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A B S T R A C T

Worry has been related to delayed stress recovery and cardiovascular disease risk. Cardiovascular

responses to a range of laboratory tasks were examined in this study of high and low worriers.

Undergraduate women were recruited with the Penn State Worry Questionnaire to form low (n = 19) and

high (n = 22) worry groups. These individuals engaged in six laboratory tasks (orthostatic stress, supine

rest, hand cold pressor, mental arithmetic, and worry and relaxation imagery) while heart rate (HR), HR

spectral analysis, impedance cardiography, and blood pressure were acquired. The only significant group

difference found was a consistently greater HR across tasks in high worriers (p < .05). No group by

condition interactions emerged. High trait worry in healthy young women appears to be marked by

elevated HR in the absence of autonomic abnormalities. These findings are discussed relative to the

literature on worry, with particular reference to its health implications.

� 2008 Elsevier B.V. All rights reserved.
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Research on the relationship between personality and cardi-
ovascular disease (CVD) has been historically influenced by the
Type A construct (see Friedman and Rosenman, 1971). Accord-
ingly, the literature in this area is dominated by a focus on the Type
A-derived traits of anger and hostility (see Everson-Rose and Lewis,
2005, for review). Over the last several decades, anxiety has
emerged as another trait that may confer increased CVD risk. A
number of earlier epidemiologic studies found anxiety to be an
independent risk factor for CVD (Haines et al., 1987; Kawachi et al.,
1994a,b). This association has been confirmed in more recent
research (Barger and Sydeman, 2005; Shen et al., 2008). In a review
of the literature, Kubzansky and Kawachi (2000) concluded that
among various manifestations of negative affect, anxiety was a
stronger predictor of coronary heart disease than either anger or
depression.

Anxiety, as a derivative of the basic emotion fear, is a multi-
faceted construct with cognitive, behavioral, and physiological
components (Plutchik, 1990). From this perspective, fear and
anxiety may be viewed on a continuum from state to trait anxiety
to anxiety disorders. Indeed, studies of the relationship of anxiety
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to CVD have used both trait measures and clinical diagnosis as
inclusion criteria. Additionally, the association between anxiety
and CVD appears to be less consistent in women than in men
(Eaker et al., 1992; Matthews et al., 1998). All of these factors cloud
the study of anxiety in relation to CVD, particularly in regard to
identification of mechanisms that might account for the relation-
ship between the two.

Systematic laboratory work is needed in conjunction with
epidemiologic evidence to uncover the processes that may link
anxiety with CVD. This is the process that led from initial
development of the Type A construct to testing of the reactivity

hypothesis of hostility and CVD (Harbin, 1989; Manuck, 1994). The
reactivity hypothesis posits that chronic large increases in CV
variables in response to stressors are a risk factor for CVD. Although
the literature is not entirely consistent, numerous prospective
studies have linked high CV reactivity to stress with the
development of CVD (Rozanski et al., 1999; Treiber et al., 2003).
Cross-sectional studies have been somewhat more contradictory
in demonstrating that trait hostility is associated with high CV
reactivity (Suls and Wan, 1993).

Relatively few studies have investigated anxiety within the
framework of the CV reactivity model. However, a growing body of
literature indicates that anxiety in its clinical, trait, and state forms
is associated with low cardiac vagal control, as indexed through the
analysis of heart rate variability (HRV) (see Friedman, 2007, for
review). Poor parasympathetic ‘‘braking’’ of HR might possibly be a
factor in high CV reactivity. Alternatively, low cardiac vagal control
might also lead to sustained CV activation and poor stress recovery
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(Mezzacappa et al., 2001). Recovery reflects the magnitude,
duration, and frequency of CV responding, and as such may be a
more informative measure than CV reactivity, which only yields
information on the magnitude of responses (Schwartz et al., 2003).

Delayed CV recovery to stress may be a common factor that
links both hostility and anxiety to disease risk. CV recovery has
been found to longitudinally predict resting blood pressure (BP)
(Stewart and France, 2001), and slow CV recovery has been linked
with hypertension and CVD risk factors such as lack of fitness and
low socioeconomic status (Schuler and O’Brian, 1997; Steptoe
et al., 2002). Moreover, state anxiety has been associated with
delayed BP recovery to stress (Vitaliano et al., 1995).

