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Objectives The purpose of this cross-sectional study was to examine the associations between categories of 
perceived job strain and blood pressure, measured by clinical and ambulatory devices on a population-based 
sample of employed men in northern Italy. 
Methods The study included 527 employed normotensive or mild hypertensive noninedicated men enrolled in 
an age-gender stratified random sample of 821 25- to 64-year-old residents of the city of Monza (in the vicinity 
of Milan). The job-strain categories were classified according to the traditional quadrant-term approach and also 
a new approach based on the comparison of extreme tertile categories in order to enhance contrasts. Clinical 
blood pressure was measured according to the standardized MONICA procedure; 24-h, work, leisure, and 
nighttime blood pressure values were obtained with an ambulatory device. Disparities, calculated as differences 
between clinical and ambulatory measurements, were also analyzed. 
Results Among normotensive working Inen the highest mean for systolic blood pressure was found in the 
high-strain group, and progressively lower values were found in the passive, active and low-strain categories. 
These patterns were observed for both the clinical and ambulatory measurements. Among the mild hypertensive 
subjects, lower mean values for ambulatory systolic and diastolic blood pressure were found in the passive and 
high job-strain categories when the tertile term approach was adopted. The passive group also showed the 
highest mean difference between the clinical and ambulatory measurements; this finding indicates that they may 
be more susceptible to alarm reactions. 
COIIC~US~OIIS The results indicate that job strain affects blood pressure in population-based samples and the 
effect is consistent across sociocultural contexts. 
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The assessment of the relationship between stress at work 
and coronary risk is the subject of ongoing investigation. 
An extensive review of the epidemiologic literature, pub- 
lished in 1989, emphasized that, of several nonchemical 
factors in the work environment, job organization is one 
of the better documented hazards (1). This review found 
considerably more positive evidence than did earlier 
ones. Research in the field has been significantly ex- 
panded and improved, due to the availability of standard- 
ized measurement tools. Among these, several editions 
of the questionnaire implemented by Karasek & Theorell 
(2) have gained popularity for the simplicity and ade- 
quacy of their model, which evaluates the balance be- 

tween demands and control at work. Recently a few 
questions on a third dimension concerning social rela- 
tions at work have been added (3). 

The demand-control hypothesis, as originally pro- 
posed by Karasek (4), has been tested in several cross- 
sectional, case-referent and cohort studies through two 
basically diffeerent methods, a "direct" method, which 
relies on subjects' own descriptions of their work situa- 
tion, and an "indirect" method, which relies on aggregate 
job-description data based on workers representative of 
the occupations in the populations (5). 

Major outcomes of epidemiologic research are prom- 
ising, even if their theoretical and inethodological 
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premises are not fully satisfying (6). Many positive asso- 
ciations have been observed between job strain (meas- 
ured using both direct and indirect methods) and cardio- 
vasculm morbidity and mortality (7-12). On the other 
hand, no positive associations have been found in two 
incidence studies (13, 14) on in a prevalence study of 
employed patients undergoing coronary angiography 
(15). Relevant data have also been reported regarding the 
association between job strain and major coronary risk 
factors, namely, blood pressure measured in a clinical 
setting (14, 16-21), serum cholesterol (14, 18, 19), and 
smoking (14, 18, 19, 22). 

The inclusion of an ambulatory measuring criterion 
seems to make the association between job strain and 
blood pressme stronger. Of 12 studies in which ambula- 
tory blood pressure (ABP) measurements were per- 
formed, seven reported significant positive results (23- 
29), while the remaining five provided mixed results 
(30-34). These findings suggest a consistent causal re- 
lationship between job strain and rise in blood pressure; 
they were obtained in samples that differ in number, 
blood pressure levels, gender, and work characteristics, 
even if not representative of the general working popu- 
lation. 

A standard edition of the Karasek questionilaire has 
been included among the "suggested measurement in- 
struments" of the psychosocial optional study - named 
MOPSY (Monica PSYchosocial) (35) - of the WHO 
MONICA project (36). This is a 10-year program for 
MONItoring CArdiovascular diseases, involving 39 cent- 
ers all over the world. Several centers, including Area 
Brianza in Italy, adhered to MOPSY and adopted the 
proposed instruments in periodic population surveys. 

The Italian version of the MOPSY job-strain ques- 
tionnaire was introduced in the form of a pilot study 
during the first Area Brianza MONICA survey in 1986. 
After casrying out minor modifications in wording, to 
improve the understanding of some questions by less 
educated subjects, and assessing the internal consisten- 
cy, the questionnaire was used in its final edition (37) in 
the subsequent MONICA surveys and in an ancillary 
study focusing on ambulatory blood pressure normalcy, 
named PAMELA, in 1990-1991 (38). Results of this 
latest study are reported in this communication. 

