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Abstract

Background: Hypertensive individuals are known to exhibit greater increases in blood pressure during an isometric handgrip exercise IHE)
than their normotensive counterparts. Aim: This study tests the hypothesis that, compared to normotensive individuals, prehypertensive
individuals exhibit an exaggerated response to IHE. Materials and Methods: In this study, the effects of IHE were compared in matched
prehypertensive vs. normotensive healthy African-American females. Six healthy young adult African—American female university students
were screened in a physician’s office for blood pressure in the range of prehypertension, systolic blood pressure (SBP) 120—139 mmHg and
diastolic blood pressure (DBP) 80-89 mmHg. Six young adult African—American women were also recruited to serve as a healthy normotensive
control group with SBP <119 mmHg and DBP =79 mmHg, Cardiovascular fitness was determined by peak oxygen uptake (VO, peak)
measured during a progressive exercise test. Results: During the handgrip exercise, the prehypertensive group exhibited greater increases
in SBP (from 139 * 6 to 205 = 11 mmHg, +48%) than the controls (from 132 £ 3 to 145 * 3 mmHg, +10%); intergroup difference
P < 0.001. The prehypertensive group also exhibited greater increases in DBP (from 77 + 2 to 112 £ 5 mmHg, +46%) compared to the
controls (from 72 £ 3 to 78 = 4 mmHg, +8%); intergroup difference P < 0.001. The increase in systemic vascular resistance was also greater
in the prehypertensive group (from 1713 £ 91 to 2807 £ 370 dyne's'cm™, +64%) than in the controls (from 1668 + 80 to 1812 = 169
dyne's'em?®, +9%); intergroup difference P < 0.05. Conclusion: These results suggest that blood pressure measurements performed during
IHE may be a useful screening tool in evaluating prehypertensive individuals for antihypertensive treatments.
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Introduction in 38.1% of women.” Prehypertension is a prodrome of

hypertension, which evolves over many years, is resistant

The incidence of hypertension and prehypertensionhas  to treatment, and is a costly burden to individuals as well
been reported to be 19and 62%, respectively among young  as society.”! Prehypertension is characterized by systolic
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blood pressure of 120-139 mmHg and diastolic blood
pressure of 80-89 mmHg, measured at rest."! High total
peripheral resistance is the most commonly reported
mechanism for the mildly increased blood pressure in
hypertension, which is often accompanied by decreased
arterial compliance.®' It is unclear whether these changes
occur in prehypertension.[®!

Aerobic exercise and mental stress have been used
as provocation tests to identify individuals with
prehypertension.”! However, such exercise testing is
often not amenable to routine screening in a primary
care physician’s office. Isometric handgrip exercise
has been used to demonstrate that heathy young adult
offspring of hypertensive parents had higher resting
and postexercise systolic and diastolic blood pressures
than offspring of normotensive parents.'! African-
American women are reported to have one of the
highest prevalence of hypertension in the world with
higher blood pressures than their Caucasian-American
counterparts.'"! Compared with healthy young men,
healthy young women appear to be protected from
high blood pressure by the vasodilator activity of
estrogens; women are also reported to possess less
sympathetic influence on their cardiovascular systems
than men. %3

These findings suggest thatyoung adult African-American
women are particularly vulnerable to having their
blood pressures go undetected when they are mildly
elevated, thereby putting them at risk for developing
hypertension. These women are also likely to have
morbidity and mortality from cardiovascular disease as
middle and elderly aged adults. The present study was,
therefore, designed to determine whether an isometric
handgrip exercise is useful for identifying women with
prehypertension and exaggerated vasopressor responses
who may be at high risk for developing cardiovascular
disease.

Materials and Methods

Six healthy young adult African-American female
university students volunteered as study participants
and were screened in a physician’s office for
blood pressure in the range of prehypertension,
systolic pressure 120-139 mmHg, and diastolic
pressure 80-89 mmHg. Six young adult African-
American women were also recruited to serve as a
healthy normotensive control group with systolic
blood pressure <119 mmHg and diastolic blood
pressure <79 mmHg. All individuals were nonsmokers
and physically inactive. A sub-screening of the
participants consisted of age, body weight, body
composition, and cardiovascular fitness. The study
was approved by the Human Participants Institutional

Review Board of Howard University, and written
informed consent was obtained from all participants.