According to the perseverative cognition hypothesis, hostility
coupled with the tendency to suppress anger may delay CV recovery
through rumination (Brosschot and Thayer, 1998). In this hypoth-
esis, some hostile individuals may perseverate on their anger,
thereby sustaining CV activation long after a provocative incident
has concluded. This model has been extended to included persistent
worry, which shares with chronic anger suppression the main-
tenance of negative affect in consciousness—i.e., rumination
(Brosschot et al., 2006). Worry is often viewed as an aspect of
anxiety that involves a predominance of verbal thought, the function
of which is the cognitive avoidance of threat (Borkovec et al., 1998).

In fact, longitudinal data indicate that men reporting high levels
of trait social worry are at increased risk for nonfatal and fatal CVD
(Kubzansky et al., 1997). Laboratory manipulated rumination
(state condition) has been shown to delay BP recovery to emotional
stressors (Gerin et al., 2006; Glynn et al., 2002). Trait worry has also
been associated with elevated HR and reduced HRV and cardiac
vagal tone during ‘‘real-life’’ ambulatory recording of waking and
sleep periods (Brosschot et al., 2007; Pieper et al., 2007) and during
laboratory-induced worry (Hofmann et al., 2005). Persistent worry
is the defining feature of generalized anxiety disorder (GAD;
American Psychiatric Press, 1994), which has been linked with
phasic and tonic HR elevations, low HRV, and poor cardiac vagal
control (Thayer et al., 1996; Thayer et al., 2000). In contrast, a
negative finding was reported in a study that in general revealed no
HR or HRV differences between high and low trait worriers in
response to various laboratory stressors (Davis et al., 2002).

The aim of the present study was to compare high and low
worriers on CV reactivity and recovery to a series of laboratory
manipulations. These conditions were selected to represent three
task types that have been used widely in stress reactivity and anxiety
research. The first task type consisted of body position adjustments
that evoke mechanical CV responses. Such tasks are primarily
physical in nature and vary little on psychological features. Two
tasks were chosen in this category: (1) Orthostatic stress, which
involves standing upright from a sitting position, generally eliciting
sympathetic CV activation and vagal withdrawal (Friedman and
Santucci, 2003; Pagani et al., 1995); (2) Supine rest, which entails
lying down in fully reclined position, evoking vagal increases and
sympathetic CV withdrawal (Friedman and Santucci, 2003).

The second task pair consisted of hand cold pressor and mental
arithmetic, two classic exemplars of the ‘‘active’’ (mental
arithmetic) vs. ‘‘passive’’ (cold pressor) distinction between CV
stressors (Obrist, 1981; Vella and Friedman, 2007). Hand cold
pressor is marked by sympathetic alpha-adrenergic activation
(Saab et al., 1993). Reactivity to this task has yielded both positive
(e.g., Kasagi et al., 1995) and negative (e.g., Carroll et al., 1996)
findings in predicting hypertension. Mental arithmetic, character-
ized by cardiac sympathetic beta-adrenergic activation and vagal
withdrawal, is considered to be a prototypical mental stressor due
to its potency and minimal motor demands (Lovallo, 2005).

The final task set was directed at simulating anxious rumina-
tion. A worry imagery task was used to elicit focused anxiety about
a subject of great individual concern. This manipulation is marked
by vagal withdrawal (Thayer et al., 1996). To contrast this
condition, a relaxation imagery task was used to evoke mental
calm and vagal activation (Hofmann et al., 2005).

The low and high in worry samples in this study were selected
on the basis of the Penn State Worry Questionnaire (PSWQ), an
instrument developed and validated for this purpose (Meyer et al.,
1990). Worry is the primary feature of GAD, which is about twice as
prevalent in women as in men (American Psychiatric Press, 1994).
Also, gender differences have been found in previous research on
autonomic modulation of cardiovascular activity (Ramaekers et al.,
1998). Therefore, for ease of recruitment as well as control of the
factor of gender, only women were included in this study.

We hypothesized that women scoring high on worry would
generally show increased CV reactivity, delayed CV recovery, and
low vagal control of HR in response to these tasks. Additionally, an
interaction was predicted in that these effects would be magnified
during the worry imagery task. The prediction is based on an
extension of the ‘matching hypothesis’ which generally holds that
the best fit of person and experimental conditions is likely to reveal
individual differences in CV reactivity and recovery (Engebretson
et al., 1989).

