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CHAPTER 1

INTRODUCTION

Elevated tonic blood pressure (hypertension) is a major health problem in the
industrialized world (Bots 8c Grobbee, 1992; Lew, 1990). Depending on the
definition of hypertension, age and gender, 10-700~0 of the adult population is
suffering from this condition, which is a major risk factor for other, more directly
life-threatening cardiovascular diseases, such as myocardial infarction, sudden
cardiac death, and stroke (Lew, 1990). In The Netherlands, more than 35.000
individuals died in 1988 as a consequence of these cardiovascular diseases, which
remains the main cause of Dutch deaths (Bots óc Grobbee, 1992).

When is a person's blood pressure considered as 'elevated'? Given the fact
that blood pressure is a continuous variable, every cut-off point serving as a
criterion for hypertension is an arbitrary one (Pickering, 1990). The level of
acceptable blood pressure is also primarily depending on age: older people
usually show higher pressures, a modest rise of blood pressure over the years
being regarded as acceptable. Nevertheless, primarily for diagnostic purposes, it
has been agreed upon the following criterion for the definition of (mild)
hypertension. If the systolic pressure (the maximum pressure in an artery associa-
ted with the maximum pulse wave amplitude) is equal to or above 140 mmHg, or
if the diastolic pressure (the minimum pressure associated with the point just
before the arrival of the pulse wave) is equal to or above 90 mmHg, the diagnosis
of (mild) hypertension is at place (Lew, 1990). In the present thesis, when the
term 'hyper-tension' is used, it refers to this criterion, unless stated otherwise. In
addition, when I refer to blood pressure without specifying if it concerns the
systolic or diastolic pressure, the statement holds for both.

For some individuals the direct medical causes of hypertension are known,
such as renal dysfunction and diabetes mellitus. In such cases, the term
'secondary hypertension' is applied: the elevated blood pressure is the result of
another (primary) physical disorder. However, for by far the most prevalent form
of hypertension (850~0 of the cases), no direct medical cause can be given. In
these cases the disorder is labelled 'primary' or 'essential' hypertension
(Pickering, 1990). The focus of the present thesis is on this latter form.

In the case of essential hypertension, several biomedical and life-style
variables are known or supposed to facilitate the rise of tonic blood pressure and
thus show a substantial association with blood pressure level. These include age,
gender, relative weight (body mass index: weightl(length)z), salt-, fat-, and
alcohol consumption, and physical exercise (Laragh ác Brenner, 1990).

In addition, psychosocial factors are believed to be associated with hyper-
tension, such as exposure to chronic stressors and inadequate coping with them
(Alexander, 1939; Henry, 1988; Lazarus, 1966). Especially exposure to major
negative life events, such as death of a beloved one, and recurrent minor daily
hassles, such as repeated frustrations at ones' job, have been emphasized to be
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potentially detrimental to one's cardiovascular health (Karasek 8c Theorell, 1990;
Sarason, Johnson ói Siegel, 1978). However, in the scientific literature, results of
studies aiming at establishing support for this layperson's view have failed to
yíeld consistent findings (Mann, 1984; Shapiro et al., 1979). What could possibly
be the cause of these inconsistencies? Most of the studies conducted have been
based on self-reported retrospective data, which may be the key to the answer of
this question regarding inconsistent findings. However, possible biases resulting
from the use of this study design has been relatively neglected. For instance, it
may be hypothesized that elevated blood pressure, and knowledge of having the
disorder, are associated with a coping or reporting style or with appraisal of
stressors, which have an influence on the self-reports of stressor exposure and,
thus, on the relationship between self-reported stressor exposure and hypertension
(Irvine, Garner, Olmstead, 8L Logan, 1989; Santonastaso, Canton, Ambrosio, óc
Zamboni, 1984; Winkleby, Ragland, 8z Syme, 1988). Therefore, in this thesis, the
primary purpose is to study the relationship between self-reports of experienced
problems (ranging from medical symptoms to daily hassles and major life events)
and blood pressure, with a special emphasis on potential biases, as well as
mediator and moderator variables involved in these relationships.

First, in chapter 2, the literature is reviewed regarding the relationship
between hypertension and stressor exposure, focusing on both objectively
established stressor exposure and self-reported measures of stressor exposure. In
addition, the influence of being treated for or being aware of hypertension on
self-report measures of stressor exposure and physical and psychological
symptoms is discussed. In chapter 3, a number of possible psychological and
physiological explanations is offered for the findings described in chapter 2,
based on results of previous research. Moreover, a theoretical model is presented,
in which the various associations found and explanations suggested in the
literature are interrelated and which serves as a framework for this thesis. Chapter
4 describes a survey study in which the claimed association between hypertension
and self-reported stressors and physical symptoms is examined, including the role
of treatmentJawareness of hypertension. In chapter 5, the plausibility of the role
of defensive coping (the tendency to suppress undesirable aspects of life) in the
relationship between self-reported problems and elevated blood pressure has been
examined in a sample of employees from companies participating in occupational
periodic medical screening programs. The role of defensive coping is investigated
more directly and on a larger scale in a population study, described in chapter 6.
A subsample from the participants in the latter study, consisting of aware
hypertensive, unaware hypertensive, and normotensive groups, matched on age,
gender, and body mass index, took part in a laboratory study, discussed in chapter
7. The groups in this investigation were compared in terms of their appraisal of
and physiological responses to various physical and psychosocial aversive stimuli.
The rationale for this study was the examination of the plausibility of a
physiologica] mechanism underlying the often reported associations between
hypertension and self-reported problems. Finally, chapter 8 contains a general
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discussion of the outcomes presented in this theses, including directions for future
research.

Chapters 2 through 7 are based on or strongly related to the following articles:

Chapter 2: Nyklícek, L, Vingerhoets, A. J. J. M., 8c Van Heck, G. L. (1996).
Hypertension and objective and self-reported stressor exposure: A
review. Journal of Psychosomatic Research, 40, 585-601.

Chapter 3: Nyklícek, L, Vingerhoets, A. J. J. M., 8c Van Heck, G. L. (in
press). The under-reporting tendency of hypertensives: An analysis
of potential psychological and physiological mechanisms.
Ps cy hology and Health.

Chapter 4: Nyklícek, L, Vingerhoets, A. J. J. M., Van Heck, G. L., Kamphuis,
P. L., Van Poppel, J. W. M. J., ác Van Limpt, M. C. A. M. (1997).
Blood pressure, selfreported symptoms, and job-related problems in
sehoolteachers. Joumal of Ps~~chosomatic Re~earch, 42, 287-296.

Chapter 5: Nyklícek, L, Vingerhoets, A. J. J. M., Van Heck, G. L., ác Van
Limpt, M. C. A. M. (under editorial revision). Defensive coping in
relation to casual blood pressure and self-reported daily hassles and
life events. Journal of Behavioral Medicine.

Chapter 6: Nyklícek, L, Vingerhoets, A. J. J. M., á Van Heck, G. L. (1997).
Hypertension in relation to self-reported symptom complaints daily
hassles, and repressive defensiveness: A population study.
Manuscript submitted for publication.

Chapter 7: Nyklícek, L, Vingerhoets, A. J. J. M., 8z Van Heck, G. L. (1997).
Hypertension, appraisal of physical and psychosocial aversive
stimuli, and cardiovascular reactivitv. Manuscript submitted for
publication.
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CHAPTER 2

HYPERTENSION AND OBJECTIVE AND
SELF-REPORTED STRESSOR EXPOSURE: A REVIEW

Abstract-A review of the literature on the relationship between blood pressure and stressor
exposure revealed a discrepancy between the results of studies based on objective measures of
stressor exposure and studies based on self-reports. Whereas in the studies based on objective
measures, a clear predominance of positive associations between blood pressure level and
stressor exposure was found, in the studies based on self-reports, the results were highly
inconsistent. Several moderator variables have been proposed that could explain the discrepan-
cies found in the literature, such as awareness of hypertension and treatment. In studies in which
these moderators were taken into account, inverse associations between blood pressure and self-
reported stressor exposure have often been found. It is suggested that this result is brought about
by altered appraisal of stressors in hypertensives.

Keywords: Appraisal, Awareness, Hypertension, Objective, Self-report, Stressor exposure

INTRODUCTION

Generally, it has been acknowledged that essential hypertension is a complex
multifactorial disease, in which biological, behavioral, and psychosocial factors
play a role in its etiology and course (Davies, 1971; Pickering, 1990;
Sommers-Flanagan 8c Greenberg, 1989). In addition, there is accumulating
evidence that hypertension -and being aware of having elevated blood pressure- in
its turn, may influence several psychological functions, including perception,
memory, and behaviour (e.g., Irvine, Garner, Olmstead, áz Logan, 1989; Madden
8c Blumenthal, 1989), and physiological processes, such as the baroreflexes (Ditto
8i France, 1990; Harrell, 1980). These complex interactions imply a dynamic
relationship between essential hypertension and various psychological and
physiological factors, which considerably complicates the interpretation of the
results of many studies on the role of those factors in the onset and course of
hypertension.

The potential role of psychosocial factors in the etiology and course of
essential hypertension has been studied for a length of time. One major research
tradition in this area includes those theories that emphasize the importance of
(negative) environmental influences like major life events (e.g., Rahe, Lundberg,
Bennett, 8i Theorell, 1971), exposure to chronic stressors (e.g., occupational stres-
sors; Karasek 8z Theorell, 1990), and circumstantial positive factors that help
attenuate the negative effects of stressor exposure (e.g., social support; Karasek éc
Theorell, 1990). Two major approaches have been employed in this research area.
In the first approach level of stressor exposure has been assessed by means of
retrospective self-reports. Frequently blood pressure is used as an independent
variable in a design in which hypertensive groups and normotensive groups are
compared with respect to the self-reported amount or impact of stressors. It is
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clear that in thís approach the results are dependent on the individual's appraisal
of the situation ( Lazarus, 1966; Lazarus 8c Folkman, 1984). This has an important
limitation: the possibility of retrospective bias (e.g., a'search for meaning'),
especially if the hypertensive group consists of patients or, in general, individuals
aware of having the disorder. For this reason some researchers used a different
strategy: the primary subjects of study were not individuals with hypertension, but
individuals exposed to environmental stressors, for instance, subjects living in
areas with a high crime rate (Harburg, Schull, Erfurt, 8t Schork, 1970) or persons
having experienced traumatic events ( Ruskin, Beard, 8z Schaffer, 1948). It is
obvious that in this approach stressor exposure is often established in a more
objective way than in the former approach; the subjects have simply been
exposed to a real ecological event or situation, instead of giving retrospective
ratings concerning the number or intensity of stressors. Here blood pressure is the
dependent variable. It is of utmost importance, to control for differences between
the groups other than stressor exposure level, as such differences may account for
any associations found. Because such different methodological aspects may
influence results, it is conceivable that these two approaches may produce
(mutually) inconsistent results.

In this review, we will examine the literature of both traditions concerning the
relationship between hypertension, or more generally tonic blood pressure level,
and stressor exposure. Both field studies comparing exposed and non-exposed
groups and research based on retrospective self-reported stressor exposure will be
summarized and the results will be discussed. When discrepancies between
reported results are found, differences between the studies will be outlined with
respect to: (a) subject sample characteristics, (b) operationalizations of the
independent and dependent variables, (c) ways of controlling for confounding
variables, and (d) the design and statistical methods used. Furthermore, the effects
of potential moderator variables, such as awareness of having hypertension, will
be examined comprehensively. The literature searches were camed out using
electronic databases, such as PsychLit and the Social Sciences Citation Index.
Furthermore, existing reviews of the relevant fields (e.g., Mann, 1986; Marmot,
1984) were consulted.

First, a review will be provided concerning studies regarding the relationship
between blood pressure and objectively derived measures of real-life stressor
exposure. Second, studies concerning the relationship between blood pressure and
self-reports of exposure to psychosocial stressors will be discussed in two
subsections, one focusing on major life stressors (e.g., life events), and one on
occupational stressors. Potential moderator variables will be discussed and
possible explanations for the results found will be offered. Finally, conclusions
and suggestions for future research will be given.



Hypertension and stressor exposure 7

BLOOD PRESSURE AND OBJECTIVELY ASSESSED
STRESSOR EXPOSURE

In this section, studies concerning the relationship between blood pressure and
objectively established stressor exposure will be discussed, i.e., studies in which
stressor exposure has been established by means other than self-reports. Included
are studies of individuals exposed to acute traumatic events or to chronic stres-
sors. In all of these studies blood pressure level was the dependent variable (see
Table I).

Table I.-Blood pressure and objectively established stressor exposure

Studies

Ruskin et al., 1948
Miasníkov, 1961
Harburg et al., 1970
Kasl 8~. Cobb, 1970
Cobb 8c Rose, 1973
Cassel, 1974
Page, 1976
Jonsson 8z Hansson, 1977
Marmot et al., 1980
D'Atri et al., 1981
Waldron et al., 1982
Rofé 8c Goldberg, 1983
Baum, 1990
Theorell et al., 1991
Fox et al., 1993
Schaubroeck 8t Ganster, 1993

1~ Stressor Resultsb

180 (mff) city explosion BP ~Í
?(mff) WW II bombardments BP T
280 (mtf) stressfulness of residence BP Í~
44 (m) job-loss BP T
12,760 (m) stressful job BP T
review migration BP T
review acculturation BP T
118 (m) industrial noise BP ~Í
11,920 (m) migration BP 0
568 (m) crowding in prison SBP T
143 (mff) money economy BP T
5,804 (f) stressfulness of residence BP Í~
85 (mff) nuclear accident BP ~Í
2,900 (m) stressful job DBP T
198 (f) stressful job BP T
390 (mtf) stressful job DBP T

' The number of subjects in the study, m- male, f- female, review - review article, based on
several studies with unknown number of subjects. b SBP - systolic blood pressure, DBP -
diastolic blood pressure, BP - blood pressure (systolic and diastolic), ~- lower, Í~ - higher, 0
- no effect.

Ruskin et aL (1948) studied subjects who witnessed the 1947 Texas City
Explosion. Subjects who experienced this disaster showed elevated blood pressure
levels for days afrer the event. Miasnikov (1961) reported prolonged elevations of
blood pressure in Leningrad residents after heavy bombardments of the city in
World War II. However, whether such acute disastrous stressor-exposures contri-
bute to the development of hypertension remains controversial. Another traumatic
event that has been studied is the Three Mile Island nuclear accident. This event
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had also chronic aspects, because the threat of radiation remained for a long time.
Baum (1990) has summarized the Three Mile Island studies and has demonstrated
that Three Mile Island residents exhibited, among other things, higher levels of
blood pressure and catecholamines up to six years after the accident compared
with a control group living near another nuclear power plant.

In studies on chronic psychosocial stressors, several investigators have focused
on groups of individuals living in different cultures or persons who have migrated
to a society whose sociocultural characteristics are different from those of the

country of origin (Cassel, 1974; Harper, Crews, 8c Wood, 1994; Marmot, Kagan,
ó~ Kato, 1980; Waldron et al., 1982). Although often methodologically limited,
several studies have provided evidence for the view that, in contrast with the
situation in the industrialized world, blood pressure does not rise with age in

various non-industrialized cultures (Marmot, 1984). For instance, Waldron et al.

(1982) observed lower blood pressures and slower rise of blood pressures with
age in cultures that had lower involvement in a money economy and less
economic competition, even after controlling for salt consumption. When such

societies assimilate aspects of Western culture into their lifestyle, such as

economic competition, blood pressure increases with age (Page, 1976). It has

been argued that this association might be primarily due to psychosocial
discrepancies between the different types of cultures (Henry, 1988). However,
migration studies have yielded inconsistent results with respect to sociocultural
determinants of hypertension. Cassel (1974), for instance, has reported that when

individuals mígrated to an industrialized country, their blood pressure indeed

increased with age. Marmot et al. (1980) compared Japanese men living in Japan
with those who had migrated to Hawaii or California. The migrants showed
substantial increases in rates of coronary heart disease, but not in blood pressure
levels. This negative finding may be due to the fact that blood pressure levels of
Japanese living in Japan are comparable to those of Caucasian Americans living
in the USA, despite the fact that coronary heart disease rates are higher in the

USA than in Japan. Thus, the specific sociocultural factors that play a role in the

development of hypertension may be similar in Japan and the USA. Other factors
may account for the difference in CHD prevalence between the two countries. On
the other hand, positive outcomes, such as the findings reported by Cassel, are
rather difficult to interpret. The migrants might constitute a selective group of

people with certain characteristics in which they differ from the average
individua] staying home. Thus, although in cross-cultural studies some support
has been found for an association between psychosocial variables and blood
pressure level, the methodological limitations do not permit any definite
conclusions.

Research on chronic psychosocial stressors has also concentrated on groups of

individuals within one culture, living in areas that differ with respect to stressor
exposure levels. For instance, Rofé and Goldberg (1983) found that pregnant
women who lived in a high-stress environment (frequent terrorist attacks)
displayed higher blood pressure levels than women living in a low-stress area (no
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terrorist attacks). Moreover, the beginning of a war increased blood pressure in
all women, especially in those living in the high-stress area. Harburg et aL (1970)
compared blacks living in urban areas with high-stress levels with those living in
low-stress areas, as defined by a number of socioeconomic statistics, like crime
rate, overcrowding, unemployment rate, etc. They reported that in high-stress
areas, black residents showed a significantly greater proportion of essential
hypertensives compared with those living in low-stress areas. Similar results have
been obtained in a later study (Harburg et al., 1973).

Other evidence of psychosocial effects on blood pressure comes from a study
on crowding in prisons (D'Atri, Fitzgerald, Kasl, 8L Ostfeld, 1981). Although
blood pressure levels and variabilities of the prisoners did not differ initially, the
prisoners who were forced to stay in dormitories instead of single cell
accommodation, showed elevations of their blood pressure later on. This change
was not observed in the prisoners who could stay in their single cells. It should
be noted, however, that the possibility cannot be ruled out that there is some
characteristic of hypertension-prone prisoners that has caused their transfer to the
dormitory.

Studies with objectively derived measures of occupational stressor exposure
have demonstrated a positive association between these measures and blood
pressure level. For instance, in a longitudinal study (Kasl óz Cobb, 1970) men
experiencing job-loss showed blood pressure elevations up to two years later.
Furthermore, Jonsson and Hansson (1977) reported that systolic and diastolic
blood pressure was significantly higher in male industrial workers with a noise-
induced auditory impairment than in their male colleagues of the same age with
normal hearing. In a well-known study of air traffic controllers, Cobb and Rose
(1973) reported higher age-specific prevalence and annual incidence rates of
hypertension among air traffic controllers compared with second class airmen
(whose work is assumed to be less stressful than the work of the former group).
Moreover, controllers working at high traffic density centres, with higher stressor
levels, showed higher prevalence rates than controllers working at low traffic
density centres. Recently, job strain, assessed by an objective job classification
procedure, was found to be significantly positively associated with diastolic blood
pressure during work and at night (Theorell et al., 1991). The association was
stronger when occupations classified as physically demanding were excluded from
the analysis. Fox, Dwyer, and Ganster (1993) reported a significant positive
association between the number of stressors experienced by nurses in a hospital,
as rated by the head nurse, and their blood pressure level both at work and at
home. Finally, in another recent study it was found that, after controlling for a
number of confounding variables, chronic exposure to occupational stressors,
derived from an objective job classification procedure, was associated with higher
resting diastolic blood pressure (Schaubroeck Bc Ganster, 1993).

Although some methodological drawbacks have been present in this approach,
the overview concerning the relationship between objectively established exposure
to real-life stressors and elevated blood pressure certainly suggests that overall the
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results are in favour of a positive association between objectively established
stressor exposure and blood pressure level. However, because most studies
reviewed here were cross-sectional or had a relatively short period of

measurement after the onset of the stressor, one cannot be certain that such blood
pressure elevations could eventually lead to essential hypertension.

BLOOD PRESSURE AND SELF-REPORTED STRESSOR EXPOSURE

Potential moderator variables: awareness of and treatment for hypertension
In general, when interpreting results of studies based on self-reports, one should

always be aware of the possibility of bias as a result of confounding mechanisms,
like search for meaning, desirable responding, denial, etc. Therefore, before
presenting an overview of the literature concerning the relationship between blood
pressure and self-reported stressor exposure, we will demonstrate that two
mutually related factors, which often are present in research in this field, may

facilitate the distortion of self-reports of affect-laden matters like experienced

stressors. These two factors are: awareness of having hypertension and treatment
for the disease. Many of the studies concerning the relationship between stressor
exposure and hypertension are retrospective in nature. The perception of past

stressors or reports of earlier behaviour may be distorted by psychological

phenomena, such as searching for meaning in individuals who are treated for
hypertension or just are aware of having the disease.

In general, aware hypertensives have been frequently found to have lower
scores on self-reported well-being and higher scores on scales for measuring
physical and psychological symptoms than both normotensive and unaware
hypertensive control groups ( Irvine et al., 1989; Kidson, 1973; Monk, 1980;

Muller, Montoya, Schandry, 8c Hartl, 1994; Soghikian, Fallick-Hunkeler, Ury, 8z
Fisher, 1981; Zonderman, Leu, 8z Costa, 1986) (see Table II for an overview of
relevant studies).

On the other hand, in two screening studies (Mann, 1984; Moum, Naess,
Sorensen, Tambs, 8c Holmen, 1990), no differences in psychological well-being

were found between aware hypertensives and normotensives. These results

suggest that not awareness per se, but a selection bias of neurotic, complaining,
and help-seeking individuals, which have a larger probability of having a
potentially elevated blood pressure discovered, may be responsible for the
association between awareness of hypertension and poorer well-being found in

many studies. However, whether this association is due to awareness of
hypertension or results from selection bias is of secondary importance. Because
the statistical association of awareness of hypertension with self-report scores may
confound the results of studies on hypertension and self-reported stress and
stressor exposure, this association should not be ignored in research in this field.
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In contrast, favourable psychological scores have been obtained for unaware
hypertensives and individuals recently found to have elevated blood pressure, in
comparison with hypertensives already aware of having the disease for a longer
time and even in comparison with normotensives (Berglund, Ander, Lindstrám, óz
Tibblin, 1975; Davies, 1970; Kidson, 1973; Santonastaso, Canton, Ambrosio, 8c
Zamboni, 1984; Thomas 8z Kirkcaldy, 1988). Additionally, Rostrup and Ekeberg
(1992) reported no difference in psychological distress between unaware
hypertensives and 'new' hypertensives. These results thus suggest that when an
individual is not aware of having elevated blood pressure or does not (yet) regard
himself or herself as 'being a hypertensive', elevated blood pressure may be
associated with a diminished perception of aversive information. This hypothesis
will be discussed in more detail in a later section.

With respect to treatment, similar results have been found: treated
hypertensives score lower on psychological well-being than untreated
hypertensives ( Goldberg, Comstock, 8i Graves, 1980; Tibblin 8i Lindstrbm,
1972), 'new' hypertensives (Berglund et al., 1975), and normotensives (Monk,
1980)(Table III).

Only Soghikian et aL ( 1981) found the opposite, i.e., higher psychological
well-being in treated than in untreated subjects. However, in contrast to the
samples used in the other investigations, the treated subjects in this study were
successfully treated; their blood pressures had returned to normal levels. The
success of the treatment could have accounted for the favourable scores in this
particular sample.

To summarize, it can be concluded that, because of their possibly biasing
influence, awareness and treatment of hypertension should always be accounted
for in research on blood pressure and self-reports of affect-laden matters. In the
next sections, the focus will be on the relationship between blood pressure and
two categories of self-reported stressor experiences, namely perceived life
stressors and occupational stressors.

Life stressors
The results of studies ín which self-reported occurrence of life events is the
subject of interest, seem rather contradictory (see Table IV).

In their classical study, Reiser et al. (1951) found that the occurrence of
stressful life situations was associated with the onset of hypertension and medical
complications during the course of the disease. In this study no control group was
included, which is a serious limitation of course (this is also the reason why the
study is omitted in Table IV). Myers and Miles (1981) found that in a sample of
low-income blacks, individuals with borderline hypertension (a part of them was
treated for the disease) reported more negative life events than normotensive
blacks. Similar results were demonstrated in India; treated hypertensives reported
more negative life events than matched normotensives (Lal, Ahuja, 8z Madhukar,
]982). Also Osti, Trombini, and Magnani (1980) found more negative life events
reported by hypertensive patients, in this study compared with a control group of



Table IIL-Treatment for hypertension and self-reported well-being
Studies 1~ Groupsb

Tibblin 8c Lindstróm, 1972 622 (m) treated DHT vs.
untreated DHT

untreated DHT vs.
NT

Berglund et al., 1975 115 (m) treated DHT vs.
"new" DHT

Goldberg et al., 1980 777 (mtf) treated DHT vs.
untreated DHT

Monk, 1980 2,851 (mff) treated DHT vs.
NT

Soghikian et al., 1981 52,948 (mff) successfully treated
Ss` vs. untreated Ss

Instruments`

a 10-item symptoms list

a 30-item symptoms list

Langner MHSQ

GWB

a 5-item well-being checklist

Resultsd

treated DHT: more
symptoms

untreated DHT: fewer
symptoms

treated DHT: more
symptoms

treated DHT: more
symptoms

treated DHT: lower
psychological well-being

treated Ss: higher
psychological well-being

' and b as in Table II. ` GWB - General Well-Being questionnaire, Langner MHSQ - Langner Mental Health Status Questionnaire. d DHT - definitehypertensives, Ss - subjects). ` Individuals successfully treated for hypertension versus normotensive individuals not treated for hypertension, but oncediagnosed to have hypertension.

Table IV.-Blood pressure and self-reported life stressors
Studies

Osti et al., 1980
Myers 8c Miles, 1981
Lal et al., 1982
Linden 8z Feuerstein, 1983
Svensson 8t Theorell, 1983
Theorell et al., 1986

~ Groupsb

20 (m}f) DHT patients vs. NT patients
76 (mtf) Partly treated BHT vs. NT
108 (mff) DHT patients vs. NT
38 (m) Mostly untreated BHT vs. NT
47 (m) Mostly unaware BHT vs. NT
88 (m) Mostly untreated BHT vs. NT

Instruments`

interview
RLCQ
a 67-item life event scale
an ambulatory event diary
a 48-item life event scale
a 37-item life event scale

Results`'

DHT: more life stress
BHT: more life stress
DHT: more life stress
BHT: less everyday life stress
BHT: less life stress
BHT: less life stress

' and b as in Table IL ` RLCQ - Recent Life Change Questionnaire. d DHT - definite hypertensives, BHT - borderline hypertensives.
w
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early stage of asymptomatic hypertension (and mostly unaware of it) may tend to
have a'non-complaining' life attitude and under-report stressors. This would be
in agreement with the studies discussed above, in which unaware, just diagnosed,
and untreated hypertensives were found to report fewer physical and
psychological symptoms than normotensives and hypertensives aware of having
the disease for a long time (Berglund et al., 1975; Davies, 1970; Kidson, 1973;
Santonastaso et al., 1984; Tibblin 8t Lindstrám, 1972). The awareness of the
disease and treatment were not the only differences between the samples of
subjects studied. The samples also differed with respect to age, race, and sex
composition: young white males (Svensson 8t Theorell, 1983; Theorell et al.,
1986), or blacks and Indians of both sexes and of a broad range of age (Myers 8z
Miles, 1981; Lal et al., 1982). To what extent these variables might contribute to
differences in reporting behaviour is unknown. However, their influence cannot
be ruled out at present.

Occupational stressors
Inconsistencies with respect to the relationship between blood pressure level and
self-reported exposure to stressors have also been found in occupational research
(see Table V).

On several occasions a positive association has been found between blood
pressure level and self-reported job stressors (Matthews, Cottington, Talbott,
Kuller, óz Siegel, 1987; Schnall et al., 1990; Theorell, Ahlberg-Hulten, Jodko,
Sigala, 8c De la Torre, 1993; Van Egeren, 1992). For instance, in one study
(Matthews et al., 1987), after controlling for a number of potentially confounding
variables, it was shown that diastolic blood pressure level correlated positively
with various indices of the stressfulness of work conditions, namely poor contact
with co-workers, low decision latitude, and overall job dissatisfaction. Schnall et
al. (1990) operationalized job strain as the combination of high work load and
low decision latitude. After controlling for confounders, they found that high
blood pressure in males from a wide range of occupations was associated with
high job strain. Van Egeren (1992) used the same operationalization of job strain
as Schnall et al., in a study on 37 normotensive workers with sedentary jobs
(males and females). The results were in congruence with those of Schnall and
co-workers: subjects with high strain jobs had higher systolic blood pressure; not
only at work, but also at home. The same operationalization of job strain has also
been used in a study conducted in female hospital personnel (Theorell et al.,
1993). After controlling for several confounders, they found significant
associations between perceived job strain and diastolic blood pressure during
working hours and at rest.

In contrast, in some other studies negative associations were reported, often
contrary to the expectations of the researchers. For example, in a study on 416 air
traffic controllers it was found that normotensives who developed borderline or
definite hypertension during a three year follow-up reported fewer life stressors,
less tension-anxiety, less depression, less burn-out, and more satisfaction with
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Table V.-Blood pressure and self-reported occupational stressors

Studies 1~ Indep. variable Instrumentsb Results`

job dissatisfaction JDI(2) later BP ~

job stress JEI, JDI(1) DBP T

job stressors a 19-item list BP ~

job strain JCQ BP T

job strain JCQ SBP T

job strain JDWH f DGAC BP T
work load JDWH BP 0

job stressors MISE DBP ~

Jenkins et al.,
1985 416(m)

Matthews et al.,
1987 288(m)

Winkleby et al.,
1988 1,428 (m)

Schnall et al.,
1990 215(m)

Van Egeren,
1992 37 (mff)

Fox et al.,
1993 136 (f)

Theorell et al.,
1993 56 (f) job strain JCQ DBP Í~

' as in Table II. b DGAC - Dwyer-Ganster Amount of Control scale, JCQ - Job Content
Questionnaire, JDI(1) - Job Descriptive Index, JDI(2) - Job Description Inventory, JDWH -
Job Demands and Worker Health, JEI - Job Environment Inventory, MISE - Motowidlo et al.'s
Inventory of Stressfu] Events. ` SBP - systolic blood pressure, DBP - diastolic blood pressure,

BP - blood pressure (systolic and diastolic), ~- lower, ~Í - higher, 0- no effect.

jobs and co-workers than did their colleagues who stayed normotensive (Jenkins

et al., 1985). In an extensive study (N - 1428), San Francisco bus drivers were

surveyed as part of an occupational health study (Winkleby et al., 1988). An
inverse association was obtained between blood pressure level and subjects' self-
reports of work-related problems. This association remained significant after
adjustment for 12 potentially confounding variables. When the analysis was done
using only the data of the 1040 normotensive subjects, again an inverse associa-
tion was found. In contrast to these inverse associations, positive associations
between self-reports of occupational problems and other health complaints, such
as gastrointestinal, respiratory, and musculoskeletal problems, were reported.

It is difficult to find proper explanations for these inconsistencies. Various
sample characteristics, and interactions between them, may have influenced the

self-reported rates of stressor exposure. We have not been able to identify
systematic differences in sample characteristics, such as age, sex, awareness, and
treatment for hypertension, between the studies that showed positive correlations
and those with inverse associations. The only clear difference is that in the studies
with negative associations the samples consisted of traffic employees. One might,
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of course, speculate that traffic employees have a hypertensive-prone personality
trait or coping style that may incline them to deny problems, but this explanation
seems highly improbable. A more plausible explanation may be offered by
regarding another source of outcome variance in these studies: the assessment
method used to determine the level of stressor exposure. Occupational question-
naires like the Job Content Questionnaire, used in three of the four studies in
which positive associations were found (Schnall et al., 1990; Theorell et al.,
1993; Van Egeren, 1992), have a strong objective component as suggested by a
large interoccupation variance (Karasek á Theorell, 1990; Schnall et al., 1990).
In the previous section, it has been stated that when measures of stressor exposure
are derived objectively, positive associations between blood pressure and stressor
exposure dominate the results obtained. Therefore, Theorell et al. (1991) suggest
that, in order to obtain positive associations between these variables, stressor
measurement has to be as objective as possible. In contrast, as stated by Winkleby
et al. (1988), when stressors are assessed by means of more subjective measures,
null or reverse findings are often reported. This explanation is in line with a
recent study conducted by Fox et al. (1993). In a sample of 136 nurses they
linked objective and subjective measures of job stressors to blood pressure and
cortisol levels. The objective measure of job stressors was the head nurse's
ratings of individual nurses' work load. Subjective measures were various self-
report questionnaires concerning work load, perceived control, the nurnber of
stressful events at work, and overall job satisfaction. The authors found that (a)
the objective measure of work load was positively associated with blood pressure
level, both at work and at home, (b) job strain (the Karasekian interaction of high
work load and low perceived control) was positively associated with blood
pressure level (which is in line with the other job strain studies), (c) the
subjective measure of work load did not correlate with blood pressure, and (d) the
self-reported number of stressful events at work correlated negatively with
diastolic blood pressure level at home.

