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Abstract

Although laboratory stressor tests have been applied as a preliminary protocol in some cardio-
vascular studies, there is a lack of data comparing the pressor and chronotropic responses among
the main stressor tests. Therefore, the aim of this study was to evaluate the variability in hemo-
dynamic responsiveness to the main stressor tests, establish a hyperresponsiveness cutoff crite-
rion and analyze the influence of gender and family history of cardiovascular diseases (CVDs) in
healthy subjects. We examined hemodynamic responses to physical (cold pressor and handgrip
tests) and mental (Stroop color-word test) stressors in 98 subjects (48 males and 50 females)
without CVDs. All stressor tests resulted in increased blood pressure (BP) levels, which were
lower and less dispersed in the handgrip test compared to the cold pressor test. Adopting the 75%
percentile as the cutoff in our data, we classified subjects exhibiting absolute pressor changes equal
to or higher than 14, 24 and 36 mmHg in systolic and 9, 13 and 24 mmHg in diastolic BP during the
handgrip, Stroop and cold pressor test, respectively, as hyperresponsives. Males exhibited greater
(p<0.05) increases in systolic BP in the handgrip (I 1% vs. 8%) and cold pressor (25% vs. 21%) tests
and in diastolic BP in the handgrip (12% vs. 7%) and Stroop (22% vs. 19%) tests than females. A
positive association between family history of CVDs and pressor hyperreactivity to stressor tests
was observed. We propose using the 75" percentile of hemodynamic sample values as a cutoff
criterion to classify individuals as pressor or chronotropic hyperreactives. We conclude that
hemodynamic responsiveness to stressor tests in healthy subjects is positively influenced by male
gender and family history of CVDs.
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Introduction

Laboratory stressor tests have been used as a
research strategy to examine the cardiovascular reac-
tivity in normotensive and hypertensive subjects [1-3].
Recently, Carroll et al. [4] have examined the hemo-
dynamic reactions to psychological stress and ob-
served that individuals exhibiting exaggerated blood

pressure (BP) reactivity were at increased risk of
subsequently dying from cardiovascular disease.

The laboratorial stressor tests can be divided
into two main categories. One involves the emotional
aspect of the individual, e.g., the mental arithmetic
stress test [4] and the conflict color-word test, devel-

http://www.medsci.org



Int. J. Med. Sci. 2013, Vol. 10

849

oped by Stroop [5], which has been used to test pres-
sor and chronotropic responsiveness in diverse car-
diovascular diseases [6,7]. The second includes
stressors that promote physical stimuli, e.g., the iso-
metric handgrip test [6,8] and the cold pressor test
[1,9]. The laboratory stressors have also been divided
into passive coping stressors (e.g., the cold pressor
test) and active coping stressors (e.g., Stroop test)
based on the tasks of the subjects [10].

It is well known that laboratory stressors cause
an increase in BP and heart rate (HR) and that the
hemodynamic responses are greater in individuals
with cardiovascular diseases than in healthy subjects
[2,11,12]. However, there is a lack of criteria to classify
hyperreactivity to stressor tests.

Hemodynamic reactivity to psychological and
physical stressors has been tested in health subjects
[2,3,13-16] and in different disease conditions, such as
atherosclerosis [6,17], obesity [11] and as a tool to
predict future cardiovascular risk [4,18-25]. The car-
diovascular reactivity to stressor stimuli has been ex-
tensively reviewed [26-28] in meta-analyses. The as-
sociation of family history of cardiovascular diseases
with cardiovascular responses to stress has also been
investigated [14,25,26]. Despite all literature, there is a
need of more studies about the variability in hemo-
dynamic to stressor tests in healthy humans, compar-
ison of traditional stressor tests, and how they are
influenced by gender and family history of cardio-
vascular diseases. Therefore, the aim of the present
study was to evaluate the pressor and chronotropic
responsiveness to mental and physical stressors in
normotensive subjects. We examined the hypothesis
that the pressor and chronotropic responsiveness to
stressors is influenced by gender and family history of
cardiovascular diseases.

