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Improvements in Insulin Sensitivity and Muscle
Blood Flow in Aerobic-Trained Overweight-
Obese Hypertensive Patients Are Not Associated
With Ambulatory Blood Pressure

Paulo H. Waib, MD, PhD; Maria I. Gonçalves, MD, PhD; Silvia R. Barrile, PT, PhD

To verify whether there are relationships between
vascular and hormonal responses to aerobic
training in hypertensive persons, sedentary
hypertensive patients were randomized to an
aerobic training or a callisthenic exercise group.
The patients’ 24-hour blood pressure, arterial
compliance, forearm blood flow, and hormonal
profile were evaluated at baseline and after
3-month training protocols. Mean maximal
oxygen consumption (VO2max) increased by 8%
in the aerobic group (P<.001), while no change
was observed in the control group. There was a
decrease in insulin resistance (homeostatic model
assessment of insulin resistance, P=.039) and
plasma cortisol (P=.006) in the aerobic group
only, that also demonstrated an increase in
forearm blood flow (P<.001) after training. No
relationship was observed between change in
blood pressure or change in body mass and other
parameters. Aerobic training can promote a
decrease in cardiovascular risk in hypertensive
adults by improving vascular function and insulin

resistance, despite no changes in ambulatory
blood pressure after a 3-month intervention.
J Clin Hypertens (Greenwich). 2011;13:89–96.
ª2010 Wiley Periodicals, Inc.

Hypertension is an enormous public health
challenge in both industrialized and develop-

ing countries, and it is the most important risk
factor for cardiovascular (CV) diseases.1 Physical
exercise is recommended to help reduce blood
pressure (BP) and lower the risk for developing
CV disease.2 A recent meta-analysis3 of random-
ized controlled trials showed that in a hyperten-
sive population, endurance training reduced
resting systolic and diastolic BP by 6.9 mm Hg
and 4.9 mm Hg, respectively, and ambulatory
systolic BP and diastolic BP (4 studies, 5 groups)
decreased by 3.4 mm Hg and 2.7 mm Hg, respec-
tively. Despite this apparent reduction, changes in
ambulatory systolic BP were nonsignificant in 3
groups, whereas reductions in diastolic BP were
nonsignificant in 4 groups of these studies. These
disparate results might be partially explained by
methodologic differences, including small sam-
ple sizes and poor supervision of prescribed train-
ing intensity. Ambulatory BP (ABP) may be the
more appropriate method of monitoring BP in
exercise studies because, unlike office BP, it is
not influenced by the ‘‘white coat effect’’ during
treatment, placebo-induced hypotension, and
regression to the mean phenomenon.4

Decreased activity of the autonomic nervous sys-
tem,5 lower plasma renin activity,6 and reduction

From the Higher Education Bureau of Sao Paulo State,
Marı́lia School of Medicine, Hypertension Research
Center, São Paulo, Brazil
Address for correspondence:
Paulo H. Waib, MD, PhD, Av. Carlos Gomes 167,
Marı́lia ⁄ SP, São Paulo, CEP 17501 000, Brazil
E-mail: waib@unimedmarilia.com.br
Manuscript received March 15, 2010; revised July 27,
2010; accepted September 30, 2010

doi: 10.1111/j.1751-7176.2010.00393.x

VOL. 13 NO. 2 FEBRUARY 2011 THE JOURNAL OF CLINICAL HYPERTENSION 89



in insulin resistance7 are suggested mechanisms that
underlie training-induced reductions in BP. Changes
in plasma aldosterone8 and cortisol9 could also be
involved in BP regulation during aerobic training.
Neurohormonal and vascular adaptations are also
potential mechanisms that could explain the BP-
lowering effect of endurance training in hyperten-
sion; however, previous studies on endurance train-
ing in hypertension are inconsistent.

Therefore, the purpose of this randomized con-
trolled study was to investigate the relationships
between vascular and hormonal adaptations in non-
medicated essential hypertensive patients following a
3-month supervised aerobic training program, using
ABP monitoring.

