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Abstract

Objective: This work evaluated the antioxidant defenses, anthropometric, 
oxidative and lipid profile parameters in hypertensive women and analyzed 
correlations between these variables to understand the impact of antioxidant 
defense in the development and progression of Systemic Arterial Hypertension 
(SAH).

Design and Methods: The study included 154 women, 81 in the 
hypertensive group and 73 in the normotensive group. For the evaluation 
of oxidative stress parameters were analyzed the activity of the enzymes 
Superoxide Dismutase (SOD), Catalase (CAT), Glutathione S-Transferase 
(GST), vitamin C levels, Non-Protein SH groups (NPSH), Reactive Oxygen 
Species (ROS), Thiobarbituric Acid Reactive Substances (TBARS) and protein 
carbonylation. Total Cholesterol (TC), High-Density Cholesterol (HDL), Low-
Density Cholesterol (LDL) and triglycerides, total height, body weight, Body 
Mass Index (BMI) and body fat percentage were measured. Student’s t-test and 
Pearson’s Correlations were performed.

Results: Hypertensive women had higher body mass, fat percentage, BMI, 
TC, LDL and triglycerides and lower HDL. GST, SOD, CAT, vitamin C and NPSH 
were decreased in hypertensive women. Oxidative damage parameters were 
higher in the hypertensive group. Positive correlations were set in hypertensive 
women between Systolic Blood Pressure (SBP) and TBARS, SBP and ROS, 
SBP and LDL, PAS and triglycerides, LDL and TBARS, triglycerides and TBARS, 
triglycerides and ROS, and triglycerides and GST. Negative correlations were 
established between SBP and NPSH, LDL and NPSH, and triglycerides and 
NPSH in hypertensive women.

Conclusion: The results suggest that oxidative stress, antioxidant defense 
reduction, lipid profile, body fat percentage and blood pressure itself interact 
with each other, being potential agents that favors the progression of SAH.
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Introduction
Systemic Arterial Hypertension (SAH) is a chronic non-

communicable disease, of a multifactorial nature, which compromises 
the body’s vasodilator and vasoconstrictor mechanisms. According 
to the guidelines of the World Health Organization (WHO) and the 
VII Guideline of the Brazilian Society of Cardiology (SBC), arterial 
hypertension is determined by Systolic Blood Pressure (SBP) ≥ 140 
mmHg and/or Diastolic Blood Pressure (DBP) ≥ 90 mmHg in adults 
who do not use antihypertensive medications [1,2].

According to a study published in The Lancet, the number of 
adults with hypertension increased from 594 million in 1975 to 1.13 
billion in 2015, reaching 597 million men and 529 million women 
[3]. In Brazil, SAH affects 36 million adult individuals, more than 
60% of the elderly, contributing to around 50% of deaths related to 
cardiovascular diseases [2]. This study is relevant, since SAH is the 
main risk factor for the development of cardiovascular diseases and, 
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according to the WHO, each year, 1.6 million Deaths are caused by 
such diseases only in the Americas region [4].

It is known that changes in body composition, such as increases 
in Body Mass Index (BMI) and obesity, changes in lipid profile and 
blood glucose, represent a condition that favors the development or 
aggravation of SAH and its complications [5]. It is possible to identify 
overweight as a BMI of 25 to 29.9 kg/m2, and obesity as a BMI greater 
than or equal to 30 kg/m2, thus characterizing a condition that has 
been associated with an increased risk of death by cardiovascular 
diseases [6]. Similarly, the combination of hypertension and higher 
values of Total Cholesterol (TC), triglycerides and Low-Density 
Lipoproteins (LDL) and low values of and High-Density Lipoproteins 
(HDL) represents an important factor in the increase of cardiovascular 
risk. A report of 5,376 patients had already demonstrated that a large 
percentage of hypertensive patients have high cholesterol levels and 
that the simultaneous occurrence of hypertension and dyslipidemia 
leads to a cumulative rise in the risk of cardiovascular diseases [7].

