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Abstract

Prior research has shown that appraisals are predictive of hemodynamic reaction patterns. The
current study examined the relationship between appraisal and hemodynamic responding in a real-
life stressful situation. Twenty-four men aged 19-28 wore a blood pressure monitor while
presenting a paper in a class.

Participant’s appraisal self-reports were obtained prior to the stressor. Multilevel regression
models were used to analyze the relationships between appraisal and myocardial responding (as
measured by cardiac output) and vascular resistance (as measured by TPR).

Pre-stressor appraisals were significantly associated with CO, both during the stressor (Z=2.03 p<.
05) as well as during the 30-minute anticipation period preceding the stressor (Z=2.43 p<.01). In
line with the predictions, relatively challenged participants showed higher CO. Pre-stressor
appraisals significantly predicted TPR during anticipation (Z=2.70 p<.01) but these associations
failed to reach significance during the stressor (Z =1.82, n.s.). As was predicted, during
anticipation, increased threat was associated with increased TPR. Thus, during the anticipation
period prior to the stressor, increased challenge was associated with decreased vascular resistance
and increased myocardial reactivity. Further, increased threat was associated with increased
vascular resistance and decreased myocardial reactivity. During the stressor increases in challenge
were associated with further increases in myocardial responding but relationships between
appraisal and vascular resistance were not significant.

The current study shows that the relationship between appraisal and hemodynamic reactivity seen
in laboratory studies are also present during naturally occurring stress. Our findings suggest that
threat appraisals to naturalistic stressors contribute to an, arguably unhealthy, vascular reaction
pattern.
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1. Introduction

It is widely held that the cardiovascular response to psychological stress is a risk factor for
cardiovascular disease, the reactivity hypothesis (Krantz & Manuck, 1984). Cardiovascular
reactivity is usually assessed by measuring the CV response to laboratory stressors. The
assumption underlying the use of laboratory stressors is that the responses seen in the
laboratory are typical of those that occur in everyday life such that individuals who show a
large response to laboratory stressors also show larger or more frequent responses in
everyday life. While rarely made explicit it is also assumed that the processes underpinning
cardiovascular reactivity are similar in laboratory and field settings. There has been
extensive research on the generalisation of the CV reactivity from laboratory to field and
while results are mixed (Kamarck & Lovallo, 2003; Linden et al., 2003, Schwartz et al.,
2003) there is some evidence of generalisation to both specific naturalistic stressors and self
reported stress in everyday life (Johnston et al., 2008). However there have been few
attempts to determine if the psychophysiological processes determining CV reactivity to
naturalistic stressors are the same as those established by laboratory studies.

Blood pressure reactivity is determined by two hemodynamic parameters; the output of the
heart (Cardiac Output [CO]) and vascular resistance (Total Peripheral Resistance [TPR])
(Berne & Levy, 1997; Guyton & Hall, 2000). Hemodynamic response patterns differ among
individuals and these characteristics appear to be relatively stable. Thus, individuals may be
labelled as myocardial, vascular or mixed responders (Kasprowicz et al., 1990; Sherwood &
Turner, 1995). A vascular reaction pattern may contribute to structural adaptations of the
heart and the vasculature. Short-term vascular responsiveness may promote vascular
hypertrophy due to recurring stimulation of vascular muscle (Sherwood & Turner, 1995).
Furthermore, stress-induced vascular responsiveness has been shown to predict left
ventricular hypertrophy (Sherwood & Turner, 1995). Steptoe and Marmot (Steptoe &
Marmot, 2005) found that vascular responsiveness was predictive of increased BP 3 years
later. Ottaviani et al. (Ottaviani et al., 2007) recently found evidence suggesting a link
between a vascular recovery pattern and inflammatory cardiovascular risk factors.

Hemodynamic reactivity patterns are affected by a person’s reaction to a stressor, which is
in turn related to the perception or appraisal of the stressor. Differential hemodynamic
response patterns are elicited in reaction to active and passive coping. Active coping with a
stressful situation is associated with a myocardial response (Obrist, 1981). In contrast,
passive coping is associated with a vascular response pattern (Sherwood et al., 1986;
Brownley et al., 2000).

More recently, Tomaka and colleagues (Tomaka et al., 1993; Tomaka et al., 1997) showed
that appraisals are predictive of hemodynamic reaction patterns. Challenge and threat
appraisal were predictive of myocardial and vascular reactivity, respectively. The concepts
of challenge and threat appraisal stem from the work of Lazarus and Folkman (Lazarus,
1966; Lazarus & Folkman, 1984). Blascovich and Tomaka (1996) operationalise appraisal
as the outcome of a comparison of perceived situational demands and perceived resources.
Challenge appraisals result when resources are perceived to be sufficient or nearly sufficient
in comparison to perceived demands. A threat appraisal is made when perceived resources
are considered insufficient to meet the demands (Blascovich and Mendes, 2000).
Correlational studies provided evidence suggesting that during active coping tasks,
challenged individuals showed a myocardial response whereas threatened individuals
showed a vascular response (Tomaka et al., 1993; Heffner et al., 2002, Quigley et al., 2002).
In addition, experimental manipulations of stressor appraisal provided further evidence for
the hypothesised links between appraisal and hemodynamic responding. In these studies,
challenge and threat appraisals were manipulated by using challenging or threatening task
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instructions or situational characteristics (Tomaka et al., 1997; Blascovich et al., 1999;
Blascovich et al., 2001; Mendes et al., 2002; Weisbuch-Remington et al., 2005).