Conclusions
The studies using self-reports of stressor exposure show conflicting results.
However, when report biasing factors, in particular awareness of the disease and
treatment, are absent and the questionnaires are subjective rather than objective,
results may be more in favour of a model that points at an inverse association
between blood pressure and stressor exposure. This conclusion contrasts the
outcome of the review of the literature based on objectively established stressor
exposure in which positive associations predominate. A nice example of the
discrepancy between objective and subjective stress measures in relation to blood
pressure is the study of Harburg et al. (1970), which has been described above.
An objectively established index of stressfulness, namely the area in which the
subjects lived, was associated with a higher proportion of hypertension. In
contrast, the persons with high blood pressure who were actually living in high
stress areas were more satisfied with their neighbourhood than their normotensive
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counterparts in the same tract; consequently, they judged their area as less
stressful than the normotensives.

The suggestion that hypertensives have a tendency to label a stimulus as
"aversive" less quickly is supported by research on blood pressure and pain
perception. In the past 15 years it has been repeatedly demonstrated that
individuals with high blood pressure have a higher pain threshold and pain
tolerance than individuals with normal blood pressure, indicating a tendency for
hypertensives to perceive these stimuli as less aversive. This has been found for
electrical (Elbert, Rockstroh, Lutzenberger, Kessler, 8c Pietrowsky, 1988; Zamir
8z Shuber, 1980), thermal (Sheps et al., 1992), and finger pressure pain
stimulation techniques (Bruehl, Carlson, 8z McCubbin, 1992). Moreover, also in
normotensive samples a continuous inverse relationship between blood pressure
levels and perceived painfulness of physical stressors has been found (Bruehl et
al., 1992). This inverse association has been found in between-subjects (Zamir 8c
Shuber, 1980) and within-subjects designs (Dworkin, Filewich, Miller, Craigmyle,
8c Pickering, 1979), in animal (Randich 8t Maixner, 1984) as well as in human
studies (Sheps et al., 1992).

GENERAL CONCLUSIONS AND DIRECTIONS FOR
FUTURE RESEARCH

In this review studies concerning the relationship between blood pressure and
stressor exposure have been discussed and possible explanations for the
discrepancies found have been offered. Especially the results of studies based on
self-reported stressor exposure have often been contradictory, because of
differences in operationalizations of the concepts studied and factors like the
moderating effect of variables, such as awareness of having hypertension and
being treated for the disease, and the relative importance of subjective aspects in
the measurements. Therefore, it has been argued that these factors should be
accounted for in future studies concerning the relationship between blood pressure
and psychosocial variables.

Furthermore, a discrepancy has been found between the results of studies
based on objectively established measures of stressor exposure and those of
studies using subjective measures. Whereas the former studies often showed a
positive association between stressor exposure and blood pressure, the results of
research based on self-reported stressors with a low objectivity level tended to
yield more often negative associations between reported stressors and blood
pressure level in subjects unaware of their blood pressure elevation. The latter
association has also been supported by results from pain research, where
substantial evidence has been found for a lower pain appraisal in hypertensives,
as compared to normotensives. This discrepancy may partly explain the inability
to draw conclusions about the role of stressor exposure in the development of
essential hypertension.
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It is tempting to speculate that two different sequential mechanisms are
responsible for the disagreement between results based on objectively established
stressor exposure and those from studies using self-reports. It may be
hypothesized that when certain conditions are met, relating to factors such as
social support, personality characteristics, coping style, and physiological
constitution, frequent intermittent or chronic exposure to stressors may potentiate
the development of sustained elevated blood pressure. However, elevated blood
pressure may subsequently result in certain conditions, which are responsible for
the lower rates of self-reported stress and stressor exposure repeatedly found in
hypertensives. The role of the following conditions, relevant for the latter
relationship, may be hypothesized. First, once people have elevated blood
pressure, they may not feel well enough to participate in social events or they
may consciously try to avoid exposure to stressful situations (withdrawal).
Second, high blood pressure may have a negative effect on memory function,
which would cause the lower report rates. Third, because of frequent or chronic
exposure to stressors, hypertensives may have become less sensitive to acute
stressors and, consequently, may perceive them as less threatening (the
inoculation hypothesis; Eysenck, 1983). Fourth, hypertensives may have a coping
or reporting style which minimizes the aversiveness of events (either
unconsciously or consciously: e.g., repression, denial, and non-disclosure).
Finally, hypertensives may have a physiologically based altered appraisal of
aversive stimuli, for instance, brought about by baroreceptor mediated CNS
inhibition (Dworkin et al., 1979). The first explanation, a diminished exposure to
stressors as a result of the elevation of blood pressure, is questionable. Non-parti-
cipation in social events on the part of hypertensives due to less physical and
psychological well-being seems unlikely, because elevated blood pressure is
mostly asymptomatic (Moum et al., 1990; Monk, 1980). Also intentional
avoidance as a result of awareness of having high blood pressure does not seem
to be a satisfactory explanation considering the fact that several studies, revealing
an inverse association between blood pressure and stressor report rates, were
based on unaware hypertensives (Svensson 8i Theorell, 1983) or even
normotensives (Winkleby et al., 1988). Also explanations like selection bias of
complaining help-seekers, which have a greater chance of having their blood
pressure measured implicating a greater probability of hypertension discovery,
and awareness of and treatment for the disease cannot account for the results
obtained in unaware and normotensive samples. The second explanation, a
deteriorated memory function in hypertensives, has not received much support
from the literature up to date; the results with respect to delayed recall have been
inconsistent (Waldstein, Manuck, Ryan, 8z Muldoon, 1991; Van Swieten et al.,
1991). More research would have to be performed to examine this hypothesís in
more detail. Also the inoculation hypothesis does not seem very plausible, given
the fact that hypertensives have frequently been found to be cardiovascular
hyperreactors to behavioral stressors, thus being physiologically sensitive to
stressors (Anderson, 1989; Drummond, 1985; Pickering 8t Gerin, 1988; Steptoe,
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Melville, á Ross, 1984). Moreover, Eysenck suggested that inoculation may play
a role in cancer rather than in hypertension (Eysenck, 1983). For the final two
explanations, namely a defensive coping style and a physiologically based altered
perception in hypertensives, indirect support has been found in the literature.
Elevated tonic blood pressure has been repeatedly reported to be associated with
defensive coping (e.g., Cottington, Brock, House, 8z Hawthorne, 1985; Sapira,
Scheib, Moriarty, 8z Shapiro, 1971; King, Taylor, Albright, 8i Haskell, 1990) and
baroreceptor stímulation mediated diminished pain perception, presumably
involving CNS inhibition, in both aware and unaware samples (e.g., Elbert et al.,
1988; Randich, 1986). Both explanations suggest an altered appraisal of stressors
-becoming less aversive- , which could be responsible for the inverse associations
found between blood pressure and subjective measures of stressor exposure. For a
detailed review of these mechanisms, see Chapter 3. The possibility of an altered
appraisal of stressors in hypertensives and persons at risk for hypertension should
be investigated systematically in future research, including examining possible
underlying psychological and physiological mechanisms, as the ones described
above.

Although the sequential relationship between the two mechanisms may be an
amactive hypothesis, whether these mechanisms precede elevated blood pressure,
are the result of hypertension, or are just epiphenomena of other factors, cannot
be inferred from the predominantly cross-sectional studies performed in this area.
For instance, it may be hypothesized that altered appraisal is a marker of a risk
for hypertension, rather than a result of high blood pressure. Therefore,
prospective studies should be preferred in order to get more insight into the
nature of these relationships, including the issue of causality.

The dual nature of the association between blood pressure and the experience
of stressors would imply a complication regarding the measurement of stressor
exposure: a higher blood pressure level will tend to be associated with a higher
level of objectively assessed chronic stressor exposure, but also with a lower
appraisal of the aversiveness of the stressors and perhaps even with a lower
probability of labelling an event as a stressor. Environmental stressor exposure
assessed by means of self-reports will always contain a mix of both entities,
which considerably complicates the interpretation of data based on this kind of
measurements. Therefore, in field research, it is recommended to obtain
simultaneous assessment of both a more or less objective index of stressor
exposure and the (subjective) appraisal of the stressors and treat them as separate
variables. Preferably, also coping style should be included in research in this
field. Although coping style has generally been regarded as an important
moderator in the relation between stressor exposure and health outcome, the
interaction with stressor exposure has often been omitted from research designs.
Additionally, the inclusion of various defensive coping measures would be helpful
in testing whether the under-reporting behaviour ancUor altered appraisal in
individuals with elevated blood pressure could be attributed to a defensive coping
style. ldeally, other potentially relevant variables should be included, such as
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social support, and personality characteristics.
Such studies imply the use of multivariate designs and analyses. Moreover,

given the multiple process-like nature of the relationships between especially
stressor exposure, appraisal of stressor, and coping, a process-like approach
should be encouraged (Lazarus óc Folkman, 1984). This could be realized in
ambulatory studies, in which multiple assessments during the day -and preferably
during episodes of stressor exposure- are obtained from the subjects. Such an
approach may be fruitful for an additional reason: exposure to and inadequate
coping with daily hassles has been suggested to be potentially more important
with respect to (cardiovascular) health than the experience of the usually rare
major life changes (Lazarus, 1990; Vingerhoets 8c Van Tilburg, 1994).

Finally, as stated above, also prospective studies should receive much attention
in order to be able to obtain more insight into causal associations. In this context,
normotensive potential risk groups, for instance, individuals who prefer certain
inadequate coping styles and which are about to enter a situation of chronic
stress, would be a particularly interesting group to follow.
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CHAPTER 3

THE UNDER-REPORTING TENDENCY OF HYPERTENSIVES:
AN ANALYSIS OF POTENTIAL PSYCHOLOGICAL AND

PHYSIOLOGICAL MECHANISMS

Abstract-Hypertensives have repeatedly been found to exhibit diminished self-report rates of
stressor exposure and distress. In this chapter we discuss the evidence for two possible
explanations for this phenomenon by means of reviews of the literatures on blood pressure in
relation to defensive coping and pain perception. This approach provides support for the
plausibility of two, not mutually exclusive, explanations: one based upon defensive coping and
the other in terms of a physiologically based altered appraisal of aversive stimuli involving
baroreceptor activity. Moreover, some indirect evidence has been obtained for a possible
association between the two mechanisms. These findings have resulted in the formulation of a
hypothetical model in which baroreceptor mediated central nervous system inhibition results in
less negative appraisal of stressfu] situations and contributes to the development of hypertension
via an operant conditioning mechanism. In addition, this mechanism may underlie the so-called
defensive coping style. Finally, some directions for future research, aiming at testing the
proposed model, are offered.

Keywords: Blood pressure, Stress, Appraisal, Defensive coping, Baroreceptors, Pain.

INTRODUCTION

In the present chapter, literature will be reviewed on the relationship between
elevated blood pressure and two phenomena, which may provide an explanation
for the diminished subjective stress(or) report rates of hypertensives, as reported
in Chapter 2. First, it is hypothesized that hypertensives have a defensive coping
style which minimizes the (reported) aversiveness of events, either unconsciously
or consciously (e.g., repression, denial, and non-disclosure). Although this
concerns an old notion, recent studies on the topic warrant a reevaluation. The
second hypothesis states that hypertensives have a physiologically based altered
appraisal of aversive stimuli, as a consequence of which they become less
threatening. Evidence supporting this hypothesis comes mainly from research on
blood pressure and pain appraisal. Finally, it is suggested that these two
explanations may not be independent of each other.

The Iiterature searches on the relevant studies were carried out using electronic
databases, such as PsychLit and Social Sciences Citation Index. Furthermore,
existing reviews of the relevant literature (Davies, 1971; Randich óz Maixner,
1984; Sommers-Flanagan 8z Greenberg, 1989) were consulted. When
discrepancies between reported results are found, possible differences between the
studies will be discussed with respect to: subject sample characteristics,
operationalizations of the independent and dependent variables, ways of
controlling for confounding variables, and the design and statistical methods used.
In addition, when considering the relative importance of the results of the
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investigations discussed, several epidemiologic criteria will be applied, especially
regarding the nature of the samples of subjects used. In this regard, particularly
two mutually related issues are highly relevant as to their potential to moderate
(Baron 8c Kenny, 1986) the targeted relationships: selection bias and labelling.
Selection bias occurs when the hypertensive sample consists of patients treated
for the disorder. Hypertensive patients may differ on a number of psychological
characteristics from persons which are unaware of their elevated blood pressure,
such as neuroticism and anxiety (Irvine, Garner, Olmstead, 8i Logan, 1989;
Santonastaso, Canton, Ambrosio, 8z Zamboni, 1984). A relatively elevated level
of these characteristics, which may have enhanced the probability of hypertension
diagnosis in patient samples, may influence several other variables of interest, in
particular those assessed by self-reports (Irvine et al., 1989; Monk, 1980;
Soghikian, Fallick-Hunkeler, Ury, 8z Fisher, 1981). Therefore, in research on the
relationship between psychosocial variables and blood pressure, results of studies
based on samples from the general population should be regarded as more
representative and more conclusive than research on hypertensive patient groups.
Related to this issue is the notion that self-reports are also influenced by labelling
a person as "hypertensive" (Berglund, Ander, Lindstr~m, 8c Tibblin, 1975;
MacDonald, Sackett, Haynes, 8i Taylor, 1984; Rostrup 8c Ekeberg, 1992). This
implies that research based on unlabelled subjects should be given more weight
than studies involving labelled hypertensives. Finally, needless to say that
prospective investigations usually yield more powerful conclusions than cross-
sectional research, particularly with respect to causal relationships.

BLOOD PRESSURE AND DEFENSIVE BEHAVIOUR

In the discussion of the relationship between blood pressure and defensiveness,
those behaviours will be emphasized, which may have an influence on the self-
report rates of stressor exposure in hypertensives. These behaviours include
constructs such as repression, defensiveness, and non-disclosure.

There is much conceptual confusion concerning these constructs. Some
researchers have used them as synonyms (Sommers-Flanagan 8i Greenberg,
1989), while others have attempted to make theoretical distinctions between them,
which however appeared to be mutually incongruous (Paulhus óc Reid, ] 991;
Sackheim, 1988; Tomaka, Blascovich, 8i Kelsey, 1992). Trying to disentangle the
various constructs conceptually is beyond the scope of this thesis. Our interest
here concerns a common feature that is shared by these defensive behaviours:
deception of the self or the other in order to prevent problems or to put the self
(in front of others) or the external world (in front of the self) in a more
favourable light, regardless of whether the subject is aware or unaware of this.
More precisely, this implies that an individual using these coping styles tends to
trivialize negative experiences and avoids the expression of negative emotions. In
this way defensive behaviour might be responsible for distortions of self-reported
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distress and stressor exposure. Literature on alexithymia, a personality concept
related to repression (Cumes-Rayner 8z Price, 1989), will not be reviewed here.
The major reason is that alexithymics have been found to exhibit higher scores on
both somatic and psychological symptoms scales (Cohen, Auld, 8z Brooker, 1994;
Taylor, Parker, Bagby, 8z Acklin, 1992) and to report more hassles and perceived
stress (Kohn, Gurevich, Pickering, 8z MacDonald, 1994) than individuals scoring
low on alexithymia. These findings would contradict a potentially explanatory
role of alexithymia in under-reporting distress and stressor exposure. Moreover, in
recent studies no evidence for a relationship between alexithymia and blood
pressure has been found (Newton 8z Contrada, 1994; Kauhanen, Julkunen, Bz
Salonen, 1991). Although self-disclosure may be regarded as a reporting tendency
rather than a coping style, a review of the literature on the relationship between
blood pressure and self-disclosure will be included in this chapter. It has been
suggested that frequently a false-positive diagnosis of repression was due to a
mere tendency not to disclose threatening information (Cumes-Rayner 8z Price,
1989).

First, we will discuss studies concerning the relationship between blood
pressure and constructs like repression, defensiveness, social desirability, denial,
and self-deception. In the second subsection, the results of studies focusing on the
relationship between blood pressure and self-disclosure will be reported.

Repression and related constructs
In the literature concerning emotional repression and hypertension, many

studies have traditionally been dealing with repression of anger~hostility (Ewart,
1991). Occasionally, no relation between repressed hostility and hypertension was
found (e.g., Cochrane, 1973). Other, more recent studies (Aritzi et al., 1989;
Boutelle, Epstein, óz Ruddy, 1987; Hafner 8L Miller, 1991; Netter ái
Neuh~user-Metternich, 1991) demonstrated that hypertensive patients scored
higher on repressed aggression than normotensives. These studies should be
interpreted with caution, however, in view of the danger of biases due to aware-
ness of having the disorder, treatment, and self-selection in research based on
patient samples (Irvine et al., 1989).

In screening studies, conducted in general populations, hypertensive samples
consist of subjects in which high blood pressure has just been diagnosed, instead
of hypertensive patients. This implies that biases due to treatment or self-selection
do not apply. In one such screening study, Mann (1984) found no evidence for
repressed hostility in unaware hypertensives in comparison with normotensives.
However, the subjects consisted predominantly of individuals who responded
positively to the General Health Questionnaire (Goldberg, 1972), thus admitting
having psychological problems. Therefore, the sample can hardly be viewed as
being representative of the general population, which seriously obscures any
conclusions regarding the targeted relationship. In another screening study,
Thomas and Kirkcaldy (1988) found diminished scores on aggressiveness,
dominance, and openness to expression in young individuals who were just
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diagnosed as hypertensives. The authors interpreted these findings as not being
indicative of repression, but as being the result of inoculation. This concept,
introduced by Eysenck (1983), refers to a diminished sensitivity to acute
challenges as a result of frequent or chronic exposure to stressors. Given the fact
that hypertensives have frequently been found to be cardiovascular hyperreactors
to behavioral stressors, thus being physiologícally sensitive to stressors
(Anderson, 1989; Drummond, 1985; Pickering 8c Gerin, 1988; Steptoe, Melville,
8z Ross, 1984), the inoculation hypothesis does not seem very plausible.
Moreover, Eysenck himself has suggested that inoculation may play a role in
cancer rather than in hypertension (Eysenck, 1983). In addition, the presence of
the moderating effect of labelling (MacDonald et al., 1984) on the self-reports
can not be ruled out in both of these investigations. Finally, Cottington,
Matthews, Talbott, and Kuller (1986) found that among hourly workers, those
who suppressed their anger and reported more uncertain job future and
dissatisfaction with co-workers, were more likely to suffer from elevated blood
pressure. This study is the most convincing one of the screening studies discussed
so far, since in addition to have been sampled from the general population, the
subjects were not labelled as hypertensives.

Cardiovascular hypeneactivity is suggested to be a risk factor for the
development of hypertension in two recent prospective studies (Light, Dolan,
Davis, 8c Sherwood, 1992; Menkes et al., 1989). Jorgensen and Houston (1988)
investigated whether hyperreactivity was associated with repression of aggressive
feelings. They found that systolic blood pressure reactivity was associated with
repressed hostility in subjects with a family history of hypertension. This result
suggests that repression of aggression is associated with a risk factor for
hypertension. A similar association has been suggested for repression or denial in
general; in several studies, repressors and individuals with a family history of
hypertension who were characterized by denial have been found to be cardiovas-
cularly more reactive than non-repressors (Jorgensen ói Houston, 1986; Linden,
1985; Weinberger, Schwartz, 8z Davidson, 1979). These studies, conducted on
healthy, normotensive subjects, thus provide support for a relationship between
defensiveness and risk for hypertension.

This brings us to studies concerning repression and related concepts in general
(see Table I).

In his review of the literature, Davies (1971) concluded that the relationship
between blood pressure and psychosocial factors has often been obscured by self-
selection bias and inaccurate measurement methods. When not suffering from
these methodological drawbacks, results from several studies have suggested that
high blood pressure may indeed be related to emotional inhibition. Also in a more
recent review (Sommers-Flanagan 8z Greenberg, 1989) support was reported for
an association between hypertension and the use of psychological defense
mechanisms -i.e., denial and repression- , both in patient samples and in samples
of unselected unaware hypertensives. In the study by Sapira, Scheib, Moriarty,
and Shapiro (1971), hospitalized patients with hypertension watched two movies



Table I.-Blood pressure and repression

Studies 1~

Davies, 1971 review
Sapira et al., 1971 34 (mtf)
Tibblin 8z Lindstrám, 1972 622 (m)
Santonastaso et al., 1984 324 (mff)
Sommers-Flanagan 8c review

Greenberg,1989

Cottington et al., 1985 402 (mff)
Jamner 8z Schwartz, 1986 534 (~)
Jorgensen 8z Houston, 1986 122 (mtf)
Warrenburg et al., 1989 45 (m)
King et al., 1990 120 (mff)
Nyklícek et al., 1995 141 (mtf)

Indep. variablesb Measurements`

Blood pressure as independent variable

HT vs. NT BP, self-report, interview
HT patients vs. NT patients BP, interview
untreated HT vs. NT BP, a 10-item scale
'new' aware HT vs. NT BP, SRT
HT vs. NT BP, self-report, interview

Blood pressure as dependent variable

emotional suppression
repression
denial, FHf
defensiveness
repression
defensiveness

BP, a 8-item scale
BP, MC-SDS, TMAS
BP, MMPI-DS
BP, MC-SDS
BP, MC-SDS, TMAS
BP, WAI-SF (RD), EPCL

Resultsd

HT: emotional inhibition T
HT: emotional denial T
HT: emotional denial T
HT: emotional denial Í~
HT: repression T

DBP T
BP-reactivity T
BP-reactivity T
SBP f SBP-reactivity T
SBP t SBP-reactivity Í~
SBP T

' The number of subjects in the study: m- male, f- female, review - review article, based on studies with unknown number of subjects. b HT -hypertensives (blood pressure ? 140~90 mmHg), NT - normotensives (blood pressure ~ 140~90 mmHg), 'new' - individuals who just knew about theirelevated blood pressure, FHf - normotensives with a family history of hypertension. ` BP - blood pressure, EPCL-Everyday Problem Checklist, MC-SDS - Marlowe-Crowne Social Desirability Scale, MMPI-DS - Denial Scale of the Minnesota Multiphasic Personality Inventory, SRT - SymptomRating Test, TMAS - Taylor Manifest Anxiety Scale, WAI-SF (RD) - Repressive Defensiveness subscale of the Weinberger Adjustment Inventory(Short Form). ' HT - hypertensives, SBP - systolic blood pressure, DBP - diastolic blood pressure, BP - blood pressure [systolic and díastolic], HR -
heart rate, T - higher).

w
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defensive behaviour is accumulating. Support for this association has been
obtained from patient- and from population-based studies and from both studies
treating blood pressure level as an independent and as an outcome variable.

Self-disclosure
According to Cumes-Rayner and Price (1989), one may wonder whether the

diagnosis of repression and denial often not merely represents a preference not to
disclose. In this section, we discuss research that examined the relationship
between blood pressure and disclosure of negative events or emotions without
reference to a repressive coping style.

Pennebaker (1988; 1989) has shown that, in general, disclosure of previously
inhibited experiences positively affects autonomic nervous system (ANS) activity
(lower baseline values) in the long run. Handkins and Munz (1978) reported that,
in an interview situation, treated male hypertensives disclosed less about intimate
topics than male normotensives matched on age and weightJheight ratio.
Unselected young males with elevated blood pressure have been found to express
sorrow to significantly less people than their normotensive counterparts (Knox,
Svensson, Waller, 8z Theorell, 1988). Cumes (1983) showed that subjects with
high blood pressure reported less concerns than normotensives. They were also
less likely to report feelings of being distressed after a cognitive task, even when
blood pressure increases occurred. Finally, Cumes-Rayner and Price (1989) found
that borderline hypertensive students preferred not to disclose information about
their concerns in comparison to normotensives. When they felt that there was no
other option than to disclose, this had a disregulatory effect on their blood
pressure. In this study disclosure correlated highly with repression and anxiety in
the hypertensive group.

Thus, results of this research, predominantly obtained from unbiased samples,
suggest that hypertensives indeed may have a preference not to disclose
information about experienced negative events or emotions.

Conclusions
The results from the studies concerning the relationship between blood

pressure and coping~reporting style reviewed here suggest that individuals with
elevated blood pressure tend to be defensive and are inclined to minimize
aversiveness, in particular concerning their negative emotions and experiences.
The issue of causality cannot be resolved from the cross-sectional studies
reviewed here. Prospective research would be needed to obtain more insight into
causal relationships. However, apart from the question whether the association is
a causal one -and if so, what the direction of this causality might be- the
importance of the association between blood pressure and defensive behaviour is
that it may explain the observed diminished stressor report rates by an altered
appraisal of threatening stimuli or by hiding negative information. The mutual
relationship between appraisal and coping has been extensively described by
Lazarus and coworkers (Lazarus, 1966; Lazarus 8c Folkman, 1984). When a
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situation is first appraised as being threatening, using a repression-like coping
style may immediately alter the (primary) appraisal into a more positive
evaluation of the situation. Alternatively, if the mechanism would rather consist
of just hiding negative information from others, primary appraisal would largely
be unaffected, implying the need for another coping strategy to deal with the -still
threatening- situation.

To what extent the under-reporting may be mediated by one or more of the
defensive constructs mentioned in this review (repression, self-deception, non-
disclosure, etc.) remains unclear, partly due to the definitional confusion.
Therefore, elucidating the theoretical and statistical relationship between these
constructs seems desirable in order to be able to design studies that could
discriminate between the hypotheses regarding the role of defensive behaviour in
the under-reporting tendency in hypertensives.

BLOOD PRESSURE AND APPRAISAL OF PAINFUL STIMULI

Evidence for an associatíon between blood pressure and altered appraisal of
threatening stimuli has also been obtained from pain research. In the past 15
years a solid body of evidence has been accumulated regarding links between
high blood pressure and diminished sensitivity to painful stimulation
(antinociception), presumably as a result of baroreceptor stimulation mediated
central nervous system (CNS) inhibition. In their review on the association
between cardiovascular and pain regulatory systems, Randich and Maixner (1984)
have stated that pharmacological, neuroanatomical, electrophysiological, and
behavioral data have provided evidence for a strong association between
cardiovascular function and the perception of pain. It has been demonstrated that
individuals with high blood pressure have a higher pain threshold and pain
tolerance than individuals with normal blood pressure, indicating a tendency for
hypertensives to perceive these stimuli as less aversive. This has been found for
electrical (Elbert, Rockstroh, Lutzenberger, Kessler, 8c Pietrowsky, 1988; Zamir,
Simantov, 8i Segal, 1980), thermal (Sheps et al., 1992), and finger pressure pain
stimulation techniques (Bruehl, Carlson, 8c McCubbin, 1992). Moreover, also in
normotensive samples an inverse relationship between blood pressure and
perceived painfulness of physical stressors has been obtained (Bruehl et al.,
1992). This inverse relationship has been found in both between-subjects (Zamir
8c Shuber, 1980) and within-subjects designs (Dworkin, Filewich, Miller,
Craigmyle, 8c Pickering, 1979), in animal (Randich 8z Maixner, 1984) as well as
in human studies (Sheps et al., 1992). The results of these studies are presented in
Table II.

Animal studies
The first evidence came from animal studies, when Dworkin et al. (1979)

showed that artificially raising blood pressure in rats caused antinociception.



Table II.-Blood pressure and pain perception

Studies l~ Designb Stimulus Ind. variables` Results`' Opioids`

Dworkin et al., 1979 16 (m)
Zamir 8~ Segal, 1979 34 (m)
Saavedra, 1981 32 (m)
Randich 8c Hartunian, 1983 6(m)
Maixner 8c Randich, 1984 15 (m)
Randich, 1986 18 (f)

Zamir 8t Shuber, 1980 55 (m)
Elbert et al., 1988 20 (m)

France et al., 1991 45 (m)
Bruehl, et al., 1992 60 (m)
Sheps, et al., 1992 20 (m)
Dworkin et al., 1994 139 (mff)
McCubbin 8z Bnaehl, 1994 16 (m)
Rau et al., 1994 21 (mff)

Animal studies
WS electric shock BP T
WS heat BP ~Í
RMBS heat HT vs. NT
WS heat BS T
WS heat BS T
WS heat BS ~Í

Human studies

BS electric shock HT vs. NT
WS electric shock BS T

BS pressure FHt vs. FH -
BS pressure resting SBP T
BS heat resting MAP T
WS electric shock BS Í~
RMBS cold resting SBP T
RMBS heat HT vs. NT

BS T
pressure HT vs. NT

BS T

pain avoidance ~ NT
pain sensitivity ~ f
HT: pain sensitivity ~ f
pain sensitivity ~ NT
pain sensitivity ~ -
in HT: pain sensitivity ~ NT

HT: pain sensitivity J~ NT
in HT: pain sensitivity ~ NT
in NT: pain sensitivity T NT
FHt: pain sensitivity ~ NT
rated pain ~ NT
pain sensitivity .~ fl0
rated pain ~ NT
rated pain ~ 0
HT: pain sensitivity ~ NT
pain sensitivity 0 NT
pain sensitivity 0 NT
pain sensitivity ~ NT

' as in Table I. b WS - within subjects design, RMBS - repeated measures between subjects design, BS - between subjects design. ` BP - blood
pressure, SBP - systolic blood pressure, MAP - mean arterial pressure, BS - baroreceptor stimulation, HT - hypertensives (blood pressure ? 140~I90
mmHg), NT - nonnotensives (blood pressure ~ 140I90 mmHg), FHf - family history of hypertension, FH- - no family history of hypertension. d
lower, Í~ - higher, 0- no effect. ` NT - role of the opioids not tested, t(IO) - role opioids (partially) confirmed, -(~0) - role opioids (partially)
negated, 0 - results inconclusive.
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reach significance. Moreover, in multiple regression analyses with pain ratings as
the dependent variable, naloxone did not significantly modify the predicting
power of resting systolic blood pressure. Rau et al. (1994) used both thermal and
finger pressure pain inducers in a study in which hypertensives and normotensives
were compared regarding their pain thresholds in a baroreceptor stimulation
conditíon and in a control condition. Consistent with the study of Sheps et al.,
hypertensives exhibited higher pain thresholds for thermal pain than
normotensives. However, baroreceptor stimulation had no effect on pain
thresholds for thermal paín. In contrast, baroreceptor stimulation did heighten
pain thresholds for pressure pain, but for this stimulus hypertensives and
normotensives did not differ in terms of their absolute pain thresholds. The latter
finding is inconsistent with the results obtained by Bruehl et al. This discrepancy
may be due to the fact that all subjects in Bruehl et al.'s study had to endure the
pain stimulus for one minute, thus containing a strong component of inescapabi-
lity, whereas in the study of Rau et al. the subjects disengaged the pain inducer
when pain threshold was reached. It could therefore be hypothesized that having
control in a(pressure) pain design abolishes any differences in pain sensitivity
between hypertensives and normotensives. An other explanation for this
discrepancy may be the fact that the pressure pain experiment took place after the
thermal pain session on another day, which could have eliminated differences
between the groups due to habituation to the setting. With respect to the failure to
find a baroreceptor stimulation effect for the thermal stimulus, the authors
suggested that baroreceptor activity may not have a pain-inhibitory effect for all
pain modalities, possibly due to, among other things, different anatomical
pathways existing for different pain modalities.

Elbert et al. (1988) studied the effect of baroreceptor stimulation on sensitivity
to pain induced by electric stimulation. They demonstrated that in students with
elevated blood pressure, baroreceptor stimulation elevated their pain threshold, .
whereas the same procedure had the opposite effect in normotensives. These
results suggest that baroreceptor mediated antinociception may not operate in all
individuals; it may depend on the presence of an unknown moderator variable, for
instance a certain physiological predisposition. Additionally, the authors found a
positive shift in negative cortical slow waves during baroreceptor stimulation,
suggesting cortical inhibition. This positive shift was related to resting blood
pressure, indicating differences in cortical activity during pain between normo-
tensives and hypertensives. The authors concluded that these differences may be
linked to a risk factor for hypertension development, by means of an operant
conditioning mechanism, which is discussed below. The suggestion of a link
between antinociception and risk for hypertension is in accordance with the
findings of France and coworkers (France, Ditto, 8z Adler, 1991; France 8c
Stewart, 1995). They compared healthy males at risk for hypertension with
subjects without an increased risk for hypertension but with the same resting
blood pressure values. The risk for hypertension was defined as either the
presence of a parental history of the disorder or enhanced cardiovascular
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reactivity. In both studies, the experimental group showed reduced pain sensiti-
vity, in the first one to a constrictive thigh-cuff pressure stimulus (France et al.,
1991), in the latter one to an ischemic pain stimulus (France 8i Stewart, 1995).