The mechanisms that lead to the development of SAH are complex 
and not yet fully elucidated, but, in the last decades, the evidence 
of the association between the production of Reactive Oxygen 
Species (ROS) and arterial hypertension is growing. ROS, produced 
as intermediaries in the reduction-oxidation reactions, under 
physiological conditions, are fundamental for cellular functioning. 
However, the increase in these species leads to a situation called 
Oxidative Stress (OE). This is established by an imbalance between the 
ROS formation and the impaired or inefficient action of endogenous 
and exogenous antioxidants, which can trigger lesions in the various 
cellular components, initiating several pathological processes [8,9]. 
Thus, it is of fundamental importance to evaluate the mechanisms 
related to oxidative damage in hypertensive patients.

The excess of reactive species is countered by antioxidants, 
produced by the body or ingested through the diet [10]. These 
antioxidants are classified in enzymatic and non- enzymatic systems. 
The enzymatic system is the first antioxidant defender in the body, 
stopping the excess of the superoxide radical anion and hydrogen 
peroxide. This system has several enzymes, like Glutathione 
Peroxidase (GPx), Glutathione S-Transferase (GST), Catalase (CAT) 
and Superoxide Dismutase (SOD) [10]. In non-enzymatic defense, 
glutathione, which constitutes the most important human Non-
Protein SH (NPSH) group and vitamin C stand out. Glutathione can 
be found in its reduced (GSH) or oxidized (GSSG) form [11]. The 
NPSH dosage is a good parameter to estimate the body’s glutathione 
content, since it is, in its reduced form, the most abundant thiol group 
in the intracellular environment [12,13].

Considering the above, this study seeks to evaluate the levels 
of enzymatic antioxidants (GST, CAT and SOD), non-enzymatic 
antioxidants (vitamin C and NPSH), parameters of oxidative damage 
(Substances Reactive To Thiobarbituric Acid (TBARS), ROS and 
protein carbonylation) and lipid profile in middle-aged hypertensive 
women, comparing them with normotensive women, to elucidate the 
relationship between the disease and the development or progression 
of oxidative stress. Furthermore, it proposes to evaluate and discuss 
the influence of anthropometric data, lipid profile and medications 
on the progression of SAH and OE.

Methods
Study characterization

An experimental, cross-sectional study of an applied nature and 
a quantitative approach was carried out. Also called quantitative 
research of pre-factual causality, in which it evaluates the effect of 
a variable or set of variables on another variable or set of variables 
based on controlled events [14].

Participants
The sample of the present study consisted of volunteer women 

aged between 42 and 68 years with and without hypertension 
diagnosis. The sample selection happened in a non-probabilistic 
way by quotas, voluntarily, considering the eligibility criteria, being 
initially calculated in 150 women, 75 for the hypertensive group and 
75 for the normotensive group. The sample size calculation considered 
an average standard deviation of the main outcome variables of 10 
units, with a statistical power of 90% and a significance level of 0.05 
(two-tailed distribution). After selection, the sample consisted of 154 
women, 81 in the hypertensive group and 73 in the normotensive 
group.

In the group of hypertensive women were included those who 
had the diagnosis of hypertension for at least 3 years and in treatment, 
with SBP lower than 160 and the diastolic blood pressure lower than 
120 mmHg [2]. In the normotensive group were included women 
without hypertension diagnosis and whose SBP and diastolic blood 
pressure measured in two non-consecutive days and at different 
times, were equal to or less than 139 and 89 mmHg, respectively. 
Women who presented comorbidities that represented a clinical 
contraindication to participate in the study, women who smoked, and 
those who used any medication that may have influenced the results 
of the study were excluded, except for antihypertensive drugs for the 
hypertensive group.

Anthropometric parameters
Total height: The total height of the participants was determined 

by the distance between the soles of the feet and the vertex of the head 
using a portable stadiometer (Gofeka®, Criciúma- SC, Brazil) with an 
accuracy of 0.1 cm.

Body weight: Body weight was determined by the individual’s 
total body mass using a digital scale (Urbano® OS-100, Canoas-RS, 
Brazil) with an accuracy of 50 g.