Research Methods and Procedures

Study population

We recruited 98 volunteers (50 females and 48
males) from members of the academic staff and stu-
dents at the two major schools of health sciences in
Vitoria, Brazil, who previously reported being in good
health. Participants were excluded if they were obese,
had a history of autonomic dysfunction, cardiovas-
cular disease, or diabetes or if they were smokers. The
study was approved by the Human Subject Protection
Committee at the Biomedical Center of the Federal
University of Espirito Santo; all participants signed an
informed and written consent form. No inducement
was offered to participants for taking part in the
study.

Biochemical measurements

Fasting blood samples were obtained for bio-
chemical analyses of glycemia and the lipid profile.
Diabetes was defined as fasting blood glucose level >
126 mg/dl (7.0 mmol/L) or previously diagnosed
type 2 diabetes mellitus. Obesity was defined based
on body mass index (BMI) >30 kg/m?. Dyslipidemia
was defined as triglycerides > 200 mg/dL (2.3
mmol/L), HDL < 40 mg/dL (1.04 mmol/L) and LDL
> 130 mg/dL (3.37 mmol/L) or specific treatment for
this lipid abnormality.

Blood pressure and heart rate measurements

BP and HR were measured using an automated
sphygmomanometer  device  (Omron, model
HEM-705CP, Omron Healthcare Inc., USA). The
blood pressure cuff was placed around the
non-dominant upper arm because the dominant arm
was left free to perform maneuvers necessary to per-
form the stressor tests. Three baseline BP readings
were taken at 2-min intervals by one of the investiga-
tors dressed in a white coat to simulate clinical read-
ings. An average of the 3 measurements was used as
the basal value for subsequent analysis. Arterial hy-
pertension was defined as systolic pressure = 140
mmHg and/or diastolic pressure = 90 mmHg or spe-
cific treatment for hypertension.

Isometric handgrip test

The purpose of this experiment was to determine
the magnitude of the change in blood pressure and
heart rate control during the activation of central
command, mechanoreceptor, and metaboreceptor
controls. The handgrip exercise was performed with
the dominant arm at 30% maximal voluntary contrac-
tion (MVC) for 3 min. Participants were instructed to
breathe normally during the test and avoid the inad-
vertent performance of a Valsalva maneuver. BP and
HR were measured every min immediately before the
test for 3 min (baseline) and every min during the test
and the posttest period until the baseline values were
recovered.

Stroop word-color conflict test

The Stroop test [5] was used to assess attentional
flexibility by testing individuals” accuracy and speed
(latency) in responding to a set of colored words, in
which the colors of the word either corresponded to
the meaning of the word or not. For example, the
word “green” may be colored green (congruent), in
which case the correct response is green. However, if
the word “green” is colored blue (incongruent), re-
quiring the individual to inhibit his/her automatic
tendency to read the word, the individual must re-
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spond by naming the color of the word (blue), not the
meaning of the word. In total, four colors (red, blue,
yellow and green) were used in the modified version
of the Stroop Test. The participants were urged to
proceed as rapidly as possible and were gently chas-
tised for incorrect responses. They were asked to try
their best, but the number of correct answers was not
quantified. BP and HR were measured every min
immediately before the test (baseline) and every min
during the test and posttest until the baseline values
were recovered.

Cold pressor test

The purpose of this test was to study the impact
of prolonged sensorial stimuli by the cold pressor test
on BP and HR. The participants were required to
immerse their open hand up to the wrist in a bucket
containing a 12-cm-deep mixture of ice and water
(averaging 4 °C). To ensure a constant temperature
throughout every experiment and similar conditions
for all subjects, an automated device was used. They
were asked to remain in this condition for 2 min, but
were not informed beforehand about the test time or
water temperature. The participants could withdraw
their hand from the water if the pain became un-
bearable, but in this case, data were not considered in
the study. BP and HR were measured every min im-
mediately before the test (baseline) and every min
during the test and the posttest until the baseline
values were recovered.

