redesign efforts [3].

Acknowledgments This study was supported by grants from the
National Institute for Occupational Safety and Health (RO1 OH07577)
and the Center for Social Epidemiology. None of the three authors
have possible conflicts of interest (including financial and other
relationships). The authors thank Drs. Karen Belkic, Dean Baker,
Joseph Schwartz and Thomas Pickering for their guidance in the
development of the concept of masked hypertension, and Joseph
Schwartz for valuable comments on an earlier draft of this manu-
script. The authors also thank the following staff who provided
invaluable assistance during the study: Karen Gurnitz, Mohammed
Adamu, Laura Rothenberg, Jana Williams, and Amy Kossoy.

References

1. Belkic KB, Schnall PL, Landsbergis PA, Schwartz JE, Gerber L,
Baker D, et al. Hypertension at the workplace—an occult dis-
ease? The need for work site surveillance. Adv Psychosom Med.
2001;22:116-38.

2. Schnall P, Belkic K, Landsbergis P, Schwartz J, Gerber L, Baker
D, et al. Hypertension at the workplace-often an occult disease:
the relevance and potential in Japan for work site surveillance?
Jpn J Stress Sci. 2000;15(3):152-74.

3. Landsbergis P, Schnall P, Belkic K, Schwartz J, Baker D, Pick-
ering T. Work conditions and masked (hidden) hypertension—
insights into the global epidemic of hypertension. Scand J Work
Environ Health. 2008;Suppl (6):41-51.

4. Angeli F, Reboldi G, Verdecchia P. Masked hypertension: evalua-
tion, prognosis, and treatment. Am J Hypertens. 2010;23(9):941-8.

5. Bobrie G, Clerson P, Menard J, Postel-Vinay N, Chatellier G,
Plouin PF. Masked hypertension: a systematic review. J Hyper-
tens. 2008;26(9):1715-25.

6. Verberk WJ, Kessels AG, de Leeuw PW. Prevalence, causes, and
consequences of masked hypertension: a meta-analysis. Am J
Hypertens. 2008;21(9):969-75.

7. Liu JE, Roman MJ, Pini R, Schwartz JE, Pickering TG, Devereux
RB. Cardiac and arterial target organ damage in adults with
elevated ambulatory and normal office blood pressure [see
comments]. Ann Intern Med. 1999;131(8):564-72.

8. Sega R, Trocino G, Lanzarotti A, Carugo S, Cesana G, Schiavina
R, et al. Alterations of cardiac structure in patients with isolated
office, ambulatory, or home hypertension: data from the general
population. Pressione Arteriose Monitorate E Loro Associazioni
(PAMELA) Study. Circulation. 2001;104(12):1385-92.

9. Hara A, Ohkubo T, Kikuya M, Shintani Y, Obara T, Metoki H, et al.
Detection of carotid atherosclerosis in subjects with masked
hypertension and whitecoat hypertension by self-measured blood
pressure at home: the Ohasama study. J Hypertens. 2007;25:321-7.

10. Fagard R, Cornelissen V. Incidence of cardiovascular events in
white-coat, masked and sustained hypertension versus true nor-
motension: a meta-analysis. J Hypertens. 2007;25(11):2193-8.

11. Hansen T, Kikuya M, Thijs L, Bjérklund-Bodegard K, Kuznetsova
T, Ohkubo T, et al. Prognostic superiority of daytime ambulatory
over conventional blood pressure in four populations: a meta-
analysis of 7,030 individuals. J Hypertens. 2007;25(8):1554-64.

12. Pierdomenico SD, Pannarale G, Rabbia F, Lapenna D, Licitra R,
Zito M, et al. Prognostic relevance of masked hypertension in
subjects with prehypertension. Am J Hypertens. 2008;21(8):
879-83.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gallo LC, Bogart LM, Vranceanu AM, Walt LC. Job character-
istics, occupational status, and ambulatory cardiovascular activity
in women. Ann Behav Med. 2004;28(1):62-73.

Yamasue K, Hayashi T, Ohshige K, Tochikubo O, Souma T.
Masked hypertension in elderly managerial employees and
retirees. Clin Exp Hypertens. 2008;30(3):203-11.
Konstantopoulou AS, Konstantopoulou PS, Papargyriou IK, Liatis
ST, Stergiou GS, Papadogiannis DE. Masked, white coat and sus-
tained hypertension: comparison of target organ damage and psy-
chometric parameters. ] Hum Hypertens. 2010;24(3):151-7.
Trudel X, Brisson C, Milot A. Job strain and masked hyperten-
sion. Psychosom Med. 2010;72(8):786-93.