METHODS
Participants
This trial was carried out at the Hypertension
Research Center of the Marı́lia School of Medicine.
The school’s institutional ethics committee on
human research approved the protocol and the pro-
cedures followed were in accordance with institu-
tional guidelines. Patients with mild to moderate
hypertension were included in the study. Exclusion
criteria included diabetes mellitus and participation
in regular exercise (�60 min ⁄wk) during the previ-
ous semester. Antihypertensive patients were with-
drawn at least 1 month before the initial screening
when appropriate.

Sample size was estimated10 to provide 90%
power at a=0.05 (2-sided) in order to detect a 3-
mm Hg difference (final)baseline) in BP, with a
standard deviation of 3 mm Hg, presupposing a
20% loss to follow-up during the study. Using a
2:1 randomization design, at least 40 patients were
required for the aerobic group and 20 patients were
required for the control (CTL) group.

Experimental Design
After giving written informed consent, patients with
high BP underwent an initial screening that
included clinical examination, electrocardiogram
and biochemistry tests. Initial ABP was used as a
baseline BP and was used to avoid white coat
hypertension. A progressive maximal treadmill
exercise test was performed to exclude silent coro-
nary heart disease and to assess maximal oxygen
consumption (VO2max). Plasma hormone measure-
ments were obtained from fasting blood samples.
Urinary metanephrines (as a surrogate of sympa-
thoadrenal activity) and urinary sodium (UNa; as
an indication of salt consumption) were assessed
by 24-hour urine analysis. Vascular function was

assessed through forearm blood flow (FBF) and arte-
rial compliance measurements. Then, patients were
randomized to the aerobic exercise training (AEX)
or a postural exercise protocol, used as a CTL. After
3 months, the measurements were repeated. Patients
were instructed to keep their usual dietary habits
during the trial.

Aerobic Training Program. Aerobic training was
offered Monday through Friday in 1-hour sessions
(5-minute stretching warm-up, 50-minute jogging
on an electronic treadmill, 5-minute cool-down) at
an exercise intensity corresponding to 50% to 70%
VO2max. In every exercise session, laboratory staff
supervised the exercise. The intensity was moni-
tored using a Polar A3 heart rate monitor (Polar
Electro Oy, Kempele, Finland).

CTL Exercise Protocol. The exercise protocol for
the CTL group was performed in 1-hour sessions,
3 times per week. The exercises consisted of several
types of isometric calisthenics with special attention
to posture and breathing techniques. No isotonic
exercises were included.

Outcome Measures
Ambulatory BP. ABP was obtained prior to ran-
domization and again in the first week after the
end of the intervention. ABP was always obtained
during a workday, and at least 24 hours after the
last exercise session. BP measurements were
obtained with an automatic oscillometric SpaceLabs
model 90207 device11 (SpaceLabs, Inc, Issaquah,
WA) at 20-minute intervals, beginning at 9 am and
continuing for 24 hours. A tracing was considered
adequate if at least 90% of measurements were
acceptable.12 Means of 24-hour systolic and dia-
stolic BPs were used for statistical purposes.

VO2max. VO2max was determined by indirect
calorimetry (SensorMedics Vmax 229 system; Sen-
sorMedics Co, Yorba Linda, CA) during a tread-
mill stress test using a modified Naughton
protocol.13 After 2 minutes of rest in the standing
position, all patients performed the exercise until
symptoms (fatigue or dyspnea) made them unable
to continue. During the test, heart rate and rhythm
were registered by electrocardiography with 12 der-
ivations. Additionally, systolic and diastolic BPs
were measured using the auscultatory method, and
subjective perception of exertion was obtained from
each patient using the Borg Scale at the end of
each stage of the test protocol. Interruption of the
test was accepted if the patient reached one of the
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criteria: (1) a respiratory quotient (RQ) �1.1; (2) a
heart rate >90% of the predicted maximum for
age; or (3) a plateau in VO2 before an increment in
the exertion, where RQ was the relationship
between the carbon dioxide production (VCO2)
and the volume of oxygen consumed (VO2).
VO2max was calculated as the average value dur-
ing the last 30 seconds of test.