Research on hemodynamic reaction patterns in relation to appraisal has been carried out in
the laboratory, using a limited range of mental stress tests. Relatively recently, non-invasive
ambulatory equipment has been developed that allows the study of hemodynamic reaction
patterns in everyday life situations. Nevertheless, to date, we are not aware of any research
that has been carried out on the hemodynamic response to everyday life stress and relating
this to appraisal.

The current aim is to test whether the relationships between appraisal and hemodynamic
responding observed in the laboratory are found in everyday life stressful situations. It is
examined whether the appraisal-related hemodynamic differences can be found, even in the
face of uncontrollable nuisance variables that are characteristic of naturalistic settings.

In the current study, participants’ hemodynamic reactivity was measured before, during and
after performance of a speech, a task used successfully to study the generalisation of the
magnitude of CV responses from laboratory to field (Johnston et al., 2008). Giving a speech
is an active coping task that can be characterised as a motivated performance situation that is
goal-relevant (i.e. having real or imagined consequences). Public speaking is a task that has
a social-evaluative component, and self-presentation concerns make such a task highly goal-
relevant. Accordingly, it may be argued that task involvement will be uniformly high for all
participants. These characteristics make the current stressor suitable to test the hypothesized
relationships between appraisal and hemodynamic reactivity.

It is hypothesised that, during the stressor, challenged participants will show a myocardial
response, whereas threatened participants are hypothesised to show a vascular response.

Anticipation of the stressor is more difficult to characterise, as it may involve both active
and passive components. It may be argued that that the anticipation phase is a (relatively)
passive stressor since active coping with the stressor (public speaking) is impossible before
the start of this stressor. At the same time, stressor anticipation may involve active coping
such as rehearsal of the talk.

Finally, it is hypothesised that, during recovery, cardiovascular arousal levels will return to
baseline levels. In the current conceptual framework no predictions are specified for the
relationship between appraisal and changes in hemodynamic parameters.

2. Methods
2.1. Participants

Participants were twenty-six males. Gender appears to moderate the relationship between
physiology, appraisal and behaviour (Quigley et al., 2002). To avoid this complication in a
study with a small sample the current study did not include female participants. Participant
recruitment took place via the distribution of e-mails and posters in the University of
Aberdeen. Cardiovascular data in two participants was lost due to equipment failure. The
final sample of participants therefore numbered twenty-four. For this final sample,
participants’ ages ranged 19-28 (mean age: 23.5; SD: 2.5). Participants’ BMI ranged from
17.4 to 34.7 (mean BMI: 23.7; SD: 4.4). Two participants had a BMI higher than 30.
Participants were non-smokers, and they were asked to avoid drinking coffee during the day
of testing. None of the participants used medication. Three participants reported use of
alcohol in the past 24 h, but the highest number of alcohol units reported was no more than

Int J Psychophysiol. Author manuscript; available in PMC 2011 July 7.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zanstra et al.

Page 4

2. The study was granted approval by the University of Aberdeen, School of Psychology
Ethics Committee. Each participant gave informed consent and received 12 GBP.

2.2. Self-report measures

2.2.1. Appraisal—Challenge and threat appraisal was conceptualised as the outcome of a
comparison between perceived demands and perceived resources. If a participant perceives
the situation as a threat then perceived demands outweigh resources. If the participant
perceives the situation as a challenge then perceived resources outweigh perceived demands.
In order to measure situational appraisal, demand and resource ratings were combined into a
ratio, by dividing demands by resources. An appraisal ratio larger than 1 indicates ‘threat’
whereas an appraisal ratio smaller than 1 indicates ‘challenge’ (Tomaka et al., 1993;
Blascovich & Tomaka, 1996; Tomaka et al., 1997).

Following Tomaka et al, (Tomaka et al., 1993; Tomaka et al., 1997) in the current study,
ratings on single-item measures of perceptions of demands and perceptions of resources
were combined into a ratio. Ratings were given on a 7-point Likert scale. In the current
study, perceived demands were measured using the item ‘How demanding do you think the
presentation will be?” Perceived resources were measured using the item “How able are you
to cope with this presentation’.

In order to assess whether the presentation was stressful (manipulation check), participants’
self-reports were obtained using the item “How stressful do you expect the presentation to
be’.

2.3. Equipment

2.3.1. Portapres—Continuous, non-invasive finger arterial pressure was recorded with a
Portapres Model-2 at a sampling rate of 100 Hz. Portapres is the portable version of
Finapres. Portapres consists of a belt, which holds a pump, a memory card, as well as a
hydrostatic pressure measurement device, which records the position of the hand. The
vertical distance between hand and heart may change from time to time, due to hand
movements. Therefore, height correction of the blood pressure signal needs to be carried out
in order to control for artifactual effects of hand position on the finger pressure.

