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Effects of high-intensity aerobic interval training vs.
moderate exercise on hemodynamic, metabolic and
neuro-humoral abnormalities of young normotensive
women at high familial risk for hypertension

Emmanuel G Ciolac1,2,3, Edimar A Bocchi1, Luiz A Bortolotto1, Vitor O Carvalho1,3, Julia MD Greve2

and Guilherme V Guimarães1,3

Exercise training has an important role in the prevention and treatment of hypertension, but its effects on the early metabolic

and hemodynamic abnormalities observed in normotensive offspring of hypertensive parents (FH+) have not been studied.

We compared high-intensity interval (aerobic interval training, AIT) and moderate-intensity continuous exercise training (CMT)

with regard to hemodynamic, metabolic and hormonal variables in FH+ subjects. Forty-four healthy FH+ women (25.0±4.4

years) randomized to control (ConFH+) or to a three times per week equal-volume AIT (80–90% of VO2MAX) or CMT (50–60%

of VO2MAX) regimen, and 15 healthy women with normotensive parents (ConFH�; 25.3±3.1 years) had their hemodynamic,

metabolic and hormonal variables analyzed at baseline and after 16 weeks of follow-up. Ambulatorial blood pressure (ABP),

glucose and cholesterol levels were similar among all groups, but the FH+ groups showed higher insulin, insulin sensitivity,

carotid-femoral pulse wave velocity (PWV), norepinephrine and endothelin-1 (ET-1) levels and lower nitrite/nitrate (NOx)

levels than ConFH� subjects. AIT and CMT were equally effective in improving ABP (Po0.05), insulin and insulin sensitivity

(Po0.001); however, AIT was superior in improving cardiorespiratory fitness (15 vs. 8%; Po0.05), PWV (Po0.01), and

BP, norepinephrine, ET-1 and NOx response to exercise (Po0.05). Exercise intensity was an important factor in improving

cardiorespiratory fitness and reversing hemodynamic, metabolic and hormonal alterations involved in the pathophysiology

of hypertension. These findings may have important implications for the exercise training programs used for the prevention

of inherited hypertensive disorder.

Hypertension Research (2010) 33, 836–843; doi:10.1038/hr.2010.72; published online 7 May 2010

Keywords: arterial stiffness; endothelial function; exercise; nervous system, sympathetic; prevention

INTRODUCTION

Essential arterial hypertension (HPT) is the most common risk factor
for cardiovascular morbidity and mortality and is associated with
substantial health-care expenditures.1,2 Consequently, primary pre-
vention for individuals at high risk for HPT has been emphasized.3

Among the population at high risk for HPT, those who have
hypertensive parents (FH+) are worthy of special attention. It has
been well established that a positive family history of HPT is a strong
risk factor for future HPT in nonhypertensive offspring, independent
of other risk factors.4 Moreover, hemodynamic, metabolic and hor-
monal abnormalities, as well as concentrations of biomarkers that may
have a key role in the development of HPT, are increased in
nonhypertensive offspring of parents with HPT.5–7

Higher levels of physical activity8,9 and cardiorespiratory fitness9

have been shown to reduce the risk of HPT in healthy normotensive
persons. Acute10,11 and chronic12–14 exercise can also reduce resting
blood pressure (BP) in hypertensive adults. Moreover, exercise train-
ing has been shown to improve several factors involved in the
pathophysiology of HPT, including sympathetic activity,15 endothelial
function,16 pulse wave velocity (PWV)14 and insulin sensitivity.12,15,16

However, relatively little attention has been given to the physiological
adaptations following exercise training in FH+ subjects. A small
number of studies have suggested the presence of an exercise-induced
reduction in the cardiovascular response to stress17,18 and sympathetic
activity19,20 in FH+ individuals, but because of the cross-sectional
nature of these studies, it is not possible to infer direct causality.
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Moderate-intensity continuous exercise training (CMT) has been
traditionally recommended for healthy21 and hypertensive subjects.22

However, the optimal exercise frequency, intensity, time, and type for
HPT treatment and prevention need to be more precisely defined to
optimize its benefits.22 Several studies have shown that high-intensity
aerobic interval training (AIT) is superior to CMT for improving
cardiorespiratory fitness in healthy subjects23 and in patients with
cardiovascular disease.16,24 Moreover, AIT has shown to be more
effective for reducing the PWV of HPT patients,14 as well as for
improving endothelial function, insulin sensitivity, and blood glucose
and high-density lipoprotein (HDL) cholesterol in subjects with
metabolic syndrome.16 However, longitudinal studies analyzing the
effects of AIT, or even CMT, on the hemodynamic, metabolic and
hormonal profile of FH+ subjects are still lacking. Therefore, the
aim of this study was to assess the effects of AIT vs. CMT on the
hemodynamic, metabolic and hormonal status of young normotensive
FH+ women. We hypothesized that AIT is superior to CMT for
improving these variables in FH+ subjects.

