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Chapter 7: General Discussion



Chapter 7

The main focus of the present thesis was to study prolonged cardiac effects of
stressful events and worry in daily life. In two review papers a theoretical
background as well as a review of studies was provided that served as a basis for
the empirical study presented here. For the empirical papers we measured cardiac
activity in the laboratory and in daily life in a group of high school teachers.
Additionally, the participants reported on their experience of stressful events and
worry. This resulted in three empirical papers investigating the effects of stressful
events and worry on immediate and prolonged cardiac activity, as well as cardiac
activity during sleep. This chapter starts with a summary of the main results
reported, followed by an overview of the status quo of the prolonged activation
hypothesis, in light of which we will discuss our findings. Additionally, this discussion
is divided in various subsections focussing on immediate cardiac effects of worry, the
possible role of content of worry, the lack of evidence for the suggestion that worry
mediates the prolonged cardiac effects of stressors, the prolonged effects of worry,
the absence of evidence for an association between worry and average levels during
daytime or during sleep, as well as the importance of measuring trait worry in future
studies. Furthermore, we discuss methodological considerations and conclude with
recommendations for future research.

OVERVIEW OF FINDINGS

This thesis starts by describing a theoretical framework in which prolonged
physiological activation before or after stressors is regarded as an important factor in
the development of cardiovascular disease (CVD; see Chapters 2 and 3). This
contadicts the more conventional reactivity hypothesis which emphasizes activation
during stressors and overlooks cardiovascular (CV) activation that continues beyond
the presence of a stressor. Hence, the reactivity hypothesis focuses on states of
such short duration that, even if frequent and intense, they alone cannot explain the
development of chronic pathogenic states leading to CV disease.

In contrast, prolonged activation is viewed as an important element in several
disease theories, such as Selye’s (sustained preparation causes exhaustion (1)),
Ursin’s (sustained activity (2)), McEwen's (allostatic load (3)). Indeed, recent studies
have suggested that prolonged duration of physiological activity during recovery
phases relates to several CVD outcomes (Chapters 2 and 3). However, we argue that
most psychological processes postulated to mediate the process of stressors
resulting in prolonged activation are insufficient and vague, with the exception of
perseverative cognition (4, 5). As a result of this insufficiency, only a small amount
of CV stress research has explicitly addressed the relation between stressors and
prolonged activity, and not many studies have implicitly tested the issue of possible
psychological mediators.

In Chapter 2, we review real life (ambulatory) studies testing the hypothesis
that various stress sources can have prolonged CV effects. The review is focussed on
real life studies for two reasons. Firstly, a summary and discussion of laboratory
findings have been done elsewhere. Secondly, ambulatory field studies enable
measurement over a larger time scope, which is crucial for the ecological validity of
studying prolonged activity. We conclude that these studies indeed suggest that
several stress sources, including discrete and chronic stressors, negative affective
states and negative emotional dispositions, are related to prolonged CV activity,
although the evidence is still very modest. Additionally, we conclude that potential
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psychological mediators of stress-related prolonged activity such as perseverative
cognitions were largely overlooked in the reviewed studies.

In Chapter 3 we focus on perseverative cognition as a potential psychological
mediator, because it has the capacity to chronically activate the cognitive
representation of stress-related content, thereby chronically inducing physical
activation. Perseverative cognition is manifested in phenomena such as worry,
rumination and anticipatory stress. However, still far from sufficient, evidence is
emerging that links these phenomena to physiological activation, including
cardiovascular, endocrinological and immunological parameters.

To further investigate the role of perseverative cognitions, we conducted an
ambulatory study in which we measured subjects’ HR and HRYV in daily life during
two periods of 48 hours (see Methods Chapters 4, 5 and 6). The participants also
completed an hourly set of questions concerning, among others their stress
experience and worry behavior during daytime, and each morning after waking up
they reported on their stress experience and worry behavior during the night and the
nocturnal sleep period. These measurements were preceded by a short laboratory
session in which two neutral laboratory stressors were completed to assess the
subject’s cardiac recovery, as well as a hostility interview. Although the studies
reported in Chapters 4, 5 and 6 were partly based on the same data, these reports
used such different statistical approaches that the analyses could not be combined
(see below).