Landsbergis P, Dobson M, Koutsouras G, Schnall P. Job strain
and ambulatory blood pressure: a meta-analysis and systematic
review. Am J Public Health. 2013;103(3):e61-71.

Hayashi T, Kobayashi Y, Yamaoka K, Yano E. Effect of over-
time work on 24-hour ambulatory blood pressure. J Occup
Environ Med. 1996;38(10):1007-11.

Fialho G, Cavichio L, Povoa R, Pimenta J. Effects of 24-h shift
work in the emergency room on ambulatory blood pressure
monitoring values of medical residents. Am J Hypertens.
2006;19:1005-9.

Vrijkotte TG, van Doornen LJ, de Geus EJ. Effects of work stress
on ambulatory blood pressure, heart rate, and heart rate vari-
ability. Hypertension. 2000;35(4):880-6.

Gilbert-Ouimet M, Brisson C, Vézina M, Milot A, Blanchette C.
Repeated exposure to effort reward imbalance, increased blood
pressure, and hypertension incidence among white-collar work-
ers: effort reward imbalance and blood pressure. J Psychosom
Res. 2011;72(1):26-32.

Belkic K, Landsbergis PA, Schnall P, Baker D, Theorell T,
Siegrist J, et al. Psychosocial factors: review of the empirical data
among men. In: Schnall P, Belkic K, Landsbergis PA, Baker D,
editors. The workplace and cardiovascular disease. Occupational
medicine: state of the art reviews. Philadelphia: Hanley and
Belfus; 2000. p. 24-46.

Greiner B, Krause N, Ragland D, Fisher J. Occupational stressors
and hypertension: a multi-method study using observer-based job
analysis and self-reports in urban transit operators. Soc Sci Med.
2004;59:1081-94.

Steenland K. Shift work, long hours, and CVD: a review. Occup
Med State-of-the-Art Rev. 2000;15(1):7-17.

Lo S, Lin L, Hwang J, Chang Y, Liau C, Wang J. Working the
night shift causes increased vascular stress and delayed recovery
in young women. Chronobiol Int. 2010;27(7):1454-68.
Virkkunen H, Hirméd M, Kauppinen T, Tenkanen L. Shift work,
occupational noise and physical workload with ensuing devel-
opment of blood pressure and their joint effect on the risk of
coronary heart disease. Scand J Work Environ Health.
2007;33(6):425-34.

Pickering TG. Ambulatory monitoring and blood pressure vari-
ability. London: Science Press; 1991.

Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P,
Amick B. The job content questionnaire (JCQ): an instrument for
internationally comparative assessments of psychosocial job
characteristics. J Occup Health Psychol. 1998;3(4):322-55.
Schwartz JE, Pieper C, Karasek RA. A procedure for linking
psychosocial job characteristic data to health surveys. Am J
Public Health. 1988;78(8):904-9.

Siegrist J, Starke D, Chandola T, Godin I, Marmot M, Nied-
hammer I, et al. The measurement of effort-reward imbalance at
work: European comparisons. Soc Sci Med. 2004;58(8):1483-99.
Schnall PL, Landsbergis PA, Schwartz J, Warren K, Pickering
TG. A longitudinal study of job strain and ambulatory blood
pressure: results from a three-year follow-up. Psychosom Med.
1998;60:697-706.

A\ Adis



76

P. A. Landsbergis et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Landsbergis P, Schnall P, Pickering T, Warren K, Schwartz JE.
Life course exposure to job strain and ambulatory blood pressure
among men. Am J Epidemiol. 2003;157(11):998-1006.

Schnall PL, Pieper C, Schwartz JE, Karasek RA, Schlussel Y,
Devereux RB, et al. The relationship between °‘job strain’,
workplace diastolic blood pressure, and left ventricular mass
index. Results of a case—control study [published erratum appears
in JAMA 1992 Mar 4;267(9):1209]. J Am Med Assoc.
1990;263(14):1929-35.

Cahalan D, Cisin IH, Crossley HM. American Drinking Practices,
a national survey of drinking behavior and attitudes. New
Brunswick: Center for Alcohol Studies; 1969.