Individuals engaged in three sets of task pairs, six conditions
total: supine rest and orthostatic stress, mental arithmetic and
hand cold pressor, and relaxation and worry imagery. Three
dimensions of CV responding were assessed: anticipation (prior to
the tasks), reactivity (during the tasks), and recovery (after the
task). A montage of measures were used to capture multiple
aspects of CV function, including cardiac chronotropic indices
obtained from the electrocardiogram (ECG), contractility measures
derived from the impedance cardiogram (ICG), and vascular
activity as expressed in BP.

1. Method

1.1. Subjects

Forty-one nonsmoking female college students (mean age = 19.7 years) were

recruited for the laboratory study through the Virginia Tech Psychology

Department’s online subject recruitment system. Initially, 472 women completed

the online version of the PSWQ. During this selection process, students were

screened via a physical and mental health background form included with the

PSWQ. One question included in this health form asked for the individual’s greatest

fear or cause of worry. Information was also collected on medications, prior

negative physical and mental health life events, and height and weight to calculate

body mass index (BMI). Exclusionary criteria included cardiovascular, pulmonary,

or other medical conditions such as hypertension, back pain, diabetes, or

neurological disorders, and tobacco use. Those taking anti-depressive or anxiolytic

medication were also excluded. Three hundred thirty of the 472 women completing

the online screening were deemed eligible for the laboratory part of the study. Extra

credit toward psychology courses was earned by participation in both the online

and laboratory portions. All portions of the study were approved by the Virginia

Tech Institutional Review Board.

Subjects were grouped by worry level after initial screening. Those scoring in the

bottom third of 330 eligible individuals on the PSWQ were classified as low worry,

and those scoring in the top third were classified as high worry. A total of 180

eligible subjects were invited to participate in the laboratory portion of the study.

From these invited individuals, 22 women from the high worry group (M

PSWQ = 67.3, S.D. = 5.3) and 19 women from the low worry group (M PSWQ = 37.7,

S.D. = 6.5) chose to participate. The Godin Leisure-Time Exercise Questionnaire

(Godin and Shephard, 1997) was used to assess physical activity level in the

laboratory sample; the worry groups did not differ on this measure. Subjects were

asked to abstain from alcohol for 24 h and caffeine for 12 h prior to the laboratory

session. The study was double-blind in that neither the experimenter nor the

subject knew which worry group the individual belonged to.

1.2. Apparatus and materials

1.2.1. Penn State Worry Questionnaire

The PSWQ is a 16-item instrument that displays good psychometric properties

such as high internal consistency, convergent and discriminate validity, and test–

retest reliability (Brown et al., 1992; Meyer et al., 1990). Examples of items which



1 BMI was treated as a categorical rather than as a continuous variable due to a

skewed distribution of BMI relative to worry group. Specifically, there were more

obese/overweight individuals in the low worry group and more underweight

subjects in the high worry group. There was a marginal (r = �.29, p < .07) negative

association between BMI and PSWQ score (higher BMI group correlated with a

lower worry score).
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are scored on a 5-point Likert-type scale include ‘‘My worries overwhelm me’’, and

‘‘Many situations make me worry.’’ The PSWQ has shown discriminant validity in

distinguishing individuals meeting DSM criteria for GAD from those with other

anxiety disorders or depression (Brown et al., 1992; Fresco et al., 2003; Meyer et al.,

1990; Roemer et al., 1995). Use of the PSWQ is supported in application to (a)

diagnostic screening and treatment of GAD, (b) the nature of normal and

pathological worry, and (c) in identifying analogue GAD subjects for preliminary

research on the processes associated with chronic worry and GAD (Brown et al.,

1992; Fresco et al., 2003; Roemer et al., 1995).

1.2.2. Recording equipment

The ECG and ICG were recorded with the Ambulatory Monitoring System v4.4

(AMS; Vrije Universiteit, the Netherlands), the validity and reliability of which has

been established (Willemsen et al., 1996). Ag–AgCl electrodes were attached to the

torso region in accordance with user manual guidelines (Groot et al., 1998). BP was

monitored using the IBS SD-700A automated monitor (Industrial & Biomedical

Sensors Corp., Waltham, MA).