In conclusion, although some inconsistencies have been found regarding
results which involved different pain modalities, overall, a good body of evidence
exists for an association between blood pressure and baroreceptor activity
mediated ( and at least in some cases opioid based) antinociception. Thus,
hypertensives appear to have a physiologically based altered appraisal of physical
aversive stimuli. The evidence is particularly convincing given the fact that most
studies have been performed on unselected and unlabelled human samples or on
animals; some of which were based on normotensive subjects only. It is tempting
to speculate that the same mechanisms found for physical stressors are responsible
for an altered appraisal of psychosocial stressors, which could be involved in the
diminished stressor and symptom report rates by hypertensives. Future research
should address these important issues, the more since the extrapolation of the
diminished appraisal of painful stimuli in hypertensives to appraisal of
psychosocial stressors has been an implicit assumption in the operant conditioning
of hypertension hypothesis, discussed below.

Operant conditioning of blood pressure elevation
Given the frequently found association between blood pressure elevations and

antinociception, a mechanism has been proposed that may have etiological
implications for hypertension (Dworkin et al., 1979). As Randich and Maixner
(1984) have suggested: "the inhibition of pain brought about by elevations in
either arterial or venous blood pressure may provide a form of psychophysiologi-
cal relief under situations of stress exposure and contribute to the development of
essential hypertension in humans" (p. 343). This hypothesis proposes an operant
conditioning mechanism operating under stressful situations, which would be -
partially- responsible for the development of idiopathic hypertension. This
mechanism would presumably involve baroreceptor stimulation mediated CNS-
inhibition, which may be based on endogenous opioid activity. Indirect support
for a part of this hypothesis is obtained in research on stress-induced analgesia,
which is a well recognized phenomenon demonstrated in animals as well as in
humans (Amit 8c Galina, 1988; Bandura, Cioffi, Taylor, 8i Brouillard, 1988). For
instance, Bandura et al. (1988) found in human subjects that high distress,
induced by a frustrating cognitive task, which decreased perceived self-efficacy,
resulted in higher heart rate and activation of the endogenous opioid system, and
hence, in diminished pain sensitivity to the cold pressor test. When the opioids
were blocked by naloxone, no decrease in pain sensitivity was observed. This
result demonstrates the association between perceived stressfulness of a situation,
cardiovascular activation, and opioid mediated antinociception. Furthermore, in
animal studies it has been demonstrated that stress-induced, opioid system
mediated analgesia can be conditioned to environmental cues (Amit 8c Galina,
1988). However, no attempts were made to examine the involvement of the
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baroreceptors. More direct support for the plausibility of the proposed mechanism
is provided by the findings that blood pressure elevations (a) can be learned
instrumentally in both animals and in humans (Dworkin, 1988) and (b) can result
in cortical inhibition, which has been found to be associated with diminished pain
sensitivity (Dworkin et al., 1994; Elbert et al., 1988; Elbert, Roberts,
Lutzenberger, óc Birbaumer, 1992). Finally, in the first prospective study
regarding the conditioning hypothesis of hypertension, Elbert et al. (1994)
recently demonstrated that sensitivity to baroreceptor mediated antinociception
predicted an increase in blood pressure 20 months later; the increase being
proportional to self-assessed daily life stress.

INTEGRATION AND HYPOTHETICAL MODEL

If elevated blood pressure is associated with both lower pain sensitivity and
defensive coping, it would be of interest to investigate the possible links between
these findings.

Davidson and Bobey (1970) found different responses to pain between
repressors and sensitizers. Repressors showed initially to be less pain sensitive
(higher pain tolerance), but they also showed a significant decrease in pain
tolerance from trial 1 to 2, which was not exhibited by the sensitizers. Dubreuil,
Endler, and Spanos (1988) reported that repressors had higher pain tolerance for
acute focal pressure pain than sensitizers. In two other studies (Jamner 8t
Schwartz, 1986; Jamner, Tursky, ói Leigh, 1986) it has been found that repressors
had higher pain thresholds and tolerance levels during electric stimulation than
low self-deceptives, while no differences in sensory threshold were obtained.
Support for possible opioid mediation has also been found. An association has
been reported between repressiveldefensive coping style and those immune
function parameters, that are linked with the opioid system (Jamner, Schwartz, 8c
Leigh, 1988). In addition, Jamner and Leigh (1994) reported that, although high
self-deceptives had higher pain tolerance than low self-deceptives under both
naloxone and saline conditions, a naloxone-induced hyperalgesia (enhanced pain
sensitivity) was found in high self-deceptives, but not in low self-deceptives. The
authors, therefore, suggested the existence of a relationship between repression
and altered opioid function.

Thus, it could be hypothesized that the nervous system-inhibiting effects
brought about by baroreceptor activation -and possibly involving the opioid
system- , may both play a role in the development of hypertension and underlie
the so-called "defensive or repressive" coping style. Diminished appraisal of
stressors would play a central role in these links. Additionally, repression has also
been proposed to be involved in the development of cardiovascular disease
(Alexander, 1939; McClelland, 1979; Niaura, Herbert, McMahon, óc
Sommerville, 1992; Schwartz, 1990), although until now not much direct support
has been obtained for this link. Together, these relationships form our
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hypothetical model, which is graphically represented in Figure 1.
In the upper part of the illustration the conditioning mechanism is depicted.

The link between this mechanism and both hypertension and "defensive coping"
can only be established after prolonged periods of chronic or recurrent stressor
exposure. Defensive coping is in quotes here, because in this context,
defensiveness might just be reflecting a physiologically based, more or less
permanent, altered appraisal of threatening stimuli, not defensiveness in the
classical sense. It should also be noted that the mechanisms described here are not
universal, they do not apply to all individuals. As suggested by Elbert et al.
(1988), sensitivity to the cardiovascular dampening mechanism probably differs
between individuals and may constitute a part of the hypertension-prone
disposition. Given the fact that much of the evidence that has led to the
formulation of this hypothetical model has been indirect, in the future the
emphasis should be on the development of designs for testing directly (parts of)
the model.

CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS

In this review, two explanations for the under-reporting tendency among
hypertensives have been offered and discussed. This has been realized by means
of reviews of the literatures on defensive coping and related constructs, and pain
appraisal in relation to blood pressure.

For the role of defensive coping styles and for the tendency not to disclose
intimate or threatening information to others support has been found. Numerous
studies have demonstrated significant associations between elevated blood
pressure and defensive coping style and a tendency not to disclose unfavourable
information. This has been found in both samples of hypertensive patients and in
samples of unselected and unlabelled subjects.

Evidence has also been found for the plausibility of a physiological
mechanism responsible for the under-reporting of distress and stressor exposure in
hypertensives. An inverse association between blood pressure and pain perception
has been reported in various studies performed with animals as well as with
human subjects. Often this association has been found to be mediated by the
activation of the baroreceptors and in several occasions the involvement of
endogenous opioids has been shown. 1t might be hypothesized that baroreceptor
activation, possibly enhancing central release of endogenous opioids, plays a role
in the diminished perception and appraisal of both physical stressors (pain) and
psychosocial stressors. Additionally, this mechanism may reinforce blood pressure
elevations in potentially stressful situations, thus contributing to the development
of some forms of essential hypertension. Finally, preliminary support has been
obtained for a relationship between repression and diminished pain perception
and, to a lesser extent, opioid activation. These findings have led us to construct a
hypothetical model in which baroreceptor activity mediated CNS-inhibition, plays
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a role in both the development of hypertension and the exhibition of behaviour,
which may be labelled as defensive. In order to test the proposed model, future
studies need to address (parts of) the model directly and preferably also
simultaneously. This implies the development of appropriate designs to test the
relevant sub-hypotheses, of which some of the most crucial are listed below:

(a) Baroreceptor stimulation results in altered appraisal of both physical and
psychosocial stressors. This hypothesis should be studied in a laboratory setting,
in which the baroreceptors are stimulated experimentally, for instance, by the
PRES neck-suction method, developed by Rau et al. (1994). As described earlier,
some support for this hypothesis has been reported for several aversive physical
stimuli. The crucial issue is to examine for which type of stressors this
association holds. If this association can indeed be generalized to a range of
psychosocial stressors, it would be desirable to examine the neurophysiological
pathways involved, i.e., do the opioid systems play a role, what areas of the CNS,
if any, are inhibited by the mechanism, etc.

(b) Blood pressure elevations can be conditioned to environmental cues.
Although some support for this hypothesis has been obtained already (Dworkin,
1988), it should be demonstrated that this holds for cues related to both physical
and psychosocial stressors.

(c) Altered appraisal of physical and psychosocial stressors is related to some
defensive coping styles in prolonged exposure to chronic stressors. Again, in
order to be able to investigate this relationship, one first should disentangle
conceptually and statistically the mutual relations between various defensive
coping constructs. This hypothesis is suitable to be studied in both laboratory and
in more ecologically valid settings, such as at the work place.

(d) Some defensive coping styles are related to enhanced sensitivity to
baroreceptor mediated antinociception in prolonged periods of chronic stress. As
will be discussed below, given its complicated nature, the assessment of chronic
stress should be done very carefully.

(e) The combination of being exposed to chronic stressors and having an
enhanced sensitivity to baroreceptor mediated antinociception is a risk factor for
the development of hypertension. This hypothesis should be tested mainly by
conducting prospective studies. The first direct evidence in favour of this
hypothesis has recently been offered by the already discussed study by Elbert et
al. (1994). Studies aiming at replicating their results should be encouraged.

When testing these hypotheses, the use of mixed experimental designs,
including both within- and between-subject factors, should generally be
recommended. The examination of a within-subject experimental factor gives
opportunity to study mechanisms and to get a better insight into causal
associations. The between-subjects factor, which is needed to investigate
individual differences, would include variables such as risk for hypertension. This
risk may be operationalized in terms of parental history of hypertension,
sensitivity to baroreceptor mediated antinociception, or defensiveness. Groups at
risk for hypertension, preferably with a high probability of experiencing stressful
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events in the near future or which just have been confronted with chronic
exposure to stressors, would also be interesting to follow in prospective studies.
This kind of research has been performed too rarely in the past and should
receive much attention in the future in order to be able to draw conclusions about
causal relationships between defensiveness, the barorereflex mechanisms and
hypertension.

We would like to stress that many associations proposed in the model will not
be found, unless the subjects are chronically exposed to stressors. Only when the
individual is confronted with environmental threatening stimuli over and over
again, these mechanisms will become apparent. This implies, that attempts to find
associations between the proposed mechanisms and tonic blood pressure level
without taking into account stressor exposure, may reveal only weak relationships
or may fail to show anything meaningful at all. If an individual hardly
experiences any daily stressors, we would expect the risk of developing essential
hypertension to be very low. According to the model, a complication regarding
the measurement of distress and stressors arises: a higher blood pressure level
will tend to be associated with a higher level of chronic stressor exposure, but at
the same time a lower appraisal of the aversiveness of the stressors. These
contrasting tendencies have also been demonstrated empirically (Fox, Dwyer, 8t
Ganster, 1993). Self-reported environmental stressor exposure will always contain
a mix of both entities, which will considerably complicate the interpretation of
data based on this kind of ineasurements. For instance, despite the tendency to
under-report experienced stressors in hypertensives, it is not inconceivable that
one may find no relation or even a positive associations with blood pressure level
(Schnall et al., 1990; Siegrist 8i Matschinger, 1989). This would be the result of
an overriding effect of objective stressor exposure on blood pressure level.
Therefore, in field research, it is recommended to simultaneously assess an
objective index of stressor exposure, such as unemployment, and the subjectively
perceived stressor exposure and obviously treat them as separate variables.

Of course the objection may be raised that if the encounter with a stressor
results in approximately the same amount of transient blood pressure elevations in
individuals with a sensitivity to baroreceptor stimulation mediated antinociception
and in those without such a sensitivity, then, why should the former group have a
greater risk for hypertension in the first place? We should keep in mind that there
is a qualitative difference in the nature of the blood pressure elevations between
both groups: in the former group this elevation is a result of a reinforcement
mechanism, whereas in the latter group the elevation is just an epiphenomenon of
experiencing distress or anxiety. This implies that the former group may have
acquired a general preference to react with a blood pressure elevation in a wide
range of situations. Moreover, as Elbert et al. (1988) demonstrated, people with
low tonic blood pressure levels even show a baroreceptor activation mediated
hyperalgesia, suggesting that individuals without a risk for hypertension may even
learn to try to avoid blood pressure elevations as much as possible. This implies
that blood pressure elevations can be expected to take place in a much smaller
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range of situations in the latter than in the former group.
If the operant conditioning hypothesis of hypertension would be shown to be

correct, this could have considerable consequences for hypertension treatment and
even prevention. A behavioral therapy treatment of hypertension based on
simultaneous extinction of the learned blood pressure elevation under stress,
together with establishing other aversiveness reducing responses, may prove to be
effective (Dworkin, 1988). For instance, certain forms of relaxation and stress
management techniques may be suitable to establish alternative aversiveness
reducing responses in hypertensives (Linden 8i Chambers, 1994). This does not
imply that such a behavioral therapy treatment could not be supported
pharmacologically. The treatment could also be applied for prevention purposes in
persons at high risk for the development of hypertension, such as individuals
having high sensitivity to the baroreceptor-CNS inhibition mechanism.
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Blood pressure and self-reported problems

CHAPTER 4

BLOOD PRESSURE, SELF-REPORTED SYMPTOMS, AND
JOB-RELATED PROBLE1~iS IN SCHOOLTEACHERS

51

Abstract-The relationship between blood pressure and self-reports of physical symptoms and
job-related problems was investigated in a sample of 262 male and female teachers. The subjects
were divided into three groups: treated hypertensives (THT, N - 23), untreated hypertensives
(UHT, N- 101), and normotensives (NT, N- 123). After controlling for eight potentially
confounding variables, the groups differed significantly with respect to reported physical
symptoms, with THT reporting the most and UHT the fewest symptoms. Moreover, after
controlling for potential confounders, a multiple regression analysis revealed an inverse
association between diastolic blood pressure and the number of reported physical symptoms in
untreated subjects. A similar trend for systolic blood pressure did not reach significance. In
addition, no significant results with respect to work-related problems were obtained, except for a
group x gender interaction on job-related imtation: male THT showed lowest and female THT
highest írritation scores. The potential role of altered appraisal, diagnosis, and gender are
discussed.

Keywords: Blood pressure, Treatment, Self-report, Physica] symptoms, Job stress, Irritation

INTRODUCTION

It has been claimed that hypertensives have lower psychological well-being and
exhibit more physical symptoms than individuals with blood pressure levels in the
normal ranges ( Monk, 1980; Muller, Montoya, Schandry, 8c Hartl, 1994;
Zonderman, Leu, 8c Costa, 1986). In most of these studies, hypertensive subjects
were either patients who had sought medical help or individuals just aware of
their elevated blood pressure. However, it has been demonstrated that being
treated for hypertension or being aware of having the disorder can greatly
influence self-reports of well-being and experienced stressors (Irvine, Garner,
Olmstead, 8c Logan, 1989; Theorell, Svensson, Knox, Waller, 8c Alvarez, 1986;
Zonderman et al., 1986). For instance, in several studies it has been shown that
individuals with elevated blood pressures, who were not treated for the condition,
or were unaware of having elevated blood pressure, reported fewer physical
symptoms than aware hypertensives ( Goldberg, Comstock, 8c Graves, 1980;
Zonderman et al., 1986) and even normotensives (Davies, 1970; Kidson, 1973;
Tibblin 8z Lindstr~m, 1972). In addition, Tibblin and Lindstr~m (Tibblin 8z
Lindstrbm, 1972) found an inverse gradient: the higher the systolic blood pressure
the fewer the physical symptoms reported. It has been proposed that these
outcomes may be the result of a diminished appraisal of aversive stimuli or a
tendency not to disclose negative information in hypertensives (Chapters 2 and 3).

Also the inconsistent results from research on the relationship between self-
reported stressor exposure and hypertension have pointed at the potentially
biasing effects of hypertension treatment and diagnosis. In several studies, treated
hypertensives have been found to report more negative life events than
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normotensives (Lal, Ahuja, ác Madhukar, 1982; Myers á Miles, 1981). In
contrast, in research based on mainly untreated subjects, hypertensives reported
fewer experienced life stressors (Linden 8i Feuerstein, 1983; Svensson 8z
Theorell, 1983; Theorell et al., 1986). The effect of hypertension treatment or
diagnosis in studies involving self-reported stress and stressor exposure may be

based on phenomena like retrospective "search for meaning", drug therapy effects,
or selection bias of neurotic individuals in the hypertensive patient samples
(Irvine et al., 1989).

With respect to occupational stressors, the results have been even less clear.

On several occasions, job stress, operationalized as high job demands and low
decision latitude, has been found to be positively related to blood pressure level
(Schnall et al., 1990; Theorell, Ahlberg-Hulten, Jodko, Sigala, 8i De la Torre,
1993; Van Egeren, 1992). In other studies, however, individuals with high blood

pressure reported few occupational stressors (e.g., Winkleby, Ragland, 8z Syme,
1988) and high job satisfaction (Jenkins, Hurst, 8z Rose, 1985). Unforlunately, in
most of these studies, the authors did not mention what proportion of the subjects
were aware of having elevated blood pressure, or were treated for hypertension,
which makes drawing conclusions concerning the role of these factors impossible.

The purposes of this study were twofold: (1) to examine the potentially

moderating role of treatment in the relationship between hypertension and self-

reported physical symptoms and job-related complaints in borderline hypertensive
and normotensive Dutch schoolteachers, and (2) to investigate the predictive
power of blood pressure level on the frequency of self-reported physical

symptoms and job-related complaints when the effect of treatment for

hypertension is eliminated.

METHOD

Subjects, instruments and procedure
In 1990 and 1991, the Institute for Research in Social Sciences (IVA; Tilburg,
The Netherlands) conducted a study on the relationship between the number of
occupational problems and health in a large sample (N - 1556) of Dutch
schoolteachers. The subjects were employed at primary and secondary schools in

the southern parts of the Netherlands. These school had agreed to participate in a
periodic -once per 3 years- medical screening program for their employees. The
local Municipal Health Services (GGD) were in charge of the screening program.
Together with the invitation for their periodic medical examination, the subjects
received the following self-report questionnaires:
(1) Health status. On a 20-item checklist the subjects indicated for which diseases
they were treated in the past 5 years (ranging from sleeplessness to diabetes
mellitus, hypertension, and heart disease).
(2) Perceived pliysical symptoms. Thirty dichotomous items regarding various
present symptoms such as fatigue, migraine, backpain, and varicose veins, were
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checked. The list is commonly used by the Dutch Municipal Health Services
GGD.
(3) Job-related stressors. This list consisted of seventy-four items belonging to 9
classes of difficulties: regarding authority, colleagues, time pressure, students,
parents, future perspective, physical environment, teaching itself, and additional
duties. Examples of items are "lack of time to prepare classes", "students'
aggressive behaviour", "]ack of support from colleagues", and "few promotion
possibilities". The items were scored on 5-point scales indicating the extent to
which the subjects felt burdened by each of these problems. The questionnaire is
partly based on the results of the study by Kyriacou á Sutcliffe (1978) and partly
on the Teacher Occupational Stress Factor Questionnaire (TOSFQ; 1980).
Derived from a principal component analysis, the 9 classes have demonstrated
adequate internal consistencies: Cronbach's a ranging between .78 and .94 (Van
Poppel 8z Kamphuis, 1992). Support for the questionnaire's validity has also been
reported, based on substantial and meaningful correlations between relevant
classes of job stressors and measures of work-related sickness, sickness
absenteeism, work-related psychological complaints, etc. (Van Poppel 8i
Kamphuis, 1992).
(4) Job-related psychological symptoms. These were assessed by means of two
checklists. The first list consisted of 10 vague psychological complaints, such as
having difficulty to concentrate, not feeling in the mood for anything, etc., which
were, according to the subjects, related to the job. These items have been derived
from studies by Lefebvre 8c Sandfort (1985) and Needle, Griffin, ác Svendsen
(1981), which together yielded a homogenous scale (Cronbach's a-.87; Van
Poppel 8i Kamphuis, 1992). The second checklist was a 19-item list of adjectives,
containing 3 subscales: Anxiety, Depression, and Irritation (Cronbach's a being
.82, .83, and .87). The subjects were asked how frequently they felt this way on
their jobs. In both checklists the frequency of occurrence was scored on 4-point
scales.
(5) General guestions. These focused on biographical factors such as age and
gender, and also on lifestyle variables, such as smoking, alcohol consumption,
and physical exercise.

For their medical check-up, the subjects visited one of the local Municipal
Health Services (GGD) in the morning. Among other things the following data
were collected: systolic and diastolic blood pressure (SBP and DBP), serum
cholesterol level, length, and weight.

Blood pressure data and blood samples were collected while the subjects were
sitting. Blood pressure level was measured once using a standard mercury
sphygmomanometer by a nurse certified in blood pressure assessment. The nurse
was dressed in casual clothes, instead of a white uniform. Within 3 minutes after
the capillary blood sample was taken, serum cholesterol level was determined by
the enzymatic colour method using ReflotronOO (Mannheim Boehrinher,
Amsterdam, The Netherlands).

Because at that time the relationship between blood pressure and the scores on
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the self-reports were not of primary interest to the IVA researchers, the data were

not combined: the medical data were stored at GGD, while the questionnaire
scores were stored and analyzed separately at IVA. In march 1994, our research
group initiated a cooperative retrospective study with the IVA and the local

Tilburg GGD .in order to be able to integrate and study those two data sets. The

subjects, who had their medical examination at the GGD of Tilburg were asked
for permission to use the combined data for scientific purposes. The subjects (N -
358) were sent a letter which contained their medical data and the request to

grant us permission by just sending the letter back in a postage-free envelope.
Two-hundred-and-sixty-two subjects (73.2o~a) returned the letter, the data of
which were analyzed. This group consisted of 162 males and 100 females with a
mean age of 42.0 years (SD - 5.55).

Statistical analyses
The subjects were divided into three groups according to their blood pressuce
level and their answer to the question "have you been treated for hypertension in
the past 5 years?". Hypertension was defined as having a SBP of ? 140 mmHg or

a DBP of ? 90 mmHg. This procedure resulted in the following groups: treated

hypertensives (THT: N- 23), untreated hypertensives (UHT: N- 101), and

normotensives (NT: N - 123).
Because of missing data, I S subjects could not be classified into one of the

three groups.
Body mass index (BMI) was computed (weightl(length2)) to be included as a

covariate in the analyses. The following statistical analyses were performed using

SPSS software. First, Pearson product-moment correlations were computed
between blood pressure and the control variables and one-way analyses of

variance (ANOVA's) were performed to examine whether the groups differed on

these variables. Second, 3(group) x 2(gender) covariance analyses were

performed in order to compare the groups on the amount of their self-reported
physical symptoms and job-related stress. Relevant control variables were entered

as covariates. Finally, stepwise multiple linear regression analyses were used to
examine the relationship between both SBP and DBP on the one hand and self-

reported physical symptoms and job-related difficulties on the other hand, in

those individuals not treated for hypertension. In these regression analyses,
relevant covariates were entered first into the equation.

RESULTS

Systolic blood pressure correlated significantly with BMI (Pearson's r-.27, p ~
.OS), and cholesterol level (r -.26, p ~.OS). DBP correlated significantly with
BMI (r - .30, p ~ .05), and cholesterol (r - .22, p ~ .OS). Furthermore, gender
was important: males exhibited higher blood pressures than females: SBP 136.4

vs. 132.4 [F (1, 260) - 4.90, p ~ .05], DBP 85.3 vs. 81.6 [F (1, 260) - 10.68, p
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~.O1]. Smoking and alcohol intake did not correlate with blood pressure.
However, smoking did correlate with BMI (r -.26, p ~.OS). One-way ANOVA's
revealed significant differences between the groups with respect to gender [F (2,
244) - 6.67, p ~ .O1 ], BMI [F (2, 243) - 7.96, p ~ .001 ], and serum cholesterol
level [F (2, 237) - 6.14, p ~.O1]. The differences were in the expected direction:
the THT group showed the highest, the NT group the lowest, and the UHT group
intermediate levels of BMI and cholesterol, the hypertensive group consisting of
more males than the normotensive group (Table I). No differences were found on
any other control variable.

Table L-Means and standard deviations for the control variables

Groun,
Variable THT UHT NT F p

Gender~ 0.70 0.72 0.50 6.67 .0015
(0.47) (0.45) (0.50)

Age 44.02 43.34 42.42 2.19 NS
(3.51) (4.07) (4.39)

BMI 25.50 24.47 23.53 7.96 .0005
(2.60) (2.68) (2.30)

Cholesterol 5.90 5.60 5.26 6.14 .0025
(1.09) (1.16) (1.02)

Smokingz 4.55 9.06 8.46 2.57 .0787
(5.54) (9.13) (8.35)

Alcohol3 11.85 12.45 10.47 1.19 NS
(12.44) (9.07) (9.60)

Exercise' .78 .74 .76 .09 NS
(.42) (.44) (.43)

Type of Schools 1.39 1.45 1.36 .89 NS
(.50) (.50) (.48)

' THT - Treated Hypertensive, UHT - Untreated Hypertensive, NT - Normotensive, NS - not
significant, ' Coding: 0- female, 1- male, Z Number of cigarettes per day, ' Number of glasses
per week, ' Coding: 0- no physical exercise at work or in free time, 1- some physical exercise
at work or in free time, 5 Coding: 1- primary school, 2- secondary school.

Self-reported physical symptoms
Analyses of covariance revealed that, after controlling for BMI, cholesterol, age,
gender, and self-reported smoking, alcohol intake, exercise, and type of school,
the groups differed significantly with respect to reported physical symptoms [F
(2, 217) - 3.45, p ~.OS], with THT reporting most and UHT fewest symptoms
(Fig. 1). The main effect of gender was also significant [F (1, 217) - 11.44, p-
.001 ]; women reported more symptoms than men. There was no group x gender
interaction [F (2, 217) ~ 1.0], indicating that the group main effect was similar
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Amount of symptoms

THT UHT NT
Fgure 1. Means and standard errors of ihe total number of symptoms reported by
treated hypertensives (TH~, untreated hypertensives (UH~, and normotensives
(N~.

for male and female subjects. The group effect was not due to differences in
blood pressure level, which was demonstrated by an analysis with SBP and DBP
as additional covariates. The group main effect remained significant [F (2, 215) -
3.82, p ~ .OS].

A stepwise multiple regression analysis revealed that after controlling for
potential confounders, DBP predicted significantly the number of reported
physical symptoms [~3 --.17, t(203) --2.49, p ~.OS] in subjects not treated for
hypertension (Table II). The model, including gender, age, BMI, smoking, and
DBP, explained 180~0 of the variance [F (5, 203) - 8.90, p ~.0001]. Without
correction for the control variables, the correlation between DBP and the number
of symptoms was -.22 (p ~.O1), which was as high as the simple correlation
between DBP and serum cholesterol level.

After controlling for age and gender, SBP showed a trend for a similar
association with the number of physical symptoms [(3 --.12, t (206) --1.73, p-
.08], but this trend disappeared when BMI and smoking entered the analysis first
[(3 - -.09, t (203) - -1.37, p ~ .10].

Job-related stress
Analyses of covariance showed that the groups did not differ with respect to self-
reported job-related stressors, means and standard deviations for the THT, LJHT,
and NT groups being 271.5 (33.1), 270.3 ( 37.0), and 272.8 (35.1), respectively [F
(2,217) ~ 1.0]. The groups neither differed on any of the job-related
psychological symptoms scales [F (2, 229) ~ 1.36, p~.10]. However, a group x
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Table II.-Final regression model of the total number of physical symptoms

Step No. Variable B ~ t P

Gender 1.44 .19 -2.92 .0038
Age 1.12 .26 3.98 .0001
BMI -.31 -.21 -3.06 .0025
Smoking .64 .18 2.73 .0069

2. DBP -.07 -.17 -2.49 .0134

Because of having no significant contribution to the model on step no. 1(p ~.10), cholesterol,
alcohol, exercise, and the type of school were not included in the equation.

gender interaction was found for the Irritation subscale [F (2, 229) - 3.13, p ~
.OS], with the male THT subjects exhibiting the lowest and female THT
individuals the highest Irritation scores, while the scores of the other groups were
in between.

Neither of the multiple linear regression analyses showed a significant
predictive power of SBP or DBP with respect to job-related complaints. In fact,
no simple correlation between these variables exceeded . 10. Given the group x
gender interaction, found for Irritation in the covariance analysis, additional
simple correlations were computed for this variable for males and females
separately. However, again the correlations did not exceed .10.

DISCUSSION

The data regarding self-reported physical symptoms replicate previous findings
(Davies, 1970; Kidson, 1973; Goldberg et al., 1980; Tibblin 8~ Lindstrám, 1972),
demonstrating an inverse association between blood pressure and self-reported
physical symptoms. Several possible explanations may be postulated. First,
elevated blood pressure may be accompanied by an altered perception or appraisal
of threatening proprioceptive stimuli. This may have a psychological basis, such
as a repressive~defensive tendency in persons with elevated blood pressure. In
several studies, including some recent ones, this association has been
demonstrated (Cottington, Brock, House, 8c Hawthorne, 1985; King, Taylor,
Albright, 8z Haskell, 1990; Warrenburg et al., 1989). Altered appraisal in
hypertensives has also been proposed to be a consequence of a physiological
mechanism, involving baroreceptor stimulation mediated CNS inhibition
(Dworkin, Filewich, Miller, Craigmyle, 8c Pickering, 1979). It has been suggested
that this mechanism may even play an important role in the aetiology of some
forms of hypertension (Dworkin et al., 1979; Randich 8c Maixner, 1984).
Alternatively, instead of having a perceptual basis, the phenomenon may be a
result of a tendency to avoid disclosing one's problems and worries. Indeed, such
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a preference for non-disclosure has been demonstrated in hypertensives
(Cumes-Rayner 8r Price, 1989; Handkins 8c Munz, 1978). Finally, it has been
suggested that low blood pressure may be accompanied by more symptoms
(Pilgrim, 1994). In our sample, however, no subject had a blood pressure below
100 ~ 60 mmHg. In addition, we performed a regression analysis without
individuals who had a SBP below 115 or a DBP below 70, which can be
considered a very liberal criterion for low blood pressure. The results yielded a
still significant inverse association between blood pressure and self-reported
physical symptoms [~3 --.14, t (190) --2.00, p ~ .OS]. This demonstrates that
the inverse relationship also holds for a subpopulation, in which hypotensive
subjects are left out. The correctness of the first three, more plausible,
explanations for this phenomenon will have to be addressed in future research.

A second conclusion is that being treated for hypertension moderates the
relationship between blood pressure and self-reported symptoms. In contrast with
the fact that (diastolic) blood pressure level was inversely related to the number
of self-reported symptoms, the subjects treated for hypertension reported more
symptoms than normotensives and untreated hypertensives. This effect was not
related to actual blood pressure level. This result seems to suggest a negative
effect of hypertension treatment or just hypertension diagnosis on self-reported
well-being. However, an alternative explanation may be that these findings are
the consequence of help-seeking behaviour on the part of individuals who are
inclined to complain. Such persons would have a relatively greater chance of
having their blood pressure measured and, hence, a higher probability of detection
of hypertension. Thus, not treatment or diagnosis per se, but a dispositional
characteristic, like neuroticism, may be confounded with hypertension diagnosis.
This explanation is in line with the results of two studies (Mann, 1984; Moum,
Naess, Sorensen, Tambs, óc Holmen, 1990), in which hypertension diagnosis was
not confounded with help-seeking behaviour. The aware hypertensive groups
consisted of individuals who were detected and labelled hypertensive during a
population screening. No differences in well-being were found between
hypertensives and normotensives in those studies. Finally, although the symptoms
described in the checklist used in the present study do not reflect typical side
effects of anti-hypertensive treatment, the potential effect of drugs cannot be
ruled out as an explanation for the higher symptom rates in treated hypertensives
in the present study (Bolli, Fernandez, 8c Biihler, 1990). Therefore, this finding
should be treated with caution. Irrespective of the question whether the results
obtained are due to treatment or diagnosis itself, self-selection of individuals with
neurotic tendencies, or some other variable, the treatment and diagnosis status
should always be included in research on associations between hypertension and
variables assessed by self-reports.

Given the inconsistent results of previous research (Jenkins et al., 1985;
Schnall et al., 1990; Theorell et al., 1993; Van Egeren, 1992; Winkleby et al.,
1988), the failure to find significant results on the relationship between blood
pressure and both job-related stressor exposure and job-related psychological
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problems was not entirely unexpected. The results of research on the relationship
between blood pressure and self-reported job-related stressors have been
suggested to be dependent on the objectivity-subjectivity balance of the measuring
instrument and on heterogeneity of the sample (Theorell et al., 1991). When job
stressors are assessed relatively objectively and when the population sample is
rather heterogenous, positive associations between blood pressure and job-related
stressor exposure are likely to be found. The assumption underlying this relation
is that job stressors contribute to elevations of tonic blood pressure (Theorell et
al., 1991). In contrast, when job stressors are measured by means of more
subjective instruments and when the sample is homogenous, null or reverse
findings may be expected (Winkleby et al., 1988). These observations are in line
with a recent study conducted by Fox et al. (1993), in which stressor exposure
has been assessed in both ways. In a sample of 136 nurses, the authors found that
the objective measure of stressor exposure -the head nurse's ratings of individual
nurses' work load- was positively associated with blood pressure level, while the
subjective measure of work load did not correlate with blood pressure. The highly
subjective self-reported number of stressful events at work even correlated negati-
vely with DBP. The present results are not in disagreement with these outcomes.
The potential mechanisms which could be responsible for the null and reverse
findings may be the same as the ones possibly involved in the diminished self-
reports of physical symptoms by hypertensives, for instance, altered appraisal or
non-disclosure.

