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In cardiovascular reactivity studies, interpretations of the processes supporting the blood
pressure response may become problematic when systolic blood pressure, diastolic blood
pressure, and heart rate all increase in response to a behavioral challenge. Therefore, in addition
to evaluating these cardiovascular responses, this study examined cardiac output, total peripheral
resistance and systolic time intervals derived from impedance cardiogram, electrocardiogram and
phonocardiogram recordings during a speech stressor, a mirror tracing task, and a foot cold
pressor test. All of the behavioral stressors elicited increases in blood pressure and heart rate,
with the largest changes occurring during the overt speech. Based on the examination of the
response patterns of the underlying hemodynamic variables it would appear that, in both men
and women, the blood pressure increase during the speech preparation period was supported by
increased cardiac output; the speech itself resulted in a mixed pattern of increased cardiac
output and total peripheral resistance; whereas, the mirror tracing and cold pressor tasks
produced increased total peripheral resistance. Although men and women produced similar
response patterns to the behavioral challenges, sex differences in the estimates of myocardial
contractility were observed during rest. These results provide evidence that different behavioral
stressors can produce a distinct yet integrated pattern of responses, whose differences may be
revealed, when impedance cardiography is used, to derive sufficient response measures for
assessing dynamic cardiovascular processes.

Keywords: Acute stressors; Impedance cardiography; Blood pressure; Cardiac output; Total
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Introduction

Selye (1956) postulated that stress was a response of physiological arousal
that could be induced by many stimuli. The evoked response, however, was
thought to follow a specific physiological pattern and as such would be the
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same regardless of the eliciting event. The notion of non-specific response
has been challenged by researchers who noted that certain stimulus at-
tributes give rise to characteristically different patterns and magnitudes of
cardiovascular response (see Mason, 1975). This understanding is apparent in
the psychophysiological strategy that has been used to study the relationship
between physiological responses to behavioral challenges and cardiovascular
disease processes. This strategy involves presenting laboratory stressors and
measuring the stressor-related changes in various physiological response
measures. The underlying assumption is that exposure to behavioral stressors
leads to increases in sympathetic reactivity and that this in turn may be
important in studying disease processes. Considerable attention in this re-
search has focused on the magnitude of reactivity to behavioral stressors as a
marker or even a possible contributing factor in the pathogenesis of cardio-
vascular disease (e.g. Krantz & Manuck, 1984). Commonly, in studies of
cardiovascular reactivity, increases in sympathetic reactivity have been in-
ferred from increases in blood pressure, heart rate (HR) and sometimes
catecholamine responses (e.g. Tischenkel, Saab, Schneiderman, Nelesen,
Pasin, Goldstein, Spitzer, Woo-Ming & Weidler, 1990). Recently several
laboratories have employed other measures, such as systolic time intervals, as
estimates of sympathetic input to the myocardium (e.g. Sherwood, Allen,
Obrist & Langer, 1986; Allen, Obrist, Sherwood & Crowell, 1987; Sung,
Lovallo, Teague, Pincomb & Wilson, 1989; Kelsey & Guethlein, 1990; Saab,
Llabre, Hurwitz, Frame, Reineke, Fins, McCalla, Cieply & Schneiderman,
1992). Most of these studies have used impedance cardiography to assess
hemodynamic and electromechanical aspects of cardiovascular functioning.
This methodology is a relatively unobtrusive, non-invasive technique for
measuring stroke volume (SV), cardiac output ((), total peripheral resistance
(TPR) and systolic time intervals (see review Sherwood, Allen, Fahrenberg,
Kelsey, Lovallo & Van Doornen, 1990). By assessing the pattern of alter-
ations in these cardiovascular variables it is possible to obtain an understand-
ing of the underlying mechanisms for the regulation of the blood pressure
response to behavioral challenge.

The central nervous system appears to be organized to produce integrated
patterns of response rather than isolated alterations in single variables
(Hilton, 1975). It is clear from the human and animal literature that two
major sympathetic patterns are associated with behavioral responses to stress
(see review Schneiderman, 1976; Schneiderman & McCabe, 1989). Pattern 1,
described in relation to the defense reaction or active coping, has been
characterized by increases in systolic blood pressure (SBP) and Q with no
increase in TPR; whereas, Pattern 2, described in relation to aversive
vigilance or inhibitory coping, has been characterized by increases in diastolic
blood pressure (DBP), SBP, and TPR. The magnitude and specificity of
components of the physiological response pattern may be influenced by
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stimulus attributes and behavioral demands of the stressors. Therefore, in
addition to the two basic patterns described above, a mixed pattern may
occur as a function of the behavioral task itself and its context or differences
in individual history, perceptual and response styles and other similar vari-
ables (Schneiderman & McCabe, 1989).

Several recent studies have begun to assess the extent to which situational
stereotypy (Lacey, 1967) exists in behavioral tasks as a function of Q and
TPR. Although these studies have suggested that behavioral stressors may
differ from one another in the cardiovascular response patterns that they
elicit (e.g. Allen, Obrist, Sherwood & Crowell, 1987; Allen & Crowell, 1989;
Sherwood, Dolan & Light, 1990), these studies have used tasks that induce a
Pattern 1 response profile (increases in Q) or mixed response profile (in-
creases in O and TPR). In preliminary research conducted during the past
few years, we have observed that mirror tracing (a psychological task) and the
cold pressor test (a physical and psychological task) both elicit responses that
are consistent with Pattern 2. The primary purpose of the present paper was
to assess in both men and women the patterns of changes in Q, TPR, and
systolic time interval estimates of contractility, as well as blood pressure and
HR elicited by these tasks with those of a speech stressor task. The speech
task produces relatively large SBP and HR increases, and hence was ex-
pected to elicit the Pattern 1 response.