Blood Collection and Analysis. Prior to the blood
draws, patients fasted for 12 hours and refrained
from exercise for 48 hours. All of the samples were
collected from the antecubital vein with the patient
in a semisupine position. Blood samples were col-
lected in 10-mL tubes containing anticoagulant and
chelating agent, separated by centrifugation, frozen
and stored until analyzed. Insulin was measured
using a chemiluminescence technique. The Homeo-
static Model Assessment of Insulin Resistance
(HOMA-IR) was used as an insulin resistance
index.14 C-peptide and aldosterone were measured
via radioimmunoassay. Time-resolved immuno-
fluorimetry was used to assess cortisol. Plasma
renin was measured by an immunoradiometry tech-
nique. Urinary metanephrines were measured using
enzyme immunoassay.

FBF. FBF was measured using a mercury-filled
Silastic strain-gauge plethysmograph. With the
patient in the supine position, a strain gauge was
attached to the upper part of the left arm and con-
nected to a plethysmography device. A wrist cuff
was inflated to 50 mm Hg above the systolic BP to
exclude the hand circulation from confounding the
measurements. Occlusion of the distal circulation
was performed 1 minute before each measurement
and throughout the measurement of FBF. The upper
arm congesting cuff was inflated to 40 mm Hg for
7 seconds in each 15-second cycle to occlude venous
outflow from the arm using a rapid cuff inflator.
The FBF output signal was transmitted to a com-
puter and registered and analyzed using NIVP3 soft-
ware (Hokanson, Inc, Bellevue, WA). FBF was
expressed as mL per minute per 100 mL of forearm
tissue volume. Four plethysmographic measure-
ments were averaged for analysis of FBF.15,16

Arterial Compliance. Large artery, or capacitive
(C1), and small artery reflective, or oscillatory
(C2), compliance was derived from radial artery
waveforms, obtained using a calibrated tonometer
(model CR-2000; Hypertension Diagnostics Inc,
Eagan, MN).17 All C1 and C2 compliance mea-
sures were obtained between 8 am and 11 am in a

quiet laboratory. The patient’s arm was supported
by an angulated ‘‘wrist stabilizer,’’ ensuring a con-
stant wrist position. The tonometer was housed
inside a holding and positioning device that
wrapped around the supported arm, completely
stabilizing the arm in position after the tonometer
was applied. The waveforms were then calibrated
to the systolic and diastolic cuff pressure values of
an integrated oscillometric device (cuff placed on
the contralateral arm with respect to the tonome-
ter). A computer-based third-order, 4-element mod-
ified Windkessel model of the circulation was used
to match the diastolic pressure decay of the wave-
forms and to quantify changes in arterial waveform
morphology.18 The values of C1 and C2 were con-
sidered the weighted averages of the values
obtained on individual waveforms during a 30-sec-
ond recording period.

Statistical Analysis
Data were analyzed on an intention-to-treat basis
with participants lost to follow-up excluded from
the analysis. The use of parametric tests require
data to satisfy two assumptions: (1) the data within
each group must be distributed normally (K-S nor-
mality test), and (2) variances between groups must
be homogeneous (F test). A 1-way analysis of vari-
ance with repeated measures (time) was used to
analyze weight, oxygen consumption, BP, and vas-
cular variables when examining for program
effects. Significant main effects were followed-up
with Bonferroni post hoc analyses to locate specific
differences over time. Nonparametric tests were
used to analyze hormone changes and respective
correlations (Mann–Whitney U-test, Wilcoxon
Signed test, Spearman Correlation test). The statisti-
cal analysis was performed using STATVIEW ver-
sion 5.0 (SAS Institute, Inc, Cary, NC). Values
were expressed as mean (95% confidence interval
[CI]) and were considered significant at P�.05.