METHODS

Population and study design
We studied 44 healthy young FH+ college women, randomly assigned to the

AIT (n¼16), CMT (n¼16) or control groups (ConFH+; n¼12). Fifteen healthy

young college women with normotensive parents and a negative family history

of HPT made up the second control group (ConFH�). All women were 20–30

years old, had BP below 130/80 mm Hg (measurements on two different

occasions in triplicate at 2-min intervals) and had regular menstrual cycle, as

confirmed by a questionnaire. Positive family history of HPT was defined as

treatment for essential HPT for at least 2 years, confirmed by records of the

parents’ physicians. A negative family history of HPT was defined as the absence

of any evidence of HPT (BP below 130/85 mm Hg) or history of cardiovascular

disease in both parents, confirmed by a questionnaire sent to the parents, by

records of the parents’ physicians and by measurement of parents’ BP

(measurements on two different occasions in triplicate at 2-min intervals).

Exclusion criteria included use of medication or oral contraceptives, presence of

any kind of disease (based on history, medical examination and exercise stress

testing) and smoking. Pregnancy or lactation and involvement in regular

physical activity or exercise program during the previous 12 months were also

exclusion criteria. After a thorough explanation of the study design and

protocol, written informed consent was obtained from each subject before

participation, as required by the ethics committee at our institution.

The subjects’ characteristics at inclusion are summarized in Table 1.

Following a 12-h overnight fast, subjects had their weight, height, waist

circumference and waist-to-hip ratio determined. After being seated for at least

5 min, venous blood was taken for analyses of insulin, glucose and lipids.

Between 1400 and 1500 hours on the day after the first visit, subjects had their

BP and pulse rate determined by three measurements with 2-min intervals and

after a 15-min seated rest. Carotid-femoral PWV was then measured, and 24-h

ambulatory BP (ABP) monitoring was initiated at the end of this visit. At 2

days after the second visit (between 0800 and 1100 hours), a maximal graded

exercise test (GXT) with blood sampling for norepinephrine, endothelin-1 (ET-1)

and nitrite/nitrate (NOx) measurements was carried out. All measurements

were carried out in a quiet air-conditioned (21–24 1C) room during the

follicular phase of the volunteers’ menstrual cycle, before and after 16 weeks

of follow-up.

ABP monitoring
We used a Spacelab 9207 device (Spacelabs Medical Inc, Redmond, WA, USA)

to evaluate 24-h ABP. BP was recorded at 15-min intervals during the day and

20-min intervals at night. The averages of the 24-h, daytime, and nighttime

systolic and diastolic BP were analyzed.

PWV
Volunteers were asked to refrain from strenuous physical activities and from

caffeine or alcohol intake for 24 h, and to have a light meal at least 3 h before

the test. Carotid-femoral PWV was analyzed with a noninvasive automatic

device (Complior; Colson, Garges les Gonesses, France) by an experienced

observer blinded to the group assignments. Briefly, common carotid artery and

femoral artery pressure waveforms were recorded noninvasively using a

pressure-sensitive transducer (TY-306-Fukuda; Fukuda, Tokyo, Japan). The

distance between the recording sites (D) was measured in a straight line with a

flexible meter, and PWV was automatically calculated as PWV¼D/t, where (t)

means pulse transit time.25 Measurements were repeated over 10 different

cardiac cycles, and the mean was used for the final analysis.

Exercise testing
Volunteers were asked to refrain from strenuous physical activities and from

caffeine- or alcohol-containing beverages for 24 h before the GXT. As plasma

NOx levels can be influenced by diet,26 volunteers were also asked to follow a

low-nitrite/nitrate diet for 5 days before the GXT. Subjects’ last meals before

testing were ingested at least 4 h before the start of the GXT. Testing was carried