Obviously, more research is needed on the potential mechanisms explaining
these results. In general, a major drawback of the use of self-reports in this kind
of research is the fact that it contains both an objective component of the
environment and the subjective appraisal by the individual. The proportion of
both aspects is depending on the exact formulation of the questionnaire items and
the individual characteristics of the subject, which makes interpretations rather
difficult. Therefore, in future research, serious attempts should be made to
disentangle these two components of stressor exposure and to assess them
simultaneously.

There are a number of limitations of the present study, which should be taken
into account when interpreting the between-group results. First, it should be
noted, that treatment for hypertension has been assessed, not diagnosis or
awareness of the condition. Given the estimations that 29.40~0 (females) to 44.20~0
(males) of diagnosed borderline hypertensives do not actually receive medical
treatment (Lew, 1990), a subgroup of the untreated hypertensives were probably
aware of their elevated blood pressure. If it is rather awareness of having the
condition or self-selection bias of help-seekers rather than treatment per se, which
account for the elevated self-report rates of symptoms, stressors and distress, then
the outcomes of the present research would be confounded, being too
conservative. The aware subgroup of the untreated hypertensives would probably
have enlarged the self-report rates of symptoms, and perhaps also of other
complaints, in the untreated group. This would result in a reduced chance of
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finding the present outcomes. Therefore, in future research diagnosis~awareness
and treatment of hypertension should be kept apart carefully. Another limitation
concerns the categorization of subjects as hypertensive or normotensive. This was

based on a single blood pressure measurement, which may result in an

exaggerated proportion of subjects classified as hypertensives (Lew, 1990). This
is due to the fact that the present investigation is based on already available data,
which were collected for other purposes. However, this limitation would also
result in an over-estimation of the number of symptoms in the untreated

hypertensive group, diminishing the probability of finding the present between-
group differences.

The results concerning job-related irritation should be viewed with caution,

given the small sample size of the male and female treated hypertensive
subgroups. Nevertheless, the outcomes support the notion that there is some link

between being treated for hypertension and hostility. Moreover, the link is
depending on gender: treated female hypertensives exhibited the highest scores,
treated male hypertensives the lowest scores on Irritation. Untreated
hypertensives, whether males or females, did not differ from normotensives on

Irritation. The results suggest a differential gender effect of treatrnent on hostility.

Treatment in female hypertensives may be associated with enhanced irritability,
and in male hypertensives with repressed feelings of irritation, the latter finding
being in agreement with the results of several other studies conducted in male
subjects (Cottington, Matthews, Talbott, Bc Kuller, 1986; Harburg et al., 1973a;

Netter 8c Neuh~user-Metternich, 1991). In addition, Durel et al. (1989) found

more or less corresponding gender differences: females showed positive

correlations between ambulatory blood pressures -both systolic and diastolic- and

hostility, whereas in males this personality feature was associated negatively with
systolic blood pressure. On the other hand, in some studies no gender differences

on hostility were obtained in patients (Boutelle, Epstein, 8i Ruddy, 1987) and

unselected samples (Somova, Diarra, 8c Jacobs, 1995). Although overall, the

results in this area of study certainly suggest a link between hypertension and
aspects of hostility, the inconsistencies sometimes found also indicate, that
multiple factors are involved, which may moderate the relationships found. These
factors include type of instrument measuring hostility, accuracy and context of

blood pressure measurement, and sample characteristics, such as gender and
diagnosis status (Suls, Wan, 8z Costa, 1995). Needless to say that the effects of
these factors should be taken into account.

Future research should aim at examining the distress and stressor report rates

in various well defined blood pressure groups simultaneously with estimates of

the potentially explanatory mechanisms of defensiveness, non-disclosure, and

baroreceptor-mediated CNS inhibition mentioned earlier. Finally, prospective
research, aiming at elucídating the question of causality, should be encouraged.
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CHAPTER 5

DEFENSIVE COPING IN RELATION TO SELF-REPORTED
DAILY NASSLES AND CASUAL BLOOD PRESSURE

Abstract-The aim of the present study was to investigate whether high-defensiveslrepressors (i)
would report a]ower frequency and impact of life events and daily hassles and (ii) would
demonstrate higher resting blood pressure levels than low-defensiveslrepressors. In addition,
three operationalizations of defensiveness and repression were compared. Participants were 310
male and 90 female employees representing a wide range of occupations. Before their periodic
medical examination, the subjects completed the Life Events Survey, the Everyday Problems
Checklist, the Marlowe-Crowne Social Desirability Scale, and the Anxiety and Repressive
Defensiveness subscales of the Weinberger Adjustment Inventory. After controlling for potenti-
ally confounding variables, like gender, age, and educational level, high-defensives were found
to report less life events and daily hassles and to show higher resting systolic blood pressure
than low-defensives. For repressors, a similar effect was found for daily hassles and a similar
trend for systolic blood pressure (p -.08). No consistent differences were obtained with respect
to reported impact of stressors and diastolic blood pressure. The Marlowe-Crowne scale seems
to be most relevant, as a measure of defensive coping, in relation to hypertension. The results
support the notion that defensive individuals tend to underreport problems, while exhibiting
elevated resting blood pressures.

Keywords: Blood pressure, Defensiveness, Daily hassles, Life-events, Repression

INTRODUCTION

It has been hypothesized that chronic or recurrent exposure to psychosocial
stressors plays a role in the etiology of essential hypertension (Henry, 1988).
However, in research on the relation between hypertension and self-reported life
stressor exposure, attempts to find support for this view has yielded inconsistent
results (see Chapter 2). For instance, although in a number of studies it has been
found that hypertensives reported more negative life events than normotensive
control groups (Lal, Ahuja, 8i Madhukar, 1982; Myers 8c Miles, 1981; Osti,
Trombini, 8c Magnani, 1980), in several other investigations, the reverse pattern
has been obtained (Linden 8i Fetierstein, 1983; Svensson 8t Theorell, 1983;
Theorell, Svensson, Knox, Waller, 8z Alvarez, 1986).

It has been suggested, that these inconsistencies may be due largely to
confounding factors influencing the retrospective self-reports. The studies, which
have yielded a positive association between blood pressure and self-reported life
stressors, were predominantly based on samples of hypertensive patients, who are
inclined to respond differently to self-report questionnaires than hypertensives not
aware of their similarly elevated blood pressure (Irvine, Garner, Olmstead, 8z
Logan, 1989). For instance, in several studies, aware hypertensives reported
significantly more physical symptoms and psychological problems than
normotensives and unaware hypertensives; the latter group in turn showing even
lower scores than normotensives (Davies, 1970; Irvine et al., 1989; Kidson, 1973;
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Monk, 1980; Chapter 4). Awareness of having the disorder may facilitate a search
for meaning resulting in elevated self-reported distress and stressor exposure
rates. Alternatively, selection bias of complaining individuals into the
hypertensive patient groups or medication may be responsible for the obtained
relationship. Whichever explanation will prove to be valid, the important
conclusion is that in research in this field, the potential bias accompanying the
inclusion of patient groups in the sample should always be accounted for (see
Chapter 2).

The inverse association found in some of the investigations based on
unselected, largely unaware samples, may have a different explanation. It has
been suggested that defensive coping -here used as a concept covering a wide
range of closely related constructs like repression, denial, and defensiveness- may
mediate these inverse associations (Chapter 3). Indeed, some support has been
claimed for an association between some of these constructs, i.e. repression and
defensiveness, and both underreporting problems (Santonastaso, Canton,
Ambrosio, 8z Zamboni, 1984; Tibblin 8i Lindstr~m, 1972) and elevated blood
pressure (Cottington, Brock, House, 8c Hawthorne, 1985; King, Taylor, Albright,
8z Haskell, 1990; Warrenburg et al., 1989). To date no studies aiming at testing
this hypothesis more directly have been available. In addition, the reported
associations have been obtained in investigations with different conceptualizations
and operationalizations of defensive coping. For instance, in several studies
repression, operationalized as the interaction of a high score on the Marlowe-
Crowne Social Desirability Scale (SDS) and a low score on anxiety, has been
found to be predictive of elevated resting blood pressure (e.g., King et al., 1990)
and blood pressure reactivity (Jamner 8i Schwartz, 1986). In other studies, mere
scores on the SDS -a. frequently used operationalization of defensiveness
(Shapiro, Goldstein, 8c Jamner, 1995)-, proved to be as good or even a better
predictor of resting blood pressure (Warrenburg et al., 1989) and blood pressure
reactivity (Shapiro et al., 1995). In addition, more recently, Weinberger (1989)
has designed another related measure: the 11-item Repressive Defensiveness
subscale of his Weinberger Adjustment Inventory. Therefore, it seems desirable to
compare the various measures of defensive coping in relation to blood pressure
and self-reported stressor exposure.

In research on hypertension and stressor exposure, elevated blood pressure has
been frequently studied in relation to major threatening life changes (see Chapter
2). However, chronic or recurrent exposure to minor everyday hassles has been
suggested to be potentially more relevant for the etiology of (cardiovascular)
disease than experiencing relatively rare major life changes (Lazarus, 1990;
Vingerhoets 8c Van Tilburg, 1994). Therefore, in the present study a measure of
daily hassles was included.

Thus, the purposes of this study were to test whether subjects scoring high on
repression or defensiveness (i) would report a lower frequency and impact of life
events and daily hassles and, at the same time, (ii) would demonstrate a higher
resting blood pressure than low-scorers on these measures, when controlling for
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awareness of having elevated blood pressure and other possible confounders. Our
approach further implies a comparison between the various operationalizations of
defensive coping, focusing on their interrelationships and their associations with
the dependent variables. For purposes of congruence, we will apply the three
widely used operationalizations, as discussed above, for defensiveness, repression,
and repressive defensiveness.

METHOD

Subjects
Subjects were recruited from a wide range of companies in the southern part of
the Netherlands, which had agreed to participate in a periodic medical screening
program for their employees, once per three years. Most of the employees of the
companies involved who were usually older than 40 years of age participated in
the screening program. The local Municipal Health Services (GGD) were in
charge of this screening program. Together with the invitation for the periodic
medical examination two consecutive samples of 400 employees received the
request to complete, among other things, a set of self-report questionnaires prior
to the medical examination.

A total of 417 (52.10~0) subjects (310 men, 90 women, and 17 subjects who
did not indicate their gender) returned the questionnaires. The sample
characteristics of the responders are shown in Table I. Based on the following
exclusion criteria, namely the presence of diabetes mellitus, any form of kidney
disease, a history of myocardial infarction or other heart disease, and present
pregnancy, 21 subjects were excluded from all main analyses.

The outcomes of the biomedical assessments were also registered in a random
sample of 176 (46.Oo~o) of the persons who did not complete and return the
questionnaires. In this way, responders and non-responders could be compared on
the biomedical data.

Measures and biomedical procedure
The Everyday Problems Checklist (EPCL; Vingerhoets 8z Van Tilburg, 1994) is a
Dutch checklist consisting originally of 114 diverse daily hassles which the
subject may have experienced in the past two months. The hassles range from
events that can be more or less dependent on the person's behaviour, such as
"your children didn't listen to you", and events that are less subject to the
person's influence, like "you were stuck in a traffic jam". In addition to checking
the items they have experienced, for each marked item the subjects have to
indicate "how strongly this did upset" them, using a 4-point scale. In this way,
the list assesses both the frequency and impact of the daily hassles experienced
(labelled DH-F and DH-I, respectively). In the present study, two shortened
versions were used: a 49-item version in sample 1 and a 69-item version in
sample 2. For purposes of statistical comparison, we transformed the distributions



68 Chapter 5

of the frequency scores of the both samples into deciles.
Defensiveness was measured by a Dutch translation of a shortened version of

the Marlowe-Crowne Social Desirability Scale (SDS; Crowne 8i Marlowe, 1964).
This version has been constructed for the present study, based on the results of an
item analysis by Hermans (1971). In general, those items loading high on social
desirability factors, but low on factors interpreted as performance-motivation and
test-anxiety were included in the shortened SDS. Two items were excluded
because of low applicability to the Dutch situation: the original items 1 and 12.
This resulted in a 15-items version with a Cronbach a of .65 in the total present
sample.

Table L-Descriptive statistics for the participants

Variable Women Men F p

Age 46.88 46.76 0.02 NS
(5.57) (7.10)

BMI 25.75 25.87 0.10 NS
(3.78) (2.87)

Cholesterol 5.65 5.72 0.34 NS
(0.95) (1.06)

SBP 132.67 137.59 5.95 .0151
(17.93) (16.53)

DBP 82.64 85.84 7.59 .0061
(10.37) (9.46)

Smoking~ 3.44 4.69 1.91 NS
(6.78) (7.76)

Alcoholz 6.35 11.31 25.65 .0001
(6.36) (8.56)

Coffee3 4.31 5.82 23.27 .0001
(2.66) (2.61)

Exercise' 1.43 2.24 6.17 .0134
(1.56) (2.95)

Educations 11.99 11.94 .O1 NS
(3.16) (3.38)

Relaxation
techniquesb 0.25 0.05 34.85 .0001

(0.43) (0.22)
Anti-hypertension

medication' 0.03 0.08 2.17 NS
(0.18) (0.27)

' Cigarettes per day, Z Glasses per week, ' Cups per day, " Hours per week, 5 Years of
Education, 6 Practising relaxat:on techniques, such as yoga: 0- no, 1- yes, ' Current anti-
hypertension medication: 0- no, 1- yes
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Repressive defensiveness and anxiety were determined applying the

Repressive Defensiveness (RD) and Anxiety (ANX) subscales from the shortened
version of the Weinberger Adjustment Inventory (Weinberger, 1989). The
original English version of the RD-subscale consists of 11 items reflecting mildly
undesirable, but common, behaviours, like "Once in a while, I say bad things
about people that I would not say in front of them" and "Once in a while, I say

things that are not completely true". The subjects indicate on 5-point scales to
what extent an item corresponds with their usual behaviour. The items are
negatively keyed, so that a high total score is indicative of low defensiveness.
Based on the results of a pilot-study, in which two items of the translated version
had too low corrected item-total correlations (~ .25), in this investigation we have
used a 9-item version. The ANX subscale consists of three anxiety items. In the
present sample, the Cronbach a's of the RD and ANX subscales were .83 and

.80, respectively.
A separate questionnaire was employed for assessing various control variables,

such as gender, age, level of education, smoking, coffee, and alcohol
consumption, and family history of hypertension.

In addition, one of the two samples (sample 1) completed the Life

Experiences Survey (Sarason, Johnson, 8i Siegel, 1978), assessing the number of

major life events experienced in the past year, as well as the positive and negative
impact of the events (Antoni óc Goodkin, 1989). In the present study, we derived
the total number (frequency) of negative life-events (LE-F), and the average
impact of negative life events (LE-I).

Blood pressure data and blood samples were collected at the local Municipal

Health Service centre (GGD) in the morning, while the subjects were sitting.

Blood pressure level was measured once using a standard mercury
sphygmomanometer by a nurse certified in blood pressure assessment. Within
three minutes after the capillary blood sample was taken, serum cholesterol level
was determined by the enzymatic colour method using Reflotron~ (Mannheim
Boehrinher, Amsterdam, The Netherlands). In addition, length and weight of the
participants were measured.

Statistical analyses
All analyses have been performed using SPSS software. First, Pearson's product-
moment correlations between the RD, SDS, and ANX scales were computed in
order to examine theír interrelationships.

The main analyses were three sets of covariance analyses, using groups that
were formed after a median split. Participants scoring exactly at the level of the
median were classified as belonging to the group scoring low on the particular
measure. Employing the SDS scores, this procedure divided the participants in a
low-defensive ( low-DEF) group and a high-defensive (high-DEF) group. The
same procedure on RD-scores resulted in a]ow-repressive defensive (low-RD)
and a high-repressive defensive (high-RD) group. The median-split procedure
applied to both the SDS and ANX groups together yielded the SDS x ANX
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interaction classification, according to (Weinberger, Schwartz, 8z Davidson,
1979). Specifically, this resulted in four groups: a true low-ANX group (scores
below or equal to the median on both ANX and SDS), a high-ANX group
(scoring high on ANX, but low on SDS), repressive group (REP: low on ANX
and high on SDS), and a defensive-anxious group (DEF-ANX: high on both
scales). Thus, for each of these three classification sets, covariance analyses were
performed in order to compare the groups on the number and impact of life and
daily stressors and SBP and DBP. In the analyses on daily hassles and life events,
the following potentially confounding variables were entered as covariates:
gender', age, education, alcohol consumption, and awareness and medical
treatment of hypertension. Because of the potential relevance of many
confounding variables in the relation between the behavioral constructs and blood
pressure, the number af covariates was hígher in the analyses of covariance on
the blood pressure measures. Seventeen potential confounders entered these
analyses: gender, age, body mass index (BMI: weighd(length')), total cholesterol,
education, marital status, cigarette, alcohol and coffee consumption, period since
the subject had stopped smoking (if applicable), being on low-fat or low-salt diet,
physical exercise, presence of a hypertensive mother or hypertensive father,
practising relaxation techniques such as yoga, and awareness and medical
treatment of hypertension.

RESULTS

Non-responders appeared to be somewhat older than the subjects who did return
the questionnaires: 4~.0 (SD - 6.8) vs. 46.8 (SD - 6.2; t(574) - 3.75, p ~ .001).
However, the non-responders did not differ from responders on blood pressure,
body mass index, gender, and total cholesterol (p's ~.10).

Scores on the SDS correlated moderately (-.48) with RD scores (RD is
negatively keyed) and weakly (-.13) with ANX scores. RD and ANX correlated
.32. All three correlation coefficients were significant at the p-.OS level.

Because of missing data and different classification procedures, the numbers
of subjects included in the different analyses were not identical. The resulting
defensiveness groups consisted of 209 low-DEF subjects (168 men and 41
women) and 147 high-DEF participants (102 men and 45 women). The low-RD
group consisted of 191 subjects (151 men and 40 women), in the high-RD group
were 167 individuals (122 men and 45 women). The four groups for the SDS x
ANX classification procedure were: low-ANX (N - 93; 83 men and 10 women),
high-ANX (N - 112; 83 men and 29 women), REP (N - 83; 58 men and 25
women), and DEF-ANX (N - 60; 41 men and 19 women). The cross-
classification of the subjects based on the three procedures is shown in Table II,
which further illustrates the modest shared variance of the scores of the SDS and
RD scales.
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Table II. Cross-classification: number of subjects in each cell based on the
SDS, RD, and SDS x ANX classification procedures

SDS x ANX
Low-ANX High-ANX REP DEF-ANX

SDS

RD

Low-DEF 93 112 0 0

High-DEF 0 0 83 60

Low-RD 57 80 19 30

High-RD 36 31 64 30

SDS - Marlowe-Crowne Social Desirability Scale, RD - Weinberger Repressive Defensiveness
subscale, ANX - Weinberger Anxiety subscale, Low-ANX - Low-Anxious, High-ANX - High-
Anxious, REP - Repressors, DEF-ANX - Defensives~liigh-Anxious, Low-DEF - Low-
Defensives, High-DEF - High-Defensives, Low-RD - Low-Repressive Defensives, High-RD -
High-Repressive Defensives.

In analyses on the number of life events experienced, the number of subjects
in every group was approximately SOo~o of the numbers given above, as a result of
the fact that only one of the two samples completed the LES. Unfortunately, an
apparently complicated response format for the impact of negative life events was
responsible for missing data for 490~0 of the responders, resulting in further
reduced sample sizes in analyses on this particular measure.

In general, for each dependent variable, that is, DH-F, DH-I, LE-F, LE-I,
SBP, and DBP, the same covariates appeared to have significant effects in all
covariance analyses. In analyses on DH-F, awareness of having elevated blood
pressure and the use of anti-hypertensive drugs significantly covaried in the
model. Specifically, awareness of hypertension showed a positive association with
self-reported DH-F, whereas anti-hypertensive medication was inversely related to
DH-F. Gender and education significantly covaried in analyses on DH-I: being
female and low education was associated with higher self-reported DH-I. Only in
the analysis based on the SDS x ANX classification, the effect of gender was not
significant. Education was the only significant covariate in the analyses on LE-F,
indicating a positive association. In the analyses on LE-I, gender covaried
significantly, in this case men being the ones reporting more stressor impact than
women. In analyses with SBP and DBP as dependent variables, gender, age,
BMI, and the presence of maternal hypertension were significant predictors of
blood pressure level in the expected direction.

Defensiveness
The adjusted means and standard deviations on all dependent variables for the
groups based on the SDS classification are shown in Table III. After controlling
for the potential confounders, the covariance analyses revealed a significant group
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main effect for LE-F [F (l, 160) - 4.91, p ~.OS], with the high-defensive gro~p
reporting the fewest negative life events. For LE-I, no group main effect was
found [F (1,89) ~ 1.0].

The SDS-groups also differed significantly on DH-F: F(1, 334) - 13.9, p ~
.001, with the high-DEF group reporting less daily hassles than the low-DEF
group. On DH-I, no difference between the groups was found [F (1, 318) ~ 1.0].

Finally, a significant group main effect was obtained for SBP [F (1, 296) -
4.72, p ~.OS], the difference being in the predicted direction: high-defensives
exhibiting higher SBP than low-defensives. For DBP, no difference was obtained
[F (1, 295) - 1.06, p ~ .10].

Table III. Adjusted unweighted means and observed unweighted standazd deviations
for the groups based on the Mazlowe-Crowne SDS classification

Dependent Low-DEF High-DEF F p
Variable

LE-F 1.59 1.09 4.91 .028
(1.38) (1.38)

LE-I -0.47 -0.71 0.94 NS
(1.05) (1.04)

DH-F 6.25 5.06 13.86 .000
(2.73) (2.89)

DH-I 2.33 2.27 0.70 NS
(0.67) (0.72)

SBP 134.3 138.4 4.72 .031
(16.36) (17.18)

DBP 84.5 85.5 1.06 NS
(8.85) (10.05)

SDS classification - classification of groups based on the Marlowe-Crowne Social Desirability
Scale, Low-DEF - Low-Defensives, High-DEF - High-Defensives, LE-F - Frequency of
negative life events, LE-I - Impact of negative life events, DH-F - Frequency of daily hassles,
DH-I - Impact of Daily Hassles, SBP - Systolic blood pressure, DBP - Diastolic blood
pressure.

Repressive Defensiveness
The adjusted means and standard deviations for the groups based on the RD
classification are shown in Table IV. With respect to the life-event measures, no
group main effects were found: F(1, 158) ~ 1.0 for LE-F and F(1, 87) ~ 1.0 for
LE-I, respectively.

The groups differed significantly on DH-F [F (1, 337) - 10.56, p-.001],
with high-RD subjects reporting the fewest daily hassles. For DH-I, no group
main effect was obtained [F (1, 322) ~ 1.0], as well as for SBP and DBP [F (1,
299) ~ 1.0 and F(1, 298) ~ 1.0, respectively].
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Table IV. Adjusted unweighted means and observed unweighted standard deviations
for the groups based on the RD classification

Dependent Low-RD High-RD F p
Variable

LE-F

LE-1

DH-F

DH-I

SBP

DBP

1.37 1.36 0.00 NS
(1.29) (1.54)
-0.48 -0.55 0.12 NS
(0.92) (1.20)
6.20 5.21 10.56 .001

(2.77) (2.90)
2.27 2.30 0.22 NS

(0.66) (0.72)
135.3 136.9 0.73 NS
(16.76) (17.03)
84.8 84.8 0.00 NS

(9.14) (9.51)

RD classification - classification of groups based on the Weinberger Repressive Defensiveness
subscale, Low-RD - Low-Repressive Defensives, High-RD - High-Repressive Defensives, LE-
F, LE-I, DH-F, DH-[, SBP, and DBP: as in Table III.

Table V. Adjusted unweighted means and observed unweighted standard deviations for
the groups based on the Marlowe-Crowne SDS classification

Dependent Low-ANX High-ANX REP DEF-ANX F p
Variable

LE-F 1.52 1.63 0.94 1.11 2.11 NS
(1.35) (1.43) (1.17) (1.60)

LE-I -0.35 -0.52 -0.45 -0.84 0.54 NS
(1.03) (1.08) (1.28) (0.58)

DH-F 5.63 6.86 4.61 5.82 10.28 .000
(2.78) (2.53) (2.83) (2.85)

DH-I 2.24 2.40 2.12 2.43 3.27 .022
(0.64) (0.69) (0.68) (0.71)

SBP 134.8 134.3 140.5 135.7 2.28 .079
(17.70) (15.59) (17.66) (16.90)

DBP 84.1 84.2 86.4 84.4 1.02 NS
(9.15) (8.66) (10.56) (9.54)

SDS x ANX classification - classification of groups based on the Marlowe-Crowne Social
Desirability Scale and the Weinberger Anxiety subscale, Low-ANX - Low-Anxious, High-ANX
- High-Anxious, REP - Repressors, DEF-ANX - DefensiveslHigh-Anxious, LE-F, LE-I, DH-F,
DH-I, SBP, and DBP: as in Table III.
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Repression
The adjusted means and standard deviations for the groups based on the SDS x
ANX interaction are shown in Table V. For the negative life event measures, no
significant group main effects were revealed, the statistics being respectively F
(3, 152) - 2.11 (p ~.10) for LE-F and F(3, 82) ~ 1.0 for LE-I, respectively.

A significant group main effect was obtained for DH-F [F (3, 325) - 10.28, p
~.001]. The REP group reported the lowest number of daily hassles, the DEF-
ANX and low-ANX groups intermediate levels, and the high-ANX group the
highest number. A similar effect was found for DH-I [F (3, 310) - 3.27, p ~.OS].
Also here, repressors exhibited the lowest scores. In this case, however, the DEF-
ANX and high-ANX groups were reporting the highest impact of daily hassles.

For SBP, the group main effect just failed to reach the conventional level of
significance [F (3, 287) - 2.28, p- .08]; repressors tending to have higher blood
pressures than the other groups. No group main effect was found for DBP [F (3,
286) - 1.02, p ~.10].

DISCUSSION

The major aim of the present study was to test whether subjects scoring high on
repression or defensiveness would report a lower frequency and impact of life
events and daily hassles and, at the same time, would demonstrate a higher
resting blood pressure than low-scorers on these measures. Our findings indicated
that these hypotheses could be supported for some outcome variables, the results
regarding group differences being dependent on the operàtionalization of the
constructs. The latter outcome is not surprising, in view of the relatively modest
correlation (.48) between the Marlowe-Crowne SDS and the Weinberger
Repressive Defensiveness scale; as high as 41.60~0 of the high-RD members were
classified as low-DEF, indicating that substantial proportions of the individual
scale's variances are unique. The relatively small overlap may be due largely to
the different response format and emphasis of the scales: whereas the RD uses 5-
point scales on which the participants indicates to what extent they usually
exhibits various undesirable behaviours, in the SDS one responds using a true-or-
false format to items for a major part reflecting desirable behaviours.

With respect to the relationship of these constructs with self-reported
frequency of negative life events, the predicted association was found only for the
Marlowe-Crowne SDS: defensives reported less events than non-defensives. The
classification based on the defensiveness x anxiety interaction pointed in the same
direction, but did not reach significance. When the Weinberger RD scale was
used for discriminating between high- and low-repressive defensives, no
differences in the number of reported negative life events were found. In fact, the
only dependent variable this scale was substantially related to, was the number of
daily hassles, a variable on which the groups differentiated by all three
operationalizations showed significant differences: repressive or defensive



Defensive coping and blood pressure 75

individuals reported less daily hassles than subjects scoring low on these
measures. With respect to the self-reported inipact of negative life events, neither
of the classification procedures resulted in significant group effects. However, this
may partly be due to reduced statistical power, as a result of smaller sample sizes
in analyses on this dependent variable. On self-reported impact of daily hassles,
only the interaction classification procedure yielded significant group differences.
Inspection of the means suggested, however, that in large part this was due to the
anxiety part of the classification: both groups scoring low on anxiety, that is,
repressors and true low-anxious subjects, showed the lowest impact of daily
hassles scores. In conclusion, the first hypothesis has been partially supported.
The Marlowe-Crowne SDS seems most powerful in revealing lower report rates
of the number of negative life events and daily hassles for individuals scoring
high on defensive coping. Differences in perceived impact of stressors were less
clear, when using the present classification procedures. This negative outcome
was not expected. It may be speculated that repressors and defensives rather
forget about the whole thing than only cognitively reduce the appraised
aversiveness of a stressful event. This remains to be investigated. In addition, the
fewer significant differences found between the groups on life event measures
than on daily hassles might be a result of the fact that major life stressors usually
are more difficult to forget or repress than minor daily hassles. Nevertheless, the
present outcomes are in agreement with the view that minor daily hassles may be
at least as relevant to models of psychosomatic illness as major life events
(Lazarus, 1990; Vingerhoets ác Van Tilburg, 1994).

Also with respect to blood pressure levels, the three operationalizations
differed in their success of revealing differences between groups. The Weinberger
Repressive Defensiveness scale failed to show any significant differences in blood
pressure between the groups. In fact, with respect to DBP, no significant group
differences were obtained for any of the defensive coping constructs. However,
based on the Marlowe-Crowne SDS, defensives showed, conform the prediction,
the highest SBP levels. Using the SDS x ANX interaction model, the highest
SBP found for repressors just failed to reach statistical significance. Thus, support
has been found for the second hypothesis also, albeit for the defensiveness-SBP
association only. In previous research, repression has been found to be associated
with higher resting SBP (King et al., 1990), but in another study (Warrenburg et
al., 1989), defensiveness predicted resting SBP better than repression. Our
outcomes are in line with the results of the latter study. These findings suggest
that the interaction between defensiveness and reported anxiety is not crucial for
the association between defensive coping and SBP.

Evidence is accumulating for the view that some defensive coping strategies
are associated with elevated systolic blood pressure (Cottington et al., 1985).
However, this does not necessarily imply a causal relationship between the two
variables. Prospective studies, in which young defensive~repressive individuals are
followed up, would enhance our knowledge in causal issues. In future research,
another emphasis should consist of attempts to differentiate more clearly between
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various aspects of defensive coping which may be crucial in the association with
elevated blood pressure. For instance, it has been demonstrated that the Marlowe-
Crowne SDS contains both self-deception and impression management, two
relatively independent aspects of defensiveness originally described by Sackheim
and Gur (1978), and later modified and operationalized by Paulhus and Reid
(1991). It would be of interest to examine the relative importance of these
components of defensiveness in cardiovascular disorders, in order to facilitate
theory building in this field (Warrenburg et al., 1989). The final result of this
approach may be the design of behavioral therapies to treat essential hypertension
in some subgroups of patients or perhaps even for prevention purposes in at-risk
sub-populations.

A limitation of the present study is the fact that blood pressure assessment
was based on a single measurement at a municipal health service centre, which
may have resulted in an exaggerated blood pressure levels in high anxious or
neurotic subjects (Lew, 1990). On the other hand, hypertension, when not
confounded with awareness of having the disorder, has been demonstrated not to
be associated with elevated anxiety or neuroticism (Irvine et al., 1989; Monk,.
1980), which gives us the confidence that these psychological factors did not
result in any exaggerated casual blood pressure values measured in subjects with
high resting blood pressure. Rather, blood pressure may have been assessed
somewhat less reliably, which would reduce the probability of finding any
differences between groups. Hence, the present effects may even be too
conservative. Nevertheless, the results should be interpreted with some caution.

The simultaneous finding that defensive individuals report less daily hassles
and exhibit higher resting systolic blood pressures, provides support for the view
that the inverse associations found between blood pressure and self-reported
problems (Linden 8z Feuerstein, 1983; Svensson 8i Theorell, 1983; Theorell et
al., 1986) may be a result of a mediating effect of defensive coping. However, it
should be noted that also non-significant results in research on the relationship
between blood pressure and self-reported hassles might be a result of a mediating
effect of defensive coping. If one assumes that exposure to stressful events indeed
contributes to tonic elevation of blood pressure, one would consequently expect
this to be expressed by a positive statistical association between blood pressure
and stressor exposure. However, if elevated blood pressure at the same time is
linked to defensive coping, this may diminish any positive statistical relationship.
In this context, it is interesting that, in contrast to findings from research based
on objective measures of stressor exposure, which has predominantly obtained
positive associations with tonic blood pressure (Baum, 1990; Cobb 8z Rose, 1973;
D'Atri, Fitzgerald, Kasl, 8c Ostfeld, 1981; Harburg, Schull, Erfurt, 8i Schork,
1970; Rofé 8z Goldberg, 1983), studies using self-reports have yielded mixed
results (Lal et al., 1982; Linden 8z Feuerstein, 1983; Myers 8z Miles, 1981;
Svensson Bz Theorell, 19~3; Theorell et al., 1986). These observations suggest
that non-significant results in research on the relationship between stressor
exposure and blood pressure do not necessarily imply a non-existing association.
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Therefore, in future research, attention should be given to potential moderator and
mediator variables (Baron 8z Kenny, 1986) in the targeted relationships.