Following our theoretical framework, we hypothesized that in daily life
increased HR and decreased HRV occur not only during stressors, but also during
periods of worry in absence of a stressor (Chapter 4). Indeed, our findings indicate
that worry has substantial independent effects on HR and HRV in addition to the
effects of stressful events. These effects were independent of the effects of
biobehavioral variables and psychological traits. The findings of this study extend the
findings of laboratory studies of worry by showing that worry during daily life also
leads to cardiac effects. Furthermore, we found that these cardiac effects were most
pronounced for work-related worry and worry about anticipated future stress.
Conventional stress measurements are restricted to the past and neglect anticipation
of future stressors. Also, studies measuring anticipatory stress are rare. As such, in
the current scientific discourse on including duration of the stress response, the
latter finding underscores the importance of studying anticipated stress as source of
cardiac effects.

In Chapter 5, we elaborate on these findings by hypothesizing that increased
HR and decreased HRV are not only due to concurrent stressful events, but are also
effected by stressors occurring before and by stressors that are anticipated.
Additionally, we expected that worry would mediate at least part of these effects.
The results indicate that stressors have prolonged cardiac effects up to one hour.
We did not find evidence for the mediating role of worry, although worry alone
displayed even longer lasting prolonged effects, i.e. up to two hours. Since
biobehavioral factors, psychological traits and laboratory recovery after neutral
stressors cannot explain this association, we reason that unconscious perseverative
processes might have mediated the prolonged effects of both stressors and worry.

In Chapter 6 we attempt to extend these findings by showing that
accumulated stressful events and worry influence mean levels of daytime and sleep
HR and HRV. We argued that the possibility of stressful events or worry inducing
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nocturnal physiological arousal is significant for health. Sleep is a typical period to
recover from daily life physiological activation. If physiological arousal generated by
stress does not stop during sleep it leads to a situation not unlike being exposed to a
virtually permanent stressor and this might eventually cause serious health
problems. An earlier study by our group (6) showed that worry mediated the
prolonged effects of stressors on daily and nocturnal HR and HRV. Furthermore,
worry displayed an additional effect on daily and nocturnal HR and HRV independent
of those of stressors. The study described in Chapter 6 was designed to replicate
these findings, but failed to do so. We did find, though, that a tendency to worry
and a more incomplete HR recovery to neutral laboratory stressors were associated
with increased daytime and sleep HR, stressing the importance of measuring both
variables in future studies.

The results presented in this thesis are discussed below.

STATUS OF THE PROLONGED ACTIVATION HYPOTHESIS
By addressing various elements of the prolonged activation model Chapters 2 and 3
contribute valuably to the field of stress-research. Firstly, we summarized studies
that tested the predictive effect of prolonged activation on CVD. Secondly, we were
the first to summarize ambulatory studies that tested the prolonged effects of
various stress sources. Lastly, possible psychological mechanisms were summarized
that might be responsible for the relation between stressors and prolonged
activation and focussed specifically on the possible role of perseverative cognitions.

An increasing number of studies have found that the duration of stress
response even after simple laboratory stress tasks is predictive of physiological
changes. Attenuated blood pressure (BP) recovery after psychological tasks
predicted increased BP values in the clinic 3 years afterwards, while reactivity values
did not (7). Faster HR recovery after a mental arithmetic and a speech task
predicted less thickness of the carotid artery intima-media complex (an index of
preclinical atherosclerosis) 2 years later (8). Surprisingly, HR and pre-ejection period
(PEP) during these stressors (i.e. reactivity) were not related to carotid thickness,
which suggests that elevated reactivity is not necessarily related to negative
outcome with regards to atherosclerosis. Furthermore, increased (>195 mm Hg)
systolic BP 2 minutes after a laboratory exercise test leads to an increased risk for
acute myocardial infarct 13.1 years later, even after correction for cardiac reactivity
values. Delayed cardiac recovery is seen as a measure of impaired autonomic
nervous system functioning, more specifically impaired vagal tone (9), which seems
to suggest that this imbalance is a crucial mediating factor causing these disease
states. Thus, in contrast to the reactivity model, which received critical comments on
its limited predictive value (10, 11), slow recovery indeed has predictive value with
regard to CVD (see above and Chapter 2).