The purpose of the presented cross-sectional study 
was to examine the associations between perceived job- 
strain categories and levels of blood pressure, measured 
by clinical and ambulatory devices on a randomized, 
population-based sample of employed men in northern 
Italy. They represent a sociocultural context that differs 
from that of the United States and northern Europe, 
where the Karasek-Theorell paradigm was born and re- 
peatedly verified. Moreover, since the investigation of 
the relationship between job strain and ambulatory blood 
pressure devoted particular attention to borderline and 

mild hypertensives (23, 24, 26, 28, 34), in this report 
different analyses were also performed, separately, on 
normotensive and mild hypertensive subjects, to evalu- 
ate the homogeneity of the results and possible selection 
biases among job-strain categories based on the defini- 
tion of hypertension. Finally, since several alternative 
formulations of job strain have been proposed recently 
(29), in addition to the traditional approach, a new for- 
mulation was adopted in the present analysis to identify 
job-strain categories while enhancing the contrasts be- 
tween them. 

Subjects and methods 

The procedures used in the PAMELA study for sampling 
subjects and assessing coronary risk and psychosocial 
factors were identical to the ones developed for the 
MONICA project (38). In addition, each subject under- 
went a 24-h ABP measurement. 

Characteristics of the population and the sample 

The PAMELA sample was drawn from the electoral rolls 
of the city of Monza, the major town (about 200 000 
inhabitants) in Area Brianza. Electoral rolls are auto- 
matically generated froin the anagraphic list of the Italian 
citizens who are residents; they are frequently updated 
because administrative and political elections have oc- 
curred often in the last 10 years. Area Brianza is a highly 
industrialized district situated between Milan and the 
Swiss border. In particular, the city of Monza is charac- 
terized by industrial, commercial, and administrative ac- 
tivities. In this area cardiovascular and coronary mortali- 
ty rates, as well as related risk factor prevalence, have 
been decreasing in the last 10 years (39). 

As the primary objective of the PAMELA study fo- 
cused on assessing ambulatory reference values for blood 
pressure measurement, a gender- and age-stratified ran- 
dom sample was selected from the 25- to 64-year-old 
residents of the town. About 300 subjects were identified 
in each age decade. Due to the high rate of unemploy- 
ment among women (55%), for the purpose of the present 
analysis, only men were considered. Of the 1182 eligible 
men, 821 were enrolled in the study, corresponding to an 
overall participation rate of 69.5%, with small fluctua- 
tions among the age strata. About 80% of the nonre- 
spondents were interviewed by phone, and there was no 
evidence of self-selection processes, when sociodemo- 
graphic features, hypertension awareness, and treatment 
were taken into consideration. 

The analysis was restricted to the 635 currently em- 
ployed men (77% of the enrolled male sample). More- 
over, hypertensive subjects under drug treatment 
(N = 50) or with very high clinical blood pressure (CBP) 
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Figure 1. Karasek job-strain model: quadrant and (dashed) tertile term 
scoring areas. 

values [systolic 2 165 mm Hg (21.9 kPa) or diastolic 
2 100 lnin Hg (13.3 kPa) N = 301, as well as subjects 
who were missing values for ABP measurements (N = 4) 
or who did not coinpletely fill out the job-strain ques- 
tionnaire (N = 24) were excluded. The final available 
sample size was 527 subjects. 

Job-strain assessment 

In the course of several MONICA psychosocial meet- 
ings, coordinated by the WHO Regional Office for Eu- 
rope in Copenhagen, the scales and scoring criteria adopt- 
ed by the centers adhering to MOPSY were periodically 
revised and the scales were adapted to different sociocul- 
tural contexts. Translations and back-translations were 
performed and new editions of an operation manual were 
produced. The MOPSY questionnaire, adopted in the 
PAMELA survey, contains a short version of the Kara- 
sek scale, coinposed of 13 items, of which the six on 
decision latitude and the five on job demands were con- 
sidered and scored (40). No questions on social support 
at work were included in the questionnaire. 

As stated in the Introduction section, two separate 
but similar models for defining job-strain categories were 
used. The first, most commonly accepted, defines four 
groups using the sample medians of each score of the 
two considered dimensions as cut points. Persons as- 
signed to the high-strain group were those who scored 
above the sample median of the demand scale and equal 
to or below the median of the decision latitude scale. 
Similarly, the passive condition was determined by de- 
mand and decision scores equal to or below the corre- 
sponding sample medians, the active condition was de- 
rived from scores above the median for both dimensions, 
and the low-strain condition was formed by levels of job 
demand equal to or below the median and decision lati- 
tude above the median. In a recent publication this ap- 
proach was called the quadrant term (29). 

