www.nature.com/jhh

ARTICLE

Journal of Human Hypertension

W) Check for updates

Impact of an active lifestyle on cardiovascular autonomic
modulation and oxidative stress in males with overweight and

parental history of hypertension

! Danielle da Silva Dias'3, Fernando Dos Santos'* Simone Dal Corso'~,
57 and Katia De Angelis

Mario Cesar Nascimento ("2, Ariane Viana
Maria Claudia Irigoyen®, Marcelle Paula-Ribeiro

© The Author(s), under exclusive licence to Springer Nature Limited 2024

1,6,7X

Family history of hypertension is associated with early autonomic dysfunction and increased oxidative stress. These alterations have
been found to be reinforced by the overweight factor. Conversely, an active lifestyle is effective in improving the mechanisms
regulating blood pressure control. Hence, we ought to investigate the effects of an active lifestyle on the hemodynamic, autonomic
and oxidative stress parameters in individuals carrying both family history of hypertension and overweight risk factors. Fifty-six
normotensive males were divided into four groups: eutrophic offspring of normotensive parents (EN, n = 12), eutrophic and
inactive with hypertensive parents (EH, n = 14), overweight and inactive with hypertensive parents (OH, n = 13), and overweight
and physically active with hypertensive parents (OAH, n = 17). Cardiovascular autonomic modulation was assessed by heart rate
(HRV) and blood pressure (BPV) variability indexes. Oxidative stress included pro/antioxidant markers and nitrite concentration.
Inactive offspring of hypertensive parents (EH and OH) showed higher LFsgp (vs EN), an indicator of sympathetic outflow to the
vasculature and reduced anti-oxidant activity (vs EN), while higher pro-oxidant markers were found exclusively in OH (vs EN and EH).
Conversely, the OAH group showed bradycardia, higher vagally-mediated HF s index (vs OH and EN), lower sympathovagal
balance (vs OH) and preserved LFsgp. Yet, the OAH showed preserved pro/antioxidant markers and nitrite levels. Our findings
indicates that overweight offspring of hypertensive parents with an active lifestyle have improved hemodynamic, cardiac
autonomic modulation and oxidative stress parameters compared to their inactive peers.
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INTRODUCTION
Individuals with a positive family history of hypertension are at
genetic risk to develop systemic arterial hypertension [1, 2].
However, it is well established that genetic heritability is not the
only factor responsible for the onset of hypertension, as
environmental factors account for approximately 50% of the
increase in blood pressure (BP) [2]. Hence, modifiable risk factors,
such as overweight and sedentary behavior have been shown to
play a crucial role in modulating the determinants of BP [3]. In this
sense, it is well established that weight gain is strongly associated
with an increase in BP and the establishment of hypertension [4].
This correlation is particularly critical to individuals with a family
history of hypertension [1, 3]. As such, a 5-year follow-up cohort
study indicated that offspring of hypertensive parents were not
only genetically prone to develop hypertension but also had the
propensity to accumulate central body fat, which over time, was
accompanied by an exaggerated BP response to exercise even
prior any significant rise in resting parameters [3].

Augmented cardiac and vascular sympathetic activity and
reduced cardiac vagal activity seem to play a crucial role in the

progressive increase in BP in the offspring of hypertensive parents
[5, 6]. In addition, results from pre-clinical [7] and clinical models
[8] indicate that increased oxidative stress resulting from the
imbalance between prooxidants and antioxidants might be a key
mediator of endothelial injury and vascular remodeling in the
pathology of hypertension. These early disarrangements are also
present in individuals carrying the ‘overweight risk factor’ [5]. In
this sense, our group previously demonstrated that males with
overweight and a family history of hypertension (as overlapping or
in isolation) presented with early overall cardiac autonomic
dysfunction, assessed by indexes of the heart rate variability
(HRV) and increased pro-oxidant mediators [5]. Although the
overlapping risk factors did not result, necessarily, in an additive
effect for cardiovascular outcomes in normotensive adults [5], it is
possible that, over time, the gain of weight may reinforce or even
amplify the long-term alterations already carried by the genetic
component, leading to the establishment of hypertension in this
population [1, 3].

Sedentary behavior is another modifiable risk factor known to
have multiple detrimental cardiovascular [9] and metabolic effects
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[10], which are correlated to the development of cardiovascular
diseases and all-cause of mortality [11]. Conversely, having an
active lifestyle improves the mechanisms underpinning BP control
in both healthy [12] and clinical populations [13]. As such, in
overweight normotensive subjects, increased physical activity
levels are associated with lower BP, which is likely due to
improvement in autonomic branches and endothelial function
[13]. Specifically, in offspring of hypertensive parents, our group
demonstrated that while inactive individuals showed higher
diastolic BP (DBP), cardiac sympathetic modulation and systemic
reactive oxygen species (ROS) compared to offspring of normo-
tensive parents, these early alterations were partially normalized/
prevented in the group of physically active peers [9].