Additionally, in contrast to the limited laboratory-to-life generalizability (12,
13) of cardiovascular reactivity measurements, there is evidence that even small
recovery periods in the laboratory are reproducible in daily life. One study suggests
that attenuated laboratory BP recovery predicts ambulatory BP levels during daytime
and sleep (14). Additionally, another study (15) shows that BP, cardiac output and
total peripheral resistance during recovery were related to ambulatory BP
independent of resting BP and reactivity values. Our findings presented in Chapters
4 and 5 are in line with these results and contribute to them by showing that
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attenuated laboratory HR recovery is predictive of HR levels during 15 minute
periods, as well as mean levels during daytime and during sleep. However, not all
studies consistently show that recovery is dominant over reactivity in predicting CVD
outcomes. For instance, Moseley and Linden (16) found that BP and HR recovery to
psychological laboratory tasks in normotensives predicted ambulatory BP and HR 3
years later, but not 10 years. On the other hand, reactivity to these tasks predicted
ambulatory HR and BP 3 years later, as well as systolic BP 10 years later. In light of
this, and in comparison with the excess amount of reactivity studies, the stability of
the recovery effect needs to be replicated in future research.

Apart from the predictive value of delayed recovery, several studies have
found psychophysiological factors which lead to physical CVD risk factors that may
be mediated by delayed recovery. There is cross-sectional evidence that increased
obesity (17, 18), a family history of cardiovascular disease risk (19), social isolation
and poor mental health (20) are related to poor diastolic BP recovery in the
laboratory. Delayed HR recovery after a treadmill test was observed in rehabilitated
cardiac patients who reported an increased level of depressive symptoms (21),
which is also a CVD risk factor (22). On the other hand, in line with findings that
increased positive affect is associated with reduced risk of mortality (23, 24) reduced
mortality (25) and reduced risk of physical disease (26), one study showed that high
reporting of positive affect was related to faster BP recovery (27).

Steptoe and colleagues have published a number of papers indicating that the
important CVD risk factor of low social economic status (SES) seems to be mediated
by delayed recovery and CVD. After behavioral laboratory tasks, subjects with low
SES (versus those with high SES) showed less complete cardiovascular recovery of
BP and HRV (28), total peripheral resistance (29), HR and pro-inflammatory cytokine
interleukin-6 (30), systolic BP (20). Moreover, one study found that delayed HR, BP,
PEP and SV recovery values were typical for older subjects and even more
pronounced in older subjects with low SES, indicating that high SES can be
protective against the effects of increasing age on cardiovascular condition (31).
Additionally, delayed BP recovery predicted increased carotid intima-media thickness
3 years later, but only in subjects with low SES (32). Although these studies provide
some insight into the possible physiological route from these factors to CVD, we
believe that our main comment that the possible psychological route from these
factors to delayed recovery is still unclear (formulated in Chapter 2 (5)) remains
valid. This is discussed below.

Apart from the above, the psychological concept of need for recovery has
received increasing attention. It generally refers to the need for a stress-free period
to recuperate from experienced stressors or mental load for example during a work
day and to refill ones resources. This “psychological unwinding” is considered to be
essential for well-being, work satisfaction and work engagement (33). A more
demanding or longer lasting stressful situation will consume more resources and will
lead to increased need for recovery. A situation where resources are continuously
reduced, will lead to more effort to compensate for lack of resources while trying to
adequately work. This accumulative situation is thought to lead to symptoms such as
fatigue, disturbances of mood, physiological changes and eventually, burnout,
exhaustion, sleep problems and disease (34). Concepts similar to this psychological
recovery have been prospectively linked to CVD. Need for recovery was related to
more self-reported CVD after 32 months (35). Lack of recovery during free
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weekends was related to elevated risk of CVD death after 25.6 years (36). Recently,
Geurts and Sonnentag (34) have explicitly formulated processes that can hinder the
recovery from load, such as prolonged exposure to work demands and cognitive
processes, including perseverative cognitions. However, their research mainly
focuses on the psychological effects, but not the direct prolonged physiological
effects of related concepts such as ability to psychologically detach from work (37),
mental relaxation (38) and non-work experiences that are accompanied by positive
feelings such as competence (39). It seems fruitful for future research to study
prolonged physiological effects. Moreover, in our view (Chapters 2 and 3) the
concept of perseverative cognition is theoretically better suited for a psychological
process that can explain prolonged effects of stressors, since it explicates a direct
trigger of physiological activation in the form of a mental representation of a
stressor, as well as the repeated activation of this representation, and therefore the
associated physiological activation and stress experience.