Portapres uses two finger cuffs, rather than one (cf. Finapres). An automatic finger
switching system was set to switch between index and middle finger every 30min to avoid
discomfort and venous congestion.

Portapres has been shown to provide reliable and accurate BP readings (Imholz et al., 1993;
Hirschl et al., 1999). The blood pressure waveform-derived hemodynamic measures are
considered indices of SV, CO and TPR rather than measures of these parameters.
Calibration is necessary in order to obtain accurate absolute measures of hemodynamic
parameters (Voogel & Van Montfrans, 1997). However, as in our case, if the focus is on the
measurement of changes in hemodynamic parameters over time, then calibration is not
necessary as Modelflow-derived hemodynamic reactivity parameters can be tracked with the
same precision as comparison measures (e.g. thermodilution) (Van Lieshout & Karemaker,
2003).

2.4, Data analysis

2.4.1. Data reduction—In the current study, the following cardiovascular variables were
measured: BP (systolic, mean and diastolic); heart rate, SV, CO and TPR.
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HR values were derived from the BP waveform. Beatfast software was used to analyse the
raw BP waveform in order to derive systolic, diastolic, and mean BP as well as CO, SV and
TPR. Modelflow analysis (embedded in the Beatfast software) derives beat-to-beat values
for SV, TPR and CO (Modelflow software; TNO, Amsterdam, The Netherlands).

Before importing the data into the statistical analysis software, periods of interest were
identified and selected from the datasets. The 30-minute period before the start of the
stressor was labelled the anticipation phase. The duration of the stressor differed per
participant and ranged between 5 and 49min (mean duration; 21min, SE: 12min). The 30-
minute period following the stressor was labelled the recovery phase.

2.5. Artifact correction

After obtaining the beat-to-beat values for the cardiovascular variables (SBP, MBP, DBP,
CO, HR, TPR and SV), these data were subsequently imported into Carspan (Mulder, 1980).
Artifact detection and correction was carried out by means of the Carspan software: moving
averages were calculated for time windows of 60 seconds. A value was identified as an
artifact if it exceeds a confidence interval of +/—4 SDs around that moving average. Artifact
correction involved replacing the artifact with a value obtained by linear interpolation
between two preceding and two successive values.

After initial artifact correction, the data were summarised into one-minute means. The one-
minute means for each variable were then imported into the statistical analysis software.
Here, the data were visually inspected for artifacts both collapsed over participants as well
as within participants. Data points that were identified as artifacts were extreme outliers that
were physiologically improbable. These, less than 3% of the data, were deleted and replaced
by missing value codes.

2.6. Procedure

The study involved a field measurement of cardiovascular activity, before, during and after a
presentation. Ambulatory cardiovascular measures were recorded before (anticipation
phase), during (stressor phase) and after (recovery phase) performance of a presentation as
part of the individual’s course requirements (in students) or job.

Participants responded by email to recruitment posters and emails that were sent out to the
student body. In response to the participants’ email, they were provided with further
information about the study.

Participants were required to come to the lab at two occasions; at least 2h before and at least
1h after they had given their presentation.

After obtaining participants’ written consent, the participant’s height and weight were
measured. Manual blood pressure measures were taken, using a non-invasive semiautomatic
osscillometric sphygmanometer (Takeda UA 751, Takeda Medical, Tokyo, Japan). Next, the
participant was connected to the Portapres. After connecting and setting up the Portapres,
participants were asked to fill out a form inquiring after age, smoking, alcohol use and
medication use. Furthermore, participants were asked to fill out the appraisal self-report.

Subsequently, participants were sent away and given a paper and pencil appraisal
questionnaire (see below) to take with them. Furthermore, participants were asked to press
an event marker at the start and at the end of their presentations.

The experimenter encouraged the participants to give their presentation in the second half of
the (typically) hour-long tutorial, 18 out of 24 did so. Duration of the presentation (stressor)
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ranged between 5 and 49min (mean: 20.8min (SD: 12.4). Self-reported audience size during
the participants’ presentations ranged from 4 to 60 (mean: 17.7; SD: 12.9). Ten of the
participants reported receiving a mark for their presentation; thirteen participants did not
receive a mark. Fifteen participants stood during their presentations; while eight participants
sat during their presentations. For one participant this data was missing.

During the second and final laboratory session, the participant returned to have the Portapres
disconnected and to fill out some final questionnaires. After the Portapres was disconnected
and after having filled out the questionnaires, the participants were debriefed, reimbursed
thanked and dismissed.

models

The current data were analysed using multilevel regression models. Multilevel modelling
has several advantages over more traditional statistical approaches such as repeated
measures ANOVA and OLS regression. Like repeated measures ANOVA multilevel
regression models take account of the clustering of measurements within groups, however
multilevel regression models are not restricted to balanced designs. Also multilevel models
use random effects to model the between individual variation, rather than the fixed effects
used in repeated measures ANOVA, this allows a greater generality of inference beyond the
sample. Furthermore multilevel models allow the inclusion of higher level covariates which
is not possible in repeated measures ANOVA (Hox, 1998; Quigley et al., 2002; Rasbash et
al., 2004).

In the first set of models, within-subjects changes in CV arousal levels are modelled. These
models examined changes in CV arousal over the three phases (anticipation—stressor—
recovery), contrasting each phase with the other two phases.