The advantage of the quadrant term is that it is a 
powerful model that uses all available degrees of free- 

dom. However, a relevant portion of persons who attain 
intermediate scores me classified into different job-strain 
categories even if the score values do not clearly differ. 
To eilhailce the contrasts between the job-strain catego- 
ries, we propose a new model. In this tertile-tenit model, 
job-strain categories are identified only for subjects 
whose scores exceed the tertiles of the bivariate distribu- 
tion of latitude and demand dimensions (figure 1). Ac- 
cording to this approach, individuals are assigned to the 
new high-strain category if they score above the higher 
tertile on the demand scale and equal to or below the 
lower tertile on the decision-latitude scale. The remain- 
ing three job-strain categories are determined according 
to ailalogous criteria. Due to the relatively small range 
and skewness of the two partial score distributions, the 
tertile and the median cut points overlap occasionally. 

Survey procedures 

The detailed procedures adopted in the PAMELA study 
have been described elsewhere (38). A brief review of 
the methods to assess relevant pmalneters follows. Each 
participant underwent a clinical examination that in- 
cluded collection of a comprehensive and standardized 
medical history (including education and cigarette smok- 
ing); measurement of weight, height, standard blood pres- 
sure and pulse; and blood drawing for lipid determina- 
tions. The Italian version of the MOPSY questionnaire 
was administered before the medical visit. It contained, 
in addition to the job-strain scale, other scales suggested 
by MOPSY (social mobility, vital exhaustion, social sup- 
port, type A), a short scale evaluating habitual physical 
activity during work and leisure time (41), and nine iteins 
relating to work conditions. 

The CBP measurements were taken twice, 10 min 
apart, by trained physicians on subjects in a sitting posi- 
tion, after 10 min of rest and at least 1 h from venipunc- 
ture. A staildard sphygmomanometer was used, record- 
ing the V phase of the Korotlcoff sounds as the diastolic 
value according to the standardized procedure adopted in 
the MONICA project (42). The average of the two meas- 
ures was used as a study variable. 

For the purposes of the present analysis, the subjects 
were classified as borderline-mild hypertensives when 
the systolic blood pressure values were between 140 and 
165 mm Hg (18.62 and 21.9 kPa) or the diastolic values 
were between 90 and 100 mm Hg (12.0 and 13.3 kPa). 
The following sociode~nographic characteristics were 
collected on each individual: age, as the difference be- 
tween the date of examination and the date of birth; 
education, scored in two classes, compulsory (up to eight 
years of full-time schooling) and more than compulsory; 
and occupational level, categorized illto the five groups 
of executives (managers, professionals), small business 
owners, clerks, skilled manual workers, and unskilled 
manual workers. 
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Ambulatory blood pressure measurement 
The oscillometric SpaceLabs 90207 equipment (Space- 
Labs, Redmont, Washington, United States) was used 
for the ambulatory monitoring of blood pressure. It was 
applied at the end of the medical visit according to a 
standardized procedure (43). The cuff was fixed to the 
nondominant arm with tape and three blood pressure 
readings were taken concomitantly by a standard sphyg- 
momanometer to ensure that the average of two sets of 
values did not differ by more than 5 mm Hg (0.67 kPa). 
Then the device was set to obtain automatic blood pres- 
sure recordings at 20-min intervals for 24 h. The partici- 
pants were instructed to hold the arm immobile and ex- 
tended during the measurement time, which was sig- 
naled by a buzzer and lasted for about 1 min. The record- 
ing was always planned for a workday (Monday to Fri- 
day) while the subject performed his usual activity (when 
on rotating shifts he was asked to participate when on the 
morning shift). The participant had no access to the ABP 
readings. Each of the 12 ABP monitoring devices avaiIa- 
ble was checked monthly by obtaining 10 automatic and 
10 auscultatory blood pressure readings simultaneously 
from the same arm, via a Y tube. In all instances, the 
values did not differ by more than 5 mm Hg (0.67 kPa). 

The following parameters were computed for both 
systolic and diastolic blood pressure: the 24-h ambulato- 
ry (24-h ABP) mean, the work-time mean (work ABP) 
from 0700 to 1659, the leisure-time mean from 1700 to 
2359, and the nighttime mean from 0000 to 0659. 

Statistical analysis 

According to the formulations of job strain, the median 
cut-point values for ranking the quadrant-term categories 
were 12 and 18 for the job-demand and the job-latitude 
scores, respectively. For the tertile term, the cut points 
were 12, 13 and 18, 19. 

Possible differences in the distributions of the nor- 
motensives and mild hypertensives in the educational 
classes, occupational levels, and job-strain categories 
(quadrant and tertile terms) were assessed using the chi- 
square test. Similarly, to assess differences in age and in 
the CBP and ABP values between normotensives and 
mild hypertensives, the Student's t-test was applied. 