Most of the reactivity studies assessing both men and women have used
only blood pressure and HR to characterize the cardiovascular response, with
inconsistent agreement. Several studies have observed that compared with
women, men are more responsive with blood pressure and less responsive
with HR to behavioral challenge (Baker, Dearhorn, Hastings, & Hamberger,
1984; Lane, White & Williams, 1984; Stoney, Davis & Matthews, 1987;
Stoney, Matthews, McDonald & Johnson, 1988, Mathews, Davis, Stoney,
Owens & Caggiula, 1991). Results in other studies examining blood pressure
and HR reactivity have found no sex differences (Jorgenson & Houston,
1981; Manuck, Craft & Gold, 1978; Van Doornen, 1986). One study reported
that women were more blood pressure and HR reactive than men in four of
six stressors (Stone, Dembroski, Costa, & MacDougall, 1990). However, in
another comparison of sex differences in reactivity to two mental arithmetic
and two speaking stressors, no differences in blood pressure reactivity were
observed (Girdler, Turner, Sherwood, & Light, 1990). Although the latter
study, using impedance cardiography to derive O and TPR, did observe
greater Q and less TPR reactivity in women than men, this occurred in only
one of the four tasks. Thus the literature appears inconclusive regarding sex
differences in cardiovascular response to behavioral challenge. This may in
part be a consequence of the relative paucity of studies that examine in men
and women the underlying hemodynamic response patterns supporting blood
pressure and HR reactivity.
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Therefore, the primary purpose of this study was to determine whether
different behavioral challenges (i.e. mirror tracing, cold pressor and speech)
can produce distinct cardiovascular response patterns. A secondary purpose
of study was to determine if the response patterns elicited by these tasks
were similar in both men and women, since previous studies have shown that
at least on some tasks men and women apparently differ.

Method
Subjects

Thirty white, native born, US citizens were recruited through local news-
paper advertising and were paid for their participation -in this study. The
subjects were equally represented by sex and included 15 women and 15 men.
There were significant sex differences between men and women in height
(t(28) = 6.06, P < 0.001) and weight (£(28) = 3.46, P < 0.002), but not in age,
or body mass index. Mean ( + SE) height was 161.5 (4+3) cm for women and
180.1 (+2) cm for men. Body weight was 66.8 (+4) kg for women and 85.2
(+3) kg for men. The age range was 25-54 years, with a mean age of 39.1
(+3) years for the women, and 38.9 (+3) years for the men. Body mass index
was 25.2 (+0.02) kg m~? for the women and 26.3 (+0.01) kg m 2 for the
men.

Prior to the testing session, all subjects, in a medical history assessment,
reported the absence of any cardiopulmonary or other medical disorders.
This was confirmed by physical examination, fasting blood chemistry analysis
and 12 lead electrocardiogram (ECG). Eligibility for participation required
that the subject be free of medication, report no history or show no evidence
of dizzy spells, angina pectoris, ventricular arrhythmias, myocardial infarc-
tion, cerebrovascular disease, seizure disorders, diabetes or severe asthma.
Only subjects with blood pressure in the normotensive range (i.e., DBP < 90
mm Hg) were included in this study. Mercury sphygmomanometer blood
pressure measures were performed on two separate days prior to the testing
day to determine the blood pressure status for each subject. There were no
significant sex differences in these blood pressure measures. The mean casual
blood pressure averaged over 2 days was 120 (£ 4) /76 (+3) mm Hg for men
and 117 (£4) /72 (4+2) mm Hg for women.

Within the female sample, all subjects were pre-menopausal, three sub-
jects were taking oral contraceptives at the time of participation in the study;
six women had a family history of one parent with hypertension and two
women had a family history of both parents with hypertension. Within the
male sample, four men had a history of one parent with hypertension and
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one man had a history of both parents with hypertension. One woman and
three men smoked cigarettes.

Physiological recording apparatus

Measurements of blood pressure were obtained using a Critikon Dinamap
(model 1846SX) Adult /Pediatric Vital Signs Monitor. The occlusion cuff was
placed on the upper portion of the arm. The ECG, phonocardiogram (PCG),
and impedance cardiogram (ICG) signals were recorded with a Grass poly-
graph. The ECG lead configuration was selected to enhance the Q and T
waves for the purpose of facilitating off-line signal event detection. The three
ECG electrodes were placed on either side of the rib cage and on the
sternum, inferior to the suprasternal notch. Either a Lead I or II configura-
tion was selected on the basis of the magnitude of the Q wave. One active
ECG lead was placed in either V4, V5, or V6 position so that a maximal
T-wave amplitude was obtained, which optimizes computer detection of the
end of the T-wave. From the PCG the first and second heart sounds were
recorded by placing a phonotransducer (Hewlett Packard-21050A) on the
cardiac window in the second or fourth intracostal space just to the left of the
sternum.