1.3. Dependent physiological measures

HR (in beats per minute; b.p.m.) and HRV indices were derived from the ECG,

which was analog filtered (high pass 17 Hz) at acquisition and subjected to online

auto trigger level R-wave detection resulting in a resolution of 1 ms. HRV analysis

was performed using HRV Analysis Software v1.1 (The Biomedical Signal Analysis

Group, University of Kuopio, Finland). Among other HRV measures, this program

yields estimates of the ECG power spectrum in the low (LF; 0.04–0.15 Hz) and high

(HF; 0.15–0.40 Hz) bandwidths using a Fast Fourier Transform. In the present study,

HF power served an index of vagally mediated respiratory influences on HR (Allen

et al., 2007; Friedman et al., 2002). LF power served as a measure of slower,

baroreceptor mediated influences on HR, for which there is evidence of both vagal

and sympathetic b-adrenergic underpinnings (e.g., Friedman et al., 1996; Malliani

et al., 1998; cf. Eckberg, 1997; Porges, 2007). LF and HF power were expressed in

normalized power spectral density units. The ICG was used to calculate pre-ejection

period (PEP in ms), a putative measure of cardiac sympathetic b-adrenergic activity

(Sherwood et al., 1990). IBI sequences were examined for validation. IBIs over two

standard deviations outside the normal range were removed as were IBIs that

differed more than 33% from the previous IBI. Finally, systolic (SBP) and diastolic

(DBP) blood pressures (in mmHg) were obtained with the IBS monitor. ECG and ICG

were recorded continuously during baseline, task, and recovery periods; SBP and

DBP were taken during the first 45 s of these periods.

1.4. Procedure

Subjects were greeted by the experimenter upon arrival at the lab, seated in a

comfortable lounge chair, read an explanation of the study, and gave informed

consent. Recording equipment was then applied, and individuals were asked to sit

quietly for three minutes with eyes closed so that physiological equipment could be

checked for accuracy. This initial recording period was used subsequently as an

‘anticipatory baseline’ that reflects state prior to the onset of the experimental

procedure. After this period, the experimenter administered a short health

questionnaire and gave a verbal description of the experimental protocols.

Following this explanation, the task portion of the study began.

1.4.1. Task descriptions

The task portion consisted of six stressors lasting three minutes each. All tasks

were performed with eyes closed. Each task was preceded by a 3-min baseline

during which a segment of a non-stimulating video portraying daily life scenes and

containing no words was shown (see Vella and Friedman, 2007, for details). A three-

minute recovery period of quiet sitting with eyes closed followed each task. ECG

and ICG were continuously recorded during each epoch. BP recording began at the

start of each epoch, with one reading per epoch.

The first task pair involved two body position adjustments. Orthostatic stress

involved arising from a lounge chair and standing for 3 min. The instructions were

to remain as still as possible while standing without moving, slouching, or opening

the eyes. The recovery period began at the end of three minutes upon return to the

seated position. In supine rest, the lounge chair was moved from an upright to a

fully reclined position, and the subject was instructed to lie quietly still and not sit

up for the 3-min period. If any movement was seen, the experimenter asked the

subject stay motionless. At the end of the task, the chair was set back to the upright

position for the recovery period.

The second task set paired two standard CV stressors. In hand cold pressor, the

seated upright individual placed the left hand up to the wrist in a tub of iced water

kept at 3–6 8C. A small filter in the tub prevented directed contact between the

hand and ice. The instructions were to try to keep the hand in the water for the full

three minutes if possible, but the hand could be removed from the water if

excessive discomfort was experienced. At the end of the task, the hand was dried

off with a towel and the recovery period began. The mental arithmetic task

involved serial subtraction beginning at 3000 and decreasing toward zero by
intervals of seven. Instructions were to try to reach the lowest number possible

with the fewest errors.

The final set consisted of imagery tasks patterned after those used in Thayer et al.

(1996). In one task, the individual was asked to worry about a topic that had been

identified in the online questionnaire as their greatest fear, worry or point of

concern. The instructions were to sit quietly and focus on the stated concern by

picturing the worry and its consequences, concentrating on the details of the worry

such as what the worry embodied and its personal effects. Instructions were to clear

one’s mind of all thoughts when the recovery period began. The other task in this

pair involved relaxation imagery, which was elicited by means of a guided

relaxation audiotape that employs soothing, pulsing tones. Instructions were to

remain still and relax as much as possible while focusing on the tones and the voice

providing the guided relaxation.