RESULTS
Fifty-five patients (30 women and 25 men; mean
age, 49 [47–52] years) in the AEX group and 24
patients (18 women and 6 men; mean age, 53 [50–
56] years) in the CTL group completed the study.
Originally, 62 individuals (34 women and 28 men)
entered the study in the AEX group and 28 individ-
uals (21 women and 7 men) in the CTL group, but
7 individuals in the AEX group and 4 in the CTL
group discontinued participation due to noncompli-
ance with the protocol.

There were 15 (27%) and 6 (25%) untreated
hypertensive patients in the AEX and CTL groups,
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respectively. Mean times of antihypertensive drug
withdrawal before the baseline ABP measurement
were 6.9 (5.6–8.2) weeks for the AEX group and
6.4 (5.1–7.8) weeks for the CTL group (P=not
significant).

On average, exercise protocols were performed
for 15 weeks. Participants attended 90% of the ses-
sions and the mean time in the target zone was
45 minutes per session.

AEX and CTL groups differed at baseline for
weight (P=.031), C-peptide (P=.023), FBF (P=.033),
creatinine (P=.012), uric acid (P=.003), and high-
density lipoprotein cholesterol (P=.027). Baseline
group characteristics and training effects are sum-
marized in Table I and Table II.

Body Mass and Diet
At the end of the study, a slight but significant
decrease in body mass index (BMI) was observed
in both groups. This change over time (D) might
imply that study participants voluntarily reduced
caloric ingestion during the protocol, assuming that
the CTL group did not expend more calories dur-
ing the study. The magnitude of the BMI change
did not differ between groups between baseline and
follow-up (F value=1.23, P=.27). Urinary sodium
did not vary in either group, suggesting that study
participants maintained stable sodium ingestion dur-
ing the study (DAEX=3 mEq ⁄L, P=.41 and DCTL=
11 mEq ⁄L, P=.57).

VO2max and ABP
There was a mean 8% increase in the VO2max of
the AEX group at the end of the aerobic training,
but no change was seen in the CTL group. The
two protocols had a significantly different effect on
VO2max (F value=12.36, P=.0008). No significant
changes in ABP occurred after the 3-month period

in either group (Table I). Stratification of groups by
initial renin or metanephrine tertiles did not distin-
guish BP responses to training. There was no corre-
lation between ABP and plasma hormone changes
at the end of the exercise protocols.

Hormones
Plasma renin, aldosterone, C-peptide, and urinary
metanephrine did not significantly vary in either
group during the study. There was no significant dif-
ference between groups for changes in the aldoste-
rone ⁄ renin ratio during the study. There was a mean
decrease in the AEX group of 0.34 and a mean
decrease in the CTL group of 0.41 (P=.831). In the
AEX group, cortisol and HOMA-IR significantly
decreased by 15% and 25%, respectively, whereas
no changes were observed in the CTL group. There
were no correlations between BMI and DHOMA-IR
or between HOMA-IR and Dcortisol (Spearman
rank correlation).

Arterial Compliance and FBF
Arterial elasticity indices did not significantly
change in either group. FBF increased by 32% in
the AEX group, while it did not significantly
change in the CTL group. A significant interaction
effect between FBF variation and exercise protocol
was observed (F value=4.1, P=.047). There was no
correlation between DFBF and DHOMA-IR (Spear-
man rank correlation).

DISCUSSION
The main finding of this study was that vascular
and ABP changes were not associated with the hor-
monal response after 3 months of an aerobic train-
ing program in a hypertensive population. The
moderate aerobic training did not change ABP and
arterial compliance, but the training did reduce

Table I. Baseline Biochemical Values of AEX and CTL Groups

Variables AEX (n=55) CTL (n=24) P Value

Creatinine, lmol ⁄ L 81.7 (76.4–87.0) 70.0 (64.3–75.6) .012

Uric acid, lmol ⁄ L 326.8 (302.5–351.2) 239.9 (186.0–293.8) .003
Total cholesterol, mmol ⁄ L 5.9 (5.5–6.2) 6.0 (5.6–6.5) ns
HDL-C, mmol ⁄ L 1.2 (1.1–1.3) 1.4 (1.2–1.5) .027