The ICG was derived using a tetrapolar aluminum and mylar tape (No.
T-8001, Instrumentation for Medicine,) electrode configuration. Of the four
ICG leads, Lead II was affixed first in a location just superior to the
suprasternal notch of the thorax, at the base of the neck. Lead I was placed
precisely 3 cm superior to Lead I on the upper neck. Lead III was placed
around the thorax overlaying the xiphoid process at the inferior end of the
sternum. Lead IV was placed on the lower portion of the thorax precisely 5
cm inferior to Lead III. These four ICG leads were placed 180° around the
body 2, while the subject was standing erect, such that the impedance
electrodes were parallel to the floor. This was done to ensure uniform
current spread over the body. An alternating current of 4 mA at 100 kHz
from the Minnesota Impedance Cardiograph (Model 304B) was passed
through the outer electrodes and the signals were recorded from the inner

2 The half band impedance lead configuration has been favorably compared with invasive
techniques of SV determination (Watanabe, Kamide, Torii & Ochiai, 1981). It also has been
recommended in the committee report on impedance cardiography as one possible lead
configuration that may be used (Sherwood, Allen et al., 1990). Since that time we have come to
learn from preliminary data collected in this laboratory that the shorter electrode bands
produce a larger mean thoracic impedance by about 3 Ohms than the full (360°) electrode
bands. This has the effect of artificially reducing the derived SV values. However, since the
present study was designed to consider within-subjects the patterns of changes in the
ICG-derived parameters, the reduction in level of SV values should not impair the compar-
isons relevant to the experimental hypotheses.
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two electrodes. The two signals derived from the ICG signal were the mean
thoracic impedance (Z_) and the first derivative of the pulsatile change in
thoracic impedance (dZ /d¢).

The ECG and PCG signals were relayed from the polygraph to an A/D
converter (DT 2801) sampling at 1 kHz per channel for 30 s and stored in an
IBM PC-AT computer. The dZ/d¢ signal was relayed directly from the
impedance cardiograph to the A/D converter and similarly sampled and
stored in the computer so that the impedance signal would be free of the
attenuating effects imposed by polygraphic high frequency filtering.
Impedance dZ/d¢ and Z_ calibration signals were also stored for later
conversion of the dZ /dt signal to Ohms s~ ! and SV derivation.

The 30-s samples of ECG, PCG, and dZ/dt were ensemble averaged
off-line by a computer program which summed the digitized beat-by-beat
waveforms, time synchronized to the ECG R-wave, and divided by the
number of cardiac cycles. The ensemble average was then graphically dis-
played and the waveform events were scored by computer signal processing
techniques described previously (Nagel, Shyu, Reddy, Hurwitz, McCabe &
Schneiderman, 1989; Hurwitz, Shyu, Reddy, Schneiderman & Nagel, 1990).
Each ensemble average including the placement of cursors over the com-
puter-detected events was then viewed by the operator. The program permit-
ted the operator to correct interactively any events scored incorrectly by the
computer. The seven signal events detected by the signal processing program
were: (a) the ECG Q-wave onset, representing the onset of electrical systole;
(b) the ECG R-wave, corresponding to the peak of electrical ventricular
depolarization; (c) the end of the ECG T-wave, representing the end of
ventricular repolarization; (d) the onset of the second heart sound (S2) from
the PCG signalling the end of left ventricular ejection and closure of the
aortic valve; the S2 was used only to aid in verifying that the dZ /d¢ X-wave
was properly identified; (e) the dZ /d¢ B-wave, representing the onset of left
ventricular ejection; (f) dZ/d¢,,,, the peak of the change in thoracic
impedance, representing the maximal left ventricular ejection velocity; (g) the
dZ/dt X-wave onset 3. which corresponds in time with S2 onset, represent-
ing the completion of left ventricular ejection. The precision of the computer
software for detecting these signal events has been described previously

3 The present study used the X-wave onset rather than the more commonly used X-wave
minimum to denote the left ventricular ejection endpoint or aortic valve closure. Specifically,
the aortic valve closure has commonly been demarcated by the onset of the second heart
sound of the PCG (Lewis, Rittgers, Forester & Boudoulas, 1977). In a previous study it has
been shown, during resting and behavioral challenge conditions, that compared with the
second heart sound onset the X-wave onset occurs more proximally in time (3-5 ms) than the
X-wave minimum (21-25 ms) (Nagel et al., 1990). Therefore, to avoid an overestimation of
LVET and SV, the X-wave onset was used.
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(Nagel, Shyu, Reddy, Hurwitz, McCabe & Schneiderman, 1989). If the
operator observed any artifact superimposed upon the ICG waveform, which
might be present as a result of respiration, limb, torso or electrode move-
ment, the operator could exercise the option of rejecting the contaminated
cardiac cycles and repeating the ensemble average construction. Artifact
contamination occurred in less than 2% of the ensemble averages. None of
the reconstructed ensemble averages, used less than 70% of the original
number of cardiac cycles.