CARDIAC EFFECTS OF WORRY

To be a possible mediator, worry should have cardiac effects independent of the
effects of stressors. Several laboratory studies show that worry is associated with
simultaneous (that is, during worry itself) physiological effects (Chapter 3). Only one
previous study (6) indicates that worry is related to toxic cardiac levels in daily life
and results show that worry especially worry duration is related to elevated HR and
decreased HRV during daytime, as well as during the nocturnal sleep period. For the
study presented in Chapter 3 we measured timing and duration of stressful events
more precisely and could therefore accurately match these with simultaneously
occurring cardiac activity. Thus, the results replicate and extend the previously
attained findings (6) by showing that worry is related to simultaneous HR and HRV
levels, and independent from the effects of stressful events. Additionally, the results
indicate that worry duration is longer than stressors duration, which indicates that
the net cardiac effects of worry might be even more substantial than those of
stressful events. Based on these findings we conclude that worry is a noteworthy
source of cardiac elevations, even lasting longer than those of stressors.

The results of this study are consistent with experimental findings of worry
(Chapter 3) and show that these latter findings are potentially generalizable to the
real world. Real world studies, however, are less adequate in clarifying which of the
characteristics of worry are actually responsible for its cardiac effects. Only a few
laboratory studies have attempted to do this so far. Oathes et al. (40) found that
worry was associated with larger corticospinal motor responses than an arithmetic
task with high mental load. The authors reason that this finding supports the role of
action preparation in worry; this is in line with the idea that perseverative cognitions
continuously induce physiological preparation for action intending to change or
escape an unwanted situation (‘fight — flight") and this action preparation is thought
to be associated with physiological activation, which explains why worry induces
more physical effects than mere mental activity that is needed for a mental
arithmetic task. On the other hand, Verkuil et al. (41) from our group recently found
that while worry elicits higher HR and lower HRV than during relaxation, cardiac
levels are similar to those elicited during a cognitive problem solving task concerning
moral dilemmas that were not personally relevant. This finding seems to contradict
the findings by Oathes et al. (40). The cognitive problem solving task used by
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Verkuil et al. (41) however, was designed to resemble cognitive activity during
worrying (jumping from one problem to the next) without inducing negative
emotions related to personal relevance of the presented problems. As such, this task
was more complex and therefore required more mental effort than the mental
arithmetic task used by Oathes et al. (40). Verkuil et al. (41) conclude the feature of
'prolonging mental load' instead of the prolonged emotional aspects to be
responsible for the adverse effects of worry on health.

CONTENT OF WORRY AND CARDIAC EFFECTS

Instead of focussing on the characteristics of worry, we have concentrated on the
content of worry. Results reported in Chapter 4 show that cardiac effects were more
pronounced during work-related worry and worry about anticipated future stress
than during worry about other topics, which is a new finding in the field. The effects
of work-relatedness of worry suggest that the reported effects of work stress on CV
health (42) might be — at least partially — mediated by immediate effects of worry
about work. It leaves unexplained, however, why work-related worries have a
stronger cardiac effect than worries related to other problems. The second content-
related finding, concerning future-related worries, underscores the importance of
measuring anticipatory stress, by indicating that worry about future stressful events
is superior to worry about other topics, by inducing a mean HR that is 4.79
beats/min higher. Thus, worrying about stressful events that might happen in the
future can cause considerable anticipatory cardiac activation irrespective of its actual
later occurrence. This finding is particularly relevant since there is evidence that this
is possibly the most frequently occurring form of worry (43), thus again enlarging its
effects. This aspect has been neglected in conventional stress measurements (life
event questionnaires, work stress, daily hassles), which are restricted to stress in the
past neglecting anticipated stressors. The question why future-related worry has
stronger effects than past-related worry is perhaps easier to answer than the earlier
question about work-related worry. Worry about the future concerns fear, while
worry about the past mostly concerns regret and sadness. Fear is known to trigger
stronger physiological effects than regret and sadness (44). This finding seems to
urge future studies not only to re-evaluate the reactivity principles but also to
include stressors that are feared although they need not actually occur.