Body mass index: The Body Mass Index (BMI) was calculated 
by dividing the body mass of each participant by the square of their 
height expressed in meters, as recommended by [15].

Body fat percentage: The body fat percentage was measured by 
a bioimpedance scale (Tanita® BC-601 Body Composition Analyzer). 
The participants rested for 10 minutes and after that electrodes were 
placed on the feet and hands, obtaining the results through a low-
frequency electrical current.

Blood pressure assessment
A mercury column sphygmomanometer (Erkamater®-E300, 

Germany) was used to measure blood pressure. The procedures were 
performed according to the recommendations in the “7th Brazilian 
Guideline for Hypertension” [2], with measurements taken at rest 
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with an automatic blood pressure monitor (Omron® HEM-742INT, 
China).

Lipid profile
Total serum cholesterol, Low Density Cholesterol (LDL), High 

Density Cholesterol (HDL) and triglyceride concentration were 
analyzed using standard enzymatic methods, with Ortho- Clinical 
Diagnostis reagents in an automatic analyzer (Vitros 950W dry 
chemistry system; Johnson & Johnson, Rochester, NY, USA).

Collection and analysis of blood samples
Three tubes of 4 ml of blood were collected, one tube with EDTA 

as anticoagulant, one with citrate as anticoagulant and one without 
anticoagulant, by venipuncture of the antecubital vein using the 
vacuum system. The entire blood collection procedure was performed 
by trained and qualified professionals and in compliance with all 
recommended biosafety procedures for this purpose. Immediately 
after the collections, a portion of citrated whole blood was separated 
and the rest was centrifuged (15 min. X 3,500 rpm, model KC16R 
centrifuge, brand Kindly Controle Microprocessado) to obtain 
plasma and serum. All samples were stored in microtubes at -80oC 
for further analysis. The analysis of the samples was carried out after 
the n had been completed, in a period between three and six months.

Evaluation of oxidative stress parameters
Superoxide dismutase enzyme (SOD) determination: The 

activity of the SOD enzyme was determined in whole blood according 
to McCord and Fridovich [16]. And expressed in units of SOD per 
milligram (SOD/mg) of protein. In this method, the SOD present in 
the sample competes with the superoxide anion detection system. 
A unit of SOD is defined as the amount of enzyme that inhibits the 
oxidation rate of adrenaline by 50%. The oxidation of adrenaline 
leads to the formation of the colored product, adrenochrome, which 
is detected by the spectrophotometer. Superoxide dismutase activity 
was determined by measuring the rate of formation of adrenochrome, 
observed at 480 nm, in a reaction medium containing glycine-NaOH 
(50 mM, pH 10) and adrenaline (1 mM).

 Determination of catalase enzyme (CAT): The determination of 
CAT activity was performed in whole blood according to a modified 
method by Nelson and Kiesow [17]. And was expressed in nanomols 
per milligram (nmol/mg) of protein. This test involves changing the 
absorbance at 240 nm due to CAT peroxide-dependent hydrogen 
decomposition. An aliquot (0.02 ml) of blood was homogenized 
in potassium phosphate buffer, pH 7.0. The spectrophotometric 
determination was initiated by the addition of 0.07 ml in an aqueous 
solution of 0.3 mol/l-1 of hydrogen peroxide. The change in absorbance 
at 240 nm was measured for 2 min. CAT activity was calculated using 
the molar extinction coefficient (0.0436 cm²μmol) and the results 
were expressed in nanomols per milligram of protein.

Determination of glutathione s-transferase (GST): GST activity 
was measured as described by Warholm et al. [18]. The assay mixture 
contained an adequate amount of sample solution (25 g of protein) 
and the Bradford method was used to determine the bovine serum 
albumin content as a protein standard. The activity was expressed 
through the absorbance Delta.

Determination of vitamin C: vitamin C levels were performed 

using the modified method by Jacques-Silva et al. [19]. 300ul 
of the participants’ plasma was used in a reaction containing 
dinitrophenylhydrazine, trichloroacetic acid and sulfuric acid as 
reagents. The ascorbic acid content was determined at 520 nm and 
expressed as mg of ascorbic acid /mL of plasma.