However, it is yet to be determined whether an active lifestyle
would overcome the early systemic alterations established by
overlapping risk factors, i.e, the combination of positive family
history of hypertension and overweight. Thus, we hypothesized that
overweight offspring of hypertensive parents with an active lifestyle
would have improved hemodynamic, cardiac autonomic modulation
and oxidative stress parameters compared to their inactive peers.

METHODS

Subjects and study design

This was a cross-sectional, observational study conducted with male
students from a University Center (Universidade Nove de Julho, Sao Paulo,
Brazil; UNINOVE ethical board approval: CAE 49446315.5.0000.5511).
Participants were selected through a preliminary questionnaire evaluating
the family history of hypertension (one or both parents) and established
diseases, body mass and height, as well as willingness to participate in the
study. Eligibility criteria were as follows: (a) age between 18 and 35 y.0; (b)
body mass index (BMI) between 18.5 and 29.9 Kg/m2 [14]; not engaged in
professional exercise training. Exclusion criteria included: history of chronic
diseases, BMI equivalent to obesity type | or above, smokers /significant
smoking history, deceased or unknown parents, and acute or chronic use
of medications which could interfere with BP levels.

Following the preliminary screening and subjects’ informed consent
obtention, 56 male subjects were divided into the following 4 groups: a
eutrophic and inactive group with normotensive parents (EN, n=12), a
eutrophic and inactive group with hypertensive parents (EH, n=14),
overweight and inactive group with hypertensive parents (OH, n = 13), and
overweight and physically active group with hypertensive parents (OAH,
n=17). Sample size was chosen based on the autonomic/oxidative stress
data (mean, standard deviation and effect size) of a previous study using a
similar population [5].

Experimental protocol

The participants underwent two visits to the laboratory over a week period,
in accordance with the following order: [1] assessment of physical activity
level and resting autonomic function and [2] assessment of the body mass
composition followed by blood sampling collection. For all visits, subjects
were asked to abstain from caffeinated and alcoholic beverages and
vigorous exercise for 24 h before testing.

Physical activity level

Physical activity level was established by the International Physical Activity
Questionnaire (IPAQ, short form) [15]. The IPAQ-SF measures the number and
duration of any walking and other moderate-to-vigorous physical activities
that lasted more than 10 min in the previous 7 days and can be used to
calculate the metabolic equivalent minutes per week (METs/min/week). Based
on the answers, the overall total physical activity score was computed as the
sum of Total (Walking + Moderate + Vigorous) MET- minutes/week scores
and subjects were classified as active/moderately active (=600 METs/min/
week) or inactive (<600 METs/min/week) [15].

Body composition assessment

Anthropometric measurements. Weight, height and BMI were obtained by
established methods [16] and subjects were classified as eutrophic
(18.5-24.9 kg/mz) or overweight (25-29.9 kg/m2). Waist/hip circumferences
ratio (WC/HC) was obtained from the midpoint of the iliac crest to the last
rib, and in the greater trochanter, respectively [5]. Body fat percentage was
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established by skinfold thickness measurements from the triceps and
subscapular region in non-consecutive triplicate (Cescorf ®) [16].

Bioelectrical impedance analysis. Whole-body bioelectrical impedance was
obtained in accordance with standard procedures (BIA 450, Biodynamics,
USA) [5]. Individuals were instructed to abstain from water for four hours
and to empty their bladder 30 min prior to the procedure. Emitter
electrodes were placed close to the metacarpal phalangeal joint of the
right hand and distally from the transverse arch of the right foot. The
detector electrodes were placed between the distal prominences of the
radius and ulna of the right wrist and between the medial and lateral
malleoli of the right ankle [5].

Hemodynamic and autonomic measurements

Acquisition. Prior to data collection, subjects sat on a chair with a
backrest, with their feet flat on the floor and their thighs parallel to the
ground. Then, subjects were evaluated at rest for 20 minutes. Throughout
the protocol, beat-by-beat BP was measured at the middle finger of the
right hand using photoplethysmography (Finapres Medical Systems, The
Netherlands) and recorded at 1000 Hz. BP peaks, nadirs and pulse interval
(Pl) were automatically identified via Beatscope Software to quantify
systolic BP (SBP), DBP and heart rate (HR) [17].