After the six tasks were completed, the PSWQ was administered again to verify

that subjects remained in their initial worry category. The goals of the study were

then disclosed, and the option of seeing one’s CV measures and learning one’s worry

group was given. Any remaining questions were addressed, extra credit was

assigned, electrodes were removed, and individuals were thanked for participation.

1.4.2. Design and statistical analyses

Tasks were completed in randomized order pairings across subjects that were

counterbalanced within but not between task pairings. The body position set

always came first, followed by standard and then imagery tasks. The rationale for

this strategy was two-fold: (a) full counterbalancing was not feasible within the

sample size of the study, and (b) the worry imagery task was placed near the end of

the study to avoid contamination of the other tasks by continued rumination among

the high worry group. Within each task set, orthostatic stress and supine rest, hand

cold pressor and mental arithmetic, and relaxation and worry imagery were

counterbalanced across subjects.

The primary hypotheses were analyzed by 2 (group: low vs. high worry) � 18

(condition: baseline, task, and recovery) repeated measures ANOVAs on the

dependent variables of HR, LF and HF power, PEP, SBP and DBP. Within-subjects

differences across tasks were examined with a Huynh–Feldt correction for degrees

of freedom. Paired t-tests were used to compare within-subjects effects between

task epochs and baseline/recovery epochs. Covariates used in this study were BMI

category, menstrual cycle phase, and time of participation. Subjects with

incomplete worry questionnaires in the initial screening were excluded from

participation. CV data were missing from one subject in the anticipatory epoch, and

in two more during all other conditions due to equipment malfunction. Data from

these three individuals were excluded from analysis.

2. Results

2.1. Primary analyses

No significant group differences were initially found for any
dependent variable. On further examination, it was clear that the
group data were skewed on BMI, with more obese/overweight
subjects in the low worry group and more anorexic/underweight
subjects in the high worry group. Accordingly, this and all
subsequent analyses were run with BMI group as a covariate.1

There were four BMI groups: 17.0–18.5 (underweight); 18.6–25.0
(normal); 25.1–30.0 (overweight); and >30.0 (obese). The overall
group difference in HR was now significant (F(1, 35) = 4.84,
p < .05). It was also necessary to adjust for two other factors:
hormonal fluctuations of the menstrual cycle (Princi et al., 2005;
Vallejo et al., 2005) and circadian rhythms (Conrad et al., 2008),
both of which can influence HRV. Menstrual phase and time of
testing were thus entered as covariates. When all three factors
(BMI group, menstrual phase, and time of testing) were controlled,
the HR results remained significant (F(1, 33) = 5.01, p < .05). As
shown in Fig. 1, this difference was robust; the high worry group
showed higher HR across all conditions. These differences were
significant at p = .05 or less for the following conditions: baselines
preceding orthostatic stress, supine rest, cold pressor, and worry;



Fig. 1. Comparison of HR between high and low worriers across epochs.
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during supine rest; and in recovery following orthostatic stress,
supine rest, and cold pressor. The differences were marginally
significant (p < .06 � .1) for the baseline preceding relaxation and
mental arithmetic, during orthostatic stress and mental arithmetic,
and in the recovery period after mental arithmetic. There were no
other significant main effects for group on any CV variable other
than HR.

Significant main condition effects were found for two CV
variables on within-subjects differences: HR (F(8, 275) = 3.26,
p < .005) and HF power (F(15, 518) = 1.74, p < .05; see Fig. 2). Each
task was then compared to its corresponding baseline and recovery
periods. HR was significantly higher during orthostatic stress and
mental arithmetic than in their respective baseline (orthostatic
stress: t(37) = 11.9, p < .001; mental arithmetic: t(37) = 7.5,
p < .001) and recovery epochs (orthostatic stress: t(37) = 11.0,
p < .001; mental arithmetic: t(37) = 9.2, p < .001). HR was also
significantly higher during cold pressor than in its recovery period
(t(37) = 6.8, p < .001). Similarly, HF power was significantly
reduced in orthostatic stress when compared to baseline
(t(37) = 4.6, p < .001) and recovery (t(37) = 5.3, p < .001). HF
power was higher in supine rest in comparison to its baseline
(t(37) = 3.1, p < .005). Other task contrasts with baseline and
recovery were not significant for HR and HF power, and there were
Fig. 2. HF power across epochs in all subjects.
no significant main condition effects or group by condition
interactions for LF power, PEP, SBP, and DBP.