out in the morning (between 0900 and 1200 hours) and after 1 h of rest in the

supine position. A 20-gauge elastic tube was inserted into the antecubital vein

before the beginning of the resting period. Blood sampling was performed at

the end of the resting period (resting), immediately after GXT (exercise), and

10 min after cessation of GXT (recovery) to evaluate plasma norepinephrine,

ET-1 and NOx levels. GXT was carried out on a programmable treadmill

(TMX425 Stress Treadmill; TrackMaster, Newton, KS, USA) in a temperature-

controlled room (21–23 1C) using a ramp protocol until exhaustion and with

monitoring of cardiac rhythm (CardioSoft 6.5; GE Medical Systems IT,

Milwaukee, WI, USA) and BP (Tango Stress BP; SunTech Medical Inc,

Morrisville, NC, USA) as previously described.7 Ventilation (VE), oxygen

uptake (VO2) and carbon dioxide output (VCO2) were measured breath-by-

breath using a computerized system (Vmax Encore29; SensorMedics Corp.,

Yorba Linda, CA, USA). The respiratory exchange ratios were recorded as the

averaged samples obtained during each stage of the protocol. The highest VO2

uptake level was considered the maximal value (VO2MAX). Anaerobic threshold

was determined by the V-slope method, and the respiratory compensation

point (RCP) was determined as the point at which a rapid rise in VE/VCO2 and

a fall in partial pressure of CO2 were observed.27 Anaerobic threshold and RCP

were identified by two experienced observers who were blinded to the subjects’

group and used for exercise prescription. When there was divergence between

the two observers, a third observer was consulted to reach a consensus.

Blood analyses
All blood samples were immediately placed on ice and centrifuged at

2000 r.p.m. for 15 min at 4 1C and plasma and serum were stored at �80 1C

until they were assayed. Serum glucose, total cholesterol and fractions, and

Table 1 Subjects characteristics

Variable AIT (N¼16) CMT (N¼16) FH+ (N¼12) FH� (N¼15)

History of HPT

Father 2 5 4 —

Mother 9 3 4 —

Both 5 8 4 —

Age (years) 24.4±3.8 26.6±4.9 25.3±3.7 25.3±3.1

Weight (kg) 62.1±12.5 63.5±12.6 61.4±11.0 62.3±8.9

BMI (kgm�2) 23.5±4.8 24.3±4.6 23.8±3.9 23.5±2.4

Waist circumference (cm) 80.6±10.8 81.4±11.2 79.6±12.0 79.5±8.8

Waist-to-hip ratio 0.85±0.04 0.86±0.04 0.84±0.07 0.84±0.04

Office BP (mmHg)

Systolic 106.1±9.9 105.3±9.3 105.9±8.3 104.0±9.5

Diastolic 65.1±9.5 64.9±6.8 62.3±8.0 62.7±10.5

Abbreviations: AIT, aerobic interval training; BMI, body mass index; BP, blood pressure; CMT,
continuous exercise training; FH+, control FH+ group; FH�, control FH� group; HPT,
hypertension.
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triglycerides were analyzed by standard methods using a Dimension RXL Max

automatic analyzer (Dade Behring, Newark, DE, USA). Serum insulin and ET-1

were measured by radioimmunoassay as previously described.7 Plasma NOx

levels were measured by spectrophotometry using a commercially available kit

(Colorimetric Nitric Oxide Assay Kit; Calbiochem, San Diego, CA, USA)

according to the method described by Green et al.28 Norepinephrine was

extracted from the plasma by aluminum oxide and measured by high-

performance liquid chromatography. To estimate insulin sensitivity, the home-

ostasis model assessment (HOMA) was used.

Exercise training protocol
Both exercise groups performed an endurance training program (walking/

running on a treadmill) three times a week for 16 weeks under the supervision

of an exercise specialist. All subjects were instructed not to add any leisure

exercise during the study period. The exercise sessions consisted of 5 min of

warm-up, 40 min of endurance exercise (AIT or CMT) and 15 min of

calisthenics. Endurance exercise intensity was determined according to the

workload reached during the GXT and was prescribed to promote the same

cardiovascular workload for both AIT and CMT. AIT consisted of 2 min of

walking at the anaerobic threshold (50–60% of VO2MAX) alternating with 1 min

of walking/running at CRP (80–90% of VO2MAX) for 40 min. CMT consisted of

40 min of walking at 60–70% of VO2MAX, representing the same total training

load as the AIT. All subjects exercised using a heart rate-monitoring device

during every training session to ensure that the subjects were training on their

corresponding heart rate relative to VO2MAX. The speed of the treadmill was

continually adjusted as training adaptations occurred to ensure that all training

sessions were carried out at the desired heart rate throughout the 16-week

training period. An exercise training compliance of 70% was set as a criterion

for completing the study.

Statistical analyses
All data are reported as means±s.d. The statistical program SPSS 12.0 for

Windows (SPSS Inc, Chicago, IL, USA) was used to perform statistical analysis.