Autonomic data analyses. Pl and SBP time series were transferred to
CardioSeries Software [9]. Resting HRV and BP variability (BPV) data were
analyzed in the time and frequency domain according to guidelines [18].
For the time-domain HRV index, the square root of mean squared
differences of successive Pl (RMSSD) was calculated [18]. For the
frequency-domain indexes, Pl and SBP time series were re-sampled by a
4 Hz-cubic spline interpolation and a Hanning window was applied.
Segments of 256 beats with 50% overlap were then analyzed using the
Fast Fourier Transform algorithm. Following the calculation of Pl and SBP
variances (ms? and mmng, respectively), low-frequency (LF; 0.04-0.15 Hz)
and high-frequency (HF; 0.15-0.4 Hz) bands were expressed as absolute
(ms?) and normalized (nu) units, as well as LF/HF ratio. The Pl variance,
RMSSD and HFp, indexes were considered surrogates of the parasympa-
thetic modulation [19], whereas LFp were considered to be jointly
mediated by both sympathetic and vagal influences, with sympathetic
predominance [19]. The LF/HF were considered an estimation of the
interaction between vagal and sympathetic influences on the cardiac
pacemaker [19, 20] and the LFsg (mMmHg?), an index of sympathetic
vasomotor modulation [20].

Blood sampling and oxidative stress analyses

Blood samples were collected after a 12-h overnight to measure
hematological and biochemical parameters. Glucose, triglycerides, total
cholesterol, HDL, LDL, urea, creatinine and glycated hemoglobin (HbA1C)
were obtained. Withal, plasma samples were collected for the determina-
tion of oxidative stress damage, and anti and pro-oxidant profiles. All
participants were advised to avoid foods rich in nitrates (beet, cabbage,
spinach) throughout the day prior to blood collection.

Protein concentration was determined according the method described
by Lowry et al. [21]. Oxidative damage markers included lipoperoxidation
by thiobarbituric acid reactive substances (TBARS), as well as protein
oxidation via carbonyls assay. Pro-oxidant markers included the NADPH
oxidase and hydrogen peroxide. Anti-oxidant activity included ferric
reducing/antioxidant power (FRAP), catalase (CAT) and superoxide
dismutase (SOD). In addition, nitrite concentration was measured as a
surrogate of nitric oxide (NO) metabolization. The analyses of the
aforementioned markers were conducted in accordance with Santa-Rosa
et al. [9] and Viana et al. [5].

Statistical analyses
Variables are presented as mean =+ standard deviation (SD). Data normality
and the variance homogeneity were checked using Shapiro-Wilk's and
Levene’s tests, respectively. The main outcomes did not present normal
distribution, hence all autonomic and oxidative stress parameters were
log-transformed (In). The difference between groups was analyzed via
Welch ANOVA followed by Games-Howell post hoc (unequal variances) or
classic one-way ANOVA followed by Tukey's post hoc test (equal variances).
To evaluate the main effects of parental history of hypertension,
overweight and physical inactivity to the cardiovascular parameters, these
predictors were entered into a multiple linear regression model.
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Table 1. Demographic, anthropometric, physical activity and hemodynamic profiles of the studied groups.
Demographic anthropometric EN (n=12) EH (n=14)
Age (years) 24+5 24+5
Body mass index (kg/m?) 21718 223+19
Waist/Hip circumference 0.8+0.1 0.8+0.1
Fat mass (%) 17.2+6.0 18.0+£4.3
Fat mass (BIA, %) 188+3.7 19.6 £2.7
Physical Activity Level

METS/min/week 455+ 153 269+ 214
Hemodynamic

SBP (mmHg) 1227 117+£8

DBP (mmHg) 76+ 6 73+8

HR(bpm) 71+7 71+5

OH (n=13) OAH (n=17) ANOVA P values
25+3 27+5 0.40
29.2 +2.9*%" 28.1+2.3*%" <0.01
0.9+0.1* 0.9+0.1* <0.01
335+7.3* 27.8 +3.7*# <0.01
28.9+3.8%" 27.8+2.6% <0.01
398 +133 2683 + 1654*1* <0.01
121+8 120+6 0.30
76+7 79+7 0.25
71+5 66+ 3 0.02"#

Data are presented as mean + SD and were analyzed via one-way ANOVA, followed by the Tukey’s post hoc, when needed. *P < 0.05 vs EN group; TP < 0.05 vs

EH group; *P < 0.05 vs OH group.

SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, EN eutrophic offspring of normotensive parents, EH eutrophic offspring of hypertensive
parents, OH overweight offspring of hypertensive parents, OAH overweight and physically active offspring of hypertensive parents.