Triglycerides, mmol ⁄ L 2.1 (1.7–2.5) 1.9 (1.5–2.2) ns
LDL-C, mmol ⁄ L 3.7 (3.4–4.0) 3.8 (3.3–4.2) ns
Glucose, mmol ⁄ L 5.4 (5.2–5.5) 5.4 (5.1–5.6) ns

Abbreviations: AEX, aerobic exercise training group; CTL, control group; HDL-C, high-density lipoprotein cholesterol; LDL-C,

low-density lipoprotein cholesterol; ns, not significant. Values are expressed as mean (95% confidence interval). P for
comparisons between pre-training and post-training values.

THE JOURNAL OF CLINICAL HYPERTENSION VOL. 13 NO. 2 FEBRUARY 201192



T
ab

le
II

.
A

m
b

u
la

to
ry

B
lo

od
P

re
ss

u
re

,
H

or
m

on
e

L
ev

el
,

an
d

V
as

cu
la

r
F

u
n

ct
io

n
R

es
p

on
se

s
to

A
E

X
an

d
C

T
L

P
ro

to
co

ls

V
a
r
i
a
b
l
e
s

A
E

X
(
n

=
5
5
)

C
T

L
(
n

=
2
4
)

P
r
e

P
o

s
t

P
V

a
l
u

e
P

r
e

P
o

s
t

P
V

a
l
u

e

B
M

I,
kg

⁄m
2

3
0

.0
(2

8
.8

–
3

1
.2

)
2

9
.5

(2
8

.3
–

3
0

.7
)

<
.0

0
1

2
9

.6
(2

7
.8

–
3

1
.5

)
2

9
.3

(2
7

.3
–

3
1

.3
)

.0
4

4
V

O
2
m

ax
,

m
L

⁄k
g

⁄m
in

2
4

.8
(2

3
.0

–
2

6
.5

)
2

6
.7

(2
4

.9
–

2
8

.6
)

<
.0

0
1

2
3

.4
(2

1
.2

–
2

5
.7

)
2

3
.2

(2
0

.1
–

2
6

.3
)

.3
6

8

2
4

-h
ou

r
SB

P
,

m
m

H
g

1
4

1
.1

(1
3

8
.0

–
1

4
4

.3
)

1
4

1
.1

(1
3

8
.2

–
1

4
4

.1
)

.9
9

9
1

4
0

.9
(1

3
6

.9
–

1
4

4
.9

)
1

4
0

.8
(1

3
6

.2
–

1
4

5
.4

)
.9

3
5

2
4

-h
ou

r
D

B
P

,
m

m
H

g
9

0
.0

(8
7

.6
–

9
2

.4
)

8
9

.5
(8

6
.8

–
9

2
.3

)
.4

8
1

8
8

.3
(8

4
.8

–
9

1
.9

)
8

8
.3

(8
4

.0
–

9
2

.5
)

.9
4

1
D

ay
ti

m
e

SB
P

,
m

m
H

g
1

4
5

.3
(1

4
2

.1
–

1
4

8
.5

)
1

4
5

.0
(1

4
2

.0
–

1
4

8
.0

)
.7

7
0

1
4

4
.0

(1
3

9
.8

–
1

4
8

.3
)

1
4

4
.0

(1
3

9
.2

–
1

4
8

.9
)

.9
9

9
D

ay
ti

m
e

D
B

P
,

m
m

H
g

9
3

.7
(9

1
.2

–
9

6
.2

)
9

3
.0

(9
0

.0
–

9
6

.0
)

.3
3

0
9

1
.6

(8
7

.9
–

9
5

.3
)

9
1

.2
(8

6
.7

–
9

5
.7

)
.6

8
8

N
ig

h
tt

im
e

SB
P

,
m

m
H

g
1

3
0

.8
(1

2
7

.4
–

1
3

4
.1

)
1

3
0

.4
(1

2
7

.1
–

1
3

3
.7

)
.7

4
5

1
3

2
.8

(1
2

8
.6

–
1

3
7

.0
)