In comparing the success of the three ways of ineasuring defensive coping, it
can be concluded, that in general, the SDS x ANX interaction and the
classification based solely on scores on the Marlowe-Crowne SDS seem to be
more suitable for investigating differences between high- and low-
repressors~defensives on self-reported number of stressors and blood pressure than
the Weinberger RD scale. In addition, most effects found for these scales were

independent of gender. Thus, these scales also seem most adequate for the

examination of the role of defensive coping in the relatively low self-report rates

of stressors in hypertensives. Finally, given it's simplicity and lower requirements
with regard to sample size, the use of the Marlowe-Crowne scale alone may be
preferred.
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CHAPTER 6

HYPERTENSION IN RELATION TO SELF-REPORTED
DAILY HASSLES, STRESSOR LOAD, MEDICAL SYMPTOMS, AND

DEFENSIVE COPING: A POPt"L.4TION STUDY

Abstract-The inverse associations sometimes found between hypertension and self-reported
problems have been hypothesized to be mediated by defensive coping. The main purpose of the
present study was to address this hypothesis in a direct, multivariate approach. A population
screening study was conducted, in which 1120 women and 903 men between 20 and 55 years of
age participated. Multiple resting home blood pressure measurements were performed at the
participants' homes. In addition, a set of questionnaires was completed, measuring the number
and impact of daily hassles, perceived stressor load, medical symptoms, and defensive coping.
Separate logistic regression analyses for women and men revealed few, but distinct, associations.
In women, after statistical control for biomedical and life-style variables, self-reported number
of inedical symptoms was inversely related to hypertension. This effect was not mediated by
defensive coping. However, repressive defensiveness predicted directly the presence of
hypertension in women. In men, after biomedical and life-style variables were controlled for, the
initially obtained positive association between perceived stressor load and hypertension
disappeared, without any effect of defensive coping present overall. Defensive coping does not
seem to mediate the only inverse association found between hypertension and self-reported
problems, although it was a significant direct predictor of hypertension in women. Potential
explanations for the partial failure to support the hypotheses and the discordance with outcomes
of previous research are discussed.

Keytivords: Hypertension, Self-reports, Daily hassles, Medical symptoms, Defensive coping

INTRODUCTION

When hypertension diagnosis is controlled for and when subjective self-report
questionnaires are used to assess stressor exposure and distress, inverse
associations between hypertension and stress(ors) seem to dominate the results, as
concluded in Chapter 2. Furthermore, in Chapter 3 it has been suggested that
defensive coping -here used as a concept covering a wide range of closely related
constructs like repression, denial, and defensiveness- may mediate these inverse
associations. Indeed, support has been claimed for an association between some of
these constructs, i.e. repression and defensiveness, and both underreporting
problems (Santonastaso, Canton, Ambrosio, ác Zamboni, 1984; Tibblin óc
LindstrOm, 1972) and elevated blood pressure (Cottington, Brock, House, ác
Hawthorne, 1985; King, Taylor, Albright, á Haskell, 1990; Warrenburg et al.,

1989). In Chapter 5, additional indirect evidence has been obtained for such a
mediating effect of defensive coping. However, to date, no studies aiming at
testing this hypothesis more directly have been available. Moreover, a conceptual
confusion exists in the application of the various defensive constructs. Some
researchers have used them as synonyms (Sommers-Flanagan 8;. Greenberg,
1989), while others have attempted to make theoretical distinctions between them,
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which however appeared to be mutually incongruous (Paulhus 8c Reid, 1991;
Sackheim, 1988; Tomaka, Blascovich, 8c Kelsey, 1992). Therefore, it would be of
interest to apply simultaneously multiple related instruments and to examine their
mediating power in the relationship between hypertension and self-reported
stress(ors).

Blood pressure measurement procedures and hypertension inclusion criteria are
factors influencing research outcomes. Different procedures have been utilized,
some based on only one blood pressure measurement, some on multiple
measurements, performed at the clinic or at other places (Jenkins, Hurst, 8c Rose,
1985). Also cut-off criteria for labelling a person as a hypertensive differed
considerably between studies (Jenkins et al., 1985). This lack of agreement may
be partly responsible for the conflicting results in this area of research, as
discussed in Chapter 2. It is generally accepted that one-measurement procedures
and values obtained at the clinic usually yield poorer estimates of resting blood
pressure than multiple measurements conducted in a non-clinic setting, the former
in general resulting in an overestimation of the prevalence of hypertension. This
phenomenon has been attributed to the anxiety in neurotic individuals, to a higher
degree present at the clinic and during the first blood pressure measurement
(Pickering, 1990; Shapiro et al., 1996). It has been recommended to perform
multiple measurements in a non-clinic setting to obtain more valid estimates of
resting blood pressure (Pickering, 1990; Shapiro et al., 1996).

Given the rationales outlined above and in the previous chapters, the first aim
of the present study was to examine the association between hypertension and
self-reports of the number of inedical symptoms, stressor load, and the number
and impact of daily hassles in a large population screening study. More
importantly, the placsibility of defensive coping as a mediator in the inverse
associations found was investigated directly using a multivariate approach. In
addition, various measures of defensive coping with different emphases were
applied, namely suppression of the existence of the stressor or suppression of
undesirable aspects and enhancement of desirable aspects of one's own behaviour,
the latter being the traditional approach to defensiveness (Shapiro, Jamner, 8z
Goldstein, 1993). Finally, the relationships sec between defensive coping and
hypertension were examined. Four consecutive blood pressures were measured in
a tranquil familiar setting for the participants, namely at their homes. Daily
hassles were divided into objective hassles -the occurrence of which is not a
matter of debate- and subjective hassles -which are conceived of as being partly
products of ones cognitions- to be able to examine the assumed differences in
report rates to both. In addition, only subjects found to have elevated blood
pressure at the screening, but which were not previously treated for the disorder
were included in the hypertensive group, to minimize potential biases resulting
from hypertension diagnosis. The main hypotheses were:
(i) When controlling for several biomedical and life-style variables, hypertension
is inversely associated with self-reports of the number of subjective daily hassles,
perceived intensity of hassles, perceived stressor load, and the number of inedical
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symptoms. In contrast, self-reported number of objective daily hassles is
positively associated with hypertension.
(ii) The inverse associations mentioned in the first hypothesis are mediated by
defensive coping.
(iii) Defensive coping is a predictor of the presence of hypertension.
These relationships were expected to be equally valid for men and women.

METHOD

Subjects and general procedure
Subjects were recruited from three relatively small towns in the southern part of
The Netherlands. After a publicity campaign in the local media concerning the
investigation, a large random part of the population of these towns (Kaatsheuvel,
Loon op Zand, and Udenhout) received, street by street, a leaflet containing
information about the study. One week later the potential subjects were contacted
by telephone and asked if they were willing to participate in the study; per
household two persons could participate. In case of refusal, they were asked to
provide information regarding their gender, age, and blood pressure status, in
order to be able to compare responders and non-responders on these variables. If
the subjects agreed to participate, an appointment was made for the measurement
of blood pressure at their homes and delivery of the questionnaire set. One week
later the questionnaire set was collected by the same collaborator. Because the
questionnaires were completed after the blood pressure measurements, potential
influences of the perception of ones blood pressure on self-reported problems
were examined and, if appropriate, controlled for, as described below.

A total of 2095 subjects (1120 women, 903 men, and 72 subjects who did not
indicate their gender) agreed to participate in the study, which fonned 69.30~0 of
the potential participants contacted by telephone. Exclusion criteria for all main
analyses were use of anti-hypertensive medication, presence of diabetes mellitus,
any form of kidney disease, a history of myocardial infarction or other heart
disease, and use of any medication that may influence cognitive functioning. This
led to the exclusion of 59 female and 69 male subjects from all main analyses.

Measures and biomedical procedure
The Everyday Problems Checklist (EPCL; Vingerhoets, Ratcliff-Crain, Labaaij,
Menges, 8i Baum, 1996; Vingerhoets 8i Van Tilburg, 1994) is a Dutch checklist
originally consisting of 114 diverse daily hassles which individuals may have
experienced in the past two months. The checklist is divided into a part
concerned with objective hassles, a part containing cognitive hassles, and a mixed
category. The objective hassles reflect events of which the occurrence is
presumed not to be dependent on the individual's interpretation, such as "You
were stuck in a traffic jam". The cognitive hassles are much more subject to a
person's appraisal, such as "You or your family were treated unfairly". In



84 Chapter 6

addition to checking the items they have experienced, for each marked item the
subjects have to indicate "how strongly this did upset" them, using a 4-point
scale. In this way, the list assesses both the frequency and impact of objective
hassles (labelled OH-F and OH-I, respectively) and cognitive hassles (CH-F and
CH-I, respectively). In the present study, a shortened version was used,
containing only the 69 items belonging to these two categories. In addition, a 1-
item assessment of perceived stressor load (PSL) was applied by asking the
question "Are you frequently under stress?". The subjects responded to this item
on a 5-point scale, ranging from "(almost) never" to "(almost) all the time".

Defensive coping was measured in three ways. First, a Dutch translation of a
shortened version of the Marlowe-Crowne Social Desirability Scale (SDS;
Crowne ác Marlowe, 1964) was used. This version has been constructed for the
present study, based on the results of an item analysis by Hermans (1971). In
general, those items loading high on social desirability factors, but low on factors
interpreted as performance-motivation and test-anxiety were included in the
shortened SDS. Two ítems were excluded because of low applicability to the
Dutch situation: the original items 1 and 12. This resulted in a 15-items version -
containing the original items 2, 4, 6, 11, 13, 15, 16, 19, 20 21, 22, 24, 25, 31,
and 33- with a Cronbach a of .62 in the total present sample. Besides the widely
used SDS as a measure of defensiveness (Shapiro et al., 1993), we also applied
the 11-item Repressive Defensiveness (RD) subscale of the Weinberger
Adjustment Inventory (1989). In contrast to the SDS, which emphasizes more
desirable behaviours, the items of the RD reflect mildly undesirable, but common,
behaviours, like "Once in a while, I say bad things about people that I would not
say in front of them" and "I have done some things that were not right and felt
sorry about it later". The subjects indieate on 5-point scales to what extent an
item corresponds with their usual behaviour. In the study described in Chapter 5,
this scale has been found to correlate only modestly with the SDS (r -.48),
which suggests that both scales reftect partly distinct aspects af defensiveness.
Based on the results of a pilot-study, in which two items of the RD -the original
items 8 and 17- showed low corrected item-total correlations (~ .25), in this
investigation we have used a 9-item version. In the present sample, the Cronbach
a's was .76. Finally, we used the 4-item Denial subscale from the COPE coping
questionnaire (Carver, Scheier, 8z Weintraub, 1989), to also include a scale on
defensive coping with regard to external stressors. The items reflect "refusal to
believe that the stressor exists or trying to act as though the stressor is not real"
(p. 270). In the present sample, Cronbach's a was .57.

A separate questionnaire was employed for assessing the number of inedical
symptoms. Most of the items were derived from a list previously used in the
study described in Chapter 4. The items reflect various present physical
symptoms such as fatigue, migraine, backpain, and varicose veins, as well as
vague psychological syrr.ptoms, such as dífficulty concentrating, diminished
appetite, and feeling depressed. The participants checked the frequency of
occurrence of each symptom on 4-point scales, namely "seldom or never",
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"sometimes", "often", and "very often". The Cronbach's a of this total scale was
.79 in the present sample. In this study, we used the number of reported
symptoms, defined as the number of symptoms reported to occur at least
"sometimes".

Finally, a questionnaire was employed for assessing various control variables,
such as gender, age, years of education, smoking, coffee, and alcoho]
consumption, weekly physical exercise, (family) history of hypertension, and use
of (anti-hypertensive) medication. This questionnaire was also used in the study
described in Chapter 5.

Blood pressure data were collected in the evening, at the subjects' home using
a Philips HP 5330 automatic digital device, based on the oscillometric method.
This device proved to be a valid instrument in a pilot study, in which blood
pressures were compared, which were once measured using a standard mercury
sphygmomanometer and once using the Philips device in 34 healthy volunteers.
Mean blood pressures and variances did not differ between the devices [t (66) ~
1.0]. In addition, correlations between the single readings of the two devices were
.87 and .72, for SBP and DBP, respectively. In the present study, four
consecutive blood pressure measurements were taken while the subjects were
sitting in a quite environment, with 2-minutes intervals. Chronologically, in
ascending order, a numeric code was attached to every participant to ensure
anonymous coupling of the blood pressure and questionnaire data. The
sphygmomanometers were programmed in such a way that entering an odd
participant's code resulted in a disabled screen; otherwise the screen was on. The
blood pressure data were stored in the memory of the device for later processing.
Participants who could not see the blood pressures were told that they would
obtain the data when the study was completed. The subjects who could see the
levels, were told that, in general systolic levels above 140 mmHg and diastolic
levels above 90 mmHg were considered to be indicative of elevated blood
pressure. However, they also were informed that only a physician may provide
the potential diagnosis of hypertension. Thus, in SOo~o of the participants, all
measurements were performed in a double-blind manner, in the other SOo~o this
was deliberately not the case. This manipulation was performed in order to be
able to examine whether perception of elevated blood pressure would influence
the self-reports of stress(ors) and, if appropriate, to account for these effects in
the statistical analyses.

Statistical analysis
All analyses have been performed using SPSS software. First, responders and
non-responders were compared with respect to age, gender, and blood pressure
status by means of t-tests. For responders, mean systolic and diastolic blood
pressures (SBP and DBP) were computed, being the mean of at least 3 valid
measurements after levels which deviated more than 200~o from the mean of the
other values were discarded as being erroneous (0.80~0 of the SBP and 0.30~0 of
the DBP). Subsequently, mean blood pressures were dichotomized into
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(unmedicated) hypertension versus normotension and served as an outcome
variable in multiple logistic regression analyses (Winkleby, Ragland, óc Syme,
1988). Hypertension was defined as a mean SBP of at least 140 mmHg, or a
mean DBP of at least 90 mmHg, while not using any anti-hypertensive
medication. The sample characteristics of the responders are shown in Table I.

TABLE L-Sample Characteristics: Means, Standard Deviations, and Percentages

Normotensives Hypertensives
Variable Women Men Women Men F~

(N ? 903) (N? 639) (N ? 81) (N ? 113)

SBP 112.7 (10.4) 120.1 ( 9.6) 142.8 (14.3) 144.9 (11.7) 1323.1~`~`~`
DBP 72.16 (7.72) 74.52 (7.40) 94.68 (7.97) 91.55 (7.59) 1196.2~`~`~`
Age 37.96 (8.66) 39.09 (8.44) 41.40 (8.50) 43.70 (7.60) 46.11~`~`~`
BMI 23.36 (3.63) 24.59 (2.77) 25.97 (4.89) 26.73 (3.49) 96.23~`~`~`
Partner~ 90.2o~u 88.70~0 89.30~0 88.10~0 0.17
Education' 10.27 (2.75) 10.87 (3.08) 9.81 (2.56) 10.42 (3.02) 2.70
Employment4 56.Ooro 94.4oro SO.Ooro 88.loro 0.02
Smoking5 35.Oo~o 40.3oro 25.Oorn SO.Ooro 0.44
Coffeeb 3.93 (2.76) 5.14 (3.05) 4.06 (2.78) 5.62 (2.72) 6.48~`
Alcohol' 3.79 (5.34) 9.11 (8.27) 3.49 (5.96) 12.15 (9.70) 24.51~`~`~`
Low fatlsalt8 4.óoro 4.3aro 9.óoro 5.90~0 3.50"
Physical

Exercise9 1.61 (1.84) 2.04 (2.40) 0.99 (1.35) 1.56 (2.13) 8.71~`~`

' test for the main effect ~f blood pressure status (for purposes of clarity, percentages are
displayed for dichotomous variables), ~`: p ~.05, ": p ~.01, "': p ~.001, ": p-.062, Z percent
married or living together, ' years of education, " percent employed 5 percent smoker, 6 cups per
day, ' glasses per week, e using a low-fat or low-salt diet, 9 hours per week.

Separately for women and men, Pearson's product-moment correlations were
computed between the self-report variables to examine their interrelationships.
Three sets of multiple logistic regression analyses, predicting the presence of
hypertension, were performed for each gender. In the first set, OH-F, OH-I, CH-
F, CH-I, PSL, and the number of inedical symptoms were the predictor variables.
Two analyses were conducted: one without any covariates, and one with entering
first biomedical and life-style variables. Depending on the relevance for each
gender and the variable's association with hypertension in the present samples,
several of the potential confounders regarding age, body mass index (BMI:
weighV(lengthz)), education, marital status, employment status, cigarette, alcohol
and coffee consumption, using a low-fat or low-salt diet, use of oral
contraceptives, physica] exercise, presence of a hypertensive mother or
hypertensive father, practising relaxation techniques such as yoga, and whether or
not the blood pressure device screen was on or disabled during measurement were
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entered on the first step of the logistic regression analyses. The on~off position of
the blood pressure screen was used only as one of the control predictors, because
in a pre-analysis it was found to have no effect on any of the self-reports of
stress(ors) in individuals with elevated blood pressure, who were not aware of
this condition previously. The second set of logistic regression analyses used
slightly modified predictor variables. The predictors in these analyses were
residuals resulting from a linear regression of each of the above mentioned
predictors on scores of the SDS, RD, and Denial scales. These analyses were
performed in order to examine the mediation of defensive coping in the
associations found between hypertension and self-reported problems. Also these

analyses were run twice: once without and once with the (same) biomedical and
life-style covariates entering the analyses first. In the final set of analyses, scores
based on the SDS, RD, and Denial scales were used as predictors for the
hypertension. For interpretational purposes, the scores on these scales were first
dichotomized using a median-split procedure. These analyses were, again,
conducted without and with control for the biomedical and life-style variables.

RESULTS

In comparing the group means between responders and non-responders, the
degrees of freedom have been corrected for inequality of variances. Responders

appeared to be somewhat older than individuals who were not willing or able to
participate in the study: 39.4 (SD - 8.8) vs. 37.8 (SD - 9.4), respectively, t
(1082) - 3.84, p ~.001. Among the responders, a larger proportion of individuals

reported to have elevated blood pressure than among non-responders, 9.Oo~o vs.

6.Oo~o, [X1 (1) - 5.24, p ~.OS]. Both genders were equally represented in both
groups: 56.10~o women among non-responders and 55.60~o among the participants
[X~ (1) - 0.05, p ~ 1.0)].

The correlations between the self-report variables are shown in Table II. The

frequency of objective hassles (OH-F) correlated quite highly with the frequency
of cognitive hassles (CH-F): .64 in women and .69 in men, while correlations
between the frequency and the mean impact measures of daily hassles were low:
the lowest correlation being .08 between OH-F and CH-I in men, the highest
between CH-F and OH-I in women (.25). Perceived stressor load showed the
highest correlations with the number of inedical symptoms in both women and
men (.51 and .47, respectively), and with CH-F (.40 and .31, respectively). The
number of inedical symptoms showed a similar correlation pattern as the

perceived stressor load, only with overall slightly weaker coefficients. Both RD

and SDS correlated negatively with almost all self-reported problems measures,
but much less strongly with the intensity measures of daily hassles than with the

frequency measures. In contrast, Denial showed positive correlations with the
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TABLE II.-Correlations Between the Self-Report Variables for
Women and Men'

OH-F CH-F OH-I CH-I Symp PSL RD SD Denial

OH-F 1.00 .64 .20 .12 .29 .25 -.23 -.19 .09
CH-F .69 1.00 .25 .24 .34 .40 -.34 -.34 .10
OH-I .16 .21 1.00 .43 .21 .22 -.08 -.08 .13
CH-I .08 .14 .49 1.00 .17 .22 -.10 -.03 .08
Symp .24 .34 .26 .15 1.00 .51 -.23 -.19 .13
PSL .18 .31 .24 . I S .47 1.00 -.22 -.25 .14
RD -.18 -.23 -.10 .04 -.21 -.18 1.00 .50 -.21
SD -.19 -.25 -.10 -.O1 -.18 -.25 .51 1.00 -.09
Denial .07 .11 .09 .03 .16 .OS -.21 -.09 1.00

' Correlation are based on at least 997 women (above diagonal) and 809 men (below diagonal).
For women, correlations above .10 are significant at .001 level, and correlations above .06 at .05
level; for men, correlations above .1 I are significant at .001 level, and correlations above .07 at
.OS level. OH-F - frequency of objective hassles, CH-F - frequency of cognitive hassles, OH-I
- mean impact of objective hassles, CH-I - mean impact of cognitive hassles, Symp - number
of inedical symptoms, PSL - perceived stressor load, RD - repressive defensiveness, SD -
social desirability.

self-reported problems variables. Therefore, Denial could not be a mediator in
potential inverse associations between these variables and hypertension. For this
reason, Denial was not included in the regression analysis computing residualized
scores for the self-reported problems measures.

Women
Due to rnissing values in the self-report variables, the first logistic regression
analysis -without the control variables- was based on 70 hypertensive and 852
norrnotensive women. In this analysis, no single variable concerning self-reported
problems could predict the presence of hypertension (p ~ 1.0), although a trend
appeared for an inverse association with self-reported medical symptoms (p -
.077). As a result of missing values for the control variables, the sample in the
second analysis was further reduced to 61 hypertensive and 765 normotensive
women. The following biomedical and life-style variables appeared to be
significant predictors of hypertension in women at step 1, all showing positive
associations: BMI, using a low-fat or low-salt diet, unfitness for work, having a
hypertensive father and having a hypertensive mother (see Table III). In this
analysis, the number of reported medical symptoms appeared to be a significant
predictor of hypertension, in an inverse manner (Odds ratio -.89, p ~.02, 950~0
Confidence Interval - 0.81 - 0.97). The other stressor and distress variables failed
to enter the equation (p ~ 1.0).
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TABLE IIL-Logistic Regression Model Predicting the Presence of Hypertension
in Women: Biomedical, Life-Style, and Self-Reported Stress(or) Variables

Logistic Standard Odds 950~o p
Predictor Coefficient Deviation Ratio CI Value

Hypertensive father 0.78 0.35 2.19 1.10 - 4.34 0.025
(-Iypertensive mother 0.98 0.32 2.66 1.42 - 4.99 0.002
Body mass index 0.12 0.03 1.13 1.07 - 1.19 0.001
Low fatlsalt diet 1.29 0.45 3.62 1.51 - 8.70 0.004
Unfitness for work 1.86 0.77 6.41 1.42 -28.89 0.016

Medical symptoms -0.12 0.45 0.89 0.81 - 0.97 0.012

The analysis was based on 61 hypertensive and 765 normotensive women

As mentioned above, as a result of the positive correlations between Denial

and most self-reported problems, Denial was not included in the linear regression
analyses to compute the residualized variables, which, consequently were based
on regressions on RD and SDS only. When these residualized variables entered
the analysis, the number of reported medical symptoms still predicted the

presence of hypertension, again only after entering the biomedical and life-style

variables first (Odds ratio -.91, p ~.OS)~.
In the last set of analyses, the three dichotomized defensive coping variables

entered the analysis. Without controlling for the biomedical and life-style
variables, RD predicted hypertension (Odds ratio - 1.78, p ~.02) among 80
hypertensive and 907 normotensive women. When the control variables were

included on step 1, the sample was reduced to 69 hypertensive and 816
normotensive subjects as a result of missing values. BMI, age, having a
hypertensive father, using oral contraceptives, blood pressure screen being on, and
physical exercise significantly predicted hypertension; except for physica] exercise

the direction of the association being positive (Table IV). In this analysis, RD

was still significantly and positively associated with hypertension (Odds ratio -
1.71, p ~.05, 950~o Confidence Interval - 1.01 - 2.91). SDS and Denial failed to
predict hypertension (p ~ 1.0).

Men
Without entering the control variables in the first analysis on the male subsample,
involving 111 hypertensive and 606 normotensive subjects, one variable predicted
hypertension, showing a positive association: perceived stressor load (Odds ratio

' We also performed analyses, in which scores on RD and SDS entered the equation before the
self-reported problems, instead of using residualized scores of the latter variables. The results
did not differ.
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TABLE IV.-Logistic Regression Model Predicting the Presence of Hypertension in
Women: Biomedical, Life-Style, and Defensive Coping Variables

Logistic Standard Odds 950~o p
Predictor Coefficient Deviation Ratio CI Value

Hypertensive father 0.85 0.35 2.34 1.18 - 4.64 0.015
Age 0.07 0.02 1.07 1.03 - 1.11 0.001
Body mass index 0.15 0.03 1.16 1.09 - 1.22 0.001
Oral contraceptives 0.90 0.32 2.45 1.31 - 4.59 0.005
Screen on 0.62 0.27 1.86 1.10 - 3.14 0.020
Physical exercise -0.20 0.09 0.82 0.68 - 0.98 0.033

Repressive defensiveness 0.54 0.27 1.71 1.01 - 2.91 0.047

The analysis was based on 69 hypertensive and 816 normotensive women

- 1.24, p ~ .02). After controlling for the significant biomedical and life-style
variables, namely age, BMI, and alcohol consumption (all positively associated
with hypertension) in the male sample consisting of 105 hypertensive and 578
normotensive subjects, the effect of perceived stressor load was reduced to a trend
(p -.078). Using residualized variables did not change this outcome, none of the
self-reported stressor and distress variables entered the equation after control for
age, BMI, and alcohol consumption.

Also for men, an analysis was performed using the dichotomized defensive
coping variables as predictors. However, neither of them could predict
hypertension, without or with the same control variables as used in the analysis
above (p ~ 1.0). Ad hoc, additional logistic regression analyses were performed
for the highest tertile based on self-reported frequency of objective stressors. The
rationale behind this procedure was, that perhaps only in a subgroup which is
frequently exposed to objective stressors, defensive coping may be associated
with hypertension. This analysis was based on 46 hypertensive and 221
normotensive men. In such analysis, Denial predicted hypertension in the
hypothesized direction (Odds ratio - 2.10, p ~.03, 950~o Confidence Interval -
1.10 - 3.99). However, after controlling for age, BMI, and physical exercise, all
three defensive coping variables failed to predict hypertension (p ~ 1.0)z.

DISCUSSION

The main aims of the present study were to examine the associations between
hypertension and self-reported measures of stressor exposure and distress, with
additionally ínvestigating the potentially mediating role of defensive coping in the
associations found. The present data support our hypotheses only partially and
only in women. Regarding the first hypothesis, only in female subjects, a negative
association was obtained between self-reported medical symptoms and
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hypertension. This inverse association has been reported earlier, but in all studies
the results were based on male middle-aged subjects (Davies, 1970; Kidson,
1973; Tibblin 8c Lindstróm, 1972). However, in the present study, restricting the
analyses to men above 45 years did not affect the results reported here. The

reason why the inverse association in the present study was found only in women

remains unknown. The other variables concerning self-reported problems,
including all daily hassles measures, failed to show any relationship with
hypertension, in both men and women. This is in discordance with earlier
research on hypertension and self-reported negative life-events and occupational
stress, which in undiagnosed subjects showed inverse associations (Linden 8c

Feuerstein, 1983; Svensson óc Theorell, 1983; Theorell, Svensson, Knox, Waller,

8z. Alvarez, 1986; Winkleby et al., 1988). The discrepancies do not seem to be the

result of specific differences in sample characteristics, such as age and

socioeconomic status, because in the studies, which found inverse associations,
the results were based on samples of inen from divers age categories and a wide
range of occupations. However, the present outcomes may partially be due to the

very heterogenous sample used. A large part of the population of three towns

participated in the study, the subjects ranging widely on age, education,

employment status, etc., whereas in the other studies described above, the samples

were more homogenous with respect to these variables. As Theorell stated before

(1991), in the case of heterogenous samples, it is more likely that the outcomes
tend more to show positive instead of negative associations, as a result of a
relatively greater variance of objective frequency of exposure to stressors,
contributing to a positive association with blood pressure. Inverse associations

might be more likely to be revealed in relatively homogenous samples

experiencing similar (objective) stressors. Also in the study, described in Chapter

4, an inverse association was found for blood pressure with self-reported medical
symptoms, but not with self-reported daily (i.e., occupational) stressors. This

would suggest a stronger tendency toward an inverse association for hypertension

with self-reports of inedical symptoms than with self-reports of external stressors.

Contrary to our hypothesis, a positive association was obtained between

hypertension and perceived stressor load in men. However, this positive
association in men was only significant when not corrected for the biomedica]
and life-style variables. It might be speculated that this trend towards a positive

association is partly due to the heterogeneity of the present sample, as indicated

above. The fact that after control for various biomedical and life-style variables,

mostly associated with risk for hypertension, the significant positive association

disappeared in men, together with the finding that the inverse association in

women between hypertension and self-reported medical symptoms became
significant after control for these variables suggests that, in general, associations
between self-reported problems and blood pressure become less positive and more
negative when biomedical and life-style variables are controlled for.

In the present study, for both genders no difference has been found between

relationships of hypertension with objective versus cognitive daily hassles,
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contrary to our hypothesis and contrary to what may be expected based on
previous findings, summarized in Chapter 2. The fairly high correlation between
both types of daily hassles (.64 in women and .69 in men) indicates that reporting
on the presumably objective hassles was not that different from reporting on
hassles, which were believed to be more subjective. Given the fact that the
hassles involve various distinct events, of which the occurrence is mutually
independent, this high correlation suggests that the responding may be
substantially influenced by a general response tendency to the reporting of
stressor exposure. Although reported exposure to objective hassles showed a
lower correlation with the subjective perceived stressor load than cognitive
hassles in both genders, it is recommended to use a really objective measure of
stressors, such as expert ratings or comparing groups exposed to an evident
stressor with non-exposed control groups, to obtain a more clear distinction
between objective and subjective stressor exposure in future research.

No difference was found between scores on the frequency and the impact of
daily hassles, in relation to hypertension. In the investigation, described in
Chapter 5, subjects scoring high on defensiveness were found to report less daily
hassles, but not a lower impact of daily hassles. It was suggested that defensives
rather tend to "forget" about the whole stressor than just reduce cognitively the
perceived aversiveness of a stressor. This is in agreement with the results of the
present study in which scores on the RD and SDS scales showed much stronger
negative correlations with the frequency measures of daily hassles than with the
impact measures (Table II).

No support has been found for the hypothesis that defensive coping mediates
the inverse associations between hypertension and self-reported problems. The
only inverse association found in the present study -concerning medical symptoms
in women-, remained significantly negative after variance accounted for by
defensive coping was partialled out statistically. It may be argued that, in part,
this may be the result of inadequacy of the instruments used in the present study
to measure aspects of defensive coping with respect to external stressors. Despite
their negative associations with self-reported problems, theoretically, RD and SDS
both reflect more the tendency to be defensive with regard to one's own
behaviour than with regard to experienced stressors and distress. The Denial
subscale does not seem to be a relevant instrument at all, given its predominantly
positive associations with self-reported problems. This positive association may
be the result of the fact that positively responding to the items of this scale means
admitting using denial, which would not be expected on the part of true
defensives. Another potential explanation involves the possibility that subjects
exposed more to stressors for which active coping is not effective and which
subsequently also experience more distress, more often turn to denial as the last
possible coping strategy.