Table 2. Biochemical parameters of the studied groups.
EN (n=12) EH (n =14)
Glucose (mg/dL) 82.8+5.0 88.8+75
Glycated hemoglobin (%) 53+0.2 53+04
Total cholesterol (mg/dL) 164.0 + 25.7 152.8+25.7
HDL (mg/dL) 47.0+5.8 495+7.1
LDL (mg/dL) 82.1+133 84.0+20.0
Triglycerides (mg/dL) 84.6+33.8 91.4 +33.1
Urea (mg/dL) 30.1+4.3 30.6+5.3
Creatinine (mg/dL) 0.9+0.1 0.9+0.1

OH (n=13) OAH (n=17) ANOVA P values
88.5+5.8 88.0+4.6 0.06
5.4+0.3 53+03 0.86
156.7 + 30.7 1754+ 16.2 0.06
38,6 +7.0%" 495 +10.7* <0.01
92.7 +214 102.0 + 10.0%" <0.01
100.6 + 41.1 974+17.6 0.60
30.6+5.3 29.6+5.6 0.95
0.9+0.1 0.9+0.1 0.96

Data are presented as mean + SD and were analyzed via one-way ANOVA, followed by the Tukey'’s post hoc, when needed. *P < 0.05 vs EN group; 7P <0.05 vs

EH group; *P < 0.05 vs OH group.

EN eutrophic offspring of normotensive parents, EH eutrophic offspring of hypertensive parents, OH overweight offspring of hypertensive parents, OAH

overweight and physically active offspring of hypertensive parents.

Additionally, a second model was created for the following interactions:
history of hypertension x overweight and history of hypertension x overweight
x physical inactivity. The level of significance was set at P < 0.05. Analyses
were performed on JAMOVI software (version 2.3.26).

RESULTS

Subjects characteristics

The groups had similar ages, as displayed in Table 1. As expected,
overweight groups (OH and OAH) had higher BMI, WC/HC and
percentage of fat mass compared to eutrophic groups (EN and
EH). The IPAQ total score confirmed the ‘physically active’ status of
the OAH and the ‘inactive’ status of the remaining groups. Note
that OAH showed lower fat mass compared to the OH group, as
demonstrated by the skinfold thickness.

Effect of an active lifestyle on biochemical parameters

All groups showed blood biochemical parameters within the limits
of normality (Table 2). However, EH showed a tendency for higher
glucose compared to EN (P=0.06) and the OH group showed
lower HDL compared to both eutrophic groups (EH and EN).
Conversely, the physically active group (OAH) showed higher HDL
compared to the OH and similar values to the EN group. The LDL
levels did not differ between OH and OAH groups; however, they
remained higher in the OAH group compared to inactive

SPRINGER NATURE

eutrophic groups (EH and EN). The remaining biochemical
outcomes did not change among groups, regardless of the
physical activity level.

Effect of an active lifestyle on hemodynamic and autonomic
function

All groups showed similar SBP and DBP (Table 1). The HR did not
differ between inactive groups (EN, EH, OH). However, the
physically active group (OAH) showed lower HR compared to
both EH and OH (Table 1). As determined by the multiple linear
regression (Table 3), the relationship between positive parental
history of hypertension and SBP reached borderline significance.
Furthermore, being physically inactive was independently asso-
ciated with an increase in HR.

The HRV and BPV indexes are detailed in Fig. 1. All inactive
groups (EN, EH and OH) showed similar values for HRV indexes
(Fig. 1A-H). However, the physically active overweight group
(OAH) showed higher HFp,_,s compared to OH and EN, as well as
lower LF/HF compared to EH and OH groups (Fig. 1E, H,
respectively). Inactive offspring of hypertensive parents, regardless
of the weight (EH and OH), had higher LFsgp compared to EN;
however, the OAH showed lower LFsgp compared to EH and
similar values to the EN group (Fig. 11).

A positive parental history of hypertension was associated with
increased LFpi,ps and LFsgp. Overweight and physical inactivity