In Chapter 5 however, we found no cardiac effects of the expectation of a
stressor in the succeeding hour. Some factors might explain this non-finding. Firstly,
it is possible that the stressors expected in the next hour were not intense enough to
elicit cardiac responses. Secondly, it is possible that the future issues that the
subjects worried about were not expected in the succeeding hour, but might appear
further in the future or might not even appear at all, indicating that “the succeeding
hour” was too limited a time-frame or even a falsely designed frame to measure
physiological effects. Moreover, stressors expected in the next hour might have
already coped with to a large extent, resolving much of the fear that might be
responsible for the cardiac worry effects found in Chapter 4. Interestingly, there is
experimental evidence supporting this idea. Anticipation of a concrete and
unavoidable stressor induced less intense physiological changes than worrying:
Hofmann et al. (45) showed that worry was related to higher HR, lower HRV and
greater left frontal activity than during baseline, relaxation or anticipation of a
stressful speech task. However, anticipation induced higher skin conductance levels
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than worry. Nevertheless, since worrying about the future induces such pronounced
cardiac effects (Chapter 4) and is a central element of perseverative cognition (62),
future studies should focus on the physiological effects of expecting a stressor and
apply a less limited time-frame.

A study by Smyth and colleagues (46) showed that anticipating a stressor in
the next hour elevated salivary cortisol levels, which seems to contradict our results.
However, as discussed in Chapters 4, 5 and 6, participants in our study reported less
stressors and worry than other studies, including Smyth’s (46). This points to
another explanation: too few stressors were expected in the next hour in this
sample. Although our results indicate that worrying about possible stressful events in
the future can cause considerable anticipatory cardiac activation irrespective of its
actual later occurrence, it is clear that there is a need for replication studies to
assess the nature of these effects and their generalizability to other subject groups.

WORRY DOES NOT MEDIATE EFFECTS OF STRESSORS

Contrary to our expectations, we did not find evidence that worry mediates
substantial effects of stressors, neither concurrent effects (Chapter 4), effects up to
one hour (Chapter 5) nor effects on daytime or night-time levels (Chapter 6). At
least one previous ambulatory study (6) found that worry duration mediated the
effects of stressors on daytime and nocturnal cardiac levels. Results from at least
two laboratory studies suggest that slow BP recovery after emotional stress is
mediated by worry or rumination (47, 48). The present study could not confirm
these findings. However, we argue that worry is always about stressful events,
whether in the past, present or future, and certainly not only about those stressful
events confined to the limited time periods in the computer diaries. Thus, worry can
be about one or more stressful events possibly occurring in a virtually endlessly
larger timeframe than the periods in which we measured actually occurring
stressors. In fact, it is likely that by measuring worry episodes we measured the
(mediated) aggregated effects of those stressful events which typically involve the
most relevant stressors for an individual. Furthermore, the small number of stressful
events actually measured were general events, including neutral as well as some
emotionally upsetting ones. We reason that subjects worried about events that were
mainly emotionally upsetting — otherwise why worry about them? Together, these
arguments seem to explain why worry did not mediate the effects of stressful events
in these studies. In Chapter 6, we further argue that when stressor experiences in
daily life are more numerous, and the definition of worry much broader, as in our
study (6), it is possible that mediating effects of worry will be found.

WORRY SHOWS PROLONGED CARDIAC EFFECTS

Initially, we expected worry to have a simultaneous and possibly mediating effect
but not a prolonged effect of itself. To our surprise, worry displayed a prolonged
cardiac effect that lasted up to two hours which was not due to emotions and life
style factors, recovery to psychological laboratory tasks or even worry at a later time
point. This is an intriguing new result, for several reasons.

Firstly, the finding that worry is related to simultaneous cardiac elevation
(Chapter 2) does not indicate a causal relationship, i.e. it may still be reasoned that
high HR and low HRV cause worry and stress perceptions, instead of the other way
around. On the other hand, the finding that worry is related to cardiac levels up to
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two hours is specifically relevant for the perseverative cognitions model, since it is a
prospective finding, indicating that worry episodes precede, and thus likely induce,
high HR and low HRV.