Obviously, the alterna:ive explanation for not finding the mediating role of
defensive coping in the present study is that defensive coping is not the crucial
mediator in this relationship. In Chapter 3, it has been suggested, that another
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potentially mediating mechanism may provide an explanation for the inverse
associations sometimes found: a physiologically based altered appraisal of
aversive stimuli, for instance, brought about by baroreceptor mediated central
nervous system (CNS) inhibition (Dworkin, Filewich, Miller, Craigmyle, 8z
Pickering, 1979). Briefly, this mechanism is based on inhibition of certain CNS
areas as a result of baroreceptor stimulation, which alters the appraisal of aversive
-in the present case proprioceptive- stimuli. Future research attempts should focus
on this possibility, most likely in a laboratory setting in which the effects of
baroreceptor stimulation on appraisal of physical and psychosocial aversive

stimuli can be investigated. An additional value of research on this mechanism
arises from its potential role in the etiology of essential hypertension (Dworkin et
al., 1979). Briefly, the hypothesis states that, as a result of its aversiveness
dampening properties in a subgroup of individuals, baroreceptor stimulation by
blood pressure elevation may be the basis of an operant conditioning mechanism
contributing to tonic blood pressure elevations in periods of chronic or recurrent
stressor exposure (Dworkin et al., 1979; Elbert, Rockstroh, Lutzenberger, Kessler,

8c Pietrowsky, 1988).
The fact that in the present study, most variables concerning self-reported

problems showed null associations with hypertension does not exclude the

possibility of altered appraisal in hypertensives. In earlier work, positive
associations were expected as a result of the hypothesis that exposure to stressors
eventually contributes to tonic elevations of blood pressure. It may be speculated

that such a relationship exists but, in retrospective self-reports is counteracted by

altered appraisal in hypertensives, resulting in a null association (Winkleby et al.,

1988). The present finding that the inverse association is more likely to be found
for medical symptoms than for stressor exposure is in line with such a reasoning:
the hypothetical causal positive association between (really) objective stressor
exposure and blood pressure does not hold for medical symptoms: medical

symptoms are very unlikely to contribute to hypertension; in addition,
hypertension is largely asymptomatic. Thus, in associations concerning self-

reported medical symptoms, altered appraisal may be more apparent.
Alternatively, the potential physiological mechanism behind altered appraisal -the
baroreceptor stimulation-CNS inhibition mechanism- would presumably be more
relevant for proprioceptive aversive stimuli, including those resulting in pain, than

for psychosocial stressors. Specifically, baroreceptor stimulation has been found

to diminish pain sensitivity to external physical stressors, especially in

hypertension-prone individuals (Elbert et al., 1988). It seems conceivable that
medical symptoms -for a major part consisting of physical discomfort- more
closely resemble external physical stressors than psychosocial stressors, such as
daily hassles or life events. Future research should examine the validity of these
alternative explanations for the difference found with respect to self-reported
medical symptoms and daily hassles.

The third hypothesis, an association between defensive coping and
hypertension, ~vas also found only in w~omen in the present study: in women a
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high score on the RD was predictive of hypertension in women. Defensive coping
has been found in previous studies to be associated with hypertension or elevated
tonic blood pressure, also in men (Cottington et al., 1985; King et al., 1990;
Warrenburg et al., 1989) and also with blood pressure reactivity to laboratory
tasks (Jamner 8t Schwartz, 1986; King et al., 1990; Tomaka et al., 1992;
Warrenburg et al., 1989). On the other hand, in some field studies, based on
ambulatory blood pressure measurements, negative associations between blood
pressure and defensiveness were obtained (Jamner, Shapiro, Hui, 8z et, 1993;
Melamed, 1996). For instance, Melamed (Melamed, 1996) found that among male
industrial workers, defensiveness was negatively associated with ambulatory blood
pressure response, whereas at the same time defensiveness was positively related
to baseline blood pressure measurements conducted in the clinic in a subgroup
scoring low on emotional reactivity, a construct related to anxiety. In that study,
hypertensives were excluded from the analyses, which restricts generalizability of
those findings to the whole range of blood pressure values. Nevertheless, it may
be speculated that, at least in men, defensive coping is related to baseline values
obtained at the clinic and blood pressure reactivity to laboratory stressors
differently than measurements performed at their work or at the subjects' homes -
such as in the present study-, in other words in their familiar surroundings, in
which they may feel more free to rely on their preferred (defensive) coping style
(Shapiro et al., 1993).

Repressive defensiveness as measured by the RD subscale of the Weinberger
Adjustment Inventory (Weinberger, 1989) was more successful to predict
hypertension than the Marlowe-Crowne Social Desirability Scale, a scale widely
used previously in this field (Shapiro et al., 1993). This result is at odds with the
outcome of the study of Chapter 5, in which the Marlowe-Crowne scale was a
better predictor of blood pressure than the Weinberger RD. A possible
explanation may, again, consist of differences in blood pressure assessment.
Whereas in the previous study blood pressure was measured only once at a health
centre, in the present study, multiple blood pressure measurements were
conducted at the participants' homes. It is not unlikely that the blood pressure
assessments in the present study better reflects tonic baseline pressure, whereas in
the earlier study the levels may have partially contained a reactivity to the
context, namely a first blood pressure measurement at a clinic-like setting. This
may have resulted in an exaggerated response in anxious subjects. This view
seems to be supported by the much larger proportion of "hypertensives" in that
study. It may be speculated that the Marlowe-Crowne SDS is more sensitive to
revealing differences in blood pressure containing a reactivity component,
whereas the RD scale is more likely to reveal effects with respect to truly resting
blood pressures. Another difference between the studies concerns the gender
composition of the samples. Most individuals in the former study were men,
instead of more than SOo~,, of the participants in the present investigation being
female. Therefore, comparison between the results of the two studies should be
made with great caution.
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In future research, emphasis should be on (a) a clear differentiation between
truly objective and subjective problems, in a fairly large, but more homogenous
sample, and (b) the use or development of defensive coping measures more
relating to external stressors. However, an even more fruitful approach may be
based on laboratory research emphasizing direct examination of the appraisal of
the same stressors by hypertensive and normotensive groups in combination with
cardiovascular reactivity to the stressors. In addition, a non-invasive index of the
baroreflex activity (Steptoe 8c Sawada, 1989) may be used to evaluate the
potential involvement of baroreceptor stimulation in the hypothesized altered
appraisal of psychosocial stressors in hypertensives (Dworkin et al., 1979), or the
effect of inechanical stimulation of the baroreceptors on appraisal of various
stressors may be examined directly, for instance by the neck-suction technique, as
recently refined by Rau and coworkers (Rau, Elbert, Geiger, ói Lutzenberger,
1992). Besides its potential role in the etiology of hypertension (Dworkin, et al.,
1979), if this mechanism would prove to be able to influence the appraisal of
psychosocial stressors, this could be an important step in identifying factors
which are mediating the sometimes found inverse associations between
hypertension and self-reported problems.
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CHAPTER 7

HYPERTENSION, APPRAISAL OF PHYSICAL AND PSYCHOSOCIAL
AVERSIVE STIMULI, AND CARDIOVASCULAR REACTIVITY

Abstract-In Dworkin et al.'s (1979) hypothesis, emphasizing operant conditioning of blood
pressure elevations, it is implicitly assumed that the frequently found diminished appraisal of
physical stressors in hypertensives, probably involving baroreceptor stimulation, can be
extrapolated to psychosocial stressors. In the present study, the plausibility of this assumption
was examined. Forty-two unmedicated hypertensives and 21 normotensive controls of both
genders were exposed to a physical stressor (electric current) and psychosocial active coping
(mental arithmetic, free speech) and passive coping (unpleasant films) tasks, while heart rate,
systolic and diastolic blood pressure, as well as non-invasive indices of baroreflex activity were
continuously measured or derived. In addition, before all tasks, pre-stressor anxiety and after
each task appraisal of the stressor were assessed. Results indicated that in general only in
women, hypertensive individuals showed diminished scores of pain sensitivity. Moreover, for
most tasks, female hypertensives exhibited lower scores on pre-stressor anxiety than their
normotensive counterparts. On stressor appraisal items, only the films were rated as less
unpleasant in female hypertensives. Although some meaningful associations emerged between
blood pressure reactivity and stressor appraisal parameters, cardiovascular measures could not
explain the between-group effects found in women. Thus, only límited support has been
obtained for the assumption underlying Dworkin et al.'s hypothesis.

Kevx~ords:Hypertension, Stressor appraisal, Cardiovascular reactivity, Baroreceptors, Pain
sensitivity

INTRODUCTION

Taking into account potential confounders, such as anti-hypertensive medication,
hypertensives, compared with normotensives, report diminished rates of negative

life events (Theorell, Svensson, Knox, Waller, 8z Alvarez, 1986), occupational

stressors (Winkleby, Ragland, 8i Syme, 1988), physical symptoms, like headaches

and dizziness (Davies, 1970), negative psychological characteristics, such as

neuroticism, anxiety, and depression (Santonastaso, Canton, Ambrosio, 8c

Zamboni, 1984), and especially painfulness of laboratory aversive physical
stimulation (Zamir 8z Shuber, 1980). So all of these studies strongly suggest a

tendency in hypertensives to under-report problems. One possible explanation for

this phenomenon comes from pain research. Repeatedly, elevated blood pressure

has been found to be associated with diminished sensitivity to painful physical
stimulation. This has been demonstrated for electrical (Zamir, Simantov, óc Segal,
1980), thermal (Sheps et al., 1992), and finger pressure pain stimulation techni-
ques (Bruehl, Carlson, 8i McCubbin, 1992). Moreover, also in normotensive
samples an inverse relationship between blood pressure and perceived painfulness

of physical stressors has been obtained (Bruehl et al., 1992). This inverse
relationship has been found in both between-subjects (Zamir 8c Shuber, 1980) and

within-subjects designs (Dworkin, Filewich, Miller, Craigmyle, 8t Pickering,
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1979), in animal (Randich 8z Maixner, 1984) as well as in human studies (Sheps
et al., 1992). Substantial evidence has been obtained for the view that this
association is a result of central effects of baroreceptor stimulation (Dworkin et
al., 1979). These effects have been suggested to be already effective in a
subpopulation with enhanced risk for hypertension (Elbert, Rockstroh,
Lutzenberger, Kessler, 8z Pietrowsky, 1988). Based on these findings the
following hypothesis has been proposed by Dworkin et al. (1979): given its pain-
dampening properties, the baroreceptor stimulation mediated diminished pain
sensitivity (antinociception) mechanism may be the basis of operant conditioning
of blood pressure elevations in a wide range of potentially stressful situations.
When a person, sensitive to this mechanism, frequently encounters potentially
stressful situations, this may eventually lead to essential hypertension in those
individuals (Elbert et al., 1994). An important, but to date not experimentally
tested, assumption in this view is that the aversiveness-dampening effect of
baroreceptor stimulation for plrysical stressors can be extrapolated to psychosocial
stressors. Thus, the validity of this crucial assumption still has to be established.

Therefore, our first objective was to investigate whether the diminished
sensitivity to physical aversive stimuli in hypertensives can be extrapolated to
psychosocial stressors in a laboratory setting. For this purpose, subjects were
exposed to a physical stressor (electric current), as well as active coping (mental
arithmetic and free speech) and passive coping stressors (viewing two film
fragments). To get an impression of the proposed involvement of baroreceptor
stimulation in these associations, a non-invasive measure of baroreceptor activity
was derived. The sequence method applied (Parati et al., 1988; Steptoe 8z
Sawada, 1989) is based on beat-to-beat sequences of 3 or more heart cycles with
successive heart period lengthening accompanied with systolic blood pressure
elevations or visa versa. Two measures can be derived: the relative number of the
sequences per condition and the mean regression slope of the sequences per
condition. This method has been validated, finding the expected differences in
baroreflex activity between hypertensives and normotensives (Parati et al., 1988;
Watkins, Fainman, Dimsdale, 8c Ziegler, 1995).

In most studies finding the diminished pain sensitivity, subjects had little
control over the physical aversive stimulus (Bruehl et al., 1992; Sheps et al.,
1992; Zamir 8i Shuber, 1980). It may be hypothesized that having little control
over a stressor is a moderator in the relationship between cardiovascular activity
and pain sensitivity. For instance, Rau et al. (1994) argued that their failure to
find differences in pain threshold between hypertensives and normotensives may
be attributed to the fact that the participants had some feeling of control over the
stimulus: as soon as the pain threshold was reached, the stimulation was stopped
by the participants. Therefore, in the present study, we used electric stimulation
both in an externally controlled condition, in which stimulus intensity was
controlled automatically by the computer and a self-controlled condition, in which
the participants themselves exercised full control over the stimulus intensity.
Furthermore, it has been proposed that stimulus duration and frequency may be
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important variables influencing the pathways involved in the potential
antinociception (Terman, Shavit, Lewis, Cannon, Bc Liebeskind, 1984). For
example, it has been suggested that in exposure to short-duration aversive stimuli
an opioid system may be involved, whereas non-opioid mechanisms may
predominate when the organism is exposed to stressors of long-duration (Terman
et al., 1984). It is conceivable that involvement of qualitatively different systems
might also influence the degree of antinociception (Randich 8z Maixner, 1984). In
the present study, the externally controlled condition included two subconditions:
one with only a few slow, relatively long stimuli and one in which more frequent,
but short stimuli were presented.

In addition, until now, most studies on the relationship between cardiovascular
system activity and pain sensitivity have been conducted on male subjects (Bruehl
et al., 1992; Elbert et al., 1988; Sheps et al., 1992; Zamir óc Shuber, 1980). The
few studies conducted on both genders have revealed conflicting results. For
instance, Fillingim and Maixner (1996) found an inverse association between
resting systolic blood pressure and pain sensitivity only in men, not in women. In

another study, partially a reverse effect was found: only in women, resting
systolic blood pressures and blood pressure reactivity to a speech task were

associated with lower pain sensitivity to a thermal stimulus (Bragdon, Light,
Campbell, 8c Maixner, 1994). This is in agreement with an investigation showing
that parental history of hypertension was related to lower retrospective pain
ratings after venipuncture in women, not in men (France, Adler, France, 8c Ditto,
1994). In light of these discrepancies, in the present study, gender differences
were examined more systematically, in the various pain conditions outlined

above.
Furthermore, it was examined whether appraisal of stressors would be related

to indices of cardiovascular reactivity, a relatively established risk factor or
marker for hypertension (Manuck, Kasprowicz, á. Muldoon, 1990). For instance,
Bruehl et al. (1992) found that systolic blood pressure (SBP) reactivity during a
finger pressure stimulus trial was positively related to pain ratings (the greater the
increase in SBP, the greater the experienced pain), in contrast to negative
correlations with baseline SBP. Similar results were obtained in another study
(Peckerman et al., 1991). However, France and Stewart (1995) recently found
that heart rate and blood pressure reactivity to a cold pressor test was negatively
related to pain ratings obtained during an ischemic pain stressor. Both studies
were conducted on healthy young male normotensive subjects, indicating that
sample characteristics probably did not account for the difference. Bruehl et al.
attributed their effect to pain-induced arousal or anticipatory anxiety on blood
pressure. France and Stewart argued that exaggerated physiological responsiveness
to (other) stressors may diminish pain appraisal via baroreceptor stimulation. In
research on appraisal of psychosocial stressors, some preliminary evidence has
been obtained suggesting that in hypertensive individuals and in persons with a
family history of hypertension, greater cardiovascular responses to stressors are
associated with lower reports of negative affect (Jorgensen óc Houston, 1986;
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Sapira, Scheib, Moriarty, 8z Shapiro, 1971).
In the literature on hypertension and self-reported problems, diagnosis or

awareness of hypertension has often been regarded as an important confounding
variable. Whereas diagnosed hypertensives have been found to often report more
medical symptoms (Monk, 1980; Zonderman, Leu, 8i Costa, 1986) and more life
stress (Myers 8i Miles, 1981) than individuals with normal blood pressures,
undiagnosed or unaware hypertensives have sometimes even been found to report
less medical symptoms (Davies, 1970; Kidson, 1973) and life-stress (Linden 8z
Feuerstein, 1983; Theorell et al., 1986) than normotensive individuals. For this
reason, in the present study we have made the same distinction and included two
hypertensive groups, based on whether or not they were aware of their elevated
blood pressure.

The main hypotheses were: (a) hypertensives have higher pain threshold and
tolerance levels, especially in the no-control conditions, (b) hypertensives appraise
the stressors as less aversive and more pleasant and exhibit a lower level of pre-
task anxiety, (c) hypertensives show greater cardiovascular reactivity during the
tasks, including increases of the baroreflex indexes, (d) the relationships
mentioned in (a) and (b) can be explained by the cardiovascular response
differences between the groups (especially by the larger increase in baroreflex
activity in hypertensives). In addition, the associations described in the first two
hypotheses are expected to hold especially for unaware hypertensives, while no
specific substantial gender differences are anticipated.

METHOD

Participants
The present study is the second part of a project on hypertension and appraisal of
stressors. The first part, a population study on hypertension, self-reported
problems, and defensiveness, was conducted in the Southern part of the
Netherlands and described in Chapter 6. Among other things, multiple resting
home blood pressure measurements were performed at the homes of 1120 women
and 903 men between 20 and 55 years of age. Of these persons, 1203 (59.So~o)
individuals agreed to participate in the present laboratory study, if selected. A
sample of 63 subjects was drawn. These included 21 aware but untreated
hypertensives, 21 unaware hypertensives, and 21 normotensives, matched on age,
gender, body mass index (BMI), alcohol use, smoking, physical exercise, and
level of education, with both genders represented approximately equally.
Definition of hypertension was based on the mean of at least three valid resting
blood pressures measured at the participants' homes, as indicated above. Mean
systolic blood pressure of at least 140 mmHg or a mean diastolic blood pressure
of equal to or higher than 90 mmHg was considered hypertensive.
In order to investigate the effect of awareness of ones blood pressure, in SOoro of
the subjects participating in the population study, the blood pressure screen was
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disabled, resulting in ignorance with respect to blood pressure levels in a large
part of the subjects. These participants would obtain their blood pressure levels

after the whole project (including the present study) was ended. In this way, we

were able to include subjects who had elevated blood pressures at the screening,

but were unaware of this condition in the present laboratory study.
Exclusion criteria were use of anti-hypertensive medication, presence of

diabetes mellitus, any form of kidney disease, a history of myocardial infarction
or other heart disease, and use of any medication that may influence perception
and mood.

Participants were asked to refrain from using alcohol on the day of the
experiment, from caffeine consumption for at least 3 hours and from smoking for
at least 2 hours prior to the laboratory session, according to recent
recommendations (Shapiro et al., 1996). The subjects received Hfl 40 (approx. ~
20) for their participation.

Tasks
The participants performed seven tasks in the same order as described below.
Because our emphasis was not on differences between specific absolute task
responses, but rather on differences between groups on task responses, it was not
chosen to present the tasks in a counterbalanced order. Most tasks were presented
on the screen of a Commodore 486 SX-25 personal computer, which ran the
tasks.
Music perception. A relaxing music fragment (new age) of 290 s duration was
presented with the instruction just to "listen attentively to the music". The music-
source was a Philips tape recorder N2 503~00 and the speakers were Philips 22
RH 497. In addition, the participants were instructed as follows: "after the music,
some questions will be asked about the feelings you think are expressed by the
music". These questions were included in a 12-item questionnaire regarding
affective content of the music, largely based on a checklist applied in a previous
study (Nyklícek, Thayer, 8z Van Doornen, in press). This task was intended to be
a fake-task, providing an opportunity for the subjects to get familiar with
performing a task in the present setting, resulting in a more relaxed state before
starting the real tasks.
Pain stimulation. Constant electric current was delivered to the ventral side of the
left forearm of the participants using a Tursky concentric electrode (Tursky,
1974). The skin below the electrode was lightly abraded in order to keep
resistance below 10 kS2. The current was a 60 Hz bipolar SOo~o-duty square pulse
which could reach a maximum of 6 mA. The task consisted of three conditions
presented in a fixed order: (i) self-controlled intensity regulation, (ii) slow
automatic intensity regulation, and (iii) fast automatic intensity regulation. In the
first condition, participants were asked to raise the current slowly by themselves
by using an intensity control switch starting from 0 mA. During the task, they
were asked to indicate, by pushing a reaction button, when the stimulus was
"perceived for the first time" (sensory threshold), when it began to be "painful"
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(pain threshold), and when it reached the point to be "unpleasant to a degree that
the subject wanted to terminate the current" (pain tolerance), at which point the
stimulation stopped immediately. Three identical trials were performed in this
condition. The second condition was very similar to the first condition, with the
exception that the current was raised automatically with a fixed rate instead of
being raised by the participant at his or her own pace. The current increased in a
Iinear way starting from 0 mA at a rate that would reach the maximum of 6 mA
in 40 s if the participant would not terminate the stimulus earlier at the pain
tolerance level. In this condition, five trials were performed. Also in the last
condition, the current increased automatically from 0 mA at a fixed rate, only this
time much faster: the current would reach the 6 mA in 4 s if the participant
would not terminate the stimulus earlier. Given the very limited time in this
condition, the participants only had to push the button once: when the stimulus
became painful. Twenty trials were performed in this last condition.
Emotion Recall. In this task, participants were asked to recall situations in which
they felt the way as expressed by emotion adjectives, which were presented on
the computer screen. As this task was included in the experiment for other
objectives that the ones of the present study, results on this task will not be
reported here.
Mental Arithmetic. A mental arithmetic task based on the protocol used by
Zijderveld et al. (1993) was used in the present study as an active coping
psychosocial stressor. During 5 s, 3 consecutive one or two digit numbers
appeared on the computer screen, which were added by the participant.
Immediately after those three numbers a fourth number appeared for a maximum
of 2 s. The participants were asked to evaluate whether that number expressed the
sum of the three previous numbers. If so, they pushed the "Correct" button, if not
they pushed the "Wrong" button. Immediately thereafter, feedback was provided
regarding whether the participant's answer was correct, the reaction time (which
the participants were toId to ignore), and the difficulty level of the last sum. The
feedback was also stored in the memory of the computer. Ten levels of difficulty
could be presented, ranging from 1(the most easy level) to 10 (the highest
difficulty level). Beginning at level 4, after four correct answers, the difficulty
level would rise by 1 point. If two errors were made in a row, the difficulty level
would drop to the previous one. Participants were instructed to try to reach level
10 as quickly as possible and to stay at that level for as long as possible.
Although this level ~vas quite difficult to reach, the participants were told that
level 10 "appeared to be reasonably well manageable by an average Dutch
citizen", in order to enlarge the motivation of the participants. The task consisted
of 6(or if needed 12) practice trials and subsequent 30 trials which counted for
the personal score.
Free Speech. The second active coping task was a free speech task largely based
on a protocol designed b;~ Krantz et al. (1991). After a 90 s preparation, the
participants had to speak in front of a camera for three minutes about their
personal faults or undesirable habits after a 90 s preparation. They were instructed



Hypertension, appraisal, and reactivity 105

not to talk about trivial things, but to be honest and open. Furthermore, they were
encouraged to give an attractive presentation with a logical structure. They were
instructed to keep looking into the camera.
Film l. The passive coping tasks consisted of two large screen film fragments
showing everyday life scenes, which represent situations with different emotional
contents (Hettema, Van Heck, óc Brandt, 1989). The first movie, called Accident
(225 s), shows a women who wants to use a mixer while preparing a meal.
However, the mixer does not work. She tries unsuccessfully to mend it. When she
gives up and takes the vegetables out of the mixer, the apparatus suddenly starts
off and the sharp knives cut her fingers. She tries to get help, but rather
unsuccessfully.
Film 2. The second film (Interruption; 690 s) is about a mechanic, who gets an
emergency task from his boss to mend a car before noon (Hettema et al., 1989).
However, he is constantly being interrupted by telephone calls and customers
entering the garage. In addition, some tools do not fit, all which results in visible
irritation on the part of the mechanic. When he finally menages to mend the car
just in time, the boss enters the garage and tells the mechanic that it was not an
emergency after all.
Both films were preceded by a short written introduction with a summary of the
film contents, similar to the ones included here. Additional film specific
instructions were given, which have been found earlier to be associated with
greater cardiovascular reactivity to these films (Leidelmeijer, 1991). For the first
film, participants were told to keep in mind that the film was just a movie and
that the blood they would see was fake. For film 2, The participants were
instructed to just try to put themselves in the place of the mechanic.

Self-report instruments
First, to get an impression of the present state of the participants, at the very start
of the session, several questions were asked about the current participants' mood
and how they experienced the day. The questions were largely based on the
adjectives of the POMS (MeNair, Lorr, á Droppelman, 1971). The list contained
five questions about the past day and eight questions about the current mood of
the participants. The questions were answered using 5-point Likert scale ranging
from 1- not at all to 5 - very much.

An index of pre-task anxiety was measured before each task -and in the case
of the pain stimulation task also before each of the three conditions- by asking
the question: "Are you feeling tense?", which was answered on a 5-point Likert
scale with the same range as above.

Post-task appraisal of each task -including the three electric current
conditions- was measured by asking the following four questions immediately
after the tasks: "Did you appraise the task as unpleasant?", "Did you appraise the
task as pleasant?", "Did you appraise the task as stressful?", and "To what extent
did you feel in control during the task?", which were answered by using the same
5-point Likert scales as described above.
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All items were presented on a computer screen and the answers were stored
immediately in the computer's memory.

Physiological data collection
Blood pressure data were collected in two ways. Blood pressure was measured
immediately before and after the session, using the same device as in the
population home measurements: a Philips HP 5330 automatic digital device,
based on the oscillometric method. This was performed in order to compare the
home and laboratory measurements. This device proved to be a valid instrument
in a pilot study, briefly described in Chapter 6. In the present study, two
consecutive blood pressure measurements were taken just after the electrodes
were attached and two at the end of the experiment, while the subjects were
sitting. During the entire experiment blood pressure was measured using an
Ohmeda 2300 Finapres. The signal was recorded continuously by a cuff placed
around the middle finger of the left hand of the participants (all subjects were
right-handed).

An electrocardiogram (ECG) was obtained from disposable Hellige Ag-AgCI
electrodes that were placed on the sternum and the lateral margin of the chest.
The ECG was recorded using a Beckman R611 with a time constant of 0.3 s and
a 30 Hz high frequency cut-off filter.

Electrodermal activity and cortisol levels were also measured during this
study, but because these measures were not central to the present hypotheses,
results on these measures will not be presented here.

All signals were displayed during the experiment on the screen of the Olivetti
PCS 42 DX~33E personal computer and digitized at 1000 Hz via a 12-bit A~D-
converter.

Procedure
The participants were welcomed and seated in a comfortable chair. After an
informed consent was obtained from the participants, the electrodes and
transducers were attached. Blood pressure was measured twice using the Philips
device described above with a two minute interval between the measurements.
This was done in order to check whether the blood pressure status was identical
to the one based on the home blood pressure measurements, on which the
classification of the participants was based. On average 45 minutes after the
participants entered the experiment room, the experimenter closed the door, went
to the next room equipped with the monitors and the computer started the
experimental program. After the participants completed the mood checklist
(which on average took 91 s), the music perception task started. The first 5 min
rest period followed. The "real" tasks followed, all -including the three electric
current conditions- preceded by the pre-task anxiety question and followed by the
post-task appraisal questior.s and a rest period. Most rest periods had a duration
of 5 min, except the rest periods between the electric current conditions, which
were 90 s, the rest period after the presumably not stressful emotion recall task,
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which was 3 minutes long, and the last rest period which was 10 minutes. The
experiment lasted on average for 120 minutes. After the experiment, again blood
pressure was measured twice using the Philips digital sphygmomanometer.

Data reduction
For each task and rest period, means and standard deviations were taken of the
following cardiovascular variables: (a) inter-beat-interval (IBI), defined as the
time in ms between successive R-waves, (b) systolic blood pressure (SBP), and
(c) diastolic blood pressure (DBP). Moreover, an index of the baroreceptor
activity was derived using the sequence method based on the technique described
by Parati et al. (1988). In the present study, a non-invasive version of the
technique was applied, which has been demonstrated earlier to be adequate
(Steptoe 8i Sawada, 1989; Watkins et al., 1995). This method is based on taking
sequences of 3 or more heart cycles with successive IBI lengthening accompanied
by SBP elevations or visa versa. The thresholds for minimal change were set at 5
ms and 1 mmHg, which is about the mean of the thresholds applied in previous
studies (Parati et al., 1988; Steptoe 8c Sawada, 1989; Watkins et al., 1995). Two
measures were derived: the relative number of up and down sequences per
condition and the mean regression slope of the up and down sequences. We used
both measures in the present study, yielding another four variables. Because the
duration of the tasks and the amount of artifact data per participant were not
equal, the number of sequences was defined as the number per 100 valid IBI and
SBP data in a condition. To obtain greater reliability for the slope measures, the
mean slopes had to be based on at least three sequences. If not, the value was
recoded as missing. Obviously, for the longer tasks (such as the film
Interruption), the number of missing slopes was smaller than for the shorter tasks,
such as the pain conditions. The number of missing slope values ranged between
one up sequence slope for the film Interruption to 11 up sequence slopes for the
second pain stimulation condition. On average, the number of participants with
missing slopes was 6.7.

The computations were not always based on the entire task or rest period. The
first minute of the rest periods was discarded. Because some subjects did not
speak for the entire three minutes, only the first two minutes were taken (except
for 7 subjects who spoke between 90 - 100 s, for which these durations were used
for the computations; one subject was discarded because of having spoken for a
too short time: only 35 s). The last rest period was divided in two equal (5 min)
periods, in order to obtain some index of cardiovascular recovery (not presented
in this chapter).

After computing the mean values, responses were defined as the true
difference scores (T) between the mean task value and the mean baseline value
corrected for its reliability, according to Fahrenberg, Foerster, and Wilmers
(1995):
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T~; - Y~; - ~x; } rxx;(x;; - x.;)~

in which y;; and x;; are the respective task and baseline score for subject i and
condition j and x~ is the mean and r,~~ is the reliability coefficient of baseline
measures across subjects ( see Huitema, 1980, p. 312).

A trend for IBI, SBP, and DBP to get larger in the course of the experiment
(approximately 30 ms for IBI and 8 mmHg for SBP and DBP), posed problems
in establishing an appropriate baseline for the reactivity scores. Taking the pre-
session baseline would result in an overestimation of the reactivity, while using
the immediate pre-task baseline could yield under-estimated reactivity values if
recovery from the previous task was not complete. As a compromise course and
in order to enhance reliability of the measures (Kamarck et al., 1992), the means
of all resting periods preceding each task were used as baselines for computing
reactivity scores for each task.

Within each of the three electric current conditions, the pain sensitivity
parameters of interest (threshold and tolerance) were simply the means across all
trials.

For the self-report variables, the scores on the 5-point scales were used for
further analysis. For each task, a total of 12 variables ( 7 cardiovascular and 5
self-report) were measured or computed and entered the analyses.

Due to a little noise on the ECG signal, the baroreflex variables -which are
very sensitive to beat-to-beat IBI variability noise- were discarded for two
subjects for the entire experiment and for one subject in the non-pain tasks. As a
result of noise on the Finapres signal in certain periods for some subjects, blood
pressure and more baroreflex data were excluded from the analyses for one
subject in approximat~ly the first half of the experiment and for two subjects in
the second half of the experiment (after mental arithmetic).

Statistical analysis
The following statistical analyses were performed using the SPSS statistical
package. First, differences between groups on background variables were tested
by means of Oneway analyses of variance. For most between-group differences,
group x sex analyses of variance (ANOVA) were performed, using Unique sums
of squares, which controls for every other effect when testing the significance of
an effect. If appropriate, relevant covariates were included, such as the number of
errors performed during the mental arithmetic task. In the case of multiple parts
of a task -such as the three conditions of the pain stimulation task-, multivariate
repeated measures analyses of variance (MANOVA) were applied. The
multivariate approach to repeated measures analyses has been recommended by
Vasey and Thayer (1987), in order to prevent violation of the sphericity assumpti-
on. Because of the possibility of finding significant results in the direction
opposite to that stated in tlie hypotheses, all tests were performed applying a two-
tailed level of significance.
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RESULTS

Pre-analyses
Blood pressure status appeared to be changed in five participants: in four unaware
hypertensives (three men and one women), the values were in the normal range in
the laboratory, for one normotensive woman the reverse was true. These five
persons were excluded from all analyses.

The three groups did not differ significantly on any of the measured control
variables, including sex, age, education, alcohol, cigarette, and coffee
consumption (see Table I), although a trend was present for aware hypertensives
to be slightly heavier than the other two groups [F (2, 54) - 2.66, p- .08]. The
analyses of the pre-experiment mood items revealed only one significant
difference: on Irritation During the Day [F (2, 55) - 3.58, p ~.OS], indicating that
aware hypertensives experienced the most feelings of irritation during the day
(mean - 2.67, SD - 1.24), normotensives intermediate levels (mean - 2.00, SD -
1.12), and unaware hypertensives being the least irritated (mean - 1.76, SD -
0.83).

Table I. Characteristics of the Samples: Means, Standard Deviations, and Percentages

NT UHT AHT F (p)
Variable (N-20) (N-16-17) (N-20-21)

SBP' 119.8 (9.3) 145.9 (21.6) 157.5 (20.9) 23.33 ~`~`~`
DBP' 78.7 (5.3) 97.2 (12.2) 103.9 ( 9.7) 39.58 ~`~`~`
Age 44.8 (5.6) 44.1 (5.3) 43.5 (6.7) 0.26
oro Men 55.Ooro 52.9oro 52.40~0 0.01
BMI 24.4 (2.3) 24.9 (3.5) 26.7 (4.1) 2.66 ~
Partnerz 95.Ooro 88.2oro 95.2oro 0.43
Education3 11.2 (3.5) 11.2 (2.9) 10.5 (3.3) 0.35
Employment' 80.Ooro 76.Soro 76.2oro 0.05
Smoking5 SS.Ooro 58.8oro 33.3oro 1.50
Coffeeb 5.55 (2.63) 6.19 (2.56) 4.67 (3.07) 1.40
Alcohol' 8.1 (9.0) 11.0 (8.7) 10.7 (12.4) 0.48
Sportg 1.10 (1.51) 1.06 (1.60) 1.20 (1.36) 0.04

Percentages instead of ineans are reported for dichotomous variables; '~': p ~.001 (wíth
Tukey's HSD post hoc tests revealing no significant differences between the two hypertensive
groups); tl: p- 0.79; NT - normotensives, UHT - unaware hypertensives, AHT - aware
hypertensives; ' values of systolic blood pressure (SBP) and diastolic blood pressure (DBP) are
means of pre-session and post-session values, measured by a Philips HP 5330; '- percent mamed
or living together; ' years of education; ' percent employed; 5 percent smoker, 6 cups per day; '
glasses per week; e hours per week.