Journal of Human Hypertension (2024) 38:404 - 412
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Table 3. Multiple linear regression analysis of the hemodynamic, autonomic and oxidative stress outcomes as dependent variables.
Estimate (B) 95% Cl P Model 1 P Model 2
Hemodynamic outcomes
SBP (mmHg) NS
family history (+ vs -) 53 -0.5to 11.1 0.07
weight (overweight vs eutrophic) -0.8 -6.5 to 4.8 0.77
physical activity status (inactive vs active) 1.6 -3.8to 7.1 0.54
DBP (mmHg) NS
family history (+ vs-) 2.2 -32to 7.6 0.41
weight (overweight vs eutrophic) 0.2 -5.1to 5.5 0.93
physical activity status (inactive vs active) -2.7 -7.8t0 23 0.28
HR (bpm) NS
family history (+ vs-) 0.66 -33to 46 0.73
weight (overweight vs eutrophic) -0.1 -4.0 to 3.7 0.95
physical activity status (inactive vs active) 4.8 1.1-8.5 0.01%
Autonomic outcomes
Variance-Pl (ms?) NS
family history (+ vs-) -0.09 -0.39 to 0.21 0.54
weight (overweight vs eutrophic) -0.22 -0.52 to 0.08 0.14
physical activity status (inactive vs active) -0.11 -0.40 to 0.17 0.44
Variance - SBP (mmHg?) NS
family history (+ vs-) 0.14 -0.05 to 0.35 0.14
weight (overweight vs eutrophic) -0.18 -0.38 to 0.01 0.08
physical activity status (inactive vs active) 0.03 -0.15 to 0.22 0.69
RMSSD (ms) NS
family history (+ vs-) 0.09 -0.15 to 0.33 0.47
weight (overweight vs eutrophic) 0.10 -0.13 to 0.34 0.37
physical activity status (inactive vs active) -0.02 -0.25 to 0.19 0.80
LF-PI (ms®-abs) NS
family history (+ vs-) 0.41 0.03-0.79 0.03%
weight (overweight vs eutrophic) -0.26 -0.63 to 0.09 0.14
physical activity status (inactive vs active) -0.03 -0.38 to 0.32 0.86
HF-PI (ms?-abs) NS
family history (+ vs-) 0.24 -0.11 to 0.60 0.18
weight (overweight vs eutrophic) -0.31 -0.66 to 0.02 0.06
physical activity status (inactive vs active) -0.59 -0.92 to 0.26 <0.01%
LF - Pl(nu) NS
family history (+ vs-) -0.001 -0.011 to -0.11 0.97
weight (overweight vs eutrophic) 0.03 -0.07 to 0.14 0.53
physical activity status (inactive vs active) 0.06 -0.04 to 0.17 0.26
HF - PI (nu) NS
family history (+ vs-) -0.009 -0.20 to 0.18 0.92
weight (overweight vs eutrophic) -0.05 -0.25 to 0.13 0.53
physical activity status (inactive vs active) -0.14 -0.33 to 0.03 0.11
LF/HF -PI NS
family history (+ vs-) 0.21 -0.18 to 0.60 0.28
weight (overweight vs eutrophic) 0.04 -0.31 to 0.41 0.79
physical activity status (inactive vs active) 0.53 0.17-0.89 <0.01%
LF-SBP (mmHg?) NS
family history (+ vs-) 0.54 0.23-0.85 <0.01%
weight (overweight vs eutrophic) -0.21 -0.54 to 0.10 0.19
physical activity status (inactive vs active) 0.34 0.03-0.65 0.03%
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Table 3. continued

Estimate (B)
Oxidative Stress outcomes
Hydrogen peroxide (um)

family history (+ vs-) 0.25

weight (overweight vs eutrophic) 0.26

physical activity status (inactive vs active) 043
Nitrite (nmol/mg protein)

family history (+ vs-) -0.01

weight (overweight vs eutrophic) 0.57

physical activity status (inactive vs active) 0.56
NADPH oxidase (um/mg protein)

family history (+ vs-) -0.01

weight (overweight vs eutrophic) 0.64

physical activity status (inactive vs active) 0.80
Catalase (nmol/mg protein)

family history (+ vs-) -0.05

weight (overweight vs eutrophic) 0.02

physical activity status (inactive vs active) 0.14
SOD (USOD/mg protein)

family history (+ vs-) -0.13

weight (overweight vs eutrophic) -0.09

physical activity status (inactive vs active) -0.12
FRAP (nM Fe**)

family history (+ vs-) -0.01

weight (overweight vs eutrophic) 0.20

physical activity status (inactive vs active) -0.26

95% Cl P Model 1 P Model 2
NS
-0.20 to 0.71 0.27
-0.23 to 0.77 0.29
-0.11 to 0.97 0.11
NS
-0.41 to 0.39 0.95
0.17-0.96 <0.01%
0.15-0.98 <0.01%
NS
-0.45 to 0.42 0.94
0.17-1.11 <0.01%
0.29-1.32 <0.01*
NS
-0.37 to 0.26 0.72
-0.26 to 0.30 0.89
-0.15 to 0.44 0.32
NS
-0.23 to 0.03 <0.01%
-0.19 to 0.01 0.06
-0.22 to 0.02 0.01%
NS
-0.25 to 0.23 0.92
-0.04 to 0.45 0.09
-0.50 to 0.02 0.03%

Data are expressed as estimated () and 95% of confidence interval (Cl). Autonomic and oxidative stress outcomes were logged-transformed (In) prior analysis.
Analysis: multiple linear regression with family history of hypertension, weight and physical activity status as predictors. Model 1: main effects; Model 2:

interaction between predictors. NS: non-significant; & = <0.05.

status were independently associated with a reduction in HFp_aps.
Being physically inactive was additionally associated with an
increase in LF/HF and in LFsgp.