The second set of statistical models addressed the relationships between appraisal and
hemodynamic reactivity (CO & TPR). These were two-level models: at level 1, within-
subjects changes in hemodynamic reactivity over time (in minutes) were modelled. At level
2, between-subjects differences in participants are modelled. Outcome variables were CVR
during anticipation, during the stressor and during recovery. The main predictor was
appraisal, along with the relevant control variables. Anticipation, stressor and recovery
readings are analysed separately.

Appraisal as a predictor of CVR was modelled as a between-subjects variable.

The relationship between appraisal and CVR was controlled for the between-subjects
variables BMI (Body Mass Index) and self-reports of; age, audience size, whether
participants sat or stood during the stressor and whether the presentation was marked or not
and finally the number of alcohol units ingested in the past 24h. For the prediction of CVR
during anticipation and recovery, ‘stand or sit’ was not a predictor as during these phases,
posture was not known.

Data analysis was carried out using MLwiN 2.02, a software package designed for carrying
out multilevel regression analysis. Unstandardized Beta estimates were calculated for all
models specified (see below).

Multilevel modelling uses a maximum likelihood estimation procedure to model the
relationships between predictor and outcome variables. The current data is modelled using
the Restricted Iterative Generalised Least Squares (RIGLS) algorithm.

In order to overcome problems associated with autocorrelation we attempted to
simultaneously model the multilevel and autocorrelation structures using a method described
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in Goldstein, Healy and Rasbash (Goldstein et al., 1994). However, these models did not
converge. Therefore, robust estimators for the standard errors of the fixed predictors are
reported in order to protect against downward bias in the standard errors. Robust estimators
for the standard errors provide more accurate significance tests and confidence intervals in
case of non-normality than the ordinary (‘asymptotic’) residuals (Hox, 2002).

Hypothesis testing may be carried out by constructing 95% confidence intervals for the beta
estimates, in order to test whether the predictors are significantly related to the outcome
variables. In multilevel modelling, typically a Z-test (or Wald test) is used (Hox, 2002).

3.1. Self-reported stressfulness

As was described above, prior to stressor exposure, participants were asked ‘How stressful
do you expect the presentation to be’ on a scale ranging from 1 (not at all) to 7 (extremely).
Post stressor ratings were obtained by the question ‘How stressful was the presentation? The
mean of the stressfulness ratings was 4.08 (95% C.1I.: 3.50-4.67). Post-stressor ratings of
perceived stressfulness had a mean of 3.2 (95% C.1.: 2.87-3.53). These ratings suggest that
the stressor was perceived as moderately stressful. The stressfulness ratings were
significantly (positively) correlated with the appraisal ratio (r=.65, p<.001).

3.2. Cardiovascular arousal levels before, during and after the stressor

Figs. 1 and 2 show the changes in HR and MBP over time for the anticipation, stressor and
recovery phases. For each phase the means for the tertiles of total phase duration are
displayed in order to accommodate the differences in stressor duration between participants.

In order to evaluate cardiovascular arousal levels during the stressor, these were contrasted
with CV arousal levels during anticipation and recovery. Furthermore, anticipation CV
levels were compared to those obtained during recovery.

Analyses showed that the BP variables (SBP, MBP and DBP), as well as TPR significantly
increased from anticipation to stress. On the other hand, SV decreased from anticipation to
stressor. The BP variables, as well as CO and HR all decreased from stressor to recovery.
Changes in CVR as a function of recovery compared to stressor were nonsignificant in SV
and TPR (see Table 1.1). In comparison to recovery, anticipation levels of SBP, HR and CO
were significantly elevated while TPR was significantly higher during recovery (see Table
1.2).

3.3. Appraisal and hemodynamic responding

The mean of the pre-stressor appraisal ratios self reports was 0.79, with a range of 0.14—
1.25. Since the average appraisal ratio is smaller than 1, on average, ratings for perceived
resources were higher than those for perceived demands.

3.3.1. Anticipation—During anticipation, appraisal significantly predicted changes in
TPR and CO. The relationship between appraisal and TPR was positive; an increase in the
appraisal ratio predicted increases in TPR. Thus, relatively threatened participants showed
increased TPR during anticipation. The relationship between appraisal and CO was
negative; participants who were relatively challenged showed an increase in CO (see Table
2.1).

3.3.2. Stressor—During the stressor, appraisal significantly predicted changes in CO,
such that relatively challenged individuals showed increased CO (see Table 2.2).
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3.3.3. Recovery—During recovery, no significant associations were found between pre-
stressor appraisal and CO or TPR (see Table 2.3).

4. Discussion

The current study examined the relationship between appraisal and hemodynamic
responding in a naturalistic stressful situation. Speaking in public was associated with
substantial increases in CV activity. As predicted, during anticipation of the stressor,
increased challenge was associated with decreased vascular resistance and increased
myocardial reactivity. Similarly, during anticipation of speaking, increased threat was
associated with increased vascular resistance and decreased myocardial reactivity.
Furthermore, during the stressor increases in challenge were associated with increases in
myocardial responding although the relationships with TPR were not reliable.