Derivation of indices of cardiovascular performance

Several indices of cardiovascular performance were derived from the
ensemble average of the computer samples of ECG, PCG, and ICG. The
quantitative measurements and calculations were as follows: (a) interbeat
interval was determined on a beat-by-beat basis by measuring the interval
(ms) between the peaks of two successive ECG R-waves; (b) HR, in beats per
minute (bpm), was derived from the mean interbeat interval per 30-s ensem-
ble average; (¢) left ventricular ejection time (LVET) was derived by measur-
ing the interval (ms) between the B-wave local minimum and the onset of the
X-wave of the dZ/dt; (d) the QZ interval (ms) is the interval between the
ECG Q-wave onset and the peak of the dZ/d¢ wave; (e) the BZ interval
(ms) is the interval between the minimum in the B-wave and the peak of the
dZ/dt wave; (f) the ejection velocity (dZ /d¢,,,,) is measured in Ohms s ™!
and was calculated as the difference in amplitude between the minimum in
the B-wave and the peak amplitude of the dZ /d¢ signal; (g) Heather Index
(HI) is measured in Ohms s~ ! and is defined as the ratio of dZ/dt,,,, to the
QZ interval; (h) Acceleration Index (ACI) reflects the acceleration of the
rapid ventricular ejection phase following aortic opening, measured in Ohms
s~ ! and is defined as the ratio of dZ/dt,,, to the BZ interval; the HI and
ACI have been suggested to reflect left ventricular contractility (Heather,
1969; Kizakevich, Teague, Jochem, Nissman, Niclou & Sharma, 1989); (i) SV
was calculated using the Kubicek formula (Kubicek, Witsoe, Patterson, &
From, 1969), SV =rho * (L/Z,)* * LVET * dZ/dt_,, . Rho is the blood
resistivity in Ohms cm™! and was calculated using the formula, rho =
53.2e002DHCT "where HCT is the hematocrit as measured from the collected
blood samples (Kubicek, Witsoe, Patterson & From, 1969). The closest HCT
in time with the ensemble average period was used to calculate rho. The
electrode distance (L) in cm between ICG Leads I and III was measured
while the subject was seated in the chair prior to the first baseline period; (j)
(), measured in liters per minute was calculated by multiplying the HR by
SV; (k) TPR measured in peripheral resistance units was derived by dividing
the ratio of mean arterial pressure/ Q by the constant 16.67 (Guyton, 1981;
Sherwood, Allen, Fahrenberg, Kelsey, Lovallo & Van Dooren, 1990). The
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mean arterial pressure and Q measures derived temporally from the closest
blood pressure reading and 30-s sample were used to calculate TPR.

Procedures

During a preliminary session informed consent, height and weight, a
fasting blood sample and resting mercury blood pressures were obtained.
Subjects were instructed to eat a light meal prior to the testing session, but
were reminded to refrain from smoking (for 2 h), and were instructed not to
consume coffee (for 18 h), tea, cocoa, or caffeinated soft drinks (for 6 h) prior
to their appointment.

On the testing day, between 09:00 and 10:00 h, a heparinized butterfly
needle (Kowarski-Cormed thromboresistant 18 ga. blood withdrawal needle
and tubing set) was inserted into an antecubital vein and attached to a small
(10 ecm X 9 cm) portable peristaltic pump (Cormed ML6). Physiological
measures (blood pressure, ECG, PCG and ICG) were recorded while sub-
jects were at rest or engaged in behavioral tasks. The subjects were seated in
a padded chair in a room adjacent to the control room and observed through
a one-way mirror. There were three behavioral challenge periods, speech,
mirror tracing, and cold pressor, that were presented to the subjects in this
fixed order. These tasks were preceded by a pre-task baseline period respec-
tively lasting 20 min, 30 min and 20 min. The additional 10 min of inter-task
interval following the first task was provided because preliminary studies
indicated that time for blood pressure recovery may be more prolonged after
completion of the speech task than following the other tasks. Baseline data
were collected during the 3 min prior to the end of each baseline period.

Speech stressor

The speech task consisted of two phases, a 3-min speech preparation
period which led directly into a 3-min speech talking period (Saab, Matthews,
Stoney, & McDonald, 1989). Subjects were individually instructed to prepare
a speech in which they are told that they were stopped at a local department
store and accused of stealing a belt that they had actually purchased there
the previous week. The subjects were asked to explain to the store manager
why they were detained erroneously. Subjects were told that the video
camera in front of them was taping their talk and that they would be
evaluated by expert raters on their performance and appearance. During the
3-min preparation phase the subjects were provided with a card that listed
five points to be addressed and instructed to prepare the speech until cued to
begin speaking. The 3-min speaking period began when a red light on the
video camera was turned on. If the subjects stopped talking before the end of
the time period they were reminded to continue, if only to summarize and
reiterate the main points of their talk.
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Mirror tracing

The mirror tracing task required the subjects to trace the outline of a star
by using its reflection in an adjacent mirror for 3 min. The image as viewed in
the mirror is normal in the vertical plane, but reversed in the horizontal
plane and hence presents the subject with a visual-motor integration prob-
lem. In addition, at 30-s intervals an experimenter who was standing beside
the subject made critical statements about the subject’s performance. *

Cold pressor

Subjects placed their left foot into a bucket of ice water (half ice, half
water, with temperature about 4°C) for 90 s. Instructions were to keep their
foot in the water until told to remove it.