Secondly, the finding of prolonged effects of worry seem to point to a form of
perseverative cognition not yet identified by our theory. Some other studies suggest
a possible mechanism that at least a part of perseverative cognition may act in an
unconscious fashion during sleep which is not reported by the subject. For example,
anticipating a stressful oral speech to be performed after waking up elicited
prolonged low HRV during sleep (49). In the study of our group discussed above
prolonged HR and HRV effects during sleep were found following a day of stressful
events and worry ((6); see Chapters 2, 3 and 6 for further discussion). Conscious
worry evidently does not take place during sleep. Moreover, the majority of cognitive
processing operates without awareness, i.e. automatically (50, 51), and a
considerable part of normal daily emotional processing - including PC - is likely to be
unconscious too (52). Hardly anything is known about the physiological effects of
unconscious emotion, except for some brain and some skin conductance effects (53,
54). Therefore, future studies should aim at unravelling the works of unconscious
processing of stressful information.

WORRY DOES NOT EFFECT AVERAGE CARDIAC LEVELS DURING DAYTIME OR
DURING SLEEP

Although worry and stress had simultaneous cardiac effects and even prolonged
effects up to two hours, these effects disappeared when evaluating aggregated
mean cardiac levels during daytime and sleep. These findings were in contrast with
the previously discussed study by Brosschot et al. (6) in which daily worry and
stressors were found to be related to higher average HR and lower average HRV
during waking. Subjects that were measured for this thesis reported stressful events
and worry episodes less frequently than in Brosschot et al. (6). Possibly the stressful
events or worry episodes were not enough to influence the subjects’ mean cardiac
levels. This might be related to their lower levels of trait worry and trait anxiety.
Future studies should assess similar hypotheses in samples with higher trait worry
and trait anxiety.

Another aspect might be that the two studies presented their subjects with a
slightly different definition of worry. Brosschot et al.’s definition included the aspect
of “thinking hard” while the present study focussed more on the emotional negativity
of the process. When initially designing the study, we believed that “thinking hard”
was a side-effect of a mechanism which continuously keeps negative emotions “on-
line”. The cardiac effects were supposed to be induced by these negative emotions.
This change of design might have resulted in an underreporting of less worrisome
cognitive problem solving attempts. However, it can also be argued that this element
of “thinking hard” is in fact an essential element for perseverative cognition (55). As
was discussed above, the study by Verkuil et al. (41) suggests that mere mental
activity and negative emotional perseveration induce comparable cardiac effects. It
is possible that the results presented in Chapter 6 failed to find effects of worry on
mean daytime and sleep cardiac levels due to the focus away from the element of
‘thinking hard’ and its cardiac effects. Future studies would do well to employ a
much broader operationalization of perseverative cognition, including "just thinking
about problems'.
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IMPORTANCE OF MEASURING TRAIT WORRY

Unexpectedly, we found that accumulated worry episodes during the day did not
result in elevated cardiac levels during daytime or sleep (Chapter 5). Also, despite
studies in the literature that found a relation between depression, hostility, anxiety,
job stress and elevated somatic disease, we did not find evidence that these traits
are related with cardiac elevations during daytime or sleep. Accordingly, the studies
evaluating the effects of negative emotional dispositions or job stress on ambulatory
cardiac levels during sleep (see Chapter 2 for a review) and the findings in this
thesis (Chapter 4: effect of PSWQ on HR but disappeared after including
biobehavioral parameters, Chapter 5: no effects, Chapter 6: PSWQ effect on
nocturnal HR) together present an ambiguous picture. On the other hand, we found
that a tendency to worry (measured by the PSWQ) induced elevated nocturnal HR
activity (Chapter 6). To our knowledge, no study has previously showed such an
effect of trait worry, and only one study has found effects of trait worry on risk of
CVD (56). Interestingly, our other results on the same sample suggest that elevated
tendency to worry does not influence HR or HRV during smaller timeframes (less
than 2 hours; Chapter 4 and 5). This seems to indicate that prolonged cardiac
activity during sleep alone might mediate this prospective association with CVD (45).
Since these associations are not mediated by worry or stress or biobehavioral
variables, it remains unexplained which underlying psychological mechanism is
responsible for the prolonged cardiac effects of hostility and worry. Biobehavioral
and emotional factors were controlled for in this thesis. One speculative possibility is
that persons with a high tendency to worry are more prone to unconscious
perseverative cognitions during sleep, but we have yet no evidence to support this.
Nevertheless, this finding is particularly relevant for somatic health. Sleep is the
most important period for the body to restore from activations inflicted during
daytime. Not recovering from physiological elevations induced by stress, might lead
to a situation alike being exposed to a permanent stressor. Being continuously
physiologically activated without any restorative break might eventually result in
serious health problems. Regarding the limited studies on the CVD risk of worry, our
findings stress the importance of measuring tendency to worry when studying risk
for CVD.