The Kolmogorov–Smirnov test was applied to ensure a Gaussian distribution of

the results. One-way analysis of variance (ANOVA) was used to analyze differences

in the subjects’ characteristics at baseline. Inter- and intragroup comparisons of

the variables were made by two-way ANOVA (group vs. time) with repeated

measurements. Bonferroni post hoc analysis was used to determine significance of

data that was indicated by one-way or two-way ANOVA. The unpaired t-test was

used to compare the post-exercise cardiorespiratory fitness (VO2MAX) improve-

ments. The significance level was set at Po0.05.

To obtain an estimate of the effect size we might expect for the variables in

our sample, we relied on the results of exercise training studies similar to

ours.16,23,24 Considering that the results of those studies produced a 5.5–35%

increase in VO2MAX, with the lower increases being promoted by continuous

moderated exercise (5.5–16%), we estimated that an overall sample of 12

subjects for each group would be required to provide a power of 85% to detect

a VO2MAX change of 10% with a two-sided a of o0.05.

RESULTS

Subjects’ characteristics and exercise compliance
Age, weight, body mass index, waist circumference, waist-to-hip ratio
and office BP were similar between groups at baseline (Table 1).
During the experimental period, 13 volunteers were unable to com-
plete the study: seven were unable to complete the exercise program
for personal reasons (four AIT group), three did not have the minimal
exercise training compliance of 70% (one AIT group) and three were
unable to perform follow-up tests for personal reasons (all in the
ConFH� group). There were no significant differences for the baseline
characteristics between the subjects who completed the study and
those who did not (data not shown).

After follow-up, weight, body mass index, waist circumference,
waist-to-hip ratio and office BP did not change significantly in any
group. Exercise training compliance did not differ between the AIT
(83.2±6.3%) and CMT groups (83.7±3.9%).

Lipids, glucose and insulin assays
Total cholesterol and fractions, triglycerides and glucose levels were
similar between groups at baseline and did not change significantly
after 16 weeks of follow-up. The ConFH� group showed lower insulin
and higher insulin sensitivity (HOMA) levels than the AIT, CMT and
ConFH+ groups at baseline (Po0.01). However, the AIT and CMT
groups improved insulin and insulin sensitivity levels after follow-up
(Po0.001). With the improvement, the AIT group (but not the CMT
group) insulin and insulin sensitivity levels after the follow-up period
were similar to the ConFH� group and better than the ConFH+
group (Po0.05). Insulin and insulin sensitivity did not change
significantly in the ConFH� and ConFH+ groups after the follow-
up period (Table 2).

PWV
PWV was lower in the ConFH� group compared with the AIT, CMT
and ConFH+ groups at baseline (Po0.001). After follow-up, the AIT
group has reduced PWV (Po0.01) to levels similar to those observed
in the ConFH� group, and lower than those seen in the ConFH+
group. The CMT group also showed lower PWV levels after the
follow-up, but the reduction was not significant (P¼0.06). PWV did
not change significantly in the ConFH� and ConFH+ groups after
follow-up (Table 3). There were no significant differences among all
four groups in the BP and heart rate measured before the PWV
assessment, before and after the experimental protocol.

Table 2 Blood parameters before and after the experimental protocol

Variable AIT (N¼11) CMT (N¼11) FH+ (N¼12) FH� (N¼12)

Glucose (mg per 100ml)

Before 83.3±7.3 84.3±4.6 85.3±6.2 84.2±4.4

After 83.8±4.3 85.3±6.2 81.0±8.7 84.3±4.2

Insulin (mUIml�1)

Before 7.9±3.2 9.0±3.3 7.5±3.0 4.9±2.4a

After 5.1±2.9b,c 6.5±3.0b 7.2±2.9 5.3±2.0c

Insulin sensitivity (HOMA)

Before 1.53±0.93 1.88±0.73 1.57±0.67 1.05±0.43a

After 1.06±0.88b,c 1.37±0.67b 1.55±0.63 1.10±0.44c

Total cholesterol (mg per 100ml)

Before 179.6±27.2 177.6±35.8 177.8±31.0 161.4±31.2

After 170.6±23.1 174.8±31.0 181.4±41.2 162.8±26.5

HDL cholesterol (mg per 100ml)

Before 60.5±16.9 56.6±7.7 64.2±19.7 66.7±19.4

After 62.8±16.0 60.2±9.5 66.7±19.4 62.9±8.6

LDL cholesterol (mg per 100ml)

Before 104.8±21.6 107.3±32.2 106.3±25.4 99.7±25.8

After 92.5±15.5 101.3±25.4 99.7±25.8 96.8±20.6

Triglycerides (mg per 100ml)