Because the two hypertensive groups exhibited very similar scores for most
variables regarding pain sensitivity, pre-stressor anxiety, post-stressor appraisal,
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and cardiovascular reactivity, data of these two groups were pooled in all analyses
concerning these variables.

Pain sensitivity
Because the resistance of the electrode differed between participants (range
between 0.3 and 10.0 kS2), it was entered as a covariate in the analyses. In each
group, three persons were suspected to potentially have had cream leakage
between the two parts of the electrode, as indexed by both extremely low
resistance (below 0.5 kS2) and reaching repeatedly the maximum possible current
intensity during the trials. These participants were excluded from the analyses on
pain sensitivity~.

The average duration of the first condition, involving the self-controlled
intensity regulation, was 181 s. In the first 2(group) x 2(gender) analysis of
covariance, level of resistance was not significantly associated with mean pain
threshold, the dependent variable ((3 --.09, p~.10). A significant group x gender
interaction appeared [F (1, 43) - 5.10, p ~.OS], indícating that only among
women, hypertensives exhibited higher pain thresholds than normotensive
individuals (Table II). A gender main effect [F (1, 43) - 6.07, p ~.OS] revealed
that men had higher thresholds than women. No group main effect was obtained
[F (1,43 ) ~ 1.0]. Also in the analysis on pain tolerance, resistance was not
significantly related to the dependent variable (a --.15, p ~.10). There was no
difference between the groups on pain tolerance, neither in interaction with
gender [F (1, 43) - 2.01, p~.10], nor as a main effect [F (1, 43) ~ 1.0]. Only a
gender main effect appeared again [F (1, 43) - 10.48, p ~.01], in the same
direction as in the analysis on pain threshold.

The five trials of ;he slow automatic intensity regulation condition had a total
average duration of 160 s across subjects. Also in this condition, electrode
resistance was not a significant covariate in the analyses ((3 --.08, p~.10). A
marginally significant group x gender interaction was found for pain threshold [F
(1, 43) - 3.88, p-.055], with the female hypertensive group tending to have
higher leve]s than their normotensive counterparts. Consistent with the results of
the first condition, men showed higher threshold levels than women [F (1, 43) -
9.14, p ~.01], and no main effect for group appeared [F (1, 43) - 1.04, p~.10].
For pain tolerance, a similar pattern was obtained, but in this case the group x
gender interaction was significant [F (1, 43) - 4.20, p ~.OS].

The condition consisting of 20 fast automatic intensity regulation trials had
identical average duration as the second condition (160 s). Apart from similar
absence of an association between electrode resistance and pain threshold ((3 --
.07, p~.10) and a significant gender main effect [F (1, 42) - 15.53, p ~.001], the
pattern was slightly different. The group x gender interaction was not significant
[F (1, 42) - 2.71, p ~. l OJ, but a significant main effect for group appeared [F (1,

' If these subjects would be included in the analyses, the results would be the same.
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42) - 4.12, p ~.OS], indicating that in this condition a higher pain threshold in
hypertensives was found for both genders.

Table II. Pain Sensitivity: Means (mA) and Standard Deviations

Pain NT HT
Variable Women Men Women Men F(p)

(N-6-7) (N-10) (N-16) (N-16)

Condition 1
Threshold 1.64 (0.74) 2.74 (0.78) 2.25 (0.89) 2.32 (0.56) 5.10 ~`
Tolerance 2.28 (1.18) 3.74 (0.86) 3.00 (1.11) 3.59 (0.89) 2.01

Condition 2
Threshold 1.65 (0.76) 3.05 (1.09) 2.47 (0.94) 2.79 (0.86) 3.88 ~
Tolerance 2.17 (1.04) 4.02 (1.09) 3.28 (1.17) 3.79 (1.06) 4.20 ~`

Condition 3
Threshold 2.66 (1.12) 4.44 (0.93) 3.82 (1.04) 4.56 (0.91) 4.12 ~`

NT - normotensives, HT - hypertensives; only (marginally) significant group x gender
interaction (nonnal fonts) and group main effects (underlined fonts) are shown; ': p ~.05, ~: p-
.055.

Pre-stressoranxiety and post-stressor appraisal
The means and standard deviations for the pre-stressor anxiety item and the four
post-stressor appraisal items are shown in Table III. in general, for most tasks, a
significant group x gender interaction indicated that female hypertensives were
less tense before the task than their normotensive counterparts. Only before the
first electric current condition and before the mental arithmetic task the
interaction was not significant [F (1, 45) - 2.46, p ~.10 and F(1, 53) ~ 1.0,
respectively]. A(marginally) significant gender main effect was revealed for the
second and third conditions of the electric current task and for the movie
Accident [F (1, 45) - 3.91, p- .OS4; F(1, 45) - 4.59, p ~.05; and F(1, 54) -
4.67, p ~.05, respectively], indicating that before these tasks women felt more
tense than men. A significant group main effect was obtained only for the third
electric current condition and for the movie Interruption [F (1, 45) - 4.34, p
~.05; F(1, 54) - 4.12, p ~.05, respectively], in which hypertensive participants
showed to be less tense than normotensives.

For the post-stressor analyses regarding the mental arithmetic task, the number
of wrong answers given by the participant was included as a covariate, in order to
control for this index of arithmetic skill. For some of the post-stressor items
regarding the pain stimulation task conditions and for al] post-stressor items on
the free speech task, a significant gender main effect indicated that generally
women appraised these tasks (especially the speech task) as more aversive than
men (see Table III for means and standard deviations). In contrast, women rated
the movie Accident as less unpleasant than men [F (1, 54) - 4.22, p ~.OS].
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Table III. Pre-Stressor Anxiety and Post-Stressor Appraisal:
Means and Standard Deviations

NT HT
Variable Women Men Women Men F(p)

(N-6-9) (N-10-11) (N-16-18) (N-16-20)

Pain stimulation: Condition 1
Pre: Tense 2.29 (1.60) 1.50 (0.97) 1.56 (0.81) 1.69 (0.70)
Unpleasant 2.86 (1.22) 2.20 (1.23) 2.56 (1.21) 1.94 (1.06)
Pleasant 1.57 (0.79) 1.80 (0.92) 1.56 (0.51) 2.25 (1.18)
Stressful 2.00 (1.16) 1.30 (0.68) 1.88 (0.89) 1.88 (1.09)
In control 4.00 (1.53) 4.60 (1.27) 4.69 (0.48) 4.63 (0.50)

Pain stimulation: Condition 2
Pre: Tense 2.29 (1.11) 1.20 (0.42) 1.44 (0.73) 1.56 (0.89) 6.20 ~`
Unpleasant 3.29 (0.95) 2.40 (1.51) 2.81 (1.11) 2.25 (1.00)
Pleasant 1.57 (0.54) 1.80 (0.92) 1.75 (0.68) 2.13 (0.89)
Stressful 1.86 (1.22) 1.40 (0.84) 2.06 (1.06) 2.00 (1.03)
In control 3.71 (1.38) 4.60 (1.27) 3.88 (1.46) 3.94 (1.06)

Pain stimulation: Condition 3
Pre: Tense 2.29 (1.38) 1.30 (0.68) 1.31 (0.48) 1.38 (0.50) 5.92 ~`'
Unpleasant 4.00 (0.89) 2.70 (1.57) 2.94 (1.34) 2.88 (1.15)
Pleasant 2.00 (1.55) 1.70 (0.95) 1.75 (0.86) 1.94 (0.68)
Stressful 2.67 (1.03) 1.50 (0.71) 2.06 (1.06) 2.19 (0.98) 4.55 ~`
In control 4.33 (0.82) 4.60 (0.97) 3.56 (1.50) 3.88 (0.81) 4.54 ~`

Mental Arithmetic
Pre: Tense 1.89 (0.78) 1.55 (0.93) 1.39 (0.78) 1.45 (0.69)
Unpleasant 2.59 (1.50) 2.48 (1.75) 2.12 ( 1.45) 2.48 (1.18)
Pleasant 2.73 (1.23) 2.46 (1.44) 2.90 (1.17) 2.95 (1.15)
Stressful 3.20 (1.09) 2.76 (1.19) 3.06 (1.23) 3.49 (0.89)
In control 3.2F (0.67) 2.85 (1.38) 2.91 (0.86) 2.99 (0.95)

Free Speech
Pre: Tense 2.11 (1.36) 1.55 (0.69) 1.24 (0.44) 1.55 (0.61) 4.46 ~`
Unpleasant 4.67 ( 0.50) 3.55 (1.51) 4.24 (0.97) 3.40 (1.27)
Pleasant 1.22 (0.44) 1.91 (1.14) 1.35 (0.70) 2.20 (1.11)
Stressful 4.00 (1.32) 2.91 (1.38) 3.82 (1.29) 3.40 (0.94)
In control 2.11 (1.17) 2.73 (1.19) 2.12 (0.93) 3.20 (1.11)

Movie Accident
Pre: Tense 2.67 (1.23) 1.55 (0.52) 1.67 (0.84) 1.75 (0.85) 6.29 ~`
Unpleasant 1.78 (1.30) 1.73 (0.79) 1.06 (0.24) 2.25 (1.33) 4.22 ~`
Pleasant 2.44 (1.13) 2.64 (0.81) 2.83 (1.15) 2.60 (1.23)
Stressful 2.44 (1.01) 2.00 (0.78) 1.94 (1.11) 2.50 (1.15)
In control 3.11 (1.69) 4.09 (1.14} 3.44 (1.54) 3.00 (1.45)

Movie Interruption
Pre: Tense 2.11 (0.93) 1.46 (0.69) 1.22 (0.43) 1.60 (0.68) 7.98 ~`~`Z
Unpleasant 2.00 (1.23) 1.82 (0.84) 1.22 (0.43) 1.70 (0.92) 3.62 It
Pleasant 3.00 (1.12) 2.64 (0.67) 3.33 (0.84) 2.95 (1.15)
Stressful 2.00 (1.41) 2.18 (1.33) 1.72 (0.90) 2.15 (1.31)
In control 3.44 (1.59) 3.64 (1.43) 3.67 (1.33) 3.30 (1.53)

See Table II for explanations; if both group x gender interaction and group main effect were
(marginally) significant, then the group main effect is mentioned in this note; ': p ~.05, '~: p
~.01, ~: p- .062; ' also the group main effect was significant [F (I, 45) - 4.34, p ~.OS]; `' also
the group main effect was significant [F (1, 54) - 4.12, p ~.OS].
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Although the differences were usually in the expected direction in women, for
only a few of the post-stressor items, the analyses revealed significant effects
involving a group x gender interaction or a group main effect. When significant,
the difference pointed to lower aversiveness ratings in female hypertensives in
comparison with their normotensive counterparts and once (during the third pain
stimulation condition) to an effect ín the opposite direction for men on rated
stressfulness (see Table III for more details). Only on one occasion, a significant
group main effect appeared: hypertensives reported to have felt to be in less
control over the third pain stimulation condition than normotensives [F (1, 44) -
4.54), p ~.OS]. Finally, hypertensives showed a tendency to appraise the movie
Interruption as less unpleasant than normotensives [F (1, 54) - 3.62, p-.062].

To examine the interrelationship between physical pain sensitivity and pain
stressor appraisal, Pearson's product-moment correlations were computed between
these two sets of variables. For the two automatic intensity control conditions,
some substantial associations appeared. Within the second (slow stimuli)
condítion, both pain threshold and pain tolerance correlated negatively with the
task being appraised as unpleasant (r - -.30, p ~.OS in both cases) and marginally
with task pleasantness (r - .26, p- .07 and r- .25, p- .08, respectively). For
the third condition, involving short and fast stimuli, the correlations were even
more pronounced: paín threshold correlated -.44 (p ~.01) with unpleasant feelings
about the task and -.37 (p ~.OS) with stressfulness.

Cardiovascular measures
First, we examined baseline differences between the groups by means of 2

(group) x 2(gender) analyses of variance. These ANOVAs were based on overall
means across all rest periods. Because the unaware and aware hypertensive groups
had very similar scores, they were again merged into one hypertensive group.

The means and standard deviations for the baseline cardiovascular measures

are shown in Table IV. For no variable a group x gender interaction or a gender

main effect was obtained (all ps ~.OS). Only the mean slope of the down-
sequences, a trend for a gender main effect appeared [F (1, 49) - 3.89), p-
.054], with women tending to have steeper slopes than men. With respect to IBI,

a significant group main effect emerged [F (1, 52) - 4.71, p ~.OS], showing

higher heart rates in hypertensives, compared with normotensives. As one may

expect, large differences were found between the groups on systolic and diastolic
blood pressures [F (1, 52) - 44.43, p ~.001 and F(1, 52) - 30.74, p ~.001,
respectively]. Hypertensives also exhibited smaller baroreflex slopes for both up-

sequences [F (1, 49) - 7.63, p ~.01 ] and down-sequences [F (1, 49) - 10.52, p

~.01]. However, there were no significant differences between the groups on the

number of sequences appearing during rest [F (1, 49) - 2.57, p ~.10 for up-
sequences and F(1, 49) - 2.54, p ~.10 for down-sequences].

With respect to reports on reactivity indices, the following is applied. Of the
baroreflex change scores, only the ones concerning up-sequences are reported

here, in light of the fact that the up-sequences are the relevant ones with respect

to the baroreceptor stimulation mediated altered appraisal hypothesis: only

baroreceptor stimulation caused by blood pressure elevations counts in that
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mechanism. Moreover, the results with respect to the down-sequences were not
substantially different. Furthermore, gender main differences on the
cardiovascular reactivity measures are not reported in this chapter, given the fact
that gender main effects were not of primary interest; these would augment the
amount of reported data unnecessarily. Thus, only group x gender interactions,
group main effects, and potential within-subject effects involving condition in the
pain stimulation trials are reported here.

Table IV. Baseline Cardiovascular Values: Means and Standard Deviations

NT HT
Variable Women Men Women Men F(p)

(N-8) (N-11) (N-15-18) (N-19-20)

IBI 862.0 (135.9) 842.9 ( 95.4) 781.2 ( 95.1) 788.5 (116.0) 4.71 ~`
SBP 114.0 (14.1) 122.1 ( 5.4) 150.0 (20.1) 150.7 (18.3) 44.43 ~`~`~`
DBP 74.0 ( 8.6) 79.1 ( 6.4) 96.3 (15.5) 102.8 (18.1) 30.74 ~~`~`
Slope-up 8.93 (2.84) 6.99 (3.27) 5.90 (2.57) 5.55 (2.66) 7.63 ~`~`
Slope-down 10.36 (3.74) 7.30 (2.90) 6.18 (2.55) 5.77 (3.16) 10.52 ~`~`
Freq-up 5.32 (2.26) 4.58 (1.74) 3.98 (2.26) 3.86 (2.40) 2.57
Freq-down 5.40 (1.97) 5.49 (1.94) 4.61 (2.19) 4.25 (2.40) 2.54

NT - normotensives, HT - hypertensives; regression slopes of the IBUSBP sequences (Slope-up
and Slope-down) are in mslmmHg; Freq-up and Freq-down - mean number of up-sequences
and down-sequences, respectively; ~`: p ~.05, ~`": p ~.01, ~`~": p ~.001; only group main effects
are shown; there were no group x gender interactions and in only one case there was a
marginally significant gender main effect: in the case of slope-down sequences [F (1, 49) -
3.89, p - .054].

No interaction effects involving both group and condition were obtained (ps ~
.10). Main effects of condition appeared for IBI [F (2, 43) - 5.28, p ~.O1],
indicating heart rates becoming slower in the later conditions, and for the slope of
the up-sequences [F (2, 31) - 13.30, p ~.001], being the lowest in the first
condition (Table V). The clearest group differences existed for blood pressure
reactivity. Hypertensive individuals showed larger systolic and diastolic blood
pressure responses during the pain stimulation conditions [F (1, 44) - 6.13, p
~.OS and F(1, 44) - 5.31, p ~.05, respectively], and larger diastolic blood
pressure responses during the free speech task [F (1, 50) - 4.16, p ~.OS]. A trend
for the same effect was found during the film Accident [F (1, 52) - 3.03, p-
.088]. The baroreflex variables showed only two effects, both regarding the slope
parameter. During speech, a trend was found towards smaller decrease of the
slope in hypertensives [F (1, 43) - 3.97, p-.053], whereas during the Accident
film hypertensives showed a smaller increase of the slope [F (1, 45) - 4.88, p
~.OS]. For the complete and exact results, see Table V.
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Table V. Cardiovascular Reactivity During the Tasks: Means and Standard Deviations

NT HT
Variable Women Men Women Men F(p)

(N-5-8) (N-10-11) (N-10-18) (N-11-19)
Pain stimula~ion

Cond 1 7.0 (40.3) -4.5 (42.0) -4.9 (35.3) 6.1 (26.2)
IBI Cond 2 11.4 (22.2) 5.5 (41.4) 2.8 (35.9) 15.5 (26.7) 5.28` ~`~`

Cond 3 16.6 (28.1) 8.1 (35.1) 9.9 (38.5) 19.0 (26.7)
Cond 1 10.8 ( 8.2) 21.4 ( 6.9) 20.2 ( 9.6) 25.5 ( 6.6)

SBP Cond 2 13.3 ( 8.2) 23.5 ( 6.9) 19.8 ( 8.5) 25.5 ( 7.8) 6.13é ~`
Cond 3 13.0 ( 9.7) 22.9 ( 8.5) 20.1 ( 8.1) 27.9 ( 8.4)
Cond 1 5.0 ( 3.8) 9.4 ( 3.4) 8.1 ( 4.7) 13.0 ( 4.0)

DBP Cond2 5.3(3.4) 10.3(3.7) 7.5(8.7) 12.5(5.1) 5.31K~`
Cond3 6A(3.8) 9.9(3.4) 8.3(4.9) 13.8(5.7)
Cond 1 0.34 (1.92) 0.69 (1.81) -0.10 (1.30) 0.89 (1.54)

Slope Cond 2 0.40 (1.32) -0.58 (2.07) -0.17 (0.88) -0.38 (1.83) 13.3` ~`~`~`
Cond 3 1.13 (2.35) 0.50 (2.99) 0.05 (0.99) 1.86 (3.04)
Cond 1 0.39 (2.23) 0.27 (1.99) 0.53 (1.54) 0.20 (1.44)

Freq Cond 2 0.65 (3.14) 0.80 (1.42) 0.13 (1.31) 0.47 (1.90)
Cond 3 0.31 (3.02) 1.31 (2.76) 0.41 (2.18) 0.34 (2.51)

Mental Arithmetic
IBI -44.3 (54.2) -40.2 (58.4) -30.1 (42.1) -29.8 (30.8)
SBP 23.8 (14.1) 25.1 (14.7) 22.4 (12.2) 29.1 (14.4)
DBP 10.0(4.0) 12.5(4.6) 10.7(6.4) 15.7(6.9)
Slope -0.64 (1.75) -0.17 (2.96) -0.45 (1.49) 0.86 (1.33)
Freq 0.72 (1.83) 0.49 (2.74) 0.61 (1.19) -0.25 (1.49)

Free Speech
IBI -88.4 (68.3) -66.4 (63.8) -92.4 (65.6) -29.1 (37.4)
SBP 25.3 (16.8) 31.6 (14.5) 33.6 (15.7) 30.8 (11.0)
DBP 12.5(5.8) 14.9(3.9) 17.3(7.5) 17.9(7.0) 4.166~`
Slope -1.39 (2.31) -1.54 (2.42) -0.39 (1.93) -0.06 (1.77) 3.97b t~
Freq 0.37 (2.21) 0.44 (2.08) 0.55 (1.79) 0.46 (1.31)

Film Accident
IBI 56.4 (44.6) 67.8 (36.7) 33.5 (33.1) 47.8 (42.7) 3.736 ~
SBP 11.1 (13.0) 12.7 ( 4.1) 12.2 (10.2) 16.0 ( 6.6)
DBP 4.4 ( 6.0) 6.6 ( 2.6) 6.5 ( 5.7) 9.8 ( 5.9) 3.03x ~
Slope 1.24 (3.53) 2.45 (1.99) 0.13 (1.20) 0.93 (1.56) 4.88~ ~`
Freq 1.16 (2.40) 0.48 (1.48) 0.15 (1.78) 0.57 (1.65)

Film Interruption
IBI 29.4 (39.1) 39.4 (31.0) 21.1 (13.8) 33.7 (28.1)
SBP 6.6 ( 6.7) 5.4 ( 5.1) 5.4 ( 7.4) 8.6 ( 7.1)
DBP 3.0 ( 2.6) 3.3 ( 3.2) 3.4 ( 3.9) 5.8 ( 5.2)
Slope 0.31 (1.41) 0.91 (1.36) -0.46 (1.02) 0.47 (1.30)
Freq 0.48 (1.30) 0.54 (0.97) 0.28 (1.05) 0.53 (1.59)

See Table II for explanations; Slope - mean regression slope of the up-sequences (in
ms~mmHg); Freq - mean number of up-sequences; ~`: p ~.05, '~`: p ~.01, ~`~`~`: p ~.001, tt: .OS ~
p ~.09; `- condition main effect; e- group main effect; effects involving gender but not group
are not shown.
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Role of cardiovascularreactivity in appraisal differences
To asses the role of the cardiovascular parameters in the group differences on
pain sensitivity, pre-stressor anxiety and post-stressor appraisal, first, Pearson's
product-moment correlations were computed between the cardiovascular reactivity
scores and the self-report variables for each task. Not many consistent results
emerged. Only between the pain sensitivity variables and blood pressure
responses, some clear links became evident. Pain threshold in the third condition
was correlated with systolic and diastolic blood pressure reactivity during that
task (r -.30, p ~.OS and r-.34, p ~.05, respectively) and pain tolerance showed
a marginal association with diastolic blood pressure (r -.25, p-.088). However,
no such associations were found for the baroreceptor activity parameters and for
correlations between cardiovascular variables and the pre- and post-stressor self-
report variables.

The analyses on group differences regarding pain sensitivity, pre-stressor
anxiety, and post-stressor appraisal described above were performed again with
those cardiovascular variables as covariates, which showed some (r ~.20; p ~.10)
association with the pain or appraisal measures. No single effect, previously
found, did change significantly a result of this procedure.

DISCUSSION

The first main objective of the study was to examine whether diminished
sensitivity to physical (pain) stressors, which has been often found in
hypertensives (see Chapter 3) can be extrapolated to psychosocial stressors,
provided the diminished pain sensitivity in hypertensives would be replicated in
the present study. Concerning the latter issue, the results were not completely
conform the hypothesis. Although in the third (fast automatic intensity regulation)
pain stimulation condition, hypertensives were found to exhibit lower pain
sensitivity than normotensives, for a large part this was due to the substantial
difference between the groups in women. In fact, in the other two pain
conditions, only hypertensive females showed lower pain sensitivity scores than
their normotensive counterparts. No other clear differences between the three pain
stimulation conditions were found. With respect to the effects of control over
stimulus delivery and duration~velocity of stimuli, it can be concluded that overall
the manipulations of these factors had no substantial or consistent effects on the
dependent variables.

In line with the results on pain sensitivity, for most tasks, only the female
hypertensives exhibited lower scores on pre-stressor anxiety than their
normotensive counterparts. However, with respect to post-stressor appraisal, in
general the results failed to show convincingly lower appraisal of aversiveness
rates predicted for hypcrtensives. Although for most items, the obtained
differences were in the expected direction (at least for women), only on few
occasions these differences were statistically significant. For the psychosocial
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stressors, these concerned only ratings of unpleasantness of the passive film tasks.
Here, indeed lower ratings could be demonstrated for female hypertensives. The
outcome that many findings were not significant may be due to limited numbers
of normotensive participants in the study, as discussed below. On the other hand,
some substantial correlations between pain sensitivity variables and post-stressor
appraisal emerged, the strongest being for the "unpleasant" item, suggesting a
common factor for these ratings. Thus, the only possible evidence for
extrapolation of hypertension related diminished pain sensitivity to self-reported
appraisal of psychosocial stressors is with respect to the ratings of unpleasantness
of both films. In light of the fact that the films were the only passive
psychosocial stressors, the present findings suggest that, if anything, extrapolation
rather takes place to other passive stressors, not to stressors promoting active
coping, such as mental arithmetic and free speech.

The profound gender differences, which were found, were not expected
beforehand, although in the few previous studies conducted on both men and
women substantial differences were also found (Bragdon et al., 1994; Fillingim ói
Maixner, 1996; France et al., 1994). However, the outcomes of those previous
studies were not consistent. In one investigation, diminished pain sensitivity was
related to higher resting blood pressure only in men (Fillingim 8z Maixner, 1996),
whereas in the two other studies only in women lower pain ratings were
associated with higher blood pressure (Bragdon et al., 1994) or parental history of
hypertension (France et al., 1994). These discrepancies in findings are difficult to
explain. No clear sample differences could be found that may account for the
inconsistencies. Also differences in pain stimulation modalities (i.e., electric,
thermal, pressure) can not explain these discrepancies, because two of the studies
yielding mutually incongruous results used the same modality (thermal pain;
Bragdon et al., 1994; Fillingim 8c Maixner, 1996). In addition, the present failure
to show lower pain sensitivity in men also could not be explained by the different
pain modality issue: in a previous study, male hypertensives have been found to
exhibit higher pain thresholds for electric current (Zamir 8z Shuber, 1980).
Perhaps the present design, in which all subjects had first full control over the
electric stimulus, thereby diminishing anxiety, may have abolished group
differences only among men for some unknown reason. More research has to be
conducted on gender differences in the targeted relationships.

No clear differences were obtained between unaware and aware hypertensives.
In a way, this also would be expected, given the fact that, according to Dworkin
at al.'s hypothesis (1979), the baroreceptor stimulation mechanism should be
equally effective in both groups. However, based on earlier studies on differences
between these groups on self-reported problems and complaints (for an overview,
see Chapter 2), some differences were anticipated with respect to self-report
variables, such as pre-stressor anxiety and post-stressor appraisal. These
differences, however, were not obtained in the present study. The only clear
difference between the hypertensive groups was the score on self-reported
experienced irritation during the day, which was high in aware hypertensives and
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low in unaware hypertensives. No other effects of awareness of hypertension
could be observed in the present study.

As predicted, hypertensives showed greater blood pressure reactivity during
some of the tasks. During pain stimulation, both systolic and diastolic blood
pressures raised more in hypertensive individuals. Only diastolic blood pressure
showed the same effect during free speech and a trend in the same direction
appeared for the film Accident. However, for the mental arithmetic task, no
differences between the groups were obtained, despite substantial task pressor
effect across groups. This latter outcome is in discordance with previous research
(Manuck et al., 1990), a discrepancy for which we cannot offer a satisfactory
explanation.

Although expected baseline baroreflex sensitivity differences emerged between
the groups, no differences between the groups could be demonstrated regarding
change in the baroreflex parameters during the tasks. Moreover, although some
clear negative associations were found between blood pressure reactivity and pain
sensitivity, none of the cardiovascular measures could explain the group
differences in pain sensitivity, pre-stressor anxiety and post-stressor appraisal. It
therefore has to be concluded that no substantial evidence could be obtained for
the baroreceptor stimulation involvement in the diminished appraisal of aversive
stimuli hypothesis. However, with respect to this issue, the present outcomes
should be regarded with caution. Examining the relationship between measures of
reactivity and self-rated aversiveness is always problematic, because this
relationship is dependent on two components of which the net result remains
unclear. First, assuming the proposed baroreceptor based mechanism works, blood
pressure reactivity resulting in baroreceptor stimulation will result in diminished
appraisal scores in individuals sensitive to this mechanism. However, at the same
time, more intense feelings of aversiveness and anxiety may contribute to greater
blood pressure responsiveness (Bruehl et al., 1992). Furthermore, as stated earlier,
sensitivity to the baroreflex-diminished appraisal mechanism probably differs
between individuals (Elbert et al., 1988). It may be hypothesized that in a person
having a high sensitivity to this mechanism, exposure to a stressor would indeed
produce a negative association between experienced aversiveness and blood
pressure reactivity. However, in an individual having a low sensitivity to this
mechanism, a propensity towards a positive association between the same
variables will emerge, as a result of the amplifying effect of distress and anxiety
on blood pressure reactivity. Given the fact that most subjects in the present study
were hypertensive, according to Dworkin et al.'s (1979) theory having a relatively
high sensitivity to the mechanism, this may partly explain the tendency towards
negative associations between pain sensitivity and blood pressure reactivity,
instead of positive ones, as usually found in normotensive subjects (Bruehl et al.,
1992; Peckerman et al., 1991). For a clear interpretation of the results, the effects
of baroreflex-diminished appraisal and the task-induced distress would have to be
separated. Unfortunately, at the present moment, this cannot be realized. As
changes in the baroreflex activity are directly, albeit not exclusively, dependent
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on changes in blood pressure, the same limitation holds for interpretations

regarding changes in baroreflex activity. In addition, as has been shown before,

stimulation of the baroreceptors may have different central nervous system effects

in different individuals (Elbert et al., 1988). As a consequence, it is by no means

necessary that hypertensive individuals or individuals at risk for hypertension

demonstrate greater baroreflex activity (absolute or relative) resulting in the

barorereceptor stimulation mediated diminished appraisal of aversive stimulation.

It may well be, that only in hypertension prone individuals the crucial central

nervous system effects take place. Therefore, it is recommended to investigate the

role of baroreceptor stimulation in appraisal of both physical and psychosocial

stressors directly in the future, by manipulating baroreceptor stimulation

mechanically, for instance applying the PRES neck suction technique, as recently

developed by Rau, Elbert, Geiger, and Lutzenberger (1992).
Regarding the association between blood pressure reactivity and pain

sensitivity, another explanation may be offered for the fact that our findings are

at variance with the results of some earlier studies (Bruehl et al., 1992;

Peckerman et al., 1991). Partly, this discrepancy may be the result of different
pain modalities applied. Whereas in the studies finding positive associations the
stimuli were thermal, in the present investigation electric current was used. As
suggested by Rau et aL (1994), pain modality may be an important factor

affecting the results, because of inechanisms such as involvement of different

anatomical pathways and potentially different degree of anxiety during the tasks.

With respect to the latter effect, however, we feel that electric stimuli are likely
to result in relatively high anxiety and, thus, a tendency towards a positive
correlation between blood pressure reactivity and pain sensitivity, as explained
above (Bruehl et al., 1992). Because in the present study a tendency towards the
opposite appeared, the explanation involving differential effects of anxiety does

not seem very likely.
A major limitation of the present study involves the relatively small numbers

of subjects, especially in the normotensive group. In the pain stimulation task,

this was partly due to possible cream leakage in 9 persons, as a result of which

their data were discarded from the analyses. However, while being based on

relatively small observations, the pain sensitivity results were the most clear,

suggesting that augmenting the number of subjects would probably not reveal

more evident effects regarding the post-stressor indices, which were already based

on more subjects. Perhaps in future research, more extensive and detailed (based

on more than 5-point scales) stressor appraisal ratings may result in more clear

outcomes on appraisal variables. Finally, some tasks were somewhat too short (~

2 min) for reliable indices of baroreflex activity, which resulted in missing values

for 7 persons on average. This may have diminished the power to obtain effects

on this particular measure.
Besides the above mentioned direct examination of baroreceptor stimulation

effects on stressor appraisal, in future research, emphasis should be on

investigating the relationship between the baroreceptor stimulation-diminished
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appraisal mechanism and ambulatory cardiovascular parameters. If the targeted
mechanism is effective in individuals sensitive to it and via operant conditioning
forms a factor that can contribute to the development of essential hypertension,
then it would be expected to be reflected in high risk cardiovascular (re)activity
profiles during daily life. These may include cardiovascular (re)activity patterns,
which have been previously suggested to be related to elevated risk for the
development of hypertension, such as exaggerated reactivity to a variety of
stressful situations (Manuck et al., 1990), altered sympathetic~parasympathetic
balance (Miller, 1994) and relatively higher peripheral resistance than cardiac
output responsiveness (Miller, Friese, 8c Sita, 1995). In addition, alpha-
adrenergic, rather than beta-adrenergic influence has previously been suggested to
be involved in the blood-pressure-diminished aversiveness relationship (Jamner,
Shapiro, óc Girdler, 1995), which further points at the desirability of examining
these factors more closely in ambulatory research. This kind of research would
include the assessment of cardiovascular parameters together with self-report data
on physical activity, stressor exposure, and mood during normal daily activities in
hypertensive persons or individuals at risk for hypertension and healthy controls.