Sampling of blood pressure, indices of cardiovascular performance, and blood

During the last 3 min of the pre-task baseline periods blood pressure was
sampled twice at 1.5 min intervals. During the 3 min of speech preparation,
speech talking and mirror tracing tasks blood pressure measurement was
initiated at the 15-s and 2-min time points. During the cold pressor task,
blood pressure was also sampled twice, at 0- and 45-s time points. ECG, 1CG,
and PCG were collected during baseline and task periods for 30-s samples
initiated within 10-15 s of blood pressure initiation. Blood was collected for
hematocrit determination as integrated 3-min samples during the three
baseline periods, speech preparation, speech talk and mirror tracing tasks,
and for the 1.5 min of cold pressor task.

Results

There were two measures of each physiological parameter for each base-
line and task period. Since there were no significant differences between
repeated measures within each baseline period on any of the measures,
physiological parameters were averaged over the pre-task baseline period.
The task measures were averaged, as well, to form an overall mean for each

4 Debriefing of the subjects followed the task by about 6 min and consisted of informing the
subjects about the uniformity of these comments for all subjects, about the intent of the verbal
challenges, and that no further comments would be made about their task performance. The
critical comments and verbal challenges performed by the experimenter were included in this
procedure to introduce potential anger-inducing properties, which have been shown to
correlate with cardiovascular responsiveness (Suarez & Williams, 1990). In a subsequent study
in our laboratory, which used the mirror tracing task without the experimenter comments, the
pattern of response did not differ from those reported in the present study (Saab et al., 1992).
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Table 1

Mean (+ SE) values for cardiovascular measures averaged across the three baseline periods
Measure Men Women pb

SBP (mmHg) 119.0 +4.2 1101 +2.9 NS

DBP (mmHg) 702 +2.7 674 +2.1 NS

HR (beats min ') 69.3 £3.1 728 £19 NS

SV (ml) 65.8 +8.8 575 +£5.0 NS

O (Gmin~ ") 44 +05 42 105 NS

TPR (units) 1.42+0.16 1.45+0.17 NS

HI (2 s572) 10.2 +0.8 153 +1.0 p <0.001
ACI(2572) 253 +2.8 440 +4.4 p <0.005
dZ/dt (257?) 1.83+0.13 2.72+0.16 p < 0.001
Z, () 255 +0.8 29.1 +1.2 p <0.05

2 See text for definitions of measures.
® Probability of significance of the statistical comparison between genders.

behavioral challenge. All statistical analyses were performed using the SPSS-x
statistical package.

Pre-task baseline levels

Initially, differences were assessed in the physiological variables during the
three pre-task baseline periods as a function of sex. To do this a 2 (sex) X 3
(pre-task baseline period) analysis was performed using a multivariate analy-
sis of variance (MANOVA) approach to a repeated measures analysis for
each dependent variable separately. The analysis for each cardiovascular
measure revealed no significant change across the baseline periods. Mean
+ SE values for the dependent measures averaged across the three baselines
are presented in Table 1. Significant sex main effects were found for the two
contractility indices, HI (F (1, 28) = 17.73, P < 0.001) and ACI (F(1, 28) =
12.83, P < 0.005). The greater HI and ACI values for women were a result of
larger dZ /dt,,,, in women than men (F(1, 28) = 19.79, P < 0.001). However,
there was a trend approaching significance for shorter BZ interval in women
than men (F(1, 28) = 3.31, P < 0.08), reflecting more rapid ventricular ejec-
tion velocity, with respective mean values of 66.8 (+4.4) and 77.5 (+3.8) ms.
The difference in HI and ACI between men and women is so large it seems
unlikely to reflect solely contractility differences. Alternatively, the shortened
BZ interval in females may be a result of differences in the conduction of
ICG current. This may be related to sex differences in thoracic anatomy,
reflected by Z,. Women had greater Z, than men (F(1, 28) = 6.50, P < 0.05).
When the HI is recalculated by correcting dZ/dt,,,, for Z_, the ejection
velocity index (EVI) is derived in units per second (Kelsey & Guethlein,
1990). When the EVI was calculated, sex differences during baseline re-
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mained (F(1, 28) = 5.38, P < 0.05), indicating that sex differences in Z, do
not account for the sex differences in myocardial contractility. Respective
EVI mean values for men and women were 0.408 (+0.04) and 0.545 (4 0.05)
units s~!. There were no other significant sex differences found during the
baseline periods. °

Although there was a significant interaction between sex and baseline
period for Q (F(2, 27) = 4.50, P < 0.05), this was accounted for by a similar
significant interaction for SV (F (2, 27) = 3.88, P < 0.05), without any signifi-
cant alteration in HR across the baseline periods. The SV interaction was
due to a trend for a small SV decrease for men (respective mean ml values
over baselines were 67.4 + 9.4, 66.7 + 8.6, 63.4 4+ 8.7) in contrast with a small
SV increase for women (respective mean ml values over baselines were
56.3 + 6.2, 57.9 + 5.8, 58.2 + 6.2) across the three baseline periods.