What does this study add to the existing literature? The current study extends the work by
Tomaka and colleagues (Tomaka et al., 1993; Tomaka et al., 1997) in several ways. Most
importantly, it was shown that it is feasible to study hemodynamic reaction patterns in a
naturalistic stressor and relate these patterns to situational and individual variables. It is
important to establish that these associations exist in real life in order to address the question
if appraisal-related changes in vascular reactivity may contribute to an unhealthy
hemodynamic profile.

Furthermore, the current study involved the measurement of hemodynamic changes over
time, while previous studies used a much more static approach, analysing rest-task
differences. The use of repeated measures of the cardiovascular variables provides a richer
picture of the cardiovascular response to this naturalistic stressor and its association with
appraisal. In addition, using more data points results in enhanced reliability of the
cardiovascular measures. Furthermore the stressors used in this study were of different
durations and were of (much) longer duration than the stressors employed in Tomaka et al.
(1993; 1997), showing that the effects obtained are relatively independent of stressor
duration and generalise to stressors of longer duration.

The multilevel regression models used to analyse the data are a more defensible statistical
approach than the ANOVASs and regression models used in prior research. In addition, rather
than using a dichotomous variable indicating challenge or threat, the current study used a
continuous variable.

The results of this study support the hypotheses as the expected response patterns were
obtained. Appraisal was found to predict the hemodynamic variables CO and TPR as
hypothesised. Further, as hypothesised, appraisal did not predict any of the other five
cardiovascular variables that were measured. Thus, in this study appraisal was shown to
have specificity in the prediction of cardiovascular parameters. Furthermore, in prior
research, relationships between appraisal and hemodynamic profile were typically examined
in tasks that lasted no longer than 5 min. The stressors were of variable length, ranging
between 5 and 50min.

The stressor employed in the current study was a public speaking stressor. In laboratory
studies, speech tasks have been shown to be a realistic, relatively ecologically valid
laboratory task. The results of studies on hemodynamic response patterns elicited by the
speech task are inconsistent (Hurwitz et al., 1993; AlAbsi et al., 1997; Llabre et al., 1998).
The speech stressor appears to be able to elicit both types of responses: vascular and
myocardial, and is therefore a useful task to test individual differences in hemodynamic
responding. No clear pattern in situational hemodynamic reactivity emerges, perhaps due to
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variations in the speech tasks employed in different studies, or due to individual differences
in appraisal.

In the current study, available data on postural changes and activity levels is limited to self-
report. In an earlier study of ambulatory BP reactivity, activity, muscle activity and posture
were measured objectively (Jain et al., 1998). Clearly this is preferable particularly in the
analyses of HR which is very metabolically driven. In the current study, participants were
asked whether they sat or stood during their presentation and this information was used as a
covariate. There is no a priori reason to assume that posture or activity are associated with
stressor appraisal, such that posture and activity would be a confounding factor in the
association between appraisal and hemodynamic reactivity. Rather, since the effects of
posture and activity were imperfectly measured it is probable that allowing for these effects
will weaken rather than artifactually strengthen our findings. In future research, statistically
controlling for objectively measured activity and posture may enhance the statistical
associations between appraisal and hemodynamic reactivity. A further limitation is sample
size. Difficulties with participant recruitment resulted in a relatively small sample (24
participants). Despite this, reliable relationships between stress hemodynamic measures and
appraisal were demonstrated.

Future research, in addition to the inclusion of the aforementioned behavioural data (posture,
activity), may also benefit from repeatedly measured stressor appraisals, as well as the
inclusion of other relevant self-reports, to better characterise the psychological processes
that are associated with vascular and myocardial response patterns as a function of time.

A number of other features of the study are worthy of comment. Self-reports of perceived
stressfulness did suggest that the stressor was moderately stressful. In the work by Tomaka
et al. (1993, 1997) the baseline period typically involved measuring cardiovascular variables
during the last minute before the start of the task. Baseline and task measures were
combined into a single difference score for each cardiovascular variable (cf. Tomaka et al.,
1993, Tomaka et al., 1997). In the current study, the mean cardiovascular arousal levels
were higher during the stressor than during the 30 min preceding the stressor (anticipation)
for BP and TPR but not CO and its determinants HR, SV (see Table 1.1). The myocardium
is very responsive and parameters such as HR, CO and SV tend to rise and fall very rapidly.
Itis likely that arousal levels in these myocardial variables were already elevated during
anticipation and therefore started to drop once the participant had been speaking for a few
minutes. HR and CO were markedly higher during anticipation than recovery.

Baseline measures may be taken outside the laboratory and on the same day, during a period
which can be demonstrated to be non-stressful (Johnston et al., 2008). In Johnston et al.
(2008) the baseline period did not necessarily precede the stressor period. In the current
study, it may be argued that rather than the period that precedes the stressor, the period that
follows the stressor could serve as a baseline comparison. In comparison to the recovery
phase, BP levels as well as HR and CO were higher during stressor. This suggests that the
stressor was indeed sufficiently stressful to engender the expected increases in
cardiovascular arousal.