Prior to enrollment into the study, the participants
underwent blood pressure screening in a physician’s
office at the Howard University Hospital to determine the
presence or absence of prehypertension. Blood pressure
measurements were performed on three separate visits
during similar times of the day and the participants
underwent three blood pressure measurements per
visit. After 5 min of rest, blood pressure measurements
were performed on the left arm in a seated position
using a standard sphygmomanometer blood pressure
cuff and stethoscope. Manual blood pressure recordings
were performed by a single research investigator using
the same sphygmomanometer, cuff, and stethoscope.
Participants were assigned to the prehypertension group
when resting systolic arterial pressure was between
120 and 139 mmHg and diastolic pressure was between
80 and 89 mmHg, as defined by The seventh report of
the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure
(JNC7). Changes in blood pressure have been reported
in normotensive and mildly hypertensive women during
the different phases of the menstrual cycle. Thus, all
screenings and testing conditions of the study were
performed during the luteal phase of the participants’
menstrual cycle.

After meeting the screening criteria, the participants
visited the laboratory on a separate day for sub-screening
measurements of body height and weight, body
composition, and peak oxygen uptake (VO, peak).
Physical activity was assessed using the Godin
Leisure-Time Exercise Questionnaire.'™ Body height
and weight were measured using standard laboratory
procedures. Measurement of body composition included
fat mass measured by a scanner using dual energy
X-ray absorptiometry (DEXA, Hologic QDR 4500
DXA System, Hologic, Waltham, MA). Cardiovascular
fitness was determined by VO, peak measured during a
progressive exercise test. After screenings, on a separate
day, participants entered the laboratory with prior
instructions to abstain from food for 3 h and from exercise
for 12 h prior to testing. The participants then performed
an isometric handgrip dynamometer exercise test. The
procedure of the isometric handgrip exercise test was
explained to all the study participants. Before the test,
they were allowed to rest for 10 min. The participants
were then instructed to perform the isometric handgrip
exercise under supervision. They were asked to hold a
Smedley handgrip spring dynamometer (Independent
Living Products, Peoria, AZ) in their left hand to
get a full grip of it and compress the handles of the
dynamometer by exerting maximal effort for a few
seconds. The performance of maximal handgrip
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contraction was performed in triplicate, with the mean
of three readings recorded as the maximal isometric
tension. The participants were then instrumented for the
following physiological outcome measurements, that is,
blood pressure, cardiac output, and heart rate variability.

Cardiac output was monitored using a noninvasive
impedance cardiography device (Sorba Model CIC-1000,
Sorba Medical Systems, Inc., Milwaukee, WI). In
addition, hemodynamic variables of stroke volume,
heart rate, and systemic vascular resistance (SVR) were
derived from the cardiac impedance monitor.

Beat-by-beat, noninvasive measurements of blood
pressure were performed using the Vasotrac APM205A
system (Medwave®, Inc., St. Paul, MN). The blood pressure
tonometer sensor was placed on the radial artery of the
right wrist. This method of measuring arterial pressure is
reported to be highly correlated with indwelling arterial
line blood pressure (r =0.74).1 The area under the diastolic
pressure waveform of the radial artery was used to estimate
arterial compliance.” In a prior study, we have reported
arterial compliance measurements using a similar contour
analysis method."™ Specifically, the analysis included
two successive 10-beat radial blood pressure recordings.
Total arterial compliance was estimated using the ratio of
stroke volume to pulse pressure.'”’ SVR was derived from
the cardiac output and mean arterial pressure values and
expressed as dynesscm™. Heart rate, represented by its
reciprocal value (RR interval), was monitored beat-to-beat
using a Biopac MP100 electrocardiogram data acquisition
system (Biopac Systems, Inc, Goleta, CA) with a sampling
rate of 1000 Hz. Heart rate variability measurements were
performed in the time domain via specialized heart rate
variability software (Nevrokard version 11.0.2, 1zola,
Slovenia). Selected time domain parameter of the square
root of the mean squared difference of successive RR
intervals (RMSSD) was computed from the raw RR intervals.