METHODOLOGICAL CONSIDERATIONS

The studies described in this thesis have several methodological aspects that should
be considered. These issues are already discussed in detail in the previous chapters.
Below, the most crucial methodological considerations are repeated and elaborated

on.

Firstly, the studies in Chapters 4, 5 and 6 are based on multiple analyses
performed on the same dataset, which might lead to an increased probability of
finding effects that do not exist (57). However, because of their different hypotheses
the three studies each used a different statistical approach and slightly different
data, which could not be tested together. In the first study (Chapter 4) the starting
point of the analysis consisted of stressors and worry episodes and their
simultaneous cardiac activity. To correct for differences due to high activities, we
included only low-impact activities in the analyses. The second study (Chapter 5)
focussed only on cardiac activity during the last 15 minute window of each 60
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minute measurement period. This was done because we measured several potential
behavioral confounders, such as emotion, physical activity and posture, more
specifically in the last 15 minute period. Since we could control for these factors, we
did not have to confine ourselves to analyzing only low activities and included high
physical activities as well. In the last study (Chapter 6), we analyzed mean HR and
HRYV levels during daytime and during the sleep period, which was again essentially
different from the previous studies and included new elements such as stressful
events and worry after 10PM and nocturnal cardiac levels. These analyzing
strategies were based on our hypotheses that were all specified before conducting
the measurements and thus, we do not feel that multiple comparisons lead to
increased “change” findings. However, this important aspect urges these findings to
be replicated in future studies, in which the different hypotheses are tested in a
different sample. Favorably, we should invest in new statistical methods to
investigate the hypotheses at the same time in one sample.

Secondly, one might question the clinical relevance of these findings, since
worry and stressors were related to small increases of HR and small decreases of
HRV. However, the magnitude of these effects is comparable to the effects of other
factors associated with CVD, as reported by a recent consensus report on the effects
of elevated HR on CVD risk (58). The report cites two studies finding a 15%
increased risk for each 5 bpm HR increase. In addition, Cook et al. (59) report that
drugs lowering HR by approximately 5 bpm were associated with an approximately
20% decreased risk of mortality. Few studies exist that have examined HRV
measurements using a millisecond metric; however, Antelmi et al. (60) reported that
RMSSD decreased approximately 3.6 ms per decade increase in age and HF power
decreased 2.1 ms per decade increase in age. It has often been proposed that the
effects of worry represent a type of pre-mature aging (61). In addition, the size of
the effects for worry and stressful events found in Chapters 4 and 5 were similar in
magnitude to those found for smoking in these chapters. The net cardiac effects of
worry might even be much more substantial than those of stressful events because
the duration of worry episodes is likely to be much longer than that of stressful
events, as was indeed found in the present study. The number of stressors and
worry episodes is typically low for the healthy sample studied and is not likely to lead
to disease. However, for subgroups these changes can accumulate to a level where
they start to be potentially pathogenic, especially when combined with the effects of
other risk factors, such as smoking, low exercise and hypertension. Thus we feel
that the results described in Chapters 4 and 5 are of the same order of magnitude as
those that have been shown to be clinically relevant.