Experimental protocol

The participants underwent an initial evaluation,
consisting of direct questions regarding lifestyle hab-
its, such as smoking, alcohol use, physical activity,
and habitual use of drugs, and family history of car-
diovascular disease (arterial hypertension, myocardi-
al infarction and/or stroke). Participants who met the
inclusion criteria were scheduled for fasting blood
samples collection to assess the levels of glucose, total
cholesterol, HDL, and triglycerides. Participants who
met the inclusion criteria then returned to the lab, and
anthropometric, BP and HR measurements were ob-
tained. The pressor and chronotropic responses to the
3 stress tests described above were evaluated in the
final visit. Given that cardiovascular reactivity to
acute stressors can be influenced by circadian varia-
tions in BP and HR, the laboratory stress tests were
applied in the morning from 08:00 to 10:00 h for all
cases.

Statistical analysis

BP and HR measurements were obtained before
the test and every min for 4 min during the test and

the recovery period. Because the pressor and chrono-
tropic responses in each of the three tests were max-
imal at different times points, we selected the time of
the greatest magnitude of the response; the 34 min for
the handgrip test, the 4" min for the Stroop test and
the 2nd min for the cold pressor test. The BP and HR
responses during the tests were compared to the
baseline measurements.

The data are summarized as means + SD or SEM
or the median depending on data distribution. The
normality (Gaussian distribution) of the variables was
analyzed using the D”Agostino and Pearson omnibus
test. When this test was significant, unpaired Stu-
dent’s ¢ test was used to compare means between
males and females. When the test of normality was
not significant, statistical analysis was performed us-
ing the nonparametric Kruskal-Wallis test followed
by Dunn’s post hoc test to compare pairs of groups.
Two-way ANOVA for repeated measures was used to
compare the time (basal, test and recovery) and gen-
der effects on changes in BP and HR during the
stressor tests; partial eta-squared (n?) was used as a
measure of effect size. Statistical analysis was per-
formed using the GraphPad Prism program (version
6.0, GraphPad Software, San Diego, CA, USA) and the
SPSS software (version 18.0, IBM, Armonk, NY, USA).
Power analysis was performed using the G*Power 3.1
software (freeware, review: [29]). Two-tail p values <
0.05 were considered significant.

Results

Sample characteristics

Of the 98 participants enrolled in this study, 49%
were men, at the mean age was 2746 years, and the
mean BMI was 2242 kg/m?2.

Twenty-seven percent of the participants re-
ported family history of cardiovascular diseases. A
comparison of the characteristics of participants by
gender is shown in Table 1. Males and females had
similar characteristics, except that the prevalence of
family history of cardiovascular diseases was higher
in men (55% wvs. 25%, p<0.01), and blood pressure
levels were also higher in men.

The average casual resting systolic and diastolic
BP of the sample was 119£3.6 and 71+2.8 mmHg, re-
spectively. Males showed significantly higher levels
(119+£3.3 and 73+2.6 mmHg, respectively) than fe-
males (104+3.0 and 68+2.6 mmHg, respectively,
p<0.05). The casual resting HR value of the sample
was 76%3.3 bpm; however, unlike BP, there was no
significant difference between females and males
(77£3.5 vs. 75£3.3 bpm, respectively).
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Table I. Characteristics of the sample.

Parameters Gender
Female Male Total
(50) (48) (98)
Age (years) 277 26+4 27+6
Body mass index (kg/m?) 212 23+2 22+2
Serum glucose (mg/dL) 86+11 85+9 86 10
Serum total cholesterol (mg/dL) 174 +35 165+27 170£32
Serum low-density lipoprotein 103 + 30 100+25 101 +27
(mg/dL)
Serum high-density lipoprotein 55 + 11 48+11 51+12
(mg/dL)
Serum triglycerides (mg/dL) 84 +49 92+44  87+47
Family history of cardiovascular 10 (20%) 17 (~35%) 27
diseases, n (%) (~27%)

Values are given as the mean +SD or as percentage in the sample.

Laboratory stressor tests

As summarized in Figure 1, all the challenges
produced a significant (p<0.05) increases in systolic

and diastolic BP, with the greatest increase being ob-
served with the cold pressor test, followed by the
Stroop test and isometric handgrip test. Both psycho-
logical and physical stressors caused significant
tachycardia.