Effect of an active lifestyle on oxidative stress parameters
Pro-oxidant/antioxidant markers are detailed in Fig. 2(A-C and
D-F, respectively). The OH had higher pro-oxidant activity
compared to eutrophic groups (EH and/or EN), as demonstrated
by hydrogen peroxide (Fig. 2A), nitrite (Fig. 2B) and NADPH
oxidase (Fig. 2C). In addition, both OH and EH had lower SOD, an
antioxidant activity marker, compared to EN (Fig. 2E). However,
the physically active group (OAH) did not present the
aforementioned alterations, as demonstrated by the lower
hydrogen peroxide, nitrite and NADPH, as well as higher SOD
compared to OH group. In parallel, all these variables in OAH
presented similar values to NE (Fig. 2A, B, C, E, respectively).
Finally, oxidative damage markers did not differ between
groups, as demonstrated by TBARS (EN: 0.5+0.2; EH: 0.5+0.3;
OH: 0.5+0.2; OAH: 0.4+0.1 nmol/mg protein; P=.69) and
carbonyls (EN: 1.3+0.2; EH: 1.8+ 0.6; OH: 1.7 £0.5; OAH: 1.5
0.6 nmol/mg protein; P=0.19).

A positive parental history of hypertension was inversely
associated to the antioxidant SOD. The overweight and physical
inactivity predictors were positively associated with pro-oxidant
markers nitrite and NADPH oxidase and inversely associated with
SOD. Being physically inactive was also associated with a
reduction in FRAP. The predictor interactions were not significant
for any of oxidative stress parameters.

SPRINGER NATURE

DISCUSSION

We observed that inactive offspring of hypertensive parents,
regardless of the weight status (EH and OH), showed higher LFsgp
(vs EN), an indicator of increased sympathetic outflow to the
vasculature, as well as reduced antioxidant activity (vs EN), while
higher pro-oxidant markers were found exclusively in OH (vs EN
and EH). Conversely, the OAH group showed bradycardia and
higher vagally-mediated HF,,s index (vs OH and EN), lower
sympathovagal balance (vs OH) and preserved LFsgp. In addition,
these individuals showed preserved pro and antioxidant markers
and nitrite concentration, presenting similar values to NE. Taking
together, our findings corroborate the hypothesis that overweight
offspring of hypertensive parents with an active lifestyle would
have improved hemodynamic, cardiac autonomic modulation and
oxidative stress parameters compared to their inactive peers.

Early alterations in autonomic modulation and oxidative
stress in overweight offspring of hypertensive parents
Studies conducted by our group [5, 9] and others [6] have shown
that early alterations of the sympathetic and vagal branches to
the heart are one of the mechanisms underpinning the long-
term increase in BP in offspring of hypertensive parents. In
addition, studies suggest that overlapping risk factors, such as
overweight, might act reinforcing these alterations already
carried by the heritable component [3, 5]. Indeed, we found
that a positive history of hypertension was independently
associated with increased LFp, - a marker of overall cardiac
dysfunction with sympathetic predominance [19]- and LFsgp - a
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Fig. 1 Heart rate (HRV) and blood pressure (BPV) variability indexes obtained at rest. A Pl variance, pulse interval variance; (B): SBP
variance, systolic blood pressure variance; (C): RMSSD, root mean square of successive differences between RR intervals; (D): LF, low frequency
power of HRV expressed as absolute units; (E): HF, high frequency power of HRV expressed as absolute units; (F): LF, low frequency power of
HRV expressed as normalized units; (G): HF, high frequency power of HRV expressed as normalized units; (H): LF/HF ratio obtained from
absolute values; (I): LF-SBP, low frequency power of systolic blood pressure. EN, eutrophic offspring of normotensive parents; EH, eutrophic
offspring of hypertensive parents; OH, overweight offspring of hypertensive parents; OAH, overweight and physically active offspring of
hypertensive parents. Data presented as mean + SD. Analysis: Natural log transformation (Ln) followed by a Welch’s ANOVA with Games-
Howell post hoc (unequal variances) or classic one-way ANOVA with Tukey’s post hoc test (equal variances). P < 0.05 vs EN group; tP<0.05 vs
EH group; *P<0.05 vs OH group.

adults, the overweight might reinforce rather than amplify these
early autonomic disarrangements.

Oxidative stress is another feature of hypertension [7] that has
been early identified in offspring of hypertensive parents [9] and
might be aggravated by the increase in body fat [5, 23]. Indeed,
we found that a positive history of hypertension was inversely
associated with antioxidant activity (SOD) and overweight was
independently associated with higher pro-oxidant markers. When
comparing all groups, we found that the inactive OH group had
increased nitrite and NADPH oxidase compared to EH and EN,
suggesting an additive effect of the overweight factor over these
variables in offspring of hypertensive parents (OH vs EH).