The systolic and diastolic blood pressure values ob- 
tained by clinical and ambulatory measurements were 
considered separately as dependent variables in the anal- 
ysis of covariance models, using the SAS general linear 
model procedure (44), and the explanatory variables were 
the job strain categories (quadrant or tertile terms). In 
each model the following covariates were included as 
fixed effects: age, educational class, an overweight index 
(normo-weight versus overweight, classified according 
to body mass index, as the ratio between weight in kilo- 
grams and squared height in meters, at the cut-off value 

of 25), and a work physical-activity index (sedentary 
versus nonsedentary job). Occupational level was not 
included as a covariate because its statistical contribu- 
tion was irrelevant after education and physical activity 
were included. As a second step, first-order interaction 
terms were also added to all the models. Since neither 
statistically significant effects of the interaction terms 
110s relevant improvements in the R-square (of the covar- 
iance models) were detected for any of the interaction 
terms, they were no longer kept in the models. Separate 
models were fitted for the entire sample, for the normo- 
tensives and for the mild hypertensives. 

Finally, differences or disparities between the CBP 
and (minus) 24-11 ABP and between the CBP and 
(minus) work ABP values were computed. They can be 
considered an expression of individual responsiveness, 
which normalizes when longer periods of blood pressure 
monitoring are evaluated (45), or as an expression of 
inethodological problems, for example, sampling 
scheme, procedure used for the CBP measurements, or 
intraindividual blood pressure variations. Differences in 
the blood pressure disparities among the job-strain cate- 
gories (quadrant and tertile term) and the blood pressure 
classes (normotensive and nlild hypertensive) were ana- 
lyzed with twoway analysis of variance models, the cov- 
ariates being age, education, and the overweight index. 
In all the models, the first-order interaction terms be- 
tween the job-strain categories and the blood pressure 
classes were also added. Separate models were fitted for 
the diastolic and systolic measures. 

Results 

The age group distributions of the employed sample in 
comparison with unemployed subjects in the PAMELA 
study are shown in table 1. Working subjects were pre- 
dominant in the young and middle-age classes. (This 
phenomenon is related to the age of retirement in Italy.) 
The difference in the age distributions in the two groups 
affects the percentage of hypertensive subjects, either 
treated or not (12.6% in the employed group and 31.2% 
in the unemployed group). Applying exclusion crite- 
ria, based on high blood pressure values, hypertension 
treatment, and missing values, did not change sub- 
stantially the age class distribution in the studied sam- 
ple, originally randomized from a northern Italian male 
population. The prevalence of mild hypertension was 
25.1%. 

As shown in table 2, no statistically significant dif- 
ferences in the distributions of the educational classes, 
occupational levels, and job-strain categories, adopting 
both quadrant- and tertile-term approaches, were detect- 
ed between the normotensive and mild hypertensive 
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workers. The tertile-term approach reduced the available 
sample size to 337 subjects [ie, of about one-third (36%), 
less than expected (56%), on the basis of the inclusion 
of the extremes exceeding the tertiles of a bivariate dis- 
tribution]. This result occurred because, with the pro- 

Table 1. Selection process and sample sizes in the PAMELA. 
(SBP = systolic blood pressure, DBP = diastolic blood pressure, 
ABP = ambulatory blood pressure) 

Employed Unemployed 

N Yo N % 

Originally enrolled subjects 635 100.0 186 100.0 
Age group (years) 

25-34 182 28.7 14 7.4 
35-44 218 34.3 4 2.3 
45-54 173 27.5 34 18.3 
55-64 62 9.7 134 72.0 

Exclusion for hypertensiona 
Treated 50 8.0 36 19.4 
SBP r 165 mmHg or 
DBP 2 100 mmHg 30 4.6 20 10.7 

Exclusion for missing values 
ABP not recorded 4 0.7 
Missina iob-strain score 24 4.3 - ,  

Sample size 
Age groups (years) 

Normotensives 395 74.9 
Mild hypertensives 132 25.1 

a 1 mmHg - 0.133 kPa. 

posed tertile-term approach, the job-strain categories 
were defined according to the cutoff points of the dis- 
crete distributions of the two scores (ie, decision latitude 
and job demand). For this reason, the numbers of sub- 
jects in the four job-strain categories were not precisely 
balanced. 

Table 3 presents the mean values of age and blood 
pressure for the normotensive and mild hypertensive 
groups. The mild hypertensive subjects were older than 
the normotensives and, as expected, had higher CBP and 
ABP means. The difference in the CBP means [I8 and 
12.3 mm Hg (2.4 and 1.6 kPa) for the systolic and the 
diastolic, respectively] were between two and three times 
higher than the difference in the ambulatory measure- 
ments, the work ABP differences being the closest [8.5 
and 6.5 mm Hg ( I .  1 and 0.9 kPa) for systolic and diasto- 
lic blood pressure, respectively]. This finding is due to 
the generally lower blood pressure values obtained by 
the ambulatory device in comparison with the clinical 
one, the only exception being the systolic and diastolic 
work ABP among the normotensives, which appeared to 
be higher or at least equal. Such contrasting findings 
may be partially explained as the effect of the regression 
to the mean (ie, lower ABP means among hypertensive 
subjects categorized by clinical measurement). 