Figure 1 (left panel) summarizes the changes in
systolic and diastolic BP and HR during the handgrip
test. This test caused a significant increase in both
systolic [F(2,96)=152.85, p<0.001, n?=0.614] and dias-
tolic [F(2,96)=71.49, p<0.001, n2=0.427] BP, and this
increase was greater in males than in females
[F(1,96)=48.30, p<0.001, n?=0.335]. The test also caused
tachycardia, but without significant differences be-
tween males and females [F(1,96)=4.35, p<0.054,
n?=0.043]. There were no significant differences ob-
served in the recovery time between males and fe-
males.
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Figure . Changes in systolic and diastolic blood pressure (BP) and in heart rate (HR) during the handgrip test (at the 3rd min) Stroop test
(at the 4th min) and cold pressor test (at the 2nd min), comparing males and females. The values are means + SEM. Numbers in parenthesis
are the relative changes induced by the stressor test. *<0.05 indicates significant difference between males and females.
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The results of the word-color conflict (Stroop)
test are shown in Figure 1 (middle panel). We ob-
served a significant increase in systolic BP
[F(2,96)=193.75, p<0.001, n?>=0.669], which showed a
similar magnitude in males (from 113+3.20 to 131+3.20
mmHg) and females (97+3.2 to 115+3.2 mmHg)
[F(1,96)=66.18, p<0.001, n?=0.408]. The increase in di-
astolic BP was significantly higher in males (from
67+2.8 to 82+3.0 mmHg) than in females (from 61+2.8
to 73+3.2 mmHg) [F(1,96)=19.54, p<0.001, n2=0.169]. A
significant stress-induced increase in HR was ob-
served during this test [F(2,96)=158.07, p<0.001,
1n2=0.622], and there was no difference between males
(from 70£3.2 to 85+3.2 bpm) and females (from 75+3.0
to 87+3.3 bpm) [F(1,96)=3.84, p<0.053, n?=0.039]. BP
and HR decreased during the post-test period to sim-
ilar levels as baseline in both genders.

Figure 1 (right panel) summarizes the positive
chronotropic and pressor responses to the cold pres-
sor test. Systolic BP increased significantly during the
test [F(2,96)=298.35, p<0.001, n2=0.757] and it was sig-
nificantly higher in males (from 110+3.3 to 137+3.2
mmHg) compared with females (from 94+3.2 to
114+3.2 mmHg) [F(1,96)=112.33, p<0.001, 12=0.539].
Diastolic BP also showed a significant increase
[F(2,96)=181.30, p<0.001, n2=0.654], but without sig-
nificant differences between males (from 67+3.0 to
86+3.3 mmHg) and females (from 61+2.8 to 79+3.2
mmHg) [F(1,96)=4.21, p<0.056, n?=0.008]. HR in-
creased similarly in males (from 69+3.3 to 80£3.3 bpm)
and females (75+3.0 to 83+3.3 bpm) [F(1,96)=4.55,
p<0.355, 112=0.045]. The hemodynamic values were
similarly recovered post-test in both genders.

Classification of hemodynamic responsiveness
to laboratory stressors

As summarized in Figure 2 (top panel), the per-
cent changes in systolic BP due to the stressor were
significantly different between the handgrip, Stroop
and cold pressor tests (median: 10, 15 and 28 mmHg,
respectively). Similar results were observed for dias-
tolic BP changes (median: 6, 9 and 18 mmHg, respec-
tively), but not for HR changes, for which a signifi-
cantly higher median was observed for the Stroop test
(13 bmp) compared the handgrip test (6 bpm) and the
cold pressor test (8 bpm). We also noted that the
magnitude of the BP and HR responses were variable
between participants; therefore, we classified each
individual as pressor and chronotropic hyperreactive
based on the 75th percentile for each of the three tests.
As shown in Figure 2, the values of systolic BP and
diastolic BP were less dispersed in the handgrip test
and markedly dispersed in the cold pressor test. The
hyperreactivity cutoff for systolic BP was 14, 24 and 36