As can be seen in Table 1.1, SBP showed an increase of 21.5 mmHg during stressor in
comparison to recovery. This constitutes an increase of 15% over the mean of 143.8 during
baseline (recovery). HR was 12.5 bpm higher during the stressor than during the recovery
phase. Similarly, this increase constitutes a 15% increase over the mean of 84.1 during
baseline (recovery). These values during the stressor are very similar to those reported by
Turner et al. (1990) in a similar study involving ambulatory measurement of cardiovascular
reactivity during a realistic speech stressor. However, baseline levels in Turner et al. (1990)
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are much lower than we find. Davig, Larkin and Goodie (2000) and Kamarck, Debski and
Manuck (2000) report cardiovascular arousal levels for baseline and stressor periods that
were similar to the values reported in Turner et al. (Turner et al., 1990). Altogether, the
above suggests that for the current data, cardiovascular arousal levels obtained during the
stressor replicate findings obtained in prior research using ambulatory equipment in discrete
naturalistic stressors. However, baseline levels in Turner et al. (1990), Kamarck et al. (2000)
and Davig et al. (2000) are much lower than the baseline (recovery) levels obtained in the
current study. During recovery, cardiovascular arousal levels may still be elevated.
Therefore, the use of recovery measures as a baseline may provide conservative estimates of
the cardiovascular stress response during stressor exposure in the current study.

In summary, BP and HR levels during the stressor in the current study were similar to those
obtained in prior studies, which involved the measurement of cardiovascular responding
during a naturalistic stressor, even though different methods were used for the measurement
of BP. In addition, cardiovascular arousal levels during stressor were generally higher than
those obtained during a recovery baseline. This suggests that the stressor was indeed
stressful.

Since the stressor is an active coping task, the general hemodynamic reaction pattern can be
expected to be cardiac: characterised by increases in CO and decreases in TPR. Indeed, in
comparison to the recovery phase, HR and CO were higher during the stressor, suggesting a
myocardial response (see Table 1.1). TPR did not differ between the recovery and stressor
phases.

In the current approach, it is assumed that within the constraints of the model (i.e. in
situations that are goal-relevant and metabolically undemanding; see Blascovich & Tomaka
(1996)), the relationships between threat and hemodynamic reactivity mirror the
relationships between challenge and hemodynamic reactivity. In other words: within these
constraints, challenge and threat can be operationalised as a single dimension, for the
prediction of hemodynamic reactivity. Folkman and Lazarus (1985) have shown that
participants report both challenge and threat appraisals at the same time: these appraisals are
not mutually exclusive. Folkman and Lazarus designed a study to assess emotion, appraisal
and coping strategy in students, before, during and after an examination. Threat and
challenge self-reports were not correlated in this study (Folkman & Lazarus, 1985). Future
research may compare two-dimensional and single-dimensional operationalisations of the
challenge and threat constructs in the prediction of hemodynamic reactivity.

Finally, the use of self-report measures of demand and resource appraisal may be regarded
as a limitation as these appraisals are by definition not necessarily available to conscious
awareness (Lazarus & Folkman, 1984). Furthermore, it has been argued that men may be
less likely to report being threatened, due to a reporting bias (Quigley et al., 2002). Other
methods used to measure appraisals include observation e.g. Kline, Saab, & Llabre (2005)
obtained observer ratings of nervousness as an index of ‘perceived’ demands. ‘Perceived’
resources were measured by observations of task performance, as the latter may be seen as a
proxy for coping ability (Kline et al., 2005). However, this study did not find the expected
associations between the ratio of demands and resources and hemodynamic response
patterns, which arguably may be related to the observational nature of the appraisal
measures. Experimental studies manipulating challenge and threat have been successful in
obtaining group-differences in vascular and myocardial response patterns. In these studies,
appraisals were manipulated by giving participants challenge or threat instructions, or by
asking participants to cooperate with a stigmatized or otherwise devalued confederate
(Blascovich et al., 1999; Blascovich et al., 2001; Mendes et al., 2002; Tomaka et al., 1997).
Finally, Weisbuch-Remington et al. (2005) used a priming paradigm to affect subconscious
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appraisals and showed that participants in the challenge and threat did differ in
hemodynamic responding to a subsequent stressor. These studies used different
operationalizations of the appraisal constructs that may better measure subconscious aspects
of appraisal than the self-reports used in the current study.

Finally, if challenge and threat responses are indeed respectively adaptive and maladaptive
reaction patterns, as suggested by Dienstbier (1989), then changing appraisal from threat to
challenge may be beneficial in the prevention of future cardiovascular disease. Short-term
vascular responsiveness may contribute to disease by promoting vascular hypertrophy due to
recurring stimulation of vascular muscle. Furthermore, stress-induced vascular
responsiveness has been shown to predict left ventricular hypertrophy (Sherwood & Turner,
1995). Thus, the short-term increases in vascular resistance that were found in the current
study may contribute to structural adaptations of the heart and the vasculature. In order for
the current research to inform future interventions that enhance challenge and or reduce
threat, it should involve the induction of longer-term changes in cognitive appraisal
tendencies.

The current study examined the hemodynamic response patterns in association with
challenge and threat appraisal in a naturalistic, stressful situation. Current findings provide
initial evidence that the relationship between appraisal and hemodynamic reactivity seen in
laboratory studies are also present during naturally occurring stress. Our findings suggest
that threat appraisals to naturalistic stressors contribute to an, arguably unhealthy, vascular
reaction pattern.