In summary, the present study demonstrated lower pain sensitivity in female
hypertensives compared with their normotensive counterparts. The only evidence
of extrapolation of this diminished appraisal of physical aversive stimulation to
psychosocial stressors were the lower ratings of unpleasantness of the passive
coping tasks (films) in hypertensive women. No such differences were found for
the active coping stressors or for men. In addition, hypertensive women
consistently reported lower levels of anxiety than their normotensive counterparts.
Finally, despite some meaningful correlations between blood pressure reactivity
and stressor appraisal, cardiovascular measures could not explain the between-
group effects found in women. Thus, only limited support has been obtained for
the assumption underlying Dworkin et al.'s {~181 } hypothesis on baroreceptor-
stimulation mediated diminished appraisal of aversive stimuli. Recommendations
for future research include (a) directly testing the effects of baroreceptor
stimulation on appraisal of both physical and psychosocial stimuli, (b) application
of more extensive and detailed stressor appraisal ratings, and (c) relating
ambulatory cardiovascular activity to the baroreflex mechanism.
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GENERAL DISCUSSION

Background for this thesis were the inconsistencies reported in the literature
concerning the relationship between hypertension and self-reported distress and
stressor exposure, including some inverse associations between these variables.
These relationships were studied and potential biases were investigated. In
addition, several possible mediator and moderator variables involved in the
associations were examined.

In the literature, it was suggested that diagnosis or awareness of hypertension
may be one of the factors explaining the mixed results found. Hypertensive
patients or individuals who just were aware of their elevated blood pressure often
scored higher on self-reported distress and experienced stressors than
normotensive controls and hypertensives not treated for hypertension or unaware
of having the disorder (Irvine, Garner, Olmstead, 8c Logan, 1989; Myers 8i
Miles, 1981). In contrast, the latter group sometimes even demonstrated lower
scores on these measures than normotensive persons (Kidson, 1973; Theorell,
Svensson, Knox, Waller, 8c Alvarez, 1986). It has been concluded that diagnosis
of hypertension should always be accounted for in research on blood pressure and
self-report variables, whether the effect stems from diagnosislawareness per se, or
from a self-selection bias of neurotic individuals into the aware hypertensive
groups, resulting in higher distress and stressor exposure scores in this group. For
the inverse associations found in unaware individuals, two major potential
explanations were given. The first one involved a higher prevalence of repression
or defensiveness (the tendency to suppress undesirable aspects of life) among
persons with elevated blood pressure, an association reported in several
publications. The second explanation involved a psychophysiological mechanism
based on central nervous system (CNS) effects caused by baroreceptor stimulation
during blood pressure elevations, which would lead to diminished sensitivity to or
appraisal of aversive stimuli. Moreover, the latter mechanism has been proposed
to contribute to the development of hypertension via an operant conditioning
mechanism in persons under chronic stressor exposure. Thus, frequent relatively
phasic blood pressure elevations would result in diminished appraisal of
aversiveness (a kind of natural tranquillizer), which in its turn may lead to tonic
blood pressure elevations via operant conditioning. Both defensive coping and the
baroreflex based mechanism would alter self-reported appraisal of distress and
stressors.

In the first empirical study of this thesis, the aim was to examine whether an
inverse association could be found between blood pressure level and self-reported
medical symptoms and job-related stressors, after an index of diagnosis (being
treated for hypertension) was controlled for. This association could be confirmed
for medical symptoms, but for job-related stressors no association was obtained.
As explained in Chapter 2, the interpretation of results concerning the relationship
between blood pressure and self-reported stressor exposure remains problematic,
if one assumes that exposure to stressors can contribute to tonic blood pressure
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elevations, as suggested by the overview in Chapter 2, and if hypertension truly is
associated with diminished appraisal of distress and stressors. In that case, a
higher blood pressure level will tend to be associated with a higher level of
objectively assessed stressor exposure, but also with a lower appraisal of the
aversiveness of the stressors and perhaps even with a lower probability of
labelling an event as a stressor. Environmental stressor exposure assessed by
means of self-reports will always contain a mix of both entities, which
considerably complicates the interpretation of data based on this kind of
measurements. A null association may as well be found, despite of the existence
of altered appraisal in hypertensives. Therefore, in field research, it is
recommended to obtain simultaneous assessment of both a more or less objective
index of stressor exposure and the (subjective) appraisal of the stressors and treat
them as separate variables. This complication would not exist for self-reported
medical symptoms, as one can assume that, in general, medical symptoms per se
do not contribute to hypertension. Therefore, inverse associations will be easier
obtained between blood pressure and self-reported medical symptoms than
between blood pressure and self-reported exposure to external stressors.

In two empirical studies, the plausibility of defensiveness as an explanation for
the obtained inverse associations was investigated. Indirect support could indeed
been obtained in the study described in Chapter 5: high defensives reported fewer
daily hassles and negative life events, while exhibiting higher systolic blood
pressures, measured at rest in a medical centre. In a later investigation, this
hypothesis was tested more directly in a large number of participants from the
general population, using a multivariate approach. Although an inverse association
was obtained between (unmedicated) hypertension and self-reported medical
symptoms, this relationship was found only in women and appeared not to be
mediated by defensiveness. However, defensiveness by itself, as measured by the
Repressive Defensiveness subsale from the Weinberger Adjustment Inventory,
appeared to be a significant predictor of hypertension, again in women only. The
failure to demonstrate the mediating effect of defensiveness suggests that either
the instruments to measure the construct were inadequate, or that defensiveness is
not the crucial mechanism. The first explanation does not seem very plausible, in
light of the significant negative correlations between defensiveness and self-
reported problems. However, theoretically, the defensiveness constructs applied
here reflect more the tendency to be defensive with regard to one's own
behaviour than with regard to experienced stressors and distress, even if it is
usually claimed that they are indices of defensiveness in general (Shapiro,
Jamner, 8z Goldstein, 1993). A related limitation of the instruments applied
reflects their general character. It may be hypothesized that only a certain aspect
of defensive coping is related to elevated blood pressure. For instance, Paulhus
(1990) has performed a factor analysis in which various defensive coping and
social desirability measures were included and basically he found a two-factor
structure, which he called 'self-deception' (tendency to belief in a too favourable
image of oneself) and 'impression management' (the tendency to give too
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favourable answers concerning oneself to others). Similar factors have already
been described earlier by Sackheim and Gur (1978) and have been claimed to be
potentially differentially related to health and illness (Paulhus 8z Reid, 1991).
Nevertheless, although defensiveness failed to explain the low reports of inedical
symptoms in hypertensives, the results suggest that defensiveness as
operationalized in the present investigations, may be related to hypertension (at
least in women), independently of the diminished self-reported problems. It may
even be speculated that defensive coping in some way contributes to the
development of essential hypertension in certain subpopulations (McClelland,
1979; Shapiro et al., 1993), a view usually based on the early theoretical work of
Alexander (1939). However, this remains to be investigated; the cross-sectional
study designs applied in this field (including the present investigations) cannot
reveal anything meaningful concerning causal relationships. For this kind of
inferences, prospective studies are necessary.

In the empirical studies reported here, no formal attention has been given to
another construct, related to defensive coping, namely non-disclosure concerning
negative aspects of life towards other persons, in particular towards a spouse or
friend. In Chapter 3, it has been stated that 'heavy' constructs such as repression
may not be needed to explain the under-reporting tendency in hypertensives.
Instead, hypertensives may just not be willing to disclose to others about their
problems. In the population study, described in Chapter 6, a large part of the
participants also completed the Emotional Self-Disclosure Scale (Snell, Miller, 8r
Belk, 1988), which assesses the willingness of individuals to disclose about their
feelings to, for instance, their spouse and friends. Similar analyses were
performed as the ones on the effect of defensiveness and similar results emerged,
despite an unexpected weak, but significant positive correlation between
repressive defensiveness and willingness to disclose among women (r -.10, p
~.OS). Non-disclosure could not explain the low report rates of inedical symptoms
in hypertensive women, but it marginally predicted the presence of hypertension
in women (p -.06) in the expected direction: among women not willing to
disclose about their feelings, a higher prevalence of hypertension appeared. No
such associations were obtained in men. The same conclusions may be drawn as
in the case of defensiveness: the failure to explain the under-reported symptoms
in women suggests that either the instrument was not adequate for the present
purpose (concerning disclosure of feelings instead of disclosure of experienced
problems) or self-disclosure is not an explanatory mechanism. The second view
seems more likely, in light of the finding that the failure to mediate the
relationships occurred despite the significant negative correlations of self-
disclosure with self-reported medical symptoms and other problems.

Plausibility of the alternative explanation for the diminished self-report rates
of experienced problems, namely the baroreceptor-mediated CNS inhibition, has
been tested indirectly in the last empirical study. Mainly, the implicit assumption
of extrapolation of the frequently found diminished pain sensitivity in
hypertensives to appraisal of psychosocial stressors was investigated in a
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laboratory setting. Hypertensive and normotensive subjects were exposed to a
physical stressor (electric current) and psychosocial active coping (mental
arithmetic, free speech) and passive coping (unpleasant films) tasks, while
measures of appraisal and cardiovascular parameters were obtained. Diminished
pain sensitivity was almost exclusively found in a subgroup of female
hypertensives. Although this subgroup also displayed lower pre-stressor anxiety,
possible evidence for extrapolation to appraisal of psychosocial stressors could
only be obtained for ratings of unpleasantness concerning exposure to two mildly
stressfu] films. It has been concluded that the targeted mechanism may be rather
effective in situations with a limited possibility for active coping. In a second
conclusion, it was stated that despite the sometimes substantial correlations
between blood pressure reactivity and post-stressor appraisal, the cardiovascular
variables (including indices of baroreceptor activity) could not explain the group
differences in pain sensitivity and self-reported anxiety and stressor appraisal
variables'. However, it has been argued that blood pressure reactivity and the
non-invasive index of baroreceptor activity used in the present study cannot be
regarded as an adequate test for examining the role of the baroreflex in the
inverse associations. Blood pressure reactivity might indeed result in some
diminished appraisal of stressors via the barorereflex mechanism, but this
negative association will probably be counteracted by effects of task-related
distress, which will enhance blood pressure reactivity. The net result with regard
to the relationship between blood pressure (and baroreflex) reactivity and stressor
appraisal will remain unclear. Unfortunately, the indirect nature of that study was
a result of insufficient technical possibilities for performing a more direct test,
such as examining the simultaneous effects of direct mechanical baroreceptor
stimulation on both pain sensitivity and stressor appraisal. Obviously, this
approach is strongly recommended for future research. Furthermore, the role of
opioid systems in the relationship between hypertension and pain sensitivity
should receive emphasis in future investigations. In a previous study,
hypertensives have been found to have relatively high resting levels of circulating
(3-endorphins (Sheps et al., 1992). In addition, Saavedra (1981) demonstrated that
diminished sensitivity to thermal pain in spontaneously hypertensive rats could be
reversed by administration of naloxone, an opiate antagonist. Finally, evidence
has been obtained for opioid dysfunction in persons with exaggerated blood
pressure responses to stressors (McCubbin, 1993). It may be hypothesized, that
opioid dysfunction, rather than baroreceptor stimulation, is connected with
decreased sensitivity to stressors in hypertensives and persons at risk for
hypertension. In future research, simultaneous investigation of both systems in

'Given the fact that the participants in the laboratory study were drawn from the pool of subjects
who participated in the population study, a number of questionnaire data were available on these
persons. These data included the instruments conceming defensiveness, as mentioned in Chapter
6. To investigate whether defensiveness would show an association with the pain sensitivity and
stressor appraisal indices, Pearson's product-moment correlations were calculated. However,
defensiveness failed to show any significant correlation with those variables.
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relation to pain sensitivity and stressor appraisal should be encouraged.

In summary, it can be concluded that:
(1) on several occasions, hypertension was related to diminished appraisal of

unpleasant stimuli, as reflected by relatively low pain sensitivity, low rates
of self-reported present medical symptoms, low scores on laboratory
anxiety and on unpleasantness ratings of passive coping stressors; however,
mostly these associations were found only in women;

(2) variables related to diagnosis of hypertension appeared to moderate the
relationship between hypertension and the number of self-reported medical
symptoms, but not other self-report variables measured;

(3) defensive coping, as measured by questionnaires, failed to explain the
effects mentioned in (1);

(4) in an indirect and preliminary investigation, no support was obtained for
cardiovascular (including baroreflex) mediation of the effects mentioned in
(1).

It is an intriguing phenomenon that in both the population study and the
laboratory study, the predicted relationships -if found- were obtained only in
women, not in men. As stated in the respective chapters (6 and 7), this result has
usually not been obtained in the few earlier studies, in which gender differences
were examined. However, no clear differences in sample characteristics could be
found in comparison with previous studies showing no gender differences, or
even the reverse pattern. The only visible difference would be the fact that the
present studies were conducted in The Netherlands, specifically on subjects from
two small to medium sized towns in the Brabant area. However, it is unlikely that
this factor could explain the discrepancies, in light of the good representative
qualities of the sample concerning many characteristics, such as level of
education, body mass index, and behavioral health habits. Minor differences could
be identified regarding methodological aspects, such as the exact instruments used
for the measurements, but presumably these could not account for the differences
obtained. In this way, the present gender-specific effects remain unclear. As a
result, gender effects should receive more emphasis in future research.

Other directions for future research include (a) a clear differentiation between
truly objective and subjective problems, in a fairly large, but more homogenous
sample, and (b) the use or development of defensive coping measures more
relating to external stressors. However, as indicated above, an even more fruitful
approach may be based on laboratory research emphasizing direct examination of
the effects of inechanically induced baroreceptor stimulation in the hypothesized
altered appraisal of physical and psychosocial stressors in hypertensives
(Dworkin, Filewich, Miller, Craigmyle, 8i Pickering, ] 979), for instance by the
neck-suction technique, as recently refined by Rau and coworkers (Rau, Elbert,
Geiger, 8c Lutzenberger, 1992). Preferably, also potential involvement of opioid
systems should be included in the investigations, most likely via opioid blockade
by opiate antagonists, such as naloxone and naltrexone (McCubbin, 1993). If this
biopsychological mechanism would prove to be able to influence the appraisal of
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psychosocial stressors, this could be an important step in identifying factors
which are mediating the inverse associations sometimes found between
hypertension and self-reported problems. In addition, its potential role in the
etiology of hypertension (Dworkin et al., 1979) warrants further research on this
theme.
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SUMMARY

The review of the literature on the relationship between blood pressure and stres-
sor exposure in Chapter 2 revealed a discrepancy between the results of studies
based on objective measures of stressor exposure and studies based on self-
reports. Whereas in the former studies a clear predominance of positive associati-
ons between blood pressure level and stressor exposure was found, in the latter
studies the results were highly inconsistent. Several moderator variables have
been proposed that could explain the discrepancies found in the literature, such as
awareness of hypertension and treatment. In studies in which these moderators
were taken into account, often inverse associations between blood pressure and
self-reported stressor exposure have been found: the higher the blood pressure,
the fewer stressors reported. It is suggested that this result is brought about by
altered appraisal of stressors in hypertensives.

In a second review of the literature (Chapter 3), the evidence is discussed for
two possible mechanisms involved in altered appraisal in hypertensives. This has
been realized by means of reviews of the literatures on blood pressure in relation
to defensive coping (the tendency to suppress unpleasant aspects of life) and pain
perception. This approach provided support for the plausibility of two, not
mutually exclusive, explanations: one based upon defensive coping and the other
in terms of a physiologically based altered appraisal of aversive stimuli involving
baroreceptor activity. Moreover, some indirect evidence has been obtained for a
possible association between the two mechanisms. These findings have resulted in
the formulation of a hypothetical model in which baroreceptor mediated central
nervous system inhibition results in less negative appraisal of stressful situations
and contributes to the development of hypertension via an operant conditioning
mechanism. In addition, this mechanism may underlie the so-called defensive
coping style.

In Chapter 4, the first empirical study of this dissertation was described. It
was examined whether the relationship between blood pressure and self-reports of
physical symptoms and job-related problems may indeed be moderated by
treatmentldiagnosis of hypertension. Another emphasis was on investigating
whether an inverse association may be obtained between blood pressure and self-
reported problems, when controlling for the effect of (in this case) treatment. The
262 male and female participating teachers were divided into 3 groups: 23 treated
hypertensives, 101 untreated hypertensives, and 123 normotensives. After
controlling for 8 potentially confounding variables, the groups differed signifi-
cantly with respect to reported physical symptoms, with treated hypertensives
reporting the most and untreated hypertensives the fewest symptoms. Moreover,
after controlling for potential confounders, a multiple regression analysis indeed
revealed an inverse association between diastolic blood pressure and the number
of reported physical symptoms in untreated subjects. A similar trend for systolic
blood pressure did not reach significance. In addition, no consistent significant
results with respect to work-related problems were obtained. The results indicate
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that altered appraisal may exist in hypertensives with respect to physical
symptoms and that (having sought) treatment seems to moderate this relationship.

The plausibility of inediation of defensive coping in the relatively low self-
report rates of problems in hypertensives was indirectly investigated in the study
described in Chapter 5. In addition, three operationalizations of defensiveness and
repression were compared. Participants were 310 male and 90 female employees
representing a wide range of occupations. Before their periodic medical
examination, the subjects completed questionnaires on negative life events, daily
hassles, and defensive coping (Marlowe-Crowne Social Desirability Scale, and the
Anxiety and Repressive Defensiveness subscales of the Weinberger Adjustment
Inventory). After controlling for potentially confounding variables, like gender,
age, and educational level, high-defensives were found to report less life events
and daily hassles and to show higher resting systolic blood pressure than low-
defensives. For repressors, a similar effect was found for daily hassles and a
similar trend for systolic blood pressure (p -.08). No consistent differences were
obtained with respect to reported impact of stressors and diastolic blood pressure.
The Marlowe-Crowne scale seems to be most relevant, as a measure of defensive
coping, in relation to hypertension. The results support the notion that defensive
individuals tend to underreport problems, while exhibiting elevated resting blood
pressures.

The main purpose of the investigation discussed in Chapter 6 was to address
the hypothesized mediation of defensive coping in a large scale, direct, and
multivariate approach. A population screening study was conducted, in which
1120 women and 903 men between 20 and 55 years of age participated. Multiple
resting home blood pressure measurements were performed at the participants'
homes. In addition, a battery of questionnaires was completed, measuring the
number and impact of daily hassles, perceived stressor load, medical symptoms,
and defensive coping. Separate logistic regression analyses for women and men
revealed few, but distinct, associations. In women, after statistical control for
biomedical and life-style variables, self-reported number of inedical symptoms
was again inversely related to hypertension. However, this effect was not
mediated by defensive coping, although defensiveness predicted directly the
presence of hypertension in women. In men, after biomedical and life-style
variables were controlled for, the initially obtained positive association between
perceived stressor load and hypertension disappeared, without any effect of
defensive coping present overall. It was concluded that defensive coping does not
seem to mediate inverse associations found between hypertension and self-
reported problems, although it was a significant direct predictor of hypertension
in women.

Finally, a laboratory investigation was described in Chapter 7, in which a
crucial, but implicit, assumption of a psychophysiological hypothesis put forth by
Dworkin et al. (1979) was tested. This was done because the second potential
explanation for the low rates of self-reported problems in hypertensives is based
on the mechanism proposed in that hypothesis. The hypothesis states that the
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frequently found diminished sensitivity to physical pain in hypertensives is the
result of baroreflex mediated central nervous system effects, which would form a
basis for operant conditioning of blood pressure elevations. In situations of
chronic stressor exposure, eventually these elevations may contribute to the
development of hypertension in persons sensitive to the mechanism. The implicit
assumption in this hypothesis is that the diminished appraisal of physical stressors
in hypertensives could be extrapolated to psychosocial stressors. Forty-two
unmedicated hypertensives and 21 normotensive controls of both genders were
exposed to a physical stressor (electric current) and psychosocial active coping
(mental arithmetic, free speech) and passive coping (unpleasant films) tasks,
while heart rate, systolic and diastolic blood pressure, and non-invasive indices of
baroreflex activity were continuously measured or derived. In addition, before all
tasks, an index of pre-stressor anxiety and after each task, appraisal of the stressor
were assessed. Results indicated that for a major part only in women,
hypertensive individuals showed diminished scores of pain sensitivity. Moreover,
for most tasks for this group lower scores on pre-stressor anxiety were obtained.
On stressor appraisal items, only the films were rated as less unpleasant in female
hypertensives, compared to their normotensive counterparts. Although some
meaningful associations emerged between blood pressure reactivity and stressor
appraisal parameters, cardiovascular measures could not explain the between
group effects found in women. Thus, only partial support has been obtained in
favour of Dworkin et al.'s hypothesis. However, it has been argued that given the
complex nature of various interactions, blood pressure reactivity and the non-
invasive index of baroreceptor activity used in the present study cannot be
regarded as an adequate test for examining the role of the baroreflex in the
inverse associations. Suggestions have been provided for more direct tests of the
hypothesis in the future.

In summary, it can be concluded that:
(1) on several occasions, hypertension was related to diminished appraisa] of

unpleasant stimuli, as reflected by relatively low pain sensitivity, low rates
of self-reported present medical symptoms, low scores on laboratory
anxiety and on unpleasanfiess ratings of passive coping stressors; however,
mostly these associations were found only in women;

(2) variables related to diagnosis of hypertension appeared to moderate the
relationship between hypertension and the number of self-reported medical
symptoms, but not other self-report variables measured;

(3) defensive coping, as measured by questionnaires, failed to explain the
effects mentioned in (1);

(4) in an indirect and preliminary investigation, no support was obtained for
cardiovascular (including baroreflex) mediation of the effects mentioned in
(1).
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SAMENVA TTING

Het literatuuroverzicht betreffende de relatie tussen bloeddruk en blootstelling aan
stressoren (Hoofdstuk 2) heeft een discrepantie blootgelegd tussen resultaten van
onderzoeken waarin objectieve maten van blootstelling aan stressoren gebruikt
zijn en studies waarvan de gegevens verkregen zijn met behulp van zelf-
rapportage. Terwijl in de eerstgenoemde onderzoeken positieve verbanden tussen
blootstelling aan stressoren en bloeddruk overheersten, waren de resultaten van de
laatstgenoemde studies erg inconsistent. Er zijn verscheidene moderator-
variabelen aangedragen die deze discrepanties zouden kunnen verklaren, zoals het
weet hebben van de eigen hypertensie en de geneigdheid medische hulp te
zoeken. In onderzoeken die met deze moderatoren rekening hielden, hebben
omgekeerde verbanden de resultaten betreffende de relatie tussen bloeddruk en
zelf-gerapporteerde blootstelling aan stressoren gedomineerd: hoe hoger de
bloeddruk, hoe minder stressoren gerapporteerd werden. Er is gesuggereerd dat
dit een gevolg zou zijn van veranderde waarneminglwaardering (appraisal) van
stressoren bij hypertensieven.

In het tweede literatuuroverzicht (Hoofdstuk 3) zijn twee mogelijke
mechanismen besproken, die als verklaring zouden kunnen dienen voor de
veranderde appraisal bij hypertensieven. Dit heeft gestalte gekregen in de vorm
van literatuuroverzichten op het gebied van bloeddruk in relatie tot defensiviteit
(de neiging om onplezierige aspecten van het leven te onderdrukken) en
pijngevoeligheid. Deze aanpak resulteerde in steun voor twee, niet onderling
elkaar uitsluitende, verklaringen: één gebaseerd op defensiviteit en één in termen
van veranderde appraisal als gevolg van een fysiologisch mechanisme waarin
stimulatie van de baroreceptoren een centrale rol spelen. Bovendien zijn er
indirecte aanwijzingen gevonden voor een mogelijk verband tussen deze twee
mechanismen. Deze bevindingen hebben geresulteerd in de formulering van een
hypothetisch model, waarin inhibitie van bepaalde delen van het centrale
zenuwstelsel, gemediëerd door baroreceptor stimulatie, verminderde negatieve
waardering van stressvolle situaties teweegbrengt. Bovendien zou dit mechanisme
bij kunnen dragen aan de ontwikkeling van essentiële hypertensie via operante
conditionering. Tevens zou dit mechanisme de basis van defensiviteit kunnen zijn.

In Hoofdstuk 4 is de eerste empirische studie van deze dissertatie beschreven.
Onderzocht is of de relatie tussen bloeddruk en zelf-rapportage van lichamelijke
symptomen en werk-gerelateerde problemen inderdaad onder invloed staat van
diagnose van~onder behandeling staan voor hypertensie. Een ander kernpunt was
om na te gaan of een omgekeerde relatie verkregen zou worden als men voor de
invloed van (in dit geval) het in behandeling zijn voor hypertensie zou corrigeren.
Van de 262 deelnemende leraren en leraressen konden drie groepen worden
gevormd: 23 hypertensieven die onder behandeling staan, 101 hypertensieven niet
onder behandeling en 123 normotensieve personen. Na correctie voor acht
mogelijke confounders bleken de groepen significant van elkaar te verschillen op
zelf-gerapporteerde lichamelijke symptomen, waarbij de behandelde
hypertensieven de meeste en de onbehandelde hypertensieven de minste
symptomen rapporteerden. Bovendien werd er een omgekeerd verband gevonden
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tussen diastolische bloeddruk en het aantal gerapporteerde symptomen, wanneer
de behandelde hypertensieven waren geëxcludeerd. Een soortgelijke trend voor
systolische bloeddruk haalde het conventionele significantie-niveau niet. Wat
betreft de werk-gerelateerde problemen werden geen significante verbanden
gevonden. De resultaten wijzen op het mogelijk bestaan van een veranderde
waardering van lichamelijke gewaarwordingen bij hypertensieven en op het
modererende effect van behandeling~medische hulp zoeken in deze relatie.

De plausibiliteit van mediatie door defensiviteitlrepressie van de relatief
weinig zelf-gerapporteerde problemen bij hypertensieven was indirect onderzocht
in de studie, die in Hoofdstuk 5 is beschreven. Hierbij zijn bovendien meerdere
operationalisaties van defensiviteit en repressie vergeleken. Deelnemers waren 310
werknemers en 90 werkneemsters van verscheidene bedrijven en instellingen.
Voor hun periodiek medisch onderzoek bij de GGD hebben de deelnemers
vragenlijsten ingevuld betreffende negatieve life-events (grote levens-
gebeurtenissen), dagelijkse problemen en defensiviteiUrepressie. Na correctie voor
potentiële confounders, zoals leeftijd, geslacht en opleiding, bleken de defensieve
personen minder life-events en dagelijkse problemen te rapporteren en bleken ze
hogere systolische bloeddrukken te hebben dan niet-defensieve deelnemers. Een
soortgelijk effect werd gevonden voor repressieve individuen wat betreft
dagelijkse problemen en een soortgelijke (niet significante) trend voor systolische
bloeddruk. Geen consistente verschillen zijn er gevonden met betrekking tot de
impact van de stressoren en diastolische bloeddruk. De Marlowe-Crowne schaal
(Crowne 8z Marlowe, 1964), leek het meest relevante instrument, als maat voor
defensiviteit in relatie tot hypertensie. De resultaten ondersteunden het idee dat
defensieve personen de neiging hebben om problemen te bagatelliseren, terwijl
hun bloeddruk verhoogd is.

Het belangrijkste doel van de studie dat in Hoofdstuk 6 is beschreven was om
de vermeende mediatie van defensiviteit op een directe, grootschalige en
multivariate manier te onderzoeken. Daartoe werd een screeningsonderzoek
uitgevoerd onder 1120 vrouwen en 903 mannen tussen de 20 en 55 jaar oud. Hun
bloeddruk werd meerdere malen bij hun thuis opgenomen. Tevens hadden de
deelnemers een vragenlijstenbatterij ingevuld betreffende het aantal en impact van
dagelijkse problemen, frequentie van het "last hebben van stress", medische
symptomen en defensiviteit. Aparte logistische regressie analyses voor vrouwen
en mannen lieten weinig, maar per sekse verschillende, verbanden zien. Bij
vrouwen was weer het aantal medische symptomen omgekeerd gerelateerd aan
hypertensie, ook na correctie voor een aantal biomedische- en
levensstijlvariabelen. Dit verband bleek echter niet gemediëerd door defensiviteit,
ook al voorspelde defensiviteit wel hypertensie bij vrouwen. Bij mannen
verdween na correctie voor de biomedische- en levensstijlvariabelen het eerder
verkregen positieve verband tussen hypertensie en zelf-gerapporteerde frequentie
van "last hebben van stress", zonder een effect van defensiviteit. Er is
geconcludeerd dat defensiviteit de omgekeerde relatie tussen bloeddruk en zelf-
gerapporteerde problemen niet lijkt te mediëren, het voorspellend vermogen van
hypertensie bij vrouwen ten spijt.

Tot slot is er een laboratoriumonderzoek in Hoofdstuk 7 beschreven, waarin
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een cruciale, maar impliciete assumptie in een psychofysiologische hypothese van
Dworkin et al. (1979) is getoetst. Dit is gedaan omdat de tweede mogelijke
verklaring voor de lage problemen-rapportage bij hypertensieven is gebaseerd op
een mechanisme, dat centraal staat in die hypothese. De hypothese stelt dat de
vaak gevonden verminderde pijngevoeligheid bij hypertensieven een gevolg is van
door baroreceptor stimulatie gemediëerde centrale zenuwstelsel-effecten, die een
basis zouden zijn voor operante conditionering van bloeddruk-verhogingen in
potentiële stresssituaties. In een situatie van chronische blootstelling aan
stressoren, zouden deze verhogingen uiteindelijk kunnen bijdragen aan de
ontwikkeling van hypertensie in personen die voor het mechanisme gevoelig zijn.
De impliciete assumptie in deze hypothese is dat de verminderde waarneming van
lichamelijke (pijn) stressoren bij hypertensieven geëxtrapoleerd kan worden naar
psychosociale stressoren. Tweeënveertig niet-gemediceerde hypertensieven en 21
normotensieven van beide geslachten werden blootgesteld aan een lichamelijke
stressor (elektrische stroom) en psychosociale actieve coping (rekentaak, speech)
en passieve coping (onprettige films) stressoren, terwijl hartslag, bloeddruk en
non-invasieve indices van baroreceptor activiteit continu bepaald werden. Vóór
alle taken werd de pre-stressor angst en na de taken de post-stressor waardering
van de taak gemeten. Resultaten lieten zien dat grotendeels alleen de vrouwelijke
hypertensieven een lagere pijngevoeligheid hadden dan hun normotensieve
tegenhangers. Tevens werd er bij de meeste taken lagere scores op de pre-stressor
angst behaald door deze vrouwen in vergelijking met normotensieve vrouwen.
Wat betreft de waardering van de stressoren, alleen de films werden door de
hypertensieve vrouwen als minder onprettig ervaren dan door de vrouwen met
normale bloeddruk. Niettegenstaande enkele betekenisvolle verbanden tussen
bloeddruk-reactiviteit en stressor-waardering hebben de cardiovasculaire maten
niet de bovenvermelde groepsverschillen die bij vrouwen zijn gevonden, kunnen
verklaren. Geconcludeerd kan worden dat er slechts zeer gedeeltelijk steun is
verkregen voor (de assumptie van) Dworkin et al.'s hypothese. Echter, gezien de
complexe aard van de verscheidene betrokken interacties, kan gesteld worden dat
de bloeddruk-reactiviteit en de non-invasieve indices van baroreceptor activiteit,
die in dit onderzoek gebruikt zijn, niet beschouwd dienen te worden als adequate
middelen om de rol van de baroreflexen in de vaak gevonden verminderde
waardering van stressoren te kunnen testen. Suggesties zijn aangereikt voor meer
directe tests van het laatste in de toekomst.

Op grond van de hier gepresenteerde resultaten kan het volgende geconcludeerd
worden:

1. Meerdere malen is er een verband gevonden tussen hypertensie en
verminderde waardering van diverse onprettige stimuli, zoals blijkt uit een
relatief lage pijngevoeligheid, weinig zelf-gerapporteerde medische klachten,
lage angst in het laboratorium en het weinig onprettig ervaren van passieve
coping stressoren. Echter, meestal zijn deze verbanden alleen bij vrouwen
gevonden.
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2. Factoren die te maken hebben met de diagnose 'hypertensie' of inet het
behandeld worden voor hypertensie modereren de relatie tussen bloeddruk en
het aantal zelf-gerapporteerde lichamelijke klachten.

3. Defensiviteit, gemeten met behulp van vragenlijsten, blijkt de onder punt 1
genoemde effecten niet te mediëren, ondanks een direct verband met
hypertensie bij vrouwen.

4. In een indirect en voorlopig onderzoek is er geen steun gevonden voor
mediatie van cardiovasculaire maten -inclusief baroreflex activiteit-
betreffende de onder punt 1 genoemde effecten.
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