Before 73.8±26.8 68.3±20.5 70.3±26.7 69.8±26.5

After 73.1±27.9 70.3±26.7 75.3±33.4 71.8±26.2

Abbreviations: AIT, aerobic interval training; CMT, continuous exercise training; FH+, control
FH+ group; FH�, control FH� group; HDL, high-density lipoprotein; HOMA, homeostasis model
assessment; LDL, low-density lipoprotein.
aDifferent from AIT, CMT and FH+ at the same period (Po0.01).
bDifferent from before follow-up at the same group (Po0.001).
cDifferent from FH+ at the same period (Po0.05).
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Cardiorespiratory fitness and BP response to exercise
Cardiovascular and ventilatory variables were similar among all four
groups at baseline (Table 4). The AIT and CMT groups had increased
VO2MAX after the follow-up period, but the increase in the AIT group
was greater than that in the CMT group (AIT¼15.8±6.3%;
CMT¼8.0±6.1%; Po0.05). Heart rate did not change significantly
for any group after the follow-up period (Table 4). However, the AIT
and CMT groups improved their BP response to exercise after follow-
up. Recovery systolic and diastolic BP, as well as resting and exercise
diastolic BP, were reduced in the AIT group after the follow-up period
(Po0.01). In the CMT group, only recovery systolic BP and exercise
diastolic BP were reduced after the follow-up (Po0.05). With the
reduction, exercise diastolic BP was lower in the AIT group than that
in the ConFH+ group (Po0.05) after follow-up (Figure 1).

Norepinephrine, ET-1 and Nox
At baseline, the ConFH� group had lower levels of norepinephrine
(resting, exercise and recovery) and ET-1 (resting and exercise) and
higher levels of NOx (resting, exercise and recovery) than the three
FH+ groups (Po0.05). On the other hand, AIT reduced resting,
exercise and recovery norepinephrine (Po0.05), reduced resting and
exercise ET-1 (Po0.05), and increased resting, exercise and recovery
NOx (Po0.01). In the CMT group, only resting and exercise
norepinephrine, resting ET-1, and exercise and recovery NOx
improved after follow-up (Po0.05). With these improvements, the

AIT group (but not the CMT group) showed lower norepinephrine
and ET-1 levels and higher NOx levels than the ConFH+ group after
follow-up (Po0.05). Norepinephrine, ET-1 and NOx levels did not
change significantly in the ConFH� and ConFH+ groups after the
follow-up period (Figure 2).

ABP
The 24-h daytime and nighttime ABP were not significantly different
among all four groups at baseline. Both AIT and CMT were beneficial
to the ABP, reducing systolic and diastolic 24-h and nighttime BP after
the follow-up period (Po0.05). ABP levels did not change signifi-
cantly in the ConFH� and ConFH+ groups after the follow-up period
(Table 3).

DISCUSSION

The primary finding of this study is that exercise intensity is an
important factor for improving cardiorespiratory fitness and restoring
the hemodynamic, metabolic and hormonal abnormalities of non-
hypertensive women offspring of HPT parents, including PWV, BP
response to exercise, and norepinephrine, ET-1 and NOx levels. To the
best of our knowledge, this is a pioneering study in evaluating the
effects of exercise intensity in FH+ women.

Lipids, glucose and insulin
The existence of early abnormalities of glucose and insulin metabolism
has been shown among healthy FH+ subjects.7,29 In our study, the
three FH+ groups showed higher insulin levels and insulin sensitivity
than the ConFH� group. On the other hand, both the AIT and the
CMT groups reduced insulin levels and insulin sensitivity to levels
similar to those of the ConFH� group. The mechanism involved in
these reductions was not investigated. However, the improvement in
insulin metabolism by exercise training has been shown to be a

Table 3 Hemodynamic parameters before and after the experimental

protocol

Variable AIT (N¼16) CMT (N¼16) FH+ (N¼12) FH� (N¼15)

PWV (ms�1)

Before 7.47±0.48 7.55±0.73 7.38±0.67 6.93±0.18a

After 7.06±0.42b,d 7.23±0.65 7.53±0.59 6.97±0.31b

24-h BP (mmHg)

Systolic

Before 113.3±6.4 112.6±5.7 110.5±4.3 110.8±7.5

After 111.3±5.8c 109.9±6.7c 109.3±5.8 111.0±6.2

Diastolic

Before 71.1±3.4 69.4±5.0 68.3±5.2 68.9±4.9

After 69.1±3.8c 67.3±3.2c 67.6±5.6 69.1±3.9

Daytime BP (mmHg)