Response to behavioral challenge

Univariate ANOVA procedures were performed in the following analyses
to assess the response to the behavioral challenges. (As each dependent
variable was analysed separately and since these analyses used only two
repeated measures, MANOVA tests of significance were inappropriate as
univariate tests are equivalent to MANOVA under these circumstances.)
These ANOVASs used sex as the between-subject variable and examined for
each physiological variable independently whether changes in reactivity oc-
curred from pre-task baseline to task. Thus, the speech task analyses com-
pared baseline vs. speech preparation, and compared speech preparation vs.
speech delivery. The mirror tracing and cold pressor tasks were analysed
similarly (baseline vs. task).

Figures 1, 2 and 3 depict the mean change from baseline, for men and
women, for SBP, DBP, HR, Q ¢, TPR, SV HI and ACI during speech
preparation, speech talk, mirror tracing and cold pressor tasks.

Speech preparation

The preparation for the delivery of the speech produced significant
elevations in SBP (F(1, 28) = 58.07, P <0.001) and DBP (F(1, 28) = 60.97,
P <0.001) relative to baseline. Although no significant change in SV oc-

5 Commonly in the literature sex differences in baseline SBP and HR have been observed (e.g.
Matthews et al., 1991). Based upon a power analysis using the present data it should be
possible to detect baseline sex differences for these variables with a much larger sample size.
With a power of 0.80 and « = 0.05, a significant difference for SBP and HR would be found-if
34 and 114 subjects per group, respectively, were used.

® When the SV and O data were corrected for body surface area to derive stroke index and
cardiac index and analyzed accordingly, no differences were found between the pattern of
results obtained with SV and stroke index and the results obtained with Q and cardiac index.
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Fig. 1. Mean (+SE) change of cardiovascular measures from baseline during speech prepara-
tion, speech talk, mirror tracing, and cold pressor: systolic blood pressure (SBP); diastolic blood
pressure (DBP); and heart rate (HR).

curred, there was a significant increase in HR (F(1, 28) = 39.52, P < .001).
This resulted in a significant increase in Q (F(1, 28)=7.87, P <0.01),
without any change in TPR. Both estimates of sympathetic myocardial tone,
HI (FQ1, 28)=6.99, P <0.05) and ACI (F(1, 28) =5.55, P < 0.05) signifi-
cantly increased from baseline during this period. The main effect for sex
observed during baseline were maintained for HI (F(1, 28) = 9.76, P < 0.005)
and ACI (F(1, 28)=11.08, P < 0.005) during this period. There were no
significant interactions of sex with response from pre-task to speech prepara-
tion.
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Fig. 2. Mean (£ SE) change of cardiovascular measures from baseline during speech prepara-
tion, speech talk, mirror tracing, and cold pressor: cardiac output (Q); total peripheral resistance
(TPR) and stroke volume (SV).

Speech delivery

The speaking phase of the task produced a further significant increase in
SBP (F(1, 28)=60.34, P <0.001) and DBP (F(1, 28)=56.75, P <0.001)
relative to the preceding preparation period. HR also significantly increased,
(F(1, 28) = 34.75, P < 0.001), but SV decreased, (F(1, 28) = 11.54, P < 0.005).
Consequently, there was no change in Q from the speech preparation phase.
There was, however, a significant increase from the preparation phase in
TPR, (F(1, 28) = 21.51, P <0.001). The HI remained significantly increased
(F(1, 28) =4.35, P < 0.05) relative to baseline and did not differ from the
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Fig. 3. Mean (£SE) change in systolic time interval ratios from baseline during speech
preparation, speech talk, mirror tracing, and cold pressor: Heather Index (HI) and Acceleration
Index (ACD).

preceding preparation period; however, a significant decline in ACI from
speech preparation to talk (F(1, 28) = 5.26, P < 0.05) to pre-task level was
observed. The sex main effect in HI (F(1, 28) = 9.54, P < 0.005) and ACI
(F(1, 28) =11.66, P <0.005) was also maintained during this period. There
were no significant interactions of sex with response from speech preparation
to talking.

Mirror tracing task

The mirror tracing produced elevations in both SBP (F(1, 28) = 27.20,
P <0.001) and DBP (F(1, 28) =62.63, P <0.001) from pre-task baseline
levels. HR significantly accelerated, (F(1, 28) =25.69, P <0.001), but SV
significantly decreased (F(1, 28)=9.77, P <0.005). The result of these
countering influences was that no Q change from baseline occurred. In
contrast, the rise in blood pressure was accompanied by a significant increase
in TPR (F(1, 28) = 11.05, P <0.005). Both HI and ACI significantly de-
creased during mirror tracing (HI, (F(1, 28) = 13.21, P < 0.001; ACI (F(1,
28)=17.17, P < 0.001)). The sex main effect for HI (F(1, 28) = 16.23, P <
0.001) and ACI (F(1, 28) = 12.72, P < 0.001) continued during this stressor.
There were no significant interactions of sex with task response relative to
baseline.
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Cold pressor task

The cold foot immersion elicited significant increases in SBP (F(1, 28) =
46.19, P < 0.001) and DBP (F(1, 28) = 45.55, P < 0.001) relative to pre-task
baseline levels. A small significant increase in HR occurred (F(1, 28) = 15.04,
P < 0.005), but no change in SV was observed. O did not significantly change
from baseline, but a significant increase in TPR (F(1, 29) = 7.54, P < 0.01)
occurred. Although no significant HI change from baseline was found during
the cold pressor task, ACI significantly decreased during this period (F (1,
28) = 5.70, P < 0.05). The sex main effect remained for HI (F(1, 28) = 20.82,
P <0.001) and ACI (F(1, 28) = 13.98, P <0.001) during this challenge. No
significant interactions of sex with response to task relative to baseline
emerged.