Our data might be partially mediated by the lower levels of
circulating HDL (as observed in OH group), as modification in
lipid profile has been shown to promote ROS in the endothelium
[24]. In addition, excessive adipose tissue has been found to
stimulate the production of ROS and to reduce the activity of
antioxidant enzymes (such as SOD) in the adipose cells [25]. In

marker of sympathetic efferent activity to the peripheral
vasculature [20]. The overweight risk factor, alone, showed
impact on the vagal branch, as demonstrated by its negative
correlation with the HFp,.

Aligned with these observations,we found an increased LFsgp in
offspring of hypertensive parents, regardless of the weight. As
LFsgp are greatly modified by sympathetic pharmacological
blockade [20], our data support the enhanced sympathetic
vasomotor outflow in these individuals and adds the information
that the sympathoexcitation in overweight offspring of hyperten-
sive parents might not be limited to the heart. Given that
increased BPV has been described in established essential
hypertension [20] and associated with end-organ damage [22],
our findings carry clinical value. Interestingly, we showed that the
overweight factor did not have an amplifier effect over the genetic
component, as the autonomic dysfunction happened regardless
of the weight. Similar findings were previously observed by our
group [5] and might show that among normotensive young
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Fig. 2 Plasmatic oxidative stress biomarkers. A Hydrogen peroxide concentration; (B) nitrite concentration; (C) NADPH oxidase activity; (D)
catalase concentration; (E): superoxide dismutase activity; (F) FRAP activity. EN, eutrophic offspring of normotensive parents; EH, eutrophic
offspring of hypertensive parents; OH, overweight offspring of hypertensive parents; OAH, overweight and physically active offspring of
hypertensive parents. Data presented as mean + SD. Analysis: Natural log transformation (Ln) followed by one-way ANOVA with Tukey’s post
hoc test. ‘P<0.05 vs EN group; TP <0.05 vs EH group; *P'<0.05 vs OH group.

parallel, increased nitrite, a surrogate of NO metabolization, is
positively correlated to body fat [23] and to SBP [26]. Obesity-
induced inflammatory cytokines have been found to increase
the expression of inducible NO synthase (iNOS), which in excess,
damages normal tissues [27]. Thus, higher levels of nitrite could
reflect the iINOS overexpression, the NO production in the
adipose tissue [23] or a compensatory role of NO to an excessive
vasoconstrictor response mediated by increased ROS in OH
group [28]. It should be noted that the excessive NO actively
reacts with superoxide to produce peroxynitrate, a highly
cytotoxic reactive nitrogen species implicated in vascular
dysfunction [27].

Evidence in experimental model suggests that oxidative stress
precedes and likely mediates the sympathetic overactivity in
arterial hypertension [29]. In this sense, depletion of scavengers of
ROS, such as SOD, might have particular relevance in the
autonomic dysfunction. For example, Tempol (a SOD mimetic)
infused intracerebroventricularly reduced renal sympathetic nerve
activity (RSNA) and SBP in rats [29]. Knowing that SOD was
reduced in offspring of hypertensive parents (regardless of the
weight), we suggest that the increase in LFsgp might be partially
mediated by the early endothelial dysfunction. The autonomic
dysfunction and oxidative stress preceded any detectable altera-
tion in BP values. Although this study did not intend to evaluate
the time course of these alterations, it is plausible that overtime,
the overweight factor might act amplifying the dysfunction in the
mechanisms underpinning the control of BP, contributing to the
establishment of hypertension.

Impact of an active lifestyle on cardiovascular and oxidative
stress in overweight offspring of hypertensive parents

We found that being physically inactive was associated with
several markers of autonomic dysfunction and oxidative stress.
Conversely, there is consistent evidence from our group [9] and
others [30] indicating that in subjects with parental hypertension,
an active lifestyle or chronic exercise is associated with

SPRINGER NATURE

improvement in cardiac autonomic modulation and oxidative
stress biomarkers.

To the best of our knowledge, however, this is the first study
investigating the effect of an active lifestyle on hemodynamic,
autonomic modulation and oxidative stress in individuals carrying
overlapping parental hypertension and overweight risk factors.
Specifically, physically active OH showed lower HR which was
followed by higher in HF ,,s and lower LF/HF compared to inactive
OH. The continuous control of HR is influenced by the vagal and
sympathetic autonomic branches. In this sense, the HF index is
greatly reduced by muscarinic receptors blockade [31], and
consequently, has been considered an indicator of cardiac vagal
control [18]. Thus, our data suggest that the bradycardia achieved
by the active lifestyle might be partially driven by the increase in
cardiac vagal modulation.