Systolic

Before 117.3±6.9 116.8±6.6 115.3±5.3 114.3±7.5

After 116.5±6.4 114.9±7.1 114.1±6.8 115.0±5.5

Diastolic

Before 75.6±3.7 73.9±5.5 73.3±6.5 73.3±5.0

After 74.4±4.8 72.9±4.0 73.1±6.6 73.7±3.4

Nighttime BP (mmHg)

Systolic

Before 103.6±5.6 102.8±5.7 102.3±4.5 102.4±6.1

After 99.7±5.5d 99.3±6.0c 101.3±4.7 101.8±7.4

Diastolic

Before 60.8±4.4 59.5±5.1 59.3±3.4 59.5±4.6

After 57.3±3.8c 56.5±3.4c 58.4±3.7 58.8±5.4

Abbreviations: AIT, aerobic interval training; BP, blood pressure; CMT, continuous exercise
training; FH+, control FH+ group; FH�, control FH� group; PWV, pulse wave velocity.
aDifferent from AIT, CMT and FH+ at the same period (Po0.001).
bDifferent from FH+ at the same period (Po0.05).
Different from before follow-up at the same group (cPo0.05; dPo0.01).

Table 4 Exercise parameters before and after the experimental

protocol

Variable AIT (N¼11) CMT (N¼11) FH+ (N¼12) FH� (N¼12)

Peak HR (b.p.m.)

Before 181.9±10.8 183.3±10.7 184.7±11.9 184.0±9.4

After 185.8±5.8 185.6±6.6 185.0±11.2 184.8±7.4

Recovery HR (b.p.m.)

Before 170.1±12.3 168.5±11.8 174.0±15.2 161.9±12.2

After 165.8±12.9 170.2±8.1 173.3±11.3 162.8±9.2

VO2MAX (ml kg�1min�1)

Before 29.3±3.6 29.9±4.0 29.8±3.5 31.0±4.1

After 33.9±4.6a 32.3±5.6a 29.8±3.7 30.4±3.2

RER

Before 1.13±0.07 1.12±0.08 1.12±0.08 1.14±0.06

After 1.12±0.07 1.12±0.05 1.14±0.09 1.13±0.09

Exercise time (min)

Before 11.3±1.9 10.4±1.8 11.0±1.9 11.4±1.6

After 15.5±1.6a 13.3±1.7a,b 11.1±1.6b,c 11.2±1.3b,c

Abbreviations: AIT, aerobic interval training; b.p.m., beats per minute; CMT, continuous exercise trai-
ning; FH+, control FH+ group; FH�, control FH� group; HR, heart rate; GXT, graded exercise test.
RER indicates respiratory exchange ratio at the last stage of GXT.
aDifferent from before follow-up at the same group (Po0.001).
bDifferent from AIT at the same period (Po0.05).
cDifferent from CMT at the same period (Po0.05).
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function of greater signaling and insulin action in muscle,16,30 result-
ing from a decreased intracellular accumulation of triglycerides and
increased fatty acid oxidation.16,31 In contrast to our results, high-
intensity interval exercise has been shown to be more effective than
moderate-intensity exercise for insulin and insulin sensitivity.16 In this
study, only interval exercise improved insulin levels and insulin
sensitivity in middle-aged and older subjects with metabolic syndrome
after 16 weeks of follow-up. Thus, it is possible that in subjects with
greater insulin and metabolic abnormalities, only the high-intensity
promoted by interval exercise may improve insulin action, while
moderate-intensity exercise may be sufficient for healthy women.

Exercise training has also been shown to increase HDL cholesterol
as well as reduce triglycerides and low-density lipoprotein (LDL)
cholesterol. Results from the HERITAGE Study,32 including 675
normolipidemic subjects (376 women), showed that women increased
HDL cholesterol by 1.4 mg per 100 ml (3%), and reduced triglycerides
and LDL cholesterol by 0.6 mg per 100 ml (0.6%) and 4.4 mg per
100 ml (4%), respectively, after 5 months of exercise training. Our
study showed that AIT increased HDL cholesterol by 2.3 mg per
100 ml (3.8%) and reduced triglycerides and LDL cholesterol by
0.7 mg per 100 ml (0.9%) and 12.3 mg per 100 ml (11.7%), respec-
tively, whereas CMT increased HDL cholesterol by 3.6 mg per 100 ml
(6.3%) and reduced LDL cholesterol (but not triglycerides) by 6.0 mg
per 100 ml (5.6%). However, these improvements were not statistically
significant.