mmHg, respectively, for the handgrip, Stroop and
cold pressor test. The hyperreactivity cutoff for dias-
tolic BP was 9, 13 and 24 mmHg, respectively). With
regard to HR, participants responded to the tests with
variations from 0 to 39 bpm during the isometric
handgrip test, 0 to 40 bpm during the Stroop mental
test and -14 to +47 bpm during the cold pressor test.
The 75t percentile of this parameter in the handgrip,
Stroop and cold pressor tests were 10, 17 and 17 bpm,
respectively.
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Figure 2. Distribution of absolute pressor and chronotropic
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the box represents the median and the superior horizontal line of

the box represents the 75th percentile. *p<0.5 between groups.
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Figure 3. The influence of gender and family history of cardiovascular diseases (CVDs) on the frequency of subjects with pressor (BP) and
chronotropic (HR) hyperresponsiveness to stressor tests. The data in the left graphs are from 30 males and |2 females exhibiting he-
modynamic hyperresponsiveness. The data in the right graphs are from 26 subjects exhibiting concurrent hemodynamic hyperrespon-
siveness and a family history of CVDs and from 18 subjects with hemodynamic hyperresponsiveness only. ¥p<0.05 and **5<0.0| compared

with female group or with no family history of CVDs group.

Hemodynamic hyperresponsiveness and gen-
der

Figure 3 (left bar graph) shows the proportion of
males and females among individuals exhibiting
pressor and chronotropic hyperresponsiveness to
stressor tests, based on the cutoffs described above.
Our data showed that the frequency of participants
classified with blood pressure hyperreactivity during
the isometric handgrip test was significantly higher
for males compared with females (63 vs. 24%, p<0.01).
The frequency of participants classified with blood
pressure hyperreactivity during the cold pressor and
mental tests was similar among males and females.
No significant differences were observed in the pro-
portion of males and females with chronotropic hy-
perresponsiveness during all the stressor tests.

Hemodynamic hyperresponsiveness and fam-
ily history of cardiovascular disease

In our sample of healthy participants, 27% re-
ported family history of cardiovascular disease. As
summarized in Figure 3 (right bar graphs), the fre-
quency of participants classified with BP (systolic
and/or diastolic) and chronotropic hyperreactivity
during the isometric handgrip test was higher in par-
ticipants with family history of cardiovascular dis-
eases (67 vs. 36%, p<0.01) (Figure 3, right bottom
graph). None of those individuals who did not re-

spond with increase in cardiovascular parameters to
the isometric handgrip (n=11), Stroop (n=9) or cold
pressor (n=22) tests, which were Cclassified as
non-responders, had reported family history of car-
diovascular disease. When we used the 25t percentile
as a cutoff criterion to determine those who were
hyporesponders to the handgrip (n: 20 females and11
males), Stroop (n: 18 females and 14 males) and cold
pressor (n: 15 females and 14 males) tests, we ob-
served that only 6 (~6%) had reported family history
of cardiovascular disease.

Discussion

Our study of 98 healthy participants, demon-
strates that the cold pressor test elicited higher in-
creases in BP, whereas the Stroop test elicited larger
increases in HR. Our data suggest that males exhib-
ited higher increases in BP than females in all stressor
tests, and were more likely to exhibit pressor hyper-
reactivity during the handgrip test. A point of rele-
vance in this study was the relationship between
family history of cardiovascular disease and pressor
hyperreactivity to stressor tests.

Regarding the values of hyperreactivity studies
in the literature the cutoff is based on the ergometric
test [30] or comparing two groups and classifying the
group exhibiting higher hemodynamic responses as
hyperreactive [2]. Ginty et al, [15] classified the indi-
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viduals as exaggerated or blunted reactors on the ba-
sis of being at least 2 standard deviations above or
below the means of their respective HR means. In the
present study we proposed to classify the subjects as
exaggerated reactors based on the 75t percentile of
the sample as hemodynamic hyperreactives.