In tables 4 and 5, the mean levels for the CBP, 24-h 
ABP, and work ABP, blood pressure, adjusted for age, 
educational class, overweight, and work physical-activi- 
ty indices, are reported for the job strain (quadrant-term 
and tertile-term categories). The data are presented 
separately for normotensive and mild hypertensive sub- 

Table 2. Distribution of the normotensive and mild hypertensive subjects and the entire group of working men from the PAMELA general 
population sample according to education, occupational level and job strain categories, quadrant and tertile terms. (df = degree of free- 
dom, NS = not significant) 

Normotensives Mild hypertensives Entire group 

Education (chi square, 1 df = 0.19, NS) 
Compulsory school 
More than compulsory 

Occupational level (chi square, 4 df = 3.18, NS) 
Executives 
Small business owners 
Clerks 
Skilled manual workers 
Unskilled manual workers 

Job strain, quadrant term (chi square, 3 df = 2.64, NS) 
High strain 
Passive 
Active 
Low strain 

Job strain, tertile term (chi square, 3 df = 1.45, NS) 

High strain 
Passive 
Active 
Low strain 

a Reduced sample sizes to 258 for the normotensives, 79 for the mild hypertensives, and 337 for the entire group 
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Table 3. Age and blood pressure (in m m  Hga) of the  normotensive ( N  = 395) and mildly hypertensive ( N  = 132) working men extracted 
from the PAMELA general population sample. (CBP = clinical blood pressure, ABP = ambulatory blood pressure) 

Age CBP 24-h ABP Work ABP Leisure time Night time 
(years) ABP ABP 

Mean SD Systolic Diastolic Systolic Diastolic Systolic Diastolic Systolic Diastolic Systolic Diastolic -- ---- 
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Normotensives 41.2 9.8 121.4 9.1 79.8 6.1 117.7 7.3 73.7 5.5 124.0 8.2 79.8 6.3 119.2 8.8 74.6 6.6 106.9 8.0 64.0 6.4 
Mild hypertensives 45.6 9.4 139.4 9.0 92.1 4.9 124.5 8.5 79.3 5.6 132.5 8.5 86.3 6.5 125.3 6.1 79.4 4.8 112.4 5.5 69.0 5.0 

Differences between 
means 4.4 18.0 12.3 6.7 5.6 8.5 6.5 6.1 4.8 5.5 5.0 
Student's t-test 4.7 19.8 20.9 8.9 9.9 9.9 10.0 6.3 7.0 5.8 7.5 
P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 t0.01 t0 .01  <0.01 <0.01 

a 1 mrn Hg = 0.133 kPa. 

Table 4. Mean systolic and diastolic blood pressures (adjusted for age, education, overweight index and physical-activity index) of the 
normotensive (N = 395) and mild hypertensive ( N  = 132) men and the entire group ( N  = 527) from the PAMELA general population 
sample according to the job-strain quadrant-term category. (CBP = clinic blood pressure, ABP = ambulatory blood pressure) 

Job-strain category GBP (mm Hga) 24-h ABP (rnrn Hga) Work ABP (rnm Hga) 

Systolic Diastolic Systolic Diastolic Systolic Diastolic 

High 

Normotensives 124.5 80.3 119.7 74.3 126.2 80.4 
Mild hypertensives 141.5 90.0 125.0 78.3 131.7 84.4 
Entire group 127.8 82.6 120.8 75.3 127.4 81.4 

Passive 

Normotensives 122.8 80.2 118.1 73.7 125.0 80.3 
Mild hypertensives 140.4 91.5 123.3 78.1 131.0 84.9 
Entire group 127.6 83.4 119.5 74.9 126.6 81.5 

Active 

Normotensives 120.3 80.2 117.1 73.8 123.3 79.8 
Mild hypertensives 138.1 92.7 124.6 79.7 133.8 87.6 
Entire group 124.6 83.3 119.0 73.3 125.9 81.7 

Low 

Normotensives 120.2 78.9 116.9 73.5 122.8 79.1 
Mild hypertensives 139.0 92.1 125.4 80.2 133.1 87.2 
Entire group 124.6 82.2 119.0 75.1 125.3 81.0 

FP 
Norrnotensives 
Mild hypertensives 
Entire group 

: 1 rnm Hg = 0.133 kPa. 
P < 0.05, * *  P < 0.02, * * *  P < 0.01. 

jects, and are also given for the entire employed male 

sample. 