1
3

1
.5

(1
2

6
.6

–
1

3
6

.3
)

.4
8

5
N

ig
h

tt
im

e
D

B
P

,
m

m
H

g
8

0
.3

(7
7

.8
–

8
2

.9
)

7
9

.9
(7

7
.2

–
8

2
.6

)
.6

1
0

8
1

.0
(7

7
.5

–
8

4
.5

)
8

0
.1

(7
5

.8
–

8
4

.4
)

.6
1

3
D

ip
p

in
g,

%
1

2
.2

(1
0

.3
–

1
4

.1
)

1
1

.9
(1

0
.4

–
1

3
.5

)
.7

6
0

9
.4

(7
.3

–
1

1
.7

)
9

.5
(6

.9
–

1
2

.1
)

.9
7

8

R
en

in
,

p
m

ol
⁄L

0
.2

4
(0

.1
8

–
0

.3
0

)
0

.2
9

(0
.2

2
–

0
.3

6
)

.1
5

9
0

.2
1

(0
.1

7
–

0
.2

5
)

0
.3

2
(0

.1
7

–
0

.4
6

)
.1

5
1

A
ld

os
te

ro
n

e,
p

m
ol

⁄L
0

.2
8

(0
.2

3
–

0
.3

3
)

0
.2

6
(0

.2
1

–
0

.3
1

)
.0

4
9

0
.2

9
(0

.2
6

–
0

.3
3

)
0

.2
9

(0
.2

4
–

0
.3

4
)

.9
3

9
C

or
ti

so
l,

n
m

ol
⁄L

3
3

5
(2

2
9

–
3

7
1

)
2

8
3

(2
5

3
–

3
1

3
)

.0
0

6
3

2
2

(2
5

9
–

3
8

6
)

3
3

5
(2

8
2

–
3

8
8

)
.7

1
4

C
-p

ep
ti

d
e,

p
m

ol
⁄L

0
.9

5
(0

.8
0

–
1

.0
9

)
0

.8
6

(0
.7

5
–

0
.9

7
)

.0
8

1
0

.6
9

(0
.5

8
–

0
7

9
)

0
.6

4
(0

.5
3

–
0

7
6

)
.4

9
3

H
O

M
A

-I
R

,
lU

⁄m
L
�

m
m

ol
⁄L

2
.7

(1
.7

–
3

.7
)

2
.0

(1
.6

–
2

.5
)

.0
3

6
1

.6
(1

.2
–

1
.9

)
2

.0
(1

.4
–

2
.6

)
.2

5
3

U
ri

n
ar

y
m

et
an

ep
h

ri
n

es
,

n
m

ol
⁄L

1
7

3
1

(1
4

0
0

–
2

0
6

2
)

1
7

0
4

(1
4

9
7

–
1

9
1

0
)

.9
5

9
1

6
9

3
(1

2
4

7
–

2
1

3
9

)
1

6
4

4
(1

2
1

5
–

2
0

7
3

)
.9

9
5

C
1

,
m

L
⁄m

m
H

g
�

1
0

1
5

.5
(1

4
.2

–
1

6
.9

)
1

5
.3

(1
4

.0
–

1
6

.7
)

.9
3

8
1

4
.2

(1
2

.0
–

1
6

.4
)

1
6

.0
(1

2
.5

–
1

9
.6

)
.1

0
4

C
2

,
m

L
⁄m

m
H

g
�

1
0

0
4

.5
(3

.7
–

5
.2

)
4

.8
(4

.0
–

5
.6

)
.3

6
7

4
.1

(3
.4

–
4

.9
)

3
.7

(3
.2

–
4

.3
)

.3
3

0
F

B
F

,
m

L
⁄d

L
⁄m

in
4

.0
(3

.6
–

4
.4

)
5

.4
(4

.9
–

5
.9

)
.0

0
1

4
.7

(4
.2

–
5

.2
)

5
.0

(4
.4

–
5

.6
)