After the participants were instrumented with the
aforementioned monitoring devices, they rested for
10 min in the seated position. Baseline measures of
blood pressure, heart rate, cardiac output, and heart rate
variability were recorded during the last 3 min of the rest
period. Then, each participant was asked to perform the
isometric handgrip exercise at 30% of maximal isometric
tension for 3 min. During the test, blood pressure was
recorded from the nonexercised arm, and each participant
was instructed to perform normal respiration to limit any
Valsalva effect. During the isometric handgrip exercise,
the blood pressure, heart rate, cardiac output, and heart
rate variability were again measured for 3 min. After
the isometric handgrip exercise, the participants rested
for 10 min (recovery) and the blood pressure, heart rate,
cardiac output, and heart rate variability were recorded
during the last 3 min of exercise recovery.

Statistical analysis

The dependent cardiovascular response variables of
interest were identified as systolic and diastolic blood
pressures, cardiac output, systemic vascular resistance,
heartrate, rate-pressure product, arterial compliance stroke
volume/ pulse pressure quotient, and root mean square of
the standard deviation of normal-normal ECG RR interbeat
intervals (RMSSD). Statistical significance of differences
between each of these dependent variables was evaluated
across the independent categorical variables, with study
participants designated as normotensive (control) or
prehypertensive (comparison) groups. The assumption
of normality in the distribution of least-square procedure
residuals was met by virtue of skewness and kurtosis
values between —1.0 and +1.0 and statistical significance
of the intergroup differences was determined by one-way
analysis of variance (ANOV A) using the Statistical Package
for the Social Sciences (SPSS) version 22 software (IBM
Corp., Armonk, NY). Results are expressed as mean + SE,
and the significance level was set at P < 0.05.

Results

The demographic and physiological characteristics of
the two study groups’ physician’s office blood pressure
measurements were greater in the prehypertensive
participants as shown in Table 1.

The systolic and diastolic blood pressures before (baseline),
during (exercise), and immediately after (recovery) an
isometric handgrip exercise test are depicted in Figure 1.
The prehypertension group exhibited greater increases in
systolic blood pressure (from 139 + 6 to 205 + 11 mmHg,
+48%) than the normotensive control group (from132+3to
145+ 3 mmHg, +10%); intergroup difference P <0.001. The
prehypertension group also exhibited greater increases in
diastolic blood pressure (from 77 + 2 to 112 £ 5 mmHg,
+46%) compared to the normotensive control group
from 72 + 3 to 78 £ 4 mmHg, +8%); intergroup difference
P < 0.001. During recovery, systolic, diastolic, and mean

Table 1: Characteristics of study participants

Variable Normotensive Prehypertensive
(n=6) (n=6)

Age (yr) 205402 20.040.0
Height (cm) 164.1+2.3 167.3+2.0
Weight (kg) 68.2+0.7 71.343.1
Body fat (%) 31.040.8 30.8+1.6
SBP_ (mm Hg) 117.3£2.0 134.141.2¢
DBP_, (mm Hg) 73.0+3.0 84.6+1.6*
HR__ (b.min") 77.0+2.6 74.041.7
V.0, (mlkg".min") 23.5+0.8 25.0+1.2
HRPEZ‘k (b.min) 177.3+4.2 176.6+1.5

* Difference significant at P<0.05; SBPrest = Systolic blood pessure rest,
DBPrest = Diastolic blood pressure rest, V.O, = Peak oxygen uptake,
HRpeak = Peak heart rate

2peak
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blood pressures were also significantly greater in the
prehypertension group.

The prehypertension group exhibited greater increases in
systemic vascular resistance (from 1713 + 91 to 2807 £ 370
dyne-s* cm™, +64%) than the normotensive control
group (from 1668 + 80 to 1812 £ 169 dyne s'cm™, +9%);
intergroup difference P < 0.05, as shown in Figure 2. The
prehypertension group also had greater increases in the
rate-pressure product than the control group (P < 0.05).
The rate-pressure product was also greater in the
prehypertension group during recovery.

The pulse-pressure/stroke-volume quotient and arterial
compliance before, during, and after the handgrip
exercise are represented in Figure 3. The pulse pressure
was increased and the pulse-pressure/stroke-volume
quotient was decreased during the handgrip exercise
in both groups, with greater decrements in the
prehypertension group (P < 0.05).