Determination of the content of protein and non-protein SH 
groups: NPSH were measured spectrophotometrically with Ellman’s 
reagent [20]. Aliquots (0.1 mL) of plasma were added to 0.85 mL of 
0.3 M phosphate buffer, pH 7.4, and the reaction was read at 412 nm 
after the addition of 10 mM 2-nitrobenzoic acid (0.05 mL). The data 
were reported in μmol/mL of plasma.

Determination of reactive oxygen species (ROS): The 
quantification of ROS serves as an indirect measure of damage to 
Deoxyribonucleic Acid (DNA). The formation of reactive species 
in serum was estimated according to Ali, Lebel and Bondy [21]. 
An aliquot of 50 μL of serum was incubated with 10 μL of 2’, 7’- 
47 Dichlorofluorescein-Diacetate (DCFH-DA, 7 μM). ROS levels 
were determined using the fluorescence method. The oxidation of 
DCFH- DA to Dichlorofluorescein (DCF) was measured for the 
detection of intracellular reactive species. The intensity of DCF 
fluorescence emission was recorded and 488 to 525 nm excitation 60 
min after the addition of DCFH-DA in the medium and the oxidized 
dichlorofluorescein was determined using a standard curve and the 
results were expressed in U DCF/mg of protein.

Determination of lipid peroxidation: lipid peroxidation in 
serum was determined according to Jentzsch et al. [22], Modified. To 
this, 0.2 ml of serum was added to the reaction mixture containing 
1 ml of 1% orthophosphoric acid and 0.25 ml alkaline solution of 
thiobarbituric acid (final 20 ml), followed by 45 minutes of heating 
at 95oC. After cooling, the samples and Malondialdehyde (MDA) 
standards were read at 532 nm, against the blank of the standard 
curve. The number of substances reactive to Thiobarbituric Acid 
(TBARS) was expressed in nmol of MDA/ml of serum.

Determination of protein carbonylation/oxidation: protein 
oxidation in serum was determined using the method of Levine et 
al. [23] First, from 1 ml of serum, proteins were precipitated using 
0.5 ml of 10% Trichloroacetic Acid (TCA) and centrifuged at 
1800 g for 5 min, discarding the supernatant. To this, 0.5 ml of 2, 
4-Dinitrophenylhydrazine (DNPH) was added to 10 mmol/1 in 2 
mol/1 of HCl and incubated at room temperature for 30 minutes, 
mixing the samples vigorously every 15 minutes. After incubation, 
0.5 ml of 10% TCA was added to the protein precipitate and 
centrifuged at 1800 g for 5 min. After discarding the supernatant, 
the precipitate was washed twice with 1 ml of ethanol/ethyl acetate 
(1:1), centrifuging the supernatant to remove the free DNPH. The 
precipitate was dissolved in 1.5 ml of protein dissolving solution (2 g 
of sodium dodecyl sulfate and 50 mg of EDTA in 100 ml of 80 mmol/1 
phosphate buffer, pH 8.0) and incubated at 37oC for 10 min. The color 
intensity of the supernatant was measured by a spectrophotometer at 
370 nm against 2 mol/1 of HCl. The carbonyl content was calculated 
using the molar extinction coefficient (21x10³ L·mol-1·cm-1), and the 
results are expressed in nanomols per milligram of protein.

Ethical aspects
This project was submitted to and approved by the Human 
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Research Ethics Committee of the Federal University of Fronteira Sul, 
with the following opinion number 1,916,904. All individuals were 
duly informed about the objectives of the study and the data collection 
procedures, as well as the relative risks and benefits and, upon 
agreeing to participate in the study, signed the Free and Informed 
Consent Term, in two copies, one of which remained with the research 
participant and the other was maintained by the researchers. Also, the 
subjects were instructed that they could withdraw their consent and 
give up participating in the study at any time.

Statistical analysis
First, the data were submitted to the Shapiro-Wilk test to assess 

normality. Bearing in mind that the data follow a normal distribution, 
comparisons between groups (hypertensive and normotensive) were 
performed using Student’s t-test. Correlations were performed 
using Pearson’s correlation test. The data are presented as mean and 
standard deviation. For all analyzes, the statistical program GraphPad® 
Prism version 8.0 was used. The analyzes were considered significant 
when p <0.05.