PWV
There is a progressive increase in arterial stiffness with aging,33,34 with
greater increases observed in HPT subjects.34 Moreover, healthy FH+
subjects have been shown to have increased arterial stiffness before any
increase in BP.6,7 In agreement with these results, the three FH+
groups in our study showed higher PWV levels than the ConFH�
group. On the other hand, regular aerobic exercise has been shown to
attenuate age-associated arterial stiffness and to reduce established
arterial stiffness.35 However, moderate-intensity exercise has failed
to improve the arterial stiffness of isolated systolic HPT subjects.36

A recent study from our group has shown that AIT, but not CMT,
reduced arterial stiffness of HPT women after 16 weeks of follow-up.14

This study showed a significant reduction of the PWV after 16 weeks
of AIT (Po0.01), whereas only a tendency toward reduction was
observed after 16 weeks in the CMT group (P¼0.06). These apparently
conflicting results among the studies may be explained by the exercise
intensity and the subjects’ health status. The mechanisms involved in
age-related arterial stiffness increase include degradation of elastic
matrix, endothelial dysfunction, hypertrophy and hyperplasia of
smooth muscle cells, and increase of collagen content, which seems
to be accelerated in the presence of HPT.37 Thus, exercise training
programs of higher intensity (that is, interval exercise) may be more
effective in reducing arterial stiffness in populations that already have
some alterations in this variable. Improvements in the endothelial
function and sympathetic activity for the arterial smooth muscle cells
are possible mechanisms involved in arterial stiffness reduction
induced by exercise training.37 Although both exercise training pro-
grams improved norepinephrine levels, only AIT improved plasma
NOx, a biomarker of endothelial function.38 Thus, it seems reasonable
to suggest that AIT was more effective in reducing PWV by improving
endothelial function, as well as by indirectly reducing the sympathetic
tonus induced by an increase of the nitric oxide inhibitory effect.39

Cardiorespiratory fitness and BP response to exercise
AIT increased VO2MAX to a higher degree than CMT. This is in line
with previous studies that showed greater efficiency of high-intensity
interval training over moderate-intensity exercise in improving cardi-
orespiratory fitness of healthy subjects,23 as well as in coronary artery
disease,24 heart failure,40 metabolic syndrome16 and intermittent
claudication patients.41 The superiority of high-intensity interval
training for improving cardiorespiratory fitness has important clinical
implications because there is a strong association between low
cardiorespiratory fitness and incidence of HPT.9 Of all established
risk factors, low cardiorespiratory fitness seems to be the strongest
predictor of mortality.42 Increases in central O2 delivery (cardiac
output) and peripheral O2 uptake (arteriovenous oxygen difference)
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contribute to training-induced improvements in cardiorespiratory
fitness.40 As most evidence suggests that stroke volume is the main
factor that limits cardiorespiratory fitness, the interval training design,
characterized by short work periods at higher intensities alternating
with low-intensity exercise periods, promotes a greater challenge for
the pumping ability of the heart than that done by lower exercise
intensities.16

Beside cardiorespiratory fitness, BP response to exercise has impor-
tant implications for HPT prognosis, as supported by the association
between exaggerated BP response to exercise and incidence of future
HPT.43 A greater BP response to exercise among normotensive women
offspring of hypertensive parents when compared with normotensive
subjects with normotensive parents has also been shown.7 In this
study, the three groups with positive family histories of HPT showed a
2–17 mm Hg greater (but not statistically significant) baseline BP
response to exercise when compared with the ConFH� group. On
the other hand, the AIT group also showed greater effects on the BP
response to exercise. Lower levels of resting diastolic BP, exercise
diastolic BP, and recovery systolic and diastolic BP were observed after
16 weeks of AIT. With these improvements, the AIT group showed

lower exercise diastolic BP when compared with the ConFH+ group.
In the CMT group, only exercise diastolic BP and recovery systolic BP
were reduced in CMT. The greater improvements in the norepinephr-
ine, ET-1 and NOx response to exercise observed after AIT are possible
explanations for the differences in BP response to exercise between
groups.

