Background: The prevalence of hypertension
among Black adults in South Africa is high.
Because cardiovascular reactivity can be used
to predict hypertension in later life, we
attempted to determine whether cardiac and
vascular responses to a task in Black South
African children influence their cardiovascular
parameters.

Design: This study was embedded in the
Transition and Health during Urbanization in
South Africa in Children study, which studied
the health status of children. During the study,
cardiovascular reactivity was determined with
a hand dynamometer in 670 Black African
children. Systolic blood pressure, diastolic
blood pressure, mean arterial pressure, heart
rate, stroke volume, cardiac output, total
peripheral resistance, and Windkessel compli-
ance of the arterial system were obtained by
means of the Finapres (finger arterial pressure)
apparatus and the Fast Modelflow software
program. Anthropometric measurements were
performed according to standard methods.
Cardiac and vascular responders were classi-
fied with a regression-based approach.

Results: Cardiac responders had higher stroke
volume; a trend to higher cardiac output;
lower diastolic blood pressure; and a tendency
toward lower systolic blood pressure, heart
rate, and total peripheral resistance. Vascular
responders showed no significant changes in
cardiovascular parameters when responders
and nonresponders were compared.

Conclusions: Cardiac responders had higher
stroke volume and a trend toward higher
cardiac output, which may be an early
indication of hypertension. (Ethn  Dis.
2008;18:187-191)
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INTRODUCTION

Increased cardiovascular reactivity is
a risk factor for the development of
cardiovascular diseases,” and it may be a
critical mediator in the development of
hypertension.? Cardiovascular reactivity
to a task that elicits cardiovascular
responses can therefore be used to
predict hypertension in later life.>*

By making use of a regression-based
approach, subjects can be classified into
cardiac and vascular responders accord-
ing to their cardiac output (CO) and
total peripheral resistance (TPR) reactiv-
ity to a task that elicits both myocardial
and vascular responses.* A stressor like
the hand dynamometer exercise evokes
cardiovascular responses via myocardial
influences (of presumably b-adrenergic
origin) and also results in changes in
vascular resistance (presumably a-adren-
ergic in origin).®> A primary b-adrenergic
pattern of activation of the sympathetic
nervous system is typically characterized
by increased CO, cardiac contractility,
systolic blood pressure (SBP), and a
relatively normal® or decreased TPR.®

Biobehavioral models suggest that a
sympathetic overreaction, such as an
elevated b-adrenergic activation pattern,
in young persons over a long term leads
to changes in the morphologic structure
of blood vessels and to chronic elevated

Cardiovascular reactivity to a
task that elicits cardiovascular
responses can therefore be used
to predict hypertension in later
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blood pressure.® This early hemody-
namic profile undergoes transition with
time as b-adrenergic receptors down-
regulate, resulting in a normal or low CO
and high TPR, the characteristic profile
of established hypertension in later
life.”® Sympathetic overreaction, which
starts in childhood, is evident in 30% of
patients with incipient hypertension.’

Because the prevalence of hyperten-
sion in the Black adult population of
South Africa is high,° risk factors must
be identified in children to predict the
possible development of hypertension.
In this study, we attempted to deter-
mine whether cardiac and vascular
responses to a handgrip exercise influ-
ence baseline cardiovascular parameters
in Black South African children.

METHODS

Study Design

This study was embedded in the
THUSA BANA (Transition and Health
during Urbanization in South Africa in
children; bana means “children” in the
Setswana language study which was
designed to assess the relationship be-
tween the level of urbanization and the
health status of children in North West
Province of South Africa. Thirty schools
that enrolled African children were ran-
domly selected from a list of schools in the
five regions of North West Province.
These schools were visited during the
weeks preceding data collection to obtain
permission from the school principals and
the children’s parents. The study took
place from 2000 through 2001.

Participants
African boys and girls from 10 to
15 years of age were randomly selected
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from class lists. These 670 children
included 297 boys and 373 girls. The
ethics committee of North-West Uni-
versity approved the study, and all the
students’ parents gave informed consent.