Abbreviations

ANOVA analysis of variance

CcoO cardiac output

Ccv cardiovascular

CVR cardiovascular reactivity

DBP diastolic blood pressure

MBP mean blood pressure

oLS ordinary least squares

SBP systolic blood pressure

SV stroke volume

TPR total peripheral resistance
References

Alabsi M, Bongard S, Buchanan T, Pincomb GA, Licinio J, Lovallo WR. Cardiovascular and
neuroendocrine adjustment to public speaking and mental arithmetic stressors. Psychophysiology.
1997; 34:266-275. [PubMed: 9175441]

Berne, RM.; Levy, MN. Cardiovascular physiology. St. Mosby; Louis: 1997.

Blascovich, J.; Mendes, WB., editors. Challenge and threat appraisals: The role of affective cues.
Cambridge university press; New York: 2000.

Blascovich J, Mendes WB, Hunter SB, Lickel B, Kowai-Bell N. Perceiver threat in social interactions
with stigmatized others. J Pers Soc Psychol. 2001; 80:253-267. [PubMed: 11220444]

Blascovich J, Mendes WB, Hunter SB, Salomon K. Social “facilitation” as challenge and threat. J Pers
Soc Psychol. 1999; 77:68-77. [PubMed: 10434409]

Int J Psychophysiol. Author manuscript; available in PMC 2011 July 7.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zanstra et al.

Page 12

Blascovich J, Tomaka J. The biopsychosocial model of arousal regulation. Adv Exp Soc Psychol.
1996; 28:1-51.

Brownley, KA.; Hurwitz, BE.; Schneiderman, N., editors. Cardiovascular psychophysiology.
Cambridge university press; New York: 2000.

Davig JP, Larkin KT, Goodie JL. Does cardiovascular reactivity to stress measured in the laboratory
generalize to thesis and dissertation meetings among doctoral students? Int J Behav Med. 2000;
7:216-235.

Diensthier RA. Arousal and physiological toughness - implications for mental and physical health.
Psychological Review. 1989; 96:84-100. [PubMed: 2538855]

Folkman S, Lazarus RS. If it changes it must be a process: study of emotion and coping during three

stages of a college examination. J Pers Soc Psychol. 1985; 48:150-170. [PubMed: 2980281]

Goldstein H, Healy MJR, Rashash J. Multilevel time-series models with applications to repeated-
measures data. Stat Med. 1994; 13:1643-1655. [PubMed: 7973240]

Guyton, AC.; Hall, JE. Textbook of medical physiology. Saunders; Philadelphia: 2000.

Heffner KL, Ginsburg GP, Hartley TR. Appraisals and impression management opportunities: person
and situation influences on cardiovascular reactivity. Int J Psychophys. 2002; 44:165-175.

Hirschl MM, Woisetschlager C, Waldenhofer U, Herkner H, Bur A. Finapres vs portapres. J Hum
Hypertens. 1999; 13:899. [PubMed: 10618684]

Hox, J. Multilevel modeling: when and why. In: Balderjahn, I.; Mathar, R.; Schader, M., editors.
Classification, data analysis, and data highways. Springer Verlag; New York: 1998. p. 147-154.

Hox, J. Multilevel Analysis: Techniques and Applications Mahwah. Erlbaum; NJ: 2002.

Hurwitz BE, Nelesen RA, Saab PG, Nagel JH, Spitzer SB, Gellman MD, Mccabe PM, Phillips DJ,
Schneiderman N. Differential patterns of dynamic cardiovascular regulation as a function of task.
Biol Psychol. 1993; 36:75-95. [PubMed: 8218626]

Imholz BPM, Langewouters GJ, Vanmontfrans GA, Parati G, Vangoudoever J, Wesseling KH,
Wieling W, Mancia G. Feasibility of ambulatory, continuous 24-hour finger arterial pressure
recording. Hypertension. 1993; 21:65-73. [PubMed: 8418025]

Jain A, Schmidt TFH, Johnston DW, Brabant G, Von Zur Muhlen A. The relationship between heart
rate and blood pressure reactivity in the laboratory and in the field: Evidence using continuous
measures of blood pressure, heart rate and physical activity. J Psychophys. 1998; 12:362-375.

Johnston DW, Tuomisto MT, Patching GR. The relationship between cardiac reactivity in the
laboratory and in real life. Health Psychol. 2008; 27:34-42. [PubMed: 18230011]

Kamarck TW, Debski TT, Manuck SB. Enhancing the laboratory-to-life generalizability of
cardiovascular reactivity using multiple occasions of measurement. Psychophysiology. 2000;
37:533-542. [PubMed: 10934912]

Kamarck TW, Lovallo WR. Cardiovascular reactivity to psychological challenge: Conceptual and
measurement considerations. Psychosom Med. 2003; 65:9-21. [PubMed: 12554812]

Kasprowicz AL, Manuck SB, Malkoff SB, Krantz DS. Individual differences in behaviorally evoked
cardiovascular response: temporal stability and hemodynamic patterning. Psychophysiology. 1990;
27:605-619. [PubMed: 2100346]

Kline KA, Saab PG, Llabre MM. Behavioral indices of threat and challenge in Hispanic adolescents
and hemodynamic responses to a speech stressor. Int J Psychophysiol. 2005; 55 (3):343-348.
[PubMed: 15708647]

Krantz DS, Manuck SB. Acute psychophysiologic reactivity and risk of cardiovascular disease: a
review and methodologic critique. Psychol Bull. 1984; 96:435-464. [PubMed: 6393178]

Lazarus, RS. Psychological stress and the coping process. McGraw-Hill; New York: 1966.