Considering the quadrant-term categorization of job 

strain (table 4), significant differences are observable in 

the blood pressure levels only for the systolic compo- 

nent, both clinical and ambulatory, among the normoten- 

sive subjects. The highest systolic blood pressure values 

were found in the high-strain group, followed by the 

passive, active and low-strain groups. The differences 

between the means in the extreme groups (ie, high strain 

versus low strain) were 4.3, 2.8, 3.4 mm Hg (0.6, 0.4, 

0.5 kPa) for the systolic CBP, 24-h ABP and work ABP, 

respectively. Similar patterns were detectable for the 

mean diastolic levels of the normotensives, but the dif- 

ferences were minimal [about 1 mm Hg (0.1 kPa) be- 

tween the extremes] and not statistically significant. 

Among the mild hypertensive subjects, only relatively 

small fluctuations in the job-strain categories, in the ab- 

sence of any consistent patterns, were present for both 

the systolic and diastolic blood pressure. On the other 

hand, for the entire sample, statistically significant dif- 

ferences in the mean systolic blood pressure, with higher 

values for the high-strain and passive subjects in contrast 

to the active and low-strain workers, were detectable 

only for the CBP. 

When the tertile-term approach was adopted for the 

job-strain categorization (table 5), the reported findings 

for systolic blood pressure were confirmed for the nor- 

motensives. The mean differences between the high- 

strain and low-strain groups were generally greater for 
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Table 5. Mean systolic and diastolic blood pressures (adjusted for age, education, overweight index and physical-activity index) of the 
normotensive ( N  = 258) and mild hypertensive (N = 79) men and the entire group (N = 337) from the PAMELA general population sample 
according to the job-strain tertile-term category. (CBP = clinic blood pressure, ABP = ambulatory blood pressure) 

Job-strain category CBP (mm Hga) 24-h ABP (rnm Hga) Work ABP (mm Hga) 

Svstolic Diastolic Systolic Diastolic Systolic Diastolic 

High 
Normotensives 
Mild hypertensives 
Entire group 

Passive 
Norrnotensives 
Mild hypertensives 
Entire group 

Active 
Normotensives 
Mild hypertensives 
Entire group 

Low 
Normotensives 
Mild hypertensives 
Entire qroup 

FP 
Normotensives 
Mild hypertensives 
Entire group 

the ABP [4.0 mm Hg (0.5 kPa) for the 24-h ABP and 4.2 
mm Hg (0.6 kPa) for the work ABP]. In addition, statisti- 
cally significant differences emerged for the mild hyper- 
tensives for both the systolic and diastolic measurements 
of the 24-h ABP and work ABP values. However, the 
highest systolic values were observed in the low-strain 
group, followed by the active, high-strain, and, finally, 
the passive groups, the last with particularly low values. 
The differences between the extremes (low-strain versus 
passive) were 9.1 and 10.2 mm Hg (1.2 and 1.4 kPa) for 
the 24-h ABP and work ABP measurements, respective- 
ly. A statistically significant lower value was found for 
the diastolic ABP of the passive group for the 24-h ABP 
and work ABP measurements. 

No relevant differences in the mean blood pressure 
values (neither systolic nor diastolic) were observable 
when the entire sample was considered. 

In figure 2, multivariable-adjusted values for the 
mean ABP, during worktime, leisure time, and nighttime 
are reported for the tertile-term job-strain categories for 
the normotensive and mild hypertensive subjects, sepa- 
rately. Similar patterns, although attenuated, were de- 
tected when the quadrant-term approach (data not re- 
ported) was used. Gradual and steady declines in the 
mean blood pressure values were observable for both the 
systolic and the diastolic components and for all the job- 
strain categories from work to leisure time, and even 
greater declines were seen from leisure time to night- 
time. Moreover for the systolic component, the ranking 

of the mean blood pressure values of the job-strain cate- 
gories remained stable for the entire circadian period. 
This finding was particularly evident for the lower values 
of the passive job category among the mild hyper- 
tensives. On the other hand, for the diastolic component, 
the detected differences during work progressively weak- 
ened during leisure time and disappeared at night. 

Finally, tables 6 and 7 present the disparities in blood 
pressure (CBP minus 24-h ABP and CBP minus work 
ABP mean differences) between the normotensive and 
mild hypertensive subjects with respect to the systolic 
and diastolic values of the tertile-term job-strain catego- 
ries. The analysis for the quadrant-term categories has 
not been included because the results were analogous 
and less significant. Mild hypertensives showed consist- 
ent and statistically significant higher disparities than the 
normotensive subjects for both the systolic and diastolic 
blood pressures. The effect of the regression on the mean 
should be taken into account, but it cannot entirely ex- 
plain the observed differences. It is notable that negative 
values were present only for normotensive subjects and 
for the CBP versus the work ABP systolic blood pres- 
sures. Statistically significant differences between the 
job-strain categories (with higher values in the passive 
group) were found for the systolic disparities (table 6), 
but not for the diastolic ones (table 7). Moreover, a 
statistically significant interaction effect was detected 
for the model containing the difference between the 
systolic CBP and the work ABP as a dependent variable. 
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Figure 2. Mean ambulatory blood pressure (ABP) values (adjusted for age, educational class, overweight index and physical-activity index) of the 
job-strain categories (tertile score), during work, leisure time and night. Normotensive and mildly hypertensive working men extracted from the 
PAMELA general population sample. (0 =active, 0 = high, A = low, 0 = passive) 
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This effect was primarily attributable to the higher mean 
value [12.9 mm Hg (1.7 kPa)] observed for the passive 
mild hypertensives (table 6). 