Pressor and tachycardic responses to stressors
occur in most individuals, and they are dependent on
the stressful situation, and how reactive the person is
to that situation even when he/she is healthy [31].
Although laboratory stressors are different from stress
in real life, they are recognized as important tools to
measure cardiovascular reactivity [32]. In the present
study, the individuals were subjected to a set of di-
verse stressors that have mostly been used to examine
the influence of cardiovascular hyperresponsiveness
on the etiology of cardiovascular disease [1-3,6,8,11].
Individual differences in the cardiovascular response
to stress play a central role in the reactivity hypothesis
linking frequent exposure to psychosocial stress to
adverse outcomes in cardiovascular health [33,34].

We measured both the systolic and diastolic
components of BP because systolic pressure is mainly
determined by left ventricular ejection and arterial
compliance, whereas diastolic pressure is mainly de-
termined by vascular resistance. However, we ob-
served that the relative increase in systolic BP closely
followed the relative increase in diastolic BP, which
means that the pressor response to each of the stress-
ors involved determinants of both the systolic and
diastolic components. In the present study, the BP and
HR measurements and the stress tests were applied at
a fixed time in the morning (08:00-10:00 h). Using a
fixed time rather than a random time was, important
because Shea et al. [35] recently evaluated the circa-
dian rhythm of BP in health subjects and observed
that the timing of the endogenous circadian peak in
BP occurs in the evening, whereas the lowest circa-
dian BP occurs early in the morning. This change was
unrelated to the circadian rhythms in cortisol, cate-
cholamines and the neural control of HR.

It has been demonstrated that physically unde-
manding active coping tasks generate a cardiac reac-
tion pattern whereas passive coping tasks have been
shown to generate vascular response patterns [36,37],
which are sympathetic response modes [38]. In
healthy persons, we observed that among the three
stressors the isometric handgrip caused the smallest
variance in the values of BP and HR response (see
Figure 2, box-whisker graph). Willemsen et al. [39]
and Ring et al. [40] found in healthy young individu-
als that the mental task elicited increases in BP and
HR and that, in contrast, the cold pressor test elicited
increases in diastolic BP and no changes or decreases

in HR. Interestingly, Ring et al. [16] studied the effects
of prolonged mental stress in healthy men and
women and observed that the pressor response was
initially maintained mainly by cardiac mechanisms
and subsequently the predominantly vascular mech-
anisms. In the present study, although using a dif-
ferent protocol, we observed that the Stroop test elic-
ited increases in both BP and HR and that the cold
pressor elicited higher increases in diastolic BP and it
was the only test that elicited bradycardia in several
individuals (Figure 2).

Comparing the stressor tests we noted in healthy
subjects that the passive cold pressor test elicited
higher increases in BP (~30 mmHg, at the 2"d min) and
the physical handgrip elicited lower increases in BP
(~10 mmHg, at the 34 min). An intermediary value
was observed with the active mental Stroop test (~18
mmHg, at the 4™ min); similar results were observed
in relation to the chronotropic response. Although the
cold pressor test has been considered a bizarre
stressor and psychologically and physiologically
complex [31], it was important in our study in terms
of comparison with the other two stressors and be-
cause the pressor and tachycardic responses are
greatly determined or at least accompanied by painful
cutaneous sensation [1,41,42]. Again, it was important
that we did not apply this test at a random time given
the evidence for the existence of an endogenous cir-
cadian periodicity underlying the sensitivity of corti-
sol to the acute cold pressor test [43]. Considering that
small variations in water temperature have significant
effects on pain intensity and tolerance time [44, 45],
the cold pressor test in the present study was applied
under technical conditions to ensure a precise con-
stant temperature of the water in every trial to obtain
comparable and reliable results.