Between-task comparisons of response magnitude

Change scores for physiological variables during each task were computed
for each subject by subtracting the pre-task baseline mean from the given
task mean. A 2 (sex) X 4 (speech preparation vs. speech talk vs. mirror
tracing vs. cold pressor) analysis was performed using a MANOVA approach
to a repeated measures analysis for each dependent variable separately to
determine whether the four task periods differed in the magnitude of change
from pre-task levels. The distinct pattern of responses to each of the
behavioral challenges was similar in both men and women. There were no
significant main effects of sex nor any significant interactions of sex and task
period observed. Estimates based upon the power analyses (Kraemer &
Thiemann, 1987) of the change scores for each of the four task periods
(power = 0.80 and o = 0.05) indicated that even if the sample size per sex
group was tripled no sex differences would have resulted for any of the
variables reported herein. The MANOVA analyses revealed significant main
effects among tasks for all of the following variables: SBP (F(3, 27) = 30.44,
P <0.001), DBP (F(3, 27)=20.21, P <0.001), HR (F(3, 27)=16.39, P<
0.001), SV (F(3, 27) = 5.39, P < 0.005), Q (F(3, 27) = 11.74, P < 0.001), TPR
(F(3, 27)=14.79, P <0.001), HI (F(3, 27) = 8.36, P <0.001) and ACI (F(3,
27) =6.13, P < 0.005).

Subsequent paired analyses used the Bonferonni correction procedure for
multiple comparisons as recommended (Keselman & Keselman, 1988). These
follow-up comparisons (all P’s < 0.0083) revealed that the SBP elevation
during the talking phase of the speech task was significantly greater than the
SBP increases during each of the other behavioral challenges, which did not
differ in SBP elevation. The speech talking phase also produced the greatest
increase in DBP, compared with the mirror tracing and cold pressor tasks;
whereas, speech preparation produced less DBP increase than the other
tasks.
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The HR accelerations induced by the tasks were differentiated by a
greater response during the speech delivery than the speech preparation; the
speech preparation response was not different from the increase in the
mirror tracing task, but was greater than the acceleration observed during the
cold pressor task. There were no differences between the negative SV
changes induced during the speech talk and mirror tracing tasks. These tasks
produced lower SV changes than the speech preparation and cold pressor
tasks, which did not differ in level of SV. The increases in Q observed during
the speech preparation and talk did not differ, but were greater than the
other two tasks. In contrast, speech talking, mirror tracing and cold pressor
displayed equivalent increases in TPR, which exceeded the TPR observed
during the speech preparation task.

Between task comparisons for HI and ACI changes revealed the same
pattern of results. Specifically, the speech preparation period induced changes
in these systolic time interval ratios that were not different from the speech
talking values, but were significantly larger than cold pressor alterations. The
HI and ACI during the cold pressor, however, was significantly greater than
the decreased levels induced by the mirror tracing task.

The speech talking period was distinguished from the other tasks in that a
greater magnitude of SBP, DBP and HR was observed (see Figs. 1 and 2). SV
was maintained during speech preparation and talking, but decreased during
the other two stressors. Thus, the speech task was the only behavioral
challenge where a significant increase in Q was observed, with Q increasing
during speech preparation to a level that was maintained during the talking
phase. It was the speech preparation phase which also induced the largest
increases in contractility estimated by the HI and ACI ratios (see Fig. 3). In
contrast, with the exception of speech preparation period, all of the other
tasks elicited an increase in TPR (see Fig. 2), with respective increases
relative to baseline of 25, 25 and 12% for speech talk, mirror tracing and cold
pressor tasks.

Discussion

The present study used impedance cardiography to derive measures of Q,
TPR and estimates of contractility (HI and ACI) in addition to assessments
of blood pressure and HR to examine two major issues: (1) do the three
behavioral challenges elicit different cardiovascular response patterns? and
(2) do the response patterns differ as a function of gender? The behavioral
challenges could be discriminated by different patterns of change in the
measures of cardiovascular function. Substantial increases in blood pressure
occurred during each stressor. Although the speaking phase of the speech
task produced the largest SBP increase and the DBP response was less when
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preparing for the speech, the tasks were otherwise not systematically differ-
entiated by the blood pressure response magnitude. During the two distinct
periods of the speech task, two corresponding patterns of response were
observed. The blood pressure elevation in the first period, speech prepara-
tion, occurred as a consequence of an increase in Q. The second period, the
talking phase, produced even greater blood pressure elevations, which ap-
peared to result from both myocardial and vascular influences, i.e. sustained
increases in Q coupled with an increase in TPR. In contrast, the mirror
tracing and cold pressor tasks displayed blood pressure elevations that could
be solely accounted for by elevations in TPR.