Thirdly, the studies in this thesis focus on effects on cardiac parameters,
specifically HR and HRV. An important reason for this is that the reactivity
hypothesis, of which prolonged activity is an extension, was originally formulated to
specifically explain the relationship between stress and CVD. Nevertheless,
prolonged activation is not limited to the CV system and is applicable to various
bodily systems and their associated diseases, such as the endocrine and immune
system, muscle tension, glucose blood level, asthma-related parameters, and so
forth. Additionally, there is evidence that perseverative cognitions induce other
effects, mainly on somatic complaints, and on endocrinological and immunological
parameters (62). Further empirical data on these relations should be gathered and
future studies should focus on the mechanisms behind these relations.
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Lastly, the sample consisted of high school teachers, who are a highly
educated, medium SES subgroup, and the results might not generalize to other
groups with lower education and SES. There might also have been a selection bias in
the sense that for example teachers responded who experienced a lot of stress, or
the opposite, that those with the highest work loads did not respond due to a lack of
time. Furthermore, it might be argued that worry and stressors were reported
relatively infrequently (only 6-9% of the measured diary entries). However, we did
find solid effects of worry and stressors amidst a large pool of neutral episodes
which were independent of biobehavioral factors and psychological traits.
Additionally, if worry is a key detrimental process that might lead to CV disease in
the long run, we do not expect worry to happen often in a healthy population, but is
more likely to happen in a population at risk, such as chronic patients, unemployed
people, or low SES groups. Nonetheless, future studies should focus on these
populations at risk to assess whether the findings of the present dissertation can be
replicated. An interesting issue in studying these populations is whether the load on
the organism is related to a high number of worries or on a more pronounced level
of cardiac activity during worry.

DIRECTIONS FOR FUTURE RESEARCH

The empirical results from this dissertation indicate suggestions for future research.
These suggestions have already been formulated in the chapters above and will be
summarized below.

In general, future studies should be directed at replication of the findings,
taking into consideration the methodological limitations that are raised. More
specifically, various hypotheses should be tested without the disadvantage of
multiple testing in separate samples. The results should be replicated in different
groups of participants, mainly participants at risk for CVD and participants that
experience more stress and worry. The prolonged activation model should be
extended to other physiological systems, such as the endocrine and immune system,
muscle tension, glucose blood level, asthma-related parameters.

In Chapters 2 and 3, we reasoned that in comparison to nhumerous ambiguous
processes such as negative mood, prolonged stress experience, helplessness, or
hopelessness perseverative cognition is best suited to explain prolonged effects of
stressors. This is mainly because perseverative cognition involves a direct trigger of
physiological activation, namely, the representation of the original (or expected)
stressor, the repeated re-evocation of this representation and concomitant stress
experience and physiological activation. Nonetheless, we did not find concrete
evidence that worry effects the relation between stressors and (prolonged) cardiac
activity. Although our empirical evidence shows that perseverative cognition is a
factor with significant cardiac effects, future studies should be directed at elucidating
other possible psychological mechanisms that could mediate the relation between
stressors and prolonged activation. “Need for recovery” (see above) is an elaborate
psychological concept, but its physiological effects are -to our knowledge- not
studied yet.

Our results as well as results from other studies (40, 41) indicate that
different elements of perseverative cognition might be associated with different
levels of physiological cardiac activation in such a manner that presenting different
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definitions of worry might even lead to different results. This suggestion urges future
studies to elucidate these elements and their ability to induce prolonged activation.

Additionally, we found evidence that specific stressor and worry content lead
to more pronounced simultaneous cardiac elevations than others: worry or stress
about work or future-related topics were associated with pronounced cardiac
elevations, as well as work-related stressors. It is possible that worrying about these
topics also leads to more pronounced or longer lasting prolonged activation.
However, due to the infrequent reports of stressful events and worry episodes we
could not assess this hypothesis. It is worthwhile to direct future studies on testing
these suggestions more thoroughly in a larger sample. Additionally, worrying about
stressful events that might happen in the future is an aspect that has been
neglected in conventional stress measurements, which focus on past stressors. Our
findings urge future stress studies to include anticipated stressors or fear of future
stressors when evaluating stress.

Additionally, since the results indicate that worry has significant immediate
and prolonged cardiac effects, future research should focus on intervention studies
designed to reduce frequency and duration of worry. Our group has shown that a
simple intervention can reduce the duration of worry (63), but this and other
strategies need to be further tested before being incorporated in cardiovascular
reduction strategies.

Our results indicate that worry induces prolonged cardiac activation which last
for up to two hours. Together with other studies this suggests that part of
perseverative cognition acts in an unconscious fashion. Since there is almost no
knowledge on how unconscious processing of stressful information induces
physiological effects, this is a challenging new topic for future research.

In conclusion, the results presented in this dissertation stress the importance of
perseverative cognitions for the prolonged activation model. More specifically, they
extend evidence on cardiac effects of worry from the laboratory to daily life. The
findings of prolonged effects of worry and the tendency to worry call for further
research on the role of unconscious perseverative cognitions.
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