Discussion

This pilot study demonstrates that healthy young adult
African-American women with routine blood pressure
measurements in the range of prehypertension may exhibit
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Figure 1: Effects of handgrip exercise on blood pressure. Mean + SE
measurements of systolic and diastolic BP before (baseline), during
(exercise) and after (recovery) performance of an isometric handgrip
exercise in groups of healthy female control subjects compared to subjects
with prehypertension. *Intergroup difference significant at £<0.001

augmented cardiovascular responses that can be elicited
by an isometric handgrip exercise. This handgrip exercise
induced greater rise in systolic, diastolic, pulse pressures,
systemic (arterial) resistance, and heart rate-pressure
product (index of myocardial oxygen demand) in the
prehypertensive subjects. The decrement in stroke-volume/
pulse-pressure quotient (index of arterial compliance) was
also greater in the prehypertensive subjects.

Despite the fact that the physician’s office blood pressure
of the two study groups was significantly different,
the two groups were indistinguishable by baseline
measurements of their cardiovascular variables. This
might be attributed to white-coat anxiety and/or
laboratory testing stress produced by instruments and
instructing the subjects, as well as by the unfamiliar
environment of a research facility. Stress-induced
increases in cardiac output and blood pressure are
common responses to stress in normotensive individuals
by the mechanism of beta-adrenergic stimulation.!

Effect of isometric handgrip exercise on blood
pressure

Aerobic exercise, such as an exercise stress test, is the
most commonly used experimental intervention to elicit
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Figure 2: Effects of handgrip exercise on rate-pressure product
and systemic resistance. Mean + SE measurements of systolic and
diastolic BP before (baseline), during (exercise) and after (recovery)
performance of an isometric handgrip exercise in groups of healthy
female control subjects compared to subjects with prehypertension.
*Intergroup difference significant at P<0.001
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Figure 3: Effects of handgrip exercise on pulse-pressure/stroke-
volume quotient and arterial compliance. Mean + SE measurements
of systolic and diastolic BP before (baseline), during (exercise) and
after (recovery) performance of an isometric handgrip exercise in
groups of healthy female control subjects compared to subjects with
prehypertension. *Intergroup difference significant at P<0.001

physiological increase in blood pressure.!! Aerobic
exercise has also been used to differentiate normotensive
from hypertensive patients,® and, infrequently, to
differentiate individuals with prehypertensive blood
pressure.®! Aerobic exercise has also been used as
a treatment modality to decrease blood pressure in
prehypertensive individuals.?! Isometric handgrip exercise
has also been shown to be effective for decreasing blood
pressure in prehypertensive individuals.” Augmented
cardiovascular responses to isometric handgrip exercise
can also differentiate individuals with hypertensive
parents from individuals with normotensive parents.!

The results of our study, showing an augmented blood
pressure response in prehypertensive subjects, is
seemingly paradoxical to reports that isometric handgrip
exercise training acts as an antihypertensive treatment
strategy.® This can be explained by the methodological
differences between the results of our study because the
exaggerated blood pressure response was to a single bout
of isometric handgrip exercise, not to exercise training
per se. The studies demonstrating a significant reduction
in blood pressure resulting from an isometric handgrip
exercise training regimen were usually of at least 4 weeks
duration.®!

The present study is unique because it employed
an isometric handgrip exercise to elicit increase in
blood pressure in prehypertensive subjects. Isometric
handgrip exercise is reported to increase both aortic and
brachial artery pressures whereas ergometer-bicycle
exercise only increases brachial artery pressure.!
The isometric handgrip exercise used in the present
study showed that a group of healthy young adult
African-American women with routine blood pressures
in the prehypertensive range had greater increases
than their normotensive counterparts in radial artery
systolic, diastolic, and pulse pressures contralateral to
the exercising hand. Overall, these findings imply that
the increase in peripheral (radial) pressure reflected
generalized arterial vasoconstriction in our study
and that our use of isometric handgrip exercise may
have increased cardiac afterload. Afterload is a major
long-term predictor of cardiovascular risk.*!