'0 

Discussion 

The primary intent of the psychosocial substudy within 
the WHO MONICA project was to promote consistent 
and controlled methods to collect subjective and biologi- 
cal information in epidemiologic studies of coronary 
heart disease. This methodological effort is particularly 
important because most flaws in the research on the 
relationship between psychosocial factors and disease 
risk also arise from the use of arbitrary and unreliable 
measurements (46). 

The standard edition of the Karasek questionnaire, 
adopted by MOPSY and by this study, has been widely 
used and the quadrant term is the reference scoring sys- 

tem of most research in which job strain has been evalu- 
ated in the absence of the contribution of the social 
support dimension. When the distribution of (quadrant) 
job-strain categories in the pooled data of the MONICA 
and PAMELA surveys was examined across the five 
occupational groups reported in the Methods section, it 
was found that the high-strain and passive categories 
tended to increase (from 38% to 76%) as the occupation- 
al level decreased; the opposite was true for the active 
and low-strain categories (from 62% to 23%) (47). On 
one hand, these results confirm that even in general pop- 
ulation samples of Italy, the adopted job-strain scale 
validly estimates a worsening job perception in objec- 
tively worsening job conditions and, on the other hand, 
indicates that, in such samples, aggregated analysis is 
more sensitive to job latitude than to psychological de- 
mand. 

As noted in the Introduction section and documented 
by a recent extensive review (48), previous studies car- 
ried out on population-based samples and using standard 
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Table 6. Differences in the mean systolic blood pressures (ad- 
justed for age, education, overweight index and physical-activity 
index) of the normotensive (N = 258) and mild hypertensive 
(N = 79) men and the entire group (N = 337) from the PAMELA 
general population sample according to the job-strain tertile-term 
category. (CBP = clinic blood pressure, ABP = ambulatory blood 
pressure) 

Job-strain category CBP minus CBP minus 
24-h ABPa work ABPb 
(mm Hgc) (mm HgC) 

High 
Normotensives 
Mild hypertensives 
Entire group 

Passive 
Normotensives 
Mild hypertensives 
Entire group 

Active 
Normotensives 
Mild hypertensives 
Entire group 

Low 
Normotensives 
Mild hypertensives 
Entire group 

Overall 
Norrnotensives 
Mild hypertensives 
Entire group 

a Main effect of job strain: F = 3.37, P i 0.02; main effect of the hyperten- 
sion classes: F = 87.05, P < 0.01; interaction term of job strain and hy- 
pertension: F = 1.52, P = 0.21. 
Main effect of job strain: F = 3.34, P < 0.02; main effect of the hyperten- 
sion classes: F = 61.5, P i 0.01; interaction term of job strain and hyper- 
tension: F = 2.63, P = 0.05. 
1 mm Hg = 0.133 kPa. 

devices did not find convincing associations between job 
strain and blood pressure. On the other hand, the positive 
results yielded by ABP measurements were obtained 
from selected samples drawn from a small group of fac- 
tories or on the basis of blood pressure levels (ie, border- 
line and mild hypertensive subjects). For these reasons 
the impact of their findings can hardly be extended to 
entire working populations. 

Our study is the first in which CBP and ABP devices 
were used to assess the relationship between perceived 
job stress and blood pressure levels in an employed male 
sample randomly selected from the general population. 
The participation rate of 69.5% is acceptable for a popu- 
lation-based survey, especially when the nonrespondents 
do not show any significant differences in sociodemo- 
graphic characteristics. The number of missing values 
was very small, only 4% of the employed sample. Possi- 
ble selection biases attributable to the restriction pro- 
duced when the tertile-term categorization was adopted 
can be ruled out because the results were not in contrast 
to the ones obtained with the quadrant term. Finally, the 
observed blood pressure values of the job-strain catego- 
ries were analyzed separately for the normotensive and 

Table 7. Differences in the mean diastolic blood pressures (ad- 
justed for age, education, overweight index and physical-activity 
index) of the normotensive (N = 258) and mild hypertensive 
(N = 79) men and the entire group (N = 337) from the PAMELA 
general population sample according to the job-strain tertile-term 
category. (CBP = clinic blood pressure, ABP = ambulatory blood 
pressure) 