2.2. Anticipatory baseline analysis

All dependent variables were examined at the anticipatory
baseline while again controlling for BMI, menstrual cycle, and time
of testing. Again, HR was found to be higher in the high
(M = 81.0 b.p.m., S.E. = 2.3) than low (M = 72.5 b.p.m., S.E. = 2.2)
worry group (F(1, 33) = 6.55, p < .02). No other CV variables
differed significantly during this condition.

3. Discussion

The primary finding of this study was a consistent HR elevation
in the high worry group when compared to the low worry group.
HR was greater in high worriers across all conditions in the study.
Moreover, the high worriers showed elevated HR shortly after
arrival in the lab, prior to the onset of the experimental protocols
(i.e., in the anticipatory baseline). These results are consistent
with reported associations between elevated HR and worry in its
various forms, such as GAD (Thayer et al., 1996) and state and trait
worry and rumination (Dua and King, 1987; Brosschot et al., 2007;
Pieper et al., 2007; Roger and Jamieson, 1988). These data do
conflict with the one extant negative finding on worry and HR
(Davis et al., 2002). No association was found in the present study
between worry and reduced HRV, in contrast to other reports of
this relationship (Brosschot et al., 2007; Pieper et al., 2007; Thayer
et al., 1996). As such, the lack of group differences in HF power
bears closer scrutiny.

First, it should be noted that in general, HF power changed in
the expected direction in response to experimental manipulations;
i.e., it increased during supine rest and decreased during
orthostatic stress and mental arithmetic when compared to
baseline and recovery. Hence, it appears that HF power served
as a valid vagal indicator during these conditions, and so it can be
assumed that lack of group differences in vagal control is a reliable
finding of the study.

Discrepancies between this and other studies might stem from
the distinction between clinical GAD, in which HRV differences
have been found (Thayer et al., 1996), and PSWQ assessed trait
worry. Although the convergence of the PSWQ and GAD was noted
above, it is possible that the high worry group in this study
included significant numbers of sub-clinical GAD individuals.
There were no clinical diagnoses made in this study, so this
possibility cannot be ruled out. However, the mean PSWQ score in
the high worry group (M = 67.3) is comparable to those in other
studies that found high overlap between PSWQ score and GAD
diagnosis (cf. M = 68.1 in Fresco et al., 2003; M = 66.5 in Roemer
et al., 1995). As such, this explanation is plausible but unlikely.
Future studies that include GAD diagnosis, PSWQ criteria, and
physiological indices will be informative in this regard.

Diminished HRV in state worry has been found in ambulatory
studies (Brosschot et al., 2007; Pieper et al., 2007). It is conceivable
that HRV differences are more apparent in varied, naturalistic
contexts than in more restricted laboratory settings. Moreover,
the significant negative relationship between trait worry and HRV
found in Brosschot et al. (2007) became marginal after partialing
out the effects of variables such as smoking, alcohol, and caffeine.
On the other hand, the negative association between trait worry
and HR remained significant after being subject to the same
analyses. Perhaps HR is a more robust indicator of worry than
HRV, and HRV differences are more likely to appear in extreme
cases (i.e., clinical GAD) or naturalistic settings. Direct compar-
isons of PSWQ and clinical worriers and likewise lab and field
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studies will be important in assessing the impact of these factors
on CV function in worry.

The worry and relaxation imagery tasks appear to have been
the least potent elicitor of CV changes in the present study. This
task set was designated as the final one to avoid contamination
of the other tasks by rumination in high worriers. Unfortunately,
this strategy may have diluted the effects of imagery by fatigue.
Neither imagery task evoked significant HR or HF power
reactivity, in contrast to Thayer et al. (1996). Analogous effects
have been noted in clinic settings, in which a progressive decline
in HR is observed over the course of a medical visit (Mancia et al.,
1983). Hence, the present results are not directly comparable to
those of Thayer et al. (1996), since worry and relaxation imagery
were the only manipulations used in that study.