Llabre MM, Ironson GH, Spitzer SB, Gellman MD, Weidler DJ,
Schneiderman N. How many blood pressure measurements are
enough? An application of generalizability theory to the study
of blood pressure reliability. Psychophysiology. 1988;25:
97-106.

O’Brien E, Asmar R, Beilin L, Imai Y, Mallion J-M, Mancia G,
et al. European Society of Hypertension recommendations for
conventional, ambulatory and home blood pressure measurement.
J Hypertens. 2003;21:821-48.

Pickering T. Extending the reach of ambulatory blood pressure
monitoring. Am J Hypertens. 2005;18:1385-7.

Babyak M. What you see may not be what you get: a brief,
nontechnical introduction to overfitting in regression-type mod-
els. Psychosom Med. 2004;66:411-21.

Brisson C. Women, work and cardiovascular disease. In: Schnall
P, Belkic K, Landsbergis PA, Baker D, editors. The workplace
and cardiovascular disease. Occupational medicine: state of the
art reviews. Philadelphia: Hanley and Belfus; 2000. p. 49-57.
Clays E, Leynen F, De Bacquer D, Kornitzer M, Kittel F, Karasek
R, et al. High job strain and ambulatory blood pressure in middle-
aged men and women from the Belgian Job Stress Study. J Occup
Environ Med. 2007;49(4):360-7.

Belkic K, Landsbergis P, Schnall P, Baker D. Is job strain a major
source of cardiovascular disease risk? Scand J Work Environ
Health. 2004;30(2):85-128.

A\ Adis

42.

43.

44,

45.

46.

47.

48.

49.

50.

Kivimaki M, Nyberg ST, Batty GD, Fransson EI, Heikkila K,
Alfredsson L, et al. Job strain as a risk factor for coronary heart
disease: a collaborative meta-analysis of individual participant
data. Lancet. 2012;380(9852):1491-7.

Landsbergis P, Schnall P, Pickering T, Warren K, Schwartz J.
Lower socioeconomic status among men in relation to the asso-
ciation between job strain and blood pressure. Scand J Work
Environ Health. 2003;29(3):206-15.

Landsbergis P, Schnall P, Chace R, Sullivan L, D’Agostino R.
Psychosocial job stressors and cardiovascular disease in the
Framingham Offspring Study: a prospective analysis (poster). In:
4th ICOH conference on work environment and cardiovascular
disease, 2005, Newport Beach, CA; 2005.

Devereux RB, Pickering TG, Harshfield GA, Kleinert HD, Denby
L, Clark L, et al. Left ventricular hypertrophy in patients with
hypertension: importance of blood pressure response to regularly
recurring stress. Circulation. 1983;68:476-9.

Gerber LM, Schwartz JE, Schnall PL, Devereux RB, Warren K,
Pickering TG. Effect of body weight changes on changes in
ambulatory and standardized non-physician blood pressures over
three years. Ann Epidemiol. 1999;9(8):489-97.

Schwartz J, Warren K, Pickering T. Mood, location and physical
position as predictors of ambulatory blood pressure and heart
rate: application of a multi-level random effects model. Ann
Behav Med. 1994;16(3):210-20.

Pieper C, Schnall PL, Warren K, Pickering TG. A comparison of
ambulatory blood pressure and heart rate at home and work on
work and non-work days. J Hypertens. 1993;11(2):177-83.
Friedman R, Landsbergis PA, Schnall PL, Pieper C, Gerin W,
Pickering TG, et al. Psychological variables in hypertension:
relationship to casual or ambulatory blood pressure in men.
Psychosom Med. 2001;63:19-31.

Karasek RA, Theorell T, Schwartz JE, Schnall PL, Pieper CF,
Michela JL. Job characteristics in relation to the prevalence of
myocardial infarction in the US Health Examination Survey
(HES) and the Health and Nutrition Examination Survey
(HANES). Am J Public Health. 1988;78(8):910-8.



Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.



	Working Conditions and Masked Hypertension
	Abstract
	Introduction
	Objective
	Design
	Setting
	Study Participants
	Main Outcome Measures
	Results
	Conclusions

	Introduction
	Methods
	Subjects
	Procedures
	Psychosocial Questionnaire
	Data Analysis

	Results
	Study Sample
	Masked Hypertension

	Discussion
	Conclusions
	Acknowledgments
	References