The pattern of HI and ACI alterations to the behavioral challenges have
been suggested to reflect changes in myocardial contractility (Heather, 1969;
Kizakevich, Teague, Jochem, Nissman, Niclou & Sharma, 1989). It should be
noted, however, that the ACI reflects myocardial performance during the
rapid ventricular ejection phase following aortic opening, whereas the HI
reflects myocardial performance during both pre-ejection and ejection phases
of the cardiac cycle. During speech preparation HI and ACI increased, which
is consistent with the suggestion that this task elicited increases in myocardial
contractility. During the speech talking phase, the elevated levels of HI
appeared to decline, but did not change significantly, indicating that the
enhanced myocardial contractility was continued throughout this task period.
Although the significant decline in ACI suggests that contractility may have
decreased from previously elevated levels during this period, or that perhaps
the ACI measure may be differentially influenced by the increasing afterload
occurring during the speaking challenge. In the other two tasks, mirror
tracing and cold pressor, the HI ratio exhibited a decrease and no change in
the mirror tracing and cold pressor tasks respectively; whereas the ACI
decreased in both of these periods, suggesting that there was, at least, no
increase in myocardial contractility evoked by these two stressors.

The greater HI, ACI and EVI in the women during baseline, supports the
possibility of an underlying sex difference in myocardial contractility. Evi-
dence from the animal literature suggests that structural and functional sex
differences exist in rats. Females have greater heart weight per body weight
and greater aortic flow than males (Berg & Harmison, 1955; Shreiner,
Weisfeldt & Shock, 1969). Moreover, in vitro studies of intrinsic myocardial
contractile performance have revealed that females exhibit greater velocity of
fiber shortening and shorter time to peak tension than males, even though no
sex differences were observed in myocardial elasticity or in the peak tension
developed (Capasso, Remily, Smith, & Sonnenblick, 1983). This evidence
suggests that sex-related differences in myocardial contractile function may
exist.

The focus in a large proportion of the sex-related reactivity literature has
been on whether men and women may differ in the magnitude of blood
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pressure or HR reactivity to certain stressors, with inconclusive findings. In
contrast, the present study examined the pattern of hemodynamic response
in men and women to various behavioral challenges and clearly demonstrated
the pronounced similarity in response profile produced by men and women
to the behavioral challenges. In a recent study, also of men and women,
women tended to display greater Q responses while men tended to respond
with greater alterations in TPR (Girdler, Turner, Sherwood & Light, 1990).
However, it should be noted that these sex differences in O responsiveness
were present only in a speech task in which the subjects verbally recalled a
previously examined text. In the two mental arithmetic tasks and in an
evaluative speech task similar to that used herein, men and women re-
sponded similarly, which is in agreement with the findings of the present
study. Power analyses of the present study indicated that with much greater
numbers of subjects per gender group (i.e. ranging from 50 to 126), magnitu-
dinal differences might be observed in single cardiovascular responses (i.e.
SBP, HR, HI and ACI) during certain stressors. However, the significance of
finding isolated differences in response magnitude pales when presented with
independent groups in which the entire pattern of cardiovascular responses
differs, reflecting an entirely different underlying hemodynamic response
mechanism. For example, while the white men and women herein displayed
similar response profiles, in a recent study on an entirely different sample,
which compared the cardiovascular response of white men with black men to
similar stressors used in this study, the black men demonstrated a response
stereotypy in which the blood pressure elevations were predominantly medi-
ated by increased TPR irrespective of the behavioral challenge (Saab, Llabre,
Hurwitz, Frame, Reineke, Fins, McCalla, Cieply & Schneiderman, 1992).
Therefore, other subject variables such as ethnicity may interact with gender
and may be important to understanding the similarities and differences in
cardiovascular regulation related to gender.

In summary, based on the findings of blood pressure, HR, Q, TPR and
contractility estimates during the behavioral challenges, different integrated
cardiovascular response profiles could be discriminated. The response to the
preparation phase of the speech task resembled the Pattern 1 profile, in
which the elevated blood pressure was supported by increased Q and
myocardial contractility; whereas a mixed pattern including increased Q and
TPR and increased, although declining, myocardial contractility appears to
have occurred when the subjects were engaged in the talking phase of the
speech task. The mirror tracing and cold pressor tasks evoked a Pattern 2
response profile including increases in blood pressure that were accompanied
by increases in TPR with no change in Q and no increase in myocardial
contractility from resting level. Future pharmacologic studies could reveal the
relative B- and a-adrenergic contribution to the Pattern 1 and 2 response
profiles.
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The use of a research strategy, which uses a single or a limited number of
tasks and response measures to characterize cardiovascular system response
underestimates the complexity of the central neural blood pressure regula-
tion. Behavioral challenges, with varying psychological and physical aspects,
can induce varying alterations in «- and B-adrenergic activity and sympa-
thetic /parasympathetic balance and hence can have differing, although
specifiable, effects on the sympathetic and cardiovascular systems (e.g. Dims-
dale & Moss, 1980; Halter, Stratton & Pfeifer, 1984; Sherwood, Allen, Obrist
& Langer, 1986). We have shown that when techniques such as impedance
cardiography are employed to derive a comprehensive cardiovascular assess-
ment selected behavioral challenges produce distinct integrated patterns of
cardiovascular response. Therefore, the present study emphasizes the need
to: (1) employ strategically the behavioral challenges, with an emphasis on
the underlying physiological mechanisms mediating the response; and (2)
examine sufficient response measures for the hemodynamic and electrome-
chanical properties of the cardiovascular response patterns and their varia-
tions to be identified.
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