It may be that an extended repeated measures design is not
optimally matched to the aim of assessing CV responses across a
broad range of tasks. Investigators may consider instead a series of
experiments involving smaller task sets to avoid potential order
and fatigue effects. Inspection of Fig. 1 indicates that the majority
of significant group HR differences occurred in the earlier phases of
the study. Since tasks in this part of the study also tended to be
more reflexive in nature (e.g., orthostatic stress), it is unclear if
these HR effects were due to task type or order. That said, similar to
Thayer et al. (1996), there were no group by task interactions on
HR. This result suggests that excessive worriers are marked by
chronic HR elevations, rather than by high reactivity to or delayed
recovery from specific stressors. This interpretation is supported
by the elevated HR displayed by the high worriers in the initial
anticipatory baseline, indicating that they may have been
ruminating even before the experiment began.

The lack of group differences in HRV and PEP indicate that
worry is associated with tonic HR elevations without concomitant
reduction in cardiac vagal tone or increased sympathetic ß-
adrenergic activity. This result begs the question of what
mechanism could support this scenario. A possible explanation
can be found in the effects of regular physical exercise on HR,
which is associated with resting bradycardia that results from
lower intrinsic HR, rather than autonomic adjustments (Bonaduce
et al., 1998; de Geus et al., 1996; Goedhart et al., in press; Katona
et al., 1982; Kingwell et al., 1992; Uusitalo et al., 1996). The process
by which this effect occurs is open to speculation, but it may
involve changes in myocardial pacemaker tissue or cell metabo-
lism (Katona et al., 1982). Perhaps a similar mechanism operates in
chronic worry, albeit in reverse, resulting in increased intrinsic HR.

Lovallo’s (2005) model of individual differences in stress
responses may have heuristic value in explaining the results of
this study. In this model, individual differences in CV function that
in turn show a systematic relationship to personality can be
manifested at three physiological levels: the frontal-limbic system,
the hypothalamus and brainstem, and the peripheral organs. The
HR findings in the absence of HRV and PEP differences suggest that
chronic worry may manifest itself at the peripheral level of organ
physiology. The lack of BP differences in this study suggests that in
young healthy female worriers, this effect is specific to cardiac
chronotopic rather than vascular function.

The finding of elevated HR but not diminished vagal or
enhanced sympathetic activity does not diminish the potential
health risks of worry (e.g., Kubzansky et al., 1997). Chronic high HR
is a risk factor for all-cause mortality (Palatini and Julius, 1997).
Although altered autonomic tone is posited by these researchers as
a potential mechanism linking tachycardia and CV mortality risk,
hemodynamic disturbances are also mentioned. Additionally,
elevated HR may index ‘‘general poor health and lack of vigor’’
in relation to its association with non-CV mortality (Palatini and
Julius, 1997, p. 14). It is noteworthy that the mean HR among the
high worriers, a group of healthy young women, during the
anticipatory baseline was 81.3 b.p.m., a figure that approaches the
tonic value of 84 b.p.m. which has marked an increase in coronary
heart disease incidence in epidemiologic research (Gillum et al.,
1991).

Gender is an important factor to consider in studying worry and
CV function, and the present findings may not generalize to men.
HR tends to be higher in women than men (Palatini and Julius,
1997), and gender differences in HRV have been reported (Thayer
et al., 1998). As such, future studies of male worriers may reveal
aberrant autonomic activity not found in the present sample. As
mentioned above, the link between anxiety and CVD is less
consistent in women than in men (Eaker et al., 1992; Matthews
et al., 1998). The one extant longitudinal study showing a
connection between worry and CVD did not include women
(Kubzansky et al., 1997). Moreover, it is not known how the results
obtained in a healthy young sample will generalize to older
individuals. Clearly, gender and age are important factors for future
systematic investigation.

In addition, methods more sensitive to the time course of
recovery might reveal impaired CV recovery in worriers, and
should be employed in future research (Linden et al., 1997).
Baroreflex control as assessed by HRV is another dimension of
cardiac function that been shown to be reduced in trait anxious
individuals (Watkins et al., 1999). Such methods may uncover CV
features of worry not found in the present study.

3.1. Summary and conclusion

The most prominent finding of this study is that of elevated HR
in a sample of female undergraduates classified as high worry by
the PSWQ. This effect did not show a particular association with
condition, be it baseline, a range of laboratory tasks, or recovery. In
contrast, high and low worry groups did not differ on non-invasive
measures of cardiac vagal and sympathetic tone, nor on BP. Future
studies might focus on task subsets in order to obtain a purer
representation of their CV effects. It will also be important to
compare these results with those obtained under ambulatory
conditions, in clinical samples, and in men to get a better sense of
their representation of the CV concomitants of worry.
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