Vasoconstrictor responses to exercise and to other
environmental stressors are physiological indicators
of predilections for cardiovascular disease. The
renin-angiotensin system (RAS) is a mediator of
sympathetic vasoconstrictor responses. A high plasma
angiotensin level mediates cardiac myocyte hypertrophy
and cardiac remodeling, leading to cardiovascular
disease.” In one study, angiotensin receptor blockade
did not attenuate the sympathetic response to isometric
handgrip exercise®! but alpha-adrenergic receptor
blockade did.P” Isometric handgrip exercise after
angiotensin receptor blockade with losartan did increase
heart rate and firing of sympathetic nerves.*! The
vasopressor responses to isometric handgrip exercise
in the present study were, therefore, probably
mediated by sympathetic release of norepinephrine
and activation of alpha-adrenergic receptors. This
issue can be addressed by measuring forearm plasma
norepinephrine concentrations. A greater increase in
forearm norepinephrine during isometric handgrip
exercise would suggest sympathetic overactivity as
a mechanism for the exaggerated blood pressure
responsiveness observed in this study of prehypertensive
subjects.

Effect of isometric handgrip exercise on arterial
resistance and compliance

The present study appears to be the first to demonstrate
greater SVR in prehypertensive than in normotensive
subjects during an isometric handgrip exercise. Increased
SVRis not considered to be a normal sympathetic response
to static exercise and pregnant women with and without
hypertension did not have increased SVR after isometric
handgrip exercise.’? Nevertheless, increased SVR has
been demonstrated during isometric handgrip exercise in
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some hypertensive individuals.® This finding suggests
that our participants with prehypertension were probably
exhibiting sympathetic vasopressor responses during the
isometric handgrip exercises, quite similar to what has
been reported for patients diagnosed with hypertension.

Decreased arterial compliance, measured as the
stroke-volume/end-systolic pressure quotient, has
been demonstrated following isometric handgrip
exercise in patients diagnosed with hypertension.? We
computed arterial compliance by measuring the area
under the curve for the decay in aortic pressure during
diastole, which showed a marginally greater decrease
during the handgrip exercise in the prehypertension
group (P = 0.07). We also computed arterial compliance
as the stroke-volume/pulse-pressure quotient. The
change in stroke-volume/ pulse-pressure quotient was
statistically more significant than the diastolic pressure
decay during the handgrip exercise in the group with
prehypertension (P = 0.018). It is likely, therefore, that
arterial stiffness was increased during the handgrip
exercise, with greater stiffness in the prehypertensive
than in the normotensive subjects. Arterial stiffness is
a component of increased SVR, as well as a structural
property that permits storage of energy to buffer sudden
increases in arterial pressure. The capacity for energy
storage is very low in a rigid structure such as a lead
pipe. Both SVR and stiffness of the arterial system were,
therefore, increasing, becoming more like a lead pipe, in
the prehypertensive than in the normotensive subjects
during the handgrip exercise.

Effect of the isometric handgrip exercise on
myocardial oxygen demand

The greater increases in blood pressure and SVR
observed in the group with prehypertension during
the handgrip exercise were associated with greater
increases in the rate-pressure product. Increased
rate-pressure product has been reported in healthy
subjects during isometric handgrip exercise.” Increased
myocardial oxygen demand is a key factor in myocardial
ischemia and infarction, for which hypertension is
a known risk factor.®! Our findings suggest that
the greater blood pressure and SVR increases in the
prehypertension group in this study were likely to be
clinically significant. Increased myocardial oxygen
demand during the handgrip exercise may, therefore,
reveal those individuals who could benefit from the early
introduction of antihypertensive treatments.

Study limitations

The major limitation of this pilot study is the small sample
size. The highly significant P values for the intergroup
differences in the dependent cardiovascular response

variables of interest suggest a very low probability of a
type 1 statistical error. However, the small sample size
cannot rule out the probability of a type 2 statistical
error, which requires further investigation with a larger
number of subjects. The results described here should,
therefore, be considered as a preliminary report.

Conclusion

This preliminary report suggests that a single bout of
isometric handgrip exercise may reveal exaggerated
blood pressure responses in a group of healthy young
adult African-American females with physician’s office
blood pressure in the range of prehypertension. Despite
the limitation of small sample size, the differences in
blood pressure responses between normotensive controls
and the prehypertension comparison group were highly
significant, similar to previously discussed differences
between groups of normotensive and hypertensive
subjects. These findings seem to suggest that isometric
handgrip exercise may be a useful technique for
identifying subpopulations of prehypertensive subjects
for whom the risk of developing chronic hypertension
and cardiovascular disease may be abated by early
employment of antihypertensive treatments.
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