Given the lack of cutoff values indicative of hy-
perreactivity, we proposed adopting a cutoff based on
the 75t percentile of the average BP and HR in the
sample, which we consider rigorous because the cut-
off values were much higher than the average increase
in values of systolic and diastolic BP and HR. Re-
cently, Ginty et al. [15] reported that differences be-
tween exaggerated and blunted reactors to stress tasks
may involve the amygdala and the posterior cingulate
systems of the brain. Those investigators have also
observed that there were no significant differences
between exaggerated and blunted reactors in how
difficult, stressful, or engaging they found the task or
in their subjective assessment of their performance of
the task. In the present study, we observed that, in
contrast with the hyperresponders, none of the
non-responders and only 6 hyporesponders (using a
cutoff based on the 25t percentile) had reported fam-
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ily history of cardiovascular disease. Therefore, stud-
ies such as that done by the above investigators are
very important to the understanding the functional
differences = among  exaggerated  responders,
hyporesponders and blunted reactors to stress tasks
and the association with vulnerability to and protec-
tion against cardiovascular disease risk.

We noted that among subjects with cardiovas-
cular hyperreactivity to stress, the proportion of fe-
males was significantly lower than males (24 vs. 63%)
during the isometric handgrip stressor. Gender dif-
ferences in cardiovascular reactivity to stress are ex-
pected due to the protective effects exerted by estro-
gens, which usually results in reduced signs of car-
diovascular disease risk in premenopausal women,
compared to men [45]. We observed that fertile fe-
males showed lower increases in BP due to the three
stressors. This finding is corroborated by prior studies
that showed that women exhibited attenuated BP re-
sponses during a static handgrip test [46,47] and the
cold pressor test [47]. On the other hand, when we
considered  the  individuals  classified  as
hyporesponders, the proportion of females was
greater than of males. There is experimental evidence
that gender differences in the responses to stressors
might be mediated by the sympathetic nervous sys-
tem. For example, Shoemaker et al. [48] found that
males exhibited greater muscle sympathetic nerve
activity and greater increases in BP during the pos-
tural stress than females. Rozanski et al. [32] also
showed that the concurrent increase in sympathetic
activity was smaller in females than males. These
findings highlight the role played by the autonomic
nervous system in the gender-specific hemodynamic
responses to stressors.

The highly influential cardiovascular reactivity
hypothesis states that individuals showing exagger-
ated cardiovascular reactivity to stress are at higher
risk of developing cardiovascular disease [4, 33,49].
Family history of cardiovascular diseases and cardi-
ovascular reactivity to stressors in healthy young
adults have been shown to have some predictive
value regarding the risk of developing cardiovascular
disease [19, 29,30]. In agreement with this hypothesis,
we observed in our study that most of those individ-
uals who had reported family history of cardiovascu-
lar disease were hyperresponders to the stressor tests
and the opposite was observed when we analyzed the
individuals classified as hyporesponders. Increased
sympathetic activity is considered the main underly-
ing mechanism of the development of hypertension in
young subjects with a positive family history of car-
diovascular disease [19,30]. We speculate that vaso-
dilator endothelial dysfunction induced by reduced

nitric oxide release and exacerbated central and/or
peripheral sympathetic activity on the heart and re-
sistance vessels are possible mechanisms involved in
the hyperactivity to stressor tests in individuals with
family history of cardiovascular disease. Although
our finding of a positive relationship between family
history of cardiovascular disease and pressor hyper-
reactivity to stressor tests may contribute to the un-
derstanding of the relation between hemodynamic
hyperreactivity to sympathoexcitatory stimuli and
future incidences of cardiovascular diseases, further
progress in genetic association studies might help to
uncover the molecular pathways leading from genes
to stress reactivity. Moreover, future studies should
evaluate the role played by the neuroreflex mecha-
nisms of cardiovascular function regulation, which
plays a pivotal role in buffering oscillations in BP and
HR under resting conditions [50] and during the la-
boratory stressor tests in hemodynamic normoreac-
tive and hyperreactive subjects.

Conclusion and limitations

In summary, we have shown that the cold pres-
sor test elicited higher increases in BP and that mental
stress elicited larger increases in HR. Moreover, we
observed that males exhibited higher increases in BP
in all stressor tests and that males and participants
with family history of cardiovascular disease were
more likely to exhibit hemodynamic hyperreactivity
based on our proposed hyperreactive criteria. A limi-
tation of the present study is that it was not taken
from the participants a self report of how stressful
they found each test or how engaged they were in the
tasks.
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