Norepinephrine, ET-1 and NOx
Although the precise mechanism is not completely understood,
increased activation of the sympathetic nervous system and impaired
endothelial vasodilator function probably have a key role in the
pathogenesis of essential HPT.7 A recent study from our group has
shown that young normotensive women with positive family history
of HPT show increased norepinephrine and ET-1 levels, as well as
lower NOx levels, both at rest and in response to exercise.7 Moreover,
women with two HPT parents showed higher norepinephrine and
ET-1 levels, as well as higher NOx levels, when compared with women
with only one HPT parent. The increased norepinephrine and ET-1
response to exercise and the lower NOx response to exercise observed
in the three groups with positive family history of HPT are in line with
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our previous study. On the other hand, relatively little attention has
been given to the importance of physiological adaptations after
exercise in FH+ subjects. Few studies using cross-sectional design
with aerobically trained and untrained FH+ and FH� subjects have
examined whether physical fitness modifies the disturbances in the
sympathetic nervous system and endothelial function associated with
FH+. Although negative findings have been shown,44 the studies have
generally suggested that there is an exercise-induced reduction in the
sympathetic nervous system and ET-1 levels in FH+ subjects.19,20,45

However, because of the cross-sectional nature of the studies, it is not
possible to infer direct causality. This study confirms the important
role of exercise training in reversing the sympathetic nervous system
and endothelial function alteration associated with FH+, which has
been suggested by the cross-sectional studies. We demonstrated that
the AIT and CMT groups improved norepinephrine, ET-1 and NOx
response to exercise, with better results seen after AIT. After the
experimental protocol, the AIT group showed reduced resting, exercise
and recovery norepinephrine, reduced resting and exercise ET-1, and
increased resting, exercise and recovery NOx. In the CMT group, only
resting and exercise norepinephrine, resting ET-1, and exercise and
recovery NOx were improved after the follow-up period. With these
results, only the AIT group showed lower norepinephrine and ET-1
levels and higher NOx levels than the ConFH+ group after follow-up.
The reason for these differences in ET-1 and NOx response to exercise
between groups is not fully understood, but it seems reasonable to
suggest that the low- and high-intensity training exercise programs
affect shear stress in the arterial wall differently during exercise
training and that this may yield differences in molecular responses.

ABP
A recent meta-analysis has shown mean reductions of 0.3/0.1 and 2.5/
3.1 mm Hg for systolic/diastolic daytime and nighttime ABP of nor-
motensive subjects, respectively.13 The data are in line with the results
of this study, which showed no significant reductions of 0.8/0.8 and
1.9/1.0 mm Hg for systolic/diastolic daytime ABP and significant
reductions of 3.9/3.5 and 3.5/3.0 mm Hg for systolic/diastolic night-
time ABP in the AIT and CMT groups, respectively. In accordance
with previous studies analyzing post-exercise effects on the ABP of
HPT patients,10,14 this study did not find any difference in the ABP
reduction between high-intensity interval training and moderate-
intensity continuous exercise.

Study limitations
Sympathetic activity was assessed indirectly by measuring plasma
norepinephrine. Despite being an indirect technique, the measure of
plasma norepinephrine is one of the preferred tests for analyzing the
acute effects of stress tests and gives results similar to those observed
with microneurography.46 The marker NOx is a metabolite of nitric
oxide and may not be the best measure of nitric oxide production/
availability because of the effects that diet may have on its measure-
ment. However, women were advised to follow a low-nitrite/nitrate
diet for the 5 days preceding the GXT, which has been shown to
minimize the effects of diet on NOx measurement.26 Moreover,
plasma NOx after GXT is related to endothelial function.38

Clinical implications
HPT is an important risk factor associated with all-cause and
cardiovascular mortality, as well as a greater life expectance without
cardiovascular disease.2,47 Moreover, BP is strong and linearly asso-
ciated with coronary heart disease and stroke,2 which are the most
common causes of mortality among women.48 Preventing or delaying

the onset of HPT may therefore have a large impact on public health,
mainly in individuals at high risk for HPT.49 On the other hand, this
study showed for the first time that young normotensive FH+ women
may reverse hemodynamic, metabolic and hormonal alterations that
are involved in the pathophysiology of HPT by participating in an
exercise program, with greater improvements being observed after
AIT. In addition to the superiority of AIT for improving arterial
stiffness and BP, ET-1 and NOx response to exercise, the greater
exercise-induced increase in cardiorespiratory fitness observed after
AIT has also important implications because of all established risk
factors, low cardiorespiratory fitness seems to be the strongest pre-
dictor of mortality.42

In summary, the results of this study showed that in young
normotensive women offspring of hypertensive patients, high-inten-
sity interval training was superior to moderate-intensity exercise in
reversing hemodynamic, metabolic and hormonal alterations that are
involved in the pathophysiology of HPT. These findings may have
important implications in the design of exercise programs for the
prevention of an inherited hypertensive disorder. Although multi-
center prospective studies using high-intensity interval training for
preventing HPT in women with higher familial risk are needed to
advance our conclusions, the results of this study suggest that high-
intensity interval training programs may yield more favorable results
than moderate-intensity programs.
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