Job-strain category CBP minus CBP minus 
24-h ABPa work ABPb 
(mm Hgc) (mm HgC) 

High 
Normotensives 
Mild hypertensives 
Entire group 

Passive 
Normotensives 
Mild hypertensives 
Entire group 

Active 
Normotensives 
Mild hypertensives 
Entire group 

Low 
Normotensives 
Mild hypertensives 
Entire group 

Overall 
Normotensives 
Mild hypertensives 
Entire group 

a Ma~n  effect of iob stra~n: F = 1.56. P < 0.20: main effect of the hvoerten- 
sion classes: f =  105.78, P i 0.01; interactibn term of job strainand hy- 
pertension: F = 0.80, P = 0.49. 
Main effect of job strain: F = 0.96, P < 0.41; main effect of the hyperten- 
sion classes: F = 71.2, P < 0.01; interaction term of job strain and hyper- 
tension: F = 1.20, P = 0.31. 

mild hypertensive subjects. Since no significant differ- 
ences were detected in the proportion of mild hyperten- 
sives in the job-strain groups (both for the quadrant-term 
and the tertile-term approaches), it is possible to exclude 
differential selection processes due to the adopted cutoff 
points used to classify mild hypertension. 

In this cross-sectional evaluation, normotensive 
working men in the high-strain group showed the highest 
mean systolic blood pressure, followed by the mean in 
the passive, active and low-strain categories. As already 
indicated, the observed effects were small (24), but they 
were consistent because they persisted also when ambu- 
latory monitoring devices which reduce blood pressure 
variability (45, 46) were used. They increased from the 
quadrant-term to the proposed tertile-term scoring ap- 
proach. We could not find similar significant associa- 
tions between job strain and diastolic blood pressure 
among the employed normotensive men, even if the CBP 
and ABP values tended to be lower as work stress per- 
ception declined. 

The results obtained for the mild hypertensive sub- 
jects differed. No significant variations in the clinical 
and ambulatory systolic or diastolic blood pressures were 
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observable with the quadrant-term classification of job 
strain. When the contrasts were enhanced by the tertile- 
term score, highly significant differences were found for 
the systolic and diastolic values, when 24-h ABP and 
work ABP measurements were considered. The direction 
of such differences indicates that the lower control cate- 
gories (high strain and, in particular, passive) showed 
lower blood pressure values than the higher control cate- 
gories (active and low strain). The analysis of blood 
pressure disparities revealed that passive persons show 
higher values for the systolic component; therefore, in 
our sample, these persons may have been more prone to 
alarm reactions. On the other hand, in our study, there 
was no clear evidence of higher blood pressure values 
among the high-strain men in the mild hypertensive 
group. These findings may be the consequence of some 
unforeseen selection phenomena. Alternatively they may 
be explained by the interpretation that attributes alexiti- 
mic and denial tendencies to subjects predisposed to 
hypertension as a psychosomatic solution to their anxie- 
ty trait (17, 32, 49, 50). Theorell et a1 (24) obtained 
opposite results for borderline hypertensives (ie, higher 
diastolic blood pressure values in the high-strain catego- 
ry), but some methodological differences in assessing 
job strain should be acknowledged (ie, direct method in 
the present study and indirect method, based on job-title 
categorization, in the Swedish report). We did not ob- 
serve a significantly different distribution of mild hyper- 
tensives among the occupational classes, and, even if 
they had had a systematically altered perception of strain, 
they could not have therefore contributed to the previ- 
ously described marked differences in job strain among 
the occupational classes. 

The size of the observed differences for the work 
ABP blood pressure levels of the job-strain groups 
dropped for both the normotensive and mild hyperten- 
sive subjects when the leisure time and nighttime ambu- 
latory blood pressure means were taken into considera- 
tion. The only exception occul~ed for the passive group, 
in which the lower blood pressure values were main- 
tained during the whole circadian cycle. On the whole, 
our ambulatory data only partially confirm the so-called 
"carry-over effect" (28), in which increases in blood 
pressure among strained or alexitimic workers are pro- 
longed during leisure time and (less) nighttime. 

Blood pressure seems to be a parameter of choice in 
epidemiologic evaluations of the biological counterpart 
of strain or stress phenomena induced by work and life 
conditions. Blood pressure is continuously, positively, 
and independently associated with serious outcomes such 
as stroke and coronary events for most persons, whether 
they are conventionally normotensive or hypertensive 
(51). The numerous confirmations of the tendency of 
blood pressure to stabilize at increased levels in relation 
to different objectively or subjectively perceived job- 

strain conditions indicate a massive risk phenomenon, 
the study of which has merely begun. Our results corsob- 
orate the heuristic value of the job demand-decision lati- 
tude model across cultures and randomly selected work- 
ing samples. 
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