Data Collection

Data collection took place during
school hours (7:00 AM to 1:00 Pm).
Finapres (finger arterial pressure) was
used to measure blood pressure.*!*?
Finapres is not recommended to assess
absolute blood pressure levels, but it can
track blood pressure responses and was
preferable to invasive blood pressure
measurement in our young sample.*®

Each child’s blood pressure was re-
corded continuously in a sitting position.
After a 10-minute rest period, baseline
blood pressure values were obtained. Blood
pressure was considered to be at baseline
when SBP did not change by >10 mm
Hg during this period; otherwise the rest
period was extended for another five
minutes. The baseline blood pressure was
then recorded for one minute. The hand
dynamometer was used as a laboratory
stressor® to challenge the cardiovascular
system for one minute. Each participant
pressed the hand dynamometer at 50% of
his or her maximum (established before
measurement), and data were computed
with the Fast Modelflow software pro-
gram. The Modelflow method digitally
computes an aortic-flow waveform from a
peripheral arterial pressure signal. It uses a
nonlinear three-element model (Wind-
kessel) of the aortic input impedance that
consists of aortic characteristic impedance,
arterial compliance, and peripheral vascular
resistance.* In this way SBP, diastolic
blood pressure (DBP), mean arterial
pressure (MAP), pulse pressure (PP), heart
rate, stroke volume, CO, TPR, and
Windkessel compliance were obtained.
Anthropometric measurements were per-
formed according to standard methods.*®

The hand dynamometer task elicits
myocardial and vascular responses, and
children were classified into cardiac and
vascular responders with a regression-based
approach.* The children’s CO and TPR
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Table 1. Descriptive statistics of 670 children from North West Province, South

Africa
Boys (n1=297) Girls (n=373)
Parameter Mean (95% CI) = SD Mean (95% Cl) = SD
Age (years) 12.5 (12.3-12.6)=1.7 12.4 (12.2-12.6)=1.8
BMI (kg/m?)* 16.6 (16.3-16.9)=2.6 18.0 (17.7-18.4)=3.6

SBP (mm Hg)*
DBP (mm Hg)*

98.8 (97.0-100.0)+14.0 104.0
63.8 (63.0-65.0)=10.1 65.9

103.0-106.0)+14.3
65.0-67.0)+9.9

Py

MAP (mm Hg)* 79.3 (78.0-81.0)+10.7 83.1 (82.0-84.0)+10.9
HR (beats/minute)* 79.2 (78.0-81.0)+11.8 85.6 (84.0-87.0)+11.8
SV (mL) 34.0 (33.0-36.0)+13.1 34.8 (33-36)+13.4
CO (L/min)* 2.6 (2.5-2.8)=1.0 2.9 (2.8-3.0)x1.1
TPR (mm Hg/mL) 2.2 (2.1-2.4)*1.2 2.1(2.0-2.1)+.8

Cw (mL/mm Hg) 1.1 (1.0-1.1)*.4 1.0 (.98.0-1.1)=.4

Cl = confidence interval, SD = standard deviation, BMI = body mass index, SBP = systolic blood pressure,
DBP = diastolic blood pressure, MAP = mean arterial pressure, HR = heart rate, SV = stroke volume, CO =
cardiac output, TPR = total peripheral resistance, Cw = Winkessel compliance.

* Significantly different at the P<<.05 level.

reactivity data were used to determine the
y-intercept from the linear regression of
the CO reactivity as a dependent variable
and alternatively the TPR reactivity as
dependent variable. An intercept value of
.8 was used as the cutoff point for
classification into CO and TPR respond-
ers and nonresponders. A change in
reactivity <.8 was regarded as nonre-
sponder, and a change in reactivity >.8
was regarded as a responder. After classi-
fication of the children into cardiac and
vascular responders and nonresponders,
baseline cardiovascular parameters were
compared.

Statistical Analysis

All processed data were statistically
analyzed with STATISTICA, version 7
(Statsoft, Inc., Tulsa, Okla).® A ¢ test
for unequal group sizes was applied to
obtain significant differences between
groups (boys and girls). A covariance
analysis was performed, and values were
adjusted for body mass index to obtain
significant differences between parame-
ters for responders and nonresponders.

RESULTS

Table 1 shows the baseline measure-
ments of the cardiovascular parameters
for both boys and girls, describing the
profile of the children used in the study.
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The average age was 12.5 years for the
boys and 12.4 years for the girls.

Table 2 shows the cardiovascular
parameters for both African boys and
girls after the hand dynamometer task
was applied.

From Figure 1 it is evident that the
cardiac responders had significantly low-
er DBP and MAP than did nonrespond-
ers. In girls, cardiac responders had
significantly lower baseline SBP than
did nonresponders, and this difference
trended toward significance in boys.
Stroke volume was higher in all cardiac
responders than in nonresponders, and
heart rate trended to be lower in cardiac
responders, but the difference did not
reach significance in either boys or girls.

In Figure 2, Cw (compliance) was
higher in cardiac responders, and CO
had a tendency to be higher. In girls the
TPR is significantly lower, while in boys
the TPR tends to be lower in the cardiac
responders.

No significant differences in cardio-
vascular parameters were seen between
vascular responders and nonresponders
(results not shown).

DISCUSSION

We found increased stroke volume
and CO, reduced vascular resistance,
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