.4
4

4

A
b

b
re

vi
at

io
n

s:
A

E
X

,
ae

ro
b

ic
ex

er
ci

se
tr

ai
n

in
g;

B
M

I,
b

od
y

m
as

s
in

d
ex

;
C

1
,

la
rg

e
ar

te
ry

el
as

ti
ci

ty
in

d
ex

;
C

2
,

sm
al

l
ar

te
ry

el
as

ti
ci

ty
in

d
ex

;
C

T
L

,
co

n
tr

ol
;

D
B

P
,

d
ia

st
ol

ic
b

lo
od

p
re

ss
u

re
;

F
B

F
,

fo
re

ar
m

b
lo

od
fl

ow
;

H
O

M
A

-I
R

,
h

om
eo

st
at

ic
m

od
el

as
se

ss
m

en
t

of
in

su
li

n
re

si
st

an
ce

;
V

O
2
m

ax
,

m
ax

im
al

ox
yg

en
co

n
su

m
p

ti
on

.
V

al
u

es
ar

e
ex

p
re

ss
ed

as
m

ea
n

(9
5

%
co

n
fi

d
en

ce
in

te
rv

al
).

P
fo

r
co

m
p

ar
is

on
s

b
et

w
ee

n
p

re
-t

ra
in

in
g

an
d

p
os

t-
tr

ai
n

in
g

va
lu

es
.

VOL. 13 NO. 2 FEBRUARY 2011 THE JOURNAL OF CLINICAL HYPERTENSION 93



adrenocortical tone and insulin resistance, while
increasing muscle blood flow.

Our results conflict with those of previous ran-
domized controlled trials with comparable sample
sizes. In the trial of Cooper and colleagues19 with
47 nonmedicated hypertensive participants (mean
age, 46 years; mean baseline BMI=26.6 kg ⁄m2),
the intervention was very short (6 weeks), physical
activity was poorly described, fitness gain was not
reported, and ABP and patient weight did not sig-
nificantly change over the course of the program.
In a study by Blumenthal and colleagues,20 39
untreated hypertensives (mean age, 44 years; mean
baseline BMI=27.2 kg ⁄m2) underwent a 4-month
supervised aerobic training intervention. These par-
ticipants did not demonstrate a significant reduc-
tion in ABP or weight, despite a fitness gain of
16%. In another study by Blumenthal and col-
leagues,21 54 nonmedicated hypertensives (mean
age, 47 years; mean baseline BMI=32.8 kg ⁄m2)
participated in a supervised aerobic training pro-
gram for 6 months. These participants demon-
strated mild but significant reductions in ABP and
weight in addition to a fitness gain of 12%. In our
study, there was a median increase in fitness level
by 12%, the mean baseline BMI was 30.0 kg ⁄m2,
and the mean weight loss was 1.4 kg (95% CI,
2.2–0.7). This occurred despite no reduction in
ABP.

ABP response to aerobic training might be corre-
lated to protocol duration, but may not be influ-
enced by weight change or fitness gain. A possible
explanation for the substantial variability in train-
ing-induced BP response might be the influence of
genetic polymorphisms on the exercise effect in per-
sons with hypertension.22,23,24 In the present study,
neither baseline hormone levels nor the magnitude
of hormone after training predicted ABP changes.
To our knowledge, there are no randomized con-
trolled trials that verify the relationship between
ABP and hormonal changes after exercise training
in persons with hypertension. Office BP studies
have disparate results regarding a possible associa-
tion between BP and hormonal profile during exer-
cise training.25–28

The Health, Risk Factors, Exercise Training and
Genetics (HERITAGE) Family Study data showed
large interindividual variability in cortisol levels in
response to exercise training.9 Few studies have
investigated plasma cortisol response to exercise
training in hypertension. No significant change in
plasma cortisol was observed after 10 weeks of
supervised moderate exercise in 19 mild hyperten-
sive adults.6 Compared with the present study, this

trial was shorter, the exercise training was unsuper-
vised, and participants were younger.