Physiological interpretation of LF/HF ratio—also referred to as
sympathovagal balance—remains controversial; however, evi-
dence with pharmacological blockade suggests that this index
could reflect both vagal and sympathetic influences on the cardiac
pacemaker and its reduction might reflect an overall improvement
in cardiac autonomic modulation in OAH [18, 20]. Yet, the
preserved LFsgp in OAH suggests that maintaining an active
lifestyle prevented the increase in sympathetic vasomotor drive
previously observed in inactive OH [20]. Indeed, consistent
evidence shows that healthy adults with an active lifestyle
demonstrate improved autonomic function than their sedentary
peers [12, 32]. As resting HR and vagal modulation indexes
independently predict mortality in cardiovascular a healthy cohort
[33] and increased sympathetic drive is a well-known mechanism
underlying the onset of hypertension and target organ damage
[22], our findings might hold clinical relevance.

Overweight offspring of hypertensive parents that were physi-
cally actives did not present any of the alterations in oxidative stress
markers previously observed in their inactive peers (OH). Indeed, it
has been shown that modifiable lifestyle behaviors play an
important role in modulating oxidative stress and endothelial
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function [7]. As such, being physically active or lowering sedentary
time have been shown to improve the blood flow and laminar shear
stress in conduit arteries [34] and microcirculation, which in turn,
upregulates the antioxidant defences (such as SOD) and reduces
the ROS (such as NADPH oxidase) in the endothelium [7]. In parallel,
as alterations in lipid profile have been found to stimulate the
production of ROS, our findings might also be due to the HDL
amelioration in OAH [24]. Finally, the marked improvement in
oxidative stress might be directly linked to the lower body fat mass
in OAH, as NADPH oxidase, often increased by adipocytes and
implicated in the generation of ROS [25], was reduced in OAH
compared to the inactive peers. Indeed, Allemann et al. [1, 3]
previously showed that as long as the offspring of hypertensive
parents preserved their leanness, only minor BP elevation within
normal limits was observed, which highlights the role of fat mass on
the mechanisms underpinning the control of BP.

Limitations

This study was designed to follow up on the findings of autonomic
dysfunction/oxidative stress in males previously reported by our
group [5]. However, it is crucial to account for sex as a biological
variable, as men and women differ in the prevalence and
pathophysiology of hypertension [35]. Hence, the main limitation
of our study lies in the lack of female participants. While we
explored the benefits of an active lifestyle on mechanisms
controlling BP, these findings are limited to only a portion of
those carrying the hypertension risk factors.

Secondly, we could not exclude the possibility of underreporting
evaluation of the parental history of hypertension as we relied solely
on questionnaires to assess the status of parental hypertension. A
questionnaire designed to be responded by the parents rather than
by the offspring would have been desirable. Thirdly, the onset of
hypertension is multifactorial and thus, we could not rule out that
other non-modifiable and environmental factors, such as dietary
preferences, could play a role in our findings [36].

Finally, the level of physical activity was measured by IPAQ
rather than pedometers and accelerometers. However, consistent
evidence supports the IPQA-short version as a reproducible and
valid tool for monitoring population levels of physical activity
among 18- to 65-yr-old adults in diverse settings [15].

Conclusion and implications

Our findings indicate that inactive offspring of hypertensive
parents, regardless of the weight, had increased sympathetic
vasomotor drive compared to EN. In addition, although presenting
BP within normal values, this population showed early markers of
oxidative stress compared to eutrophic groups. Such mechanisms
are tightly implicated in the progressive increase in BP among
those carrying the heritable component [1, 5, 6]. Thus, it is
plausible that over time, the overweight factor might amplify
these alterations, contributing to the establishment of hyperten-
sion [1, 3, 4]. Conversely, overweight offspring of hypertensive
parents with an active lifestyle showed improved hemodynamic,
cardiac autonomic modulation and oxidative stress parameters
compared to their inactive peers. Altogether, our findings high-
light the impact of modifiable risk factors in the mechanisms
underlying cardiovascular regulation and provide support for
future studies focused on lifestyle interventions for those carrying
the parental hypertension and overweight risk factors.

SUMMARY

What is known about topic

® Positive family history of hypertension is associated with early
autonomic dysfunction and increased oxidative stress.
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® Cardiovascular alterations and oxidative stress in the offspring
of hypertensive parents are complemented and even ampli-
fied by the overweight factor.

® An active lifestyle is a well-known approach to improving the
mechanisms regulating blood pressure control in different
populations.

What this study adds

® Inactive offspring of hypertensive parents, regardless of the
weight, present with increased sympathetic outflow to the
vasculature.

® Inactive males with an overlapping overweight and family
history of hypertension show early markers of oxidative stress
compared to eutrophic males.

® An active lifestyle improves and partially normalizes the
hemodynamic, autonomic and oxidative stress parameters
among males with overweight and positive history of
hypertension.
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