Lazarus, RS.; Folkman, S. Stress, appraisal and coping. Springer; New York: 1984.

Linden W, Gerin W, Davidson K. Cardiovascular reactivity: Status quo and a research agenda for the
new millennium. Psychosom Med. 2003; 65:5-8. [PubMed: 12554811]

Llabre MM, Klein BR, Saab PG, Mccalla JB, Schneiderman N. Classification of individual differences
in cardiovascular responsivity: The contribution of reactor type controlling for race and gender. Int
J Behav Med. 1998; 5:213-229. [PubMed: 16250703]

Int J Psychophysiol. Author manuscript; available in PMC 2011 July 7.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zanstra et al.

Page 13

Mendes WB, Weisbuch M, Blascovich J, Seery M. Cardiovascular responses after subliminal
presentations of affectively valenced religious pictures. Psychophysiology. 2002; 39:558.

Mulder, G. The heart of mental effort: Studies in the cardiovascular psychophysiology of mental work.
University of Groningen; 1980.

Obrist, PA. Cardiovascular psychophysiology: A perspective. Plenum Press; New York: 1981.

Ottaviani C, Shapiro D, Goldstein IB, Mills PJ. Vascular profile, delayed recovery, inflammatory
process, and ambulatory blood pressure: Laboratory-to-life generalizability. Int J Psychophys.
2007; 66:56—65.

Quigley KS, Barrett LF, Weinstein S. Cardiovascular patterns associated with threat and challenge
appraisals: a within-subjects analysis. Psychophysiology. 2002; 39:292-302. [PubMed: 12212648]

Rasbash, J.; Steele, F.; Browne, W.; Prosser, B. A User’s Guide to MLwiN version 2.0. London:
Centre for Multilevel Modelling, Institute of Education. University of London; 2004.

Schwartz AR, Gerin W, Davidson KW, Pickering TG, Brosschot JF, Thayer JF, Christenfeld N,
Linden W. Toward a causal model of cardiovascular responses to stress and the development of
cardiovascular disease. Psychosom Med. 2003; 65:22—35. [PubMed: 12554813]

Sherwood A, Allen MT, Obrist PA, Langer AW. Evaluation of beta-adrenergic influences on
cardiovascular and metabolic adjustments to physical and psychological stress. Psychophysiology.
1986; 23:89-104. [PubMed: 3003780]

Sherwood A, Turner JR. Hemodynamic responses during psychological stress: implications for
studying disease processes. Int J Behav Med. 1995; 2:193-218. [PubMed: 16250774]

Steptoe A, Marmot M. Impaired cardiovascular recovery following stress predicts 3-year increases in
blood pressure. J Hypertens. 2005; 23:529-536. [PubMed: 15716693]

Tomaka J, Blascovich J, Kelsey RM, Leitten CL. subjective, physiological, and behavioral effects of
threat and challenge appraisal. J Pers Soc Psychol. 1993; 65:248-260.

Tomaka J, Blascovich J, Kibler J, Ernst JM. Cognitive and physiological antecedents of threat and
challenge appraisal. J Pers Soc Psychol. 1997; 73:63-72. [PubMed: 9216079]

Turner JR, Girdler SS, Sherwood A, Light KC. Cardiovascular responses to behavioural stressors:
laboratory-field generalization and inter-task consistency. J Psychosom Res. 1990; 34:581-589.
[PubMed: 2231490]

Van Lieshout JJ, Karemaker JM. Tracking of cardiac output from arterial pulse wave. Clinical Science.
2003; 104:239. [PubMed: 12605578]

Voogel AJ, van Montfrans GA. Reproducibility of twenty-four-hour finger arterial blood pressure,
variability and systemic hemodynamics. Journal of hypertension. 1997; 15:1761-1765. [PubMed:
9488236]

Weisbuch-Remington M, Mendes WB, Seery MD, Blascovich J. The non-conscious influence of
religious symbols in motivated performance situations. Pers Soc Psychol Bull. 2005; 31:1203-
1216. [PubMed: 16055640]

Int J Psychophysiol. Author manuscript; available in PMC 2011 July 7.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vVd-HIN

Page 14

110 HR: anticipation 110 HR: stressor 110 HR: recovery
105 105 105
100 100 100
95 95 95
90 90 90
85 85 85
80 80 80
75 75 75
1 2 3 1 2 3 1 2 3

Fig. 1.
HR during the first, second and third tertile of the duration of the anticipation, stressor and
recovery phases, error bars represent the standard error of the mean.
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Fig. 2.
MBP during the first, second and third tertile of the duration of the anticipation, stressor and
recovery phases, error bars represent the standard error of the mean.
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