Insulin resistance in essential hypertension is
characterized by impaired insulin stimulation of
blood flow in skeletal muscle.29 Exercise training
can increase insulin sensitivity in hypertension,30

and this effect is not related to changes in hemody-
namics.31 Because C-peptide level did not signifi-
cantly change at the end of the aerobic program in
our study, the amelioration in insulin resistance
was likely due to greater peripheral tissue sensitivity
to insulin action on glucose uptake. The improve-
ment in muscle blood flow observed in the present
study was not correlated with the decrease in insu-
lin resistance, supporting the idea that the effect of
aerobic exercise on carbohydrate metabolism is
mainly mediated by cellular mechanisms.32

Trials that reported effects of aerobic exercise
programs on plasma renin activity in hypertensive
patients had conflicting results.6,27 The study of
Hagberg and colleagues27 showed similar reduc-
tions in plasma renin activity of active and control
after 9 months of training. These results are con-
trary to other reports,26,33 including the present
one, that used similar training programs in hyper-
tensive adults. Our results contradict the previously
held ideas that baseline plasma renin activity affects
the response of BP and renin activity with training.

Reports on changes in sympathetic activity after
exercise training in hypertensive patients are conflict-
ing.6,27,34 The heterogeneity of the sympathetic
response to exercise training could partially account
for the variability of the BP response to exercise.5

The hypothesis that post-training changes in BP and
sympathetic tone in hypertensive patients depend on
the baseline sympathetic tone was not confirmed in
our study. Plasma hormone levels are not consis-
tently modified by aerobic training. The changes in
plasma hormone levels could not account for varia-
tions in BP. Additionally, stratification of patients
according to hormonal profile failed to predict BP
response to exercise training. Therefore, phenotypic
characteristics may not be sufficient to distinguish
‘‘responders’’ from ‘‘nonresponders.’’

Longitudinal studies that investigated effects of
regular exercise on arterial compliance are conflict-
ing with regard to the relationship with BP.35–38

Central arterial compliance increased to levels simi-
lar to those of endurance-trained men, independent
of changes in body mass, BP, or VO2max, after 3
months of moderate training in 20 middle-aged or
older sedentary healthy men.35 Four weeks of mod-
erate exercise training induced a significant increase
in arterial compliance in 13 healthy young men,
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and this change was linearly related to a significant
increase of 12% in VO2max.36 On the other hand,
in older isolated systolic hypertensive patients, sys-
temic arterial compliance did not significantly
change at the end of an endurance training pro-
gram, despite a significant VO2max increase of
13% after 8 weeks.37 A recent randomized con-
trolled trial38 investigated the effects of exercise
training on BP and arterial compliance in 51 older
mild hypertensive adults. After 6 months, there was
a significant increase in VO2max (16%), a decrease
in discrete diastolic BP, improvement in body com-
position, and no significant change in arterial com-
pliance. Collectively, these results suggest that
hypertension blunts the beneficial effects of regular
exercise on arterial distensibility, possibly by accel-
erating age-related structural arterial modifications
that render large arteries less susceptible to the
effects of exercise training.

The response of basal blood flow to exercise
training in hypertensive patients may depend on the
specifics of the exercise protocol. Neither brisk
walking39 nor aerobic training with an intensity of
70% VO2max changed basal FBF.40 Nevertheless,
results of the present study corroborate with oth-
ers,40 indicating that training at an intensity cor-
responding to 50% VO2max can provoke an
increase in FBF, suggesting that mild exercise can
be effective in ameliorating muscle blood flow.

CONCLUSIONS
Metabolic and vascular benefits of a short aerobic
exercise program are not associated with ABP in
individuals with essential hypertension. While mild
to moderate aerobic training may impact public
health, the clinical significance of this training as an
isolated treatment for hypertension is still not clear.
More randomized controlled trials with adequate
sample size and longer duration are needed to fur-
ther elucidate the effects of regular exercise on
24-hour BP profiles and vascular function in hyper-
tensive patients. The stratification of patients with
hypertension according to genetic profiles might
clarify some obscure aspects of the effects of exer-
cise training on BP in essential hypertension.
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