Results
Anthropometric data

In the study, data from 81 hypertensive and 73 normotensive 
women were analyzed. All study participants were at menopause and 
without physical exercise for at least 6 months. The anthropometric 
data of the participants are shown in Table 1. The ages were statistically 
equal in the group of hypertensive women when compared to 
the group of normotensive women (53.30 ± 7.31 normotensive 
women versus 55.60 ± 8.43 hypertensive women). Likewise, height 
measurements were the same in the hypertensive group when 
compared to the normotensive group (1.62 ± 5.12 normotensive vs. 
1.64 ± 4.46 hypertensive). Body mass measurements were higher in 
the hypertensive group when compared to the normotensive group 
(62.30 ± 8.81 normotensives vs. 66.44 ± 7.22 hypertensive, p <0.05). 
Similarly, body fat indexes were higher in the hypertensive group when 
compared to the normotensive group (28.68 ± 3.19 normotensive vs. 
31.12 ± 4.55 hypertensive, p <0.05), as well as the BMI results (25.19 
± 4.98 normotensives vs. 27.95 ± 5.87 hypertensives, p <0.05). The 
measurements of systolic and diastolic blood pressure were higher in 
the hypertensive group when compared to the normotensive group 
(118 ± 15.20 normotensive vs. 129 ± 16.19 hypertensive, p <0.05) 
and (79 ± 10.13 normotensive vs. 88 ± 13.66 hypertensive women, p 
<0.05), respectively.

Analysis of the lipid profile
The results of the analysis of the lipid profile data of the study 

participants are shown in Table 2. Compared with normotensive 
women, hypertensive women had higher levels of TC (158.35 ± 27.11 
normotensives vs. 167.81 ± 36.22 hypertensives, p <0.05). LDL levels 
were also higher in the hypertensive group when compared to the 
normotensive group (93.18 ± 15.20 normotensive vs. 111.45 ± 16.66 
hypertensives, p <0.05). The HDL levels found in the hypertensive 
group were significantly reduced when compared to the normotensive 
group (47.77 ± 7.43 normotensive vs. 39.22 ± 8.45 hypertensive, p 
<0.05). Triglyceride levels were higher in the hypertensive group when 
compared to the normotensive group (123.10 ± 33.98 normotensive 
vs. 153.78 ± 41.29 hypertensives, p <0.05).

Use of antihypertensive medications
Antihypertensive drugs used by participants in the hypertensive 

group are described in Table 3. Among hypertensive women, 65 
(71.42%) use diuretics, 61 (67.03%) use ACEIs, 19 (20.87%) use 
direct vasodilators, 12 (13.18%) use beta-blockers, 10 (10.98%) use 
angiotensin receptor antagonists and 8 (8.79%) use calcium channel 
antagonists.

Enzymatic antioxidants
All enzymatic antioxidants analyzed in the study were decreased 

in hypertensive women, compared to normotensive women GST 
activity was lower in the hypertensive group when compared to 
normotensive (1.88 ± 0.2 normotensive vs. 1.70 ± 0.2 hypertensive, 
p <0.05), as well as the activity of SOD (25.00 ± 4.0 normotensive vs. 
18.00 ± 3.1 hypertensive, p <0.05) and CAT (20.00 ± 4.0 normotensive 
vs. 15.00 ± 3.2 hypertensive women, p <0.05)

Non-enzymatic antioxidants
Similar to enzymatic antioxidants, the analyzed non-enzymatic 

antioxidants were lower in the hypertensive group, when compared 
with the normotensive group the level of Vitamin C was lower in 
the group of hypertensive women when compared to normotensive 

 Normotensive 
(n = 73)

Hypertensive 
(n = 81)

Age (years) 53.30 ± 7.31 55.60 ± 8.43

Stature (m) 1.62 ± 5.12 1.64 ± 6.46

Body mass (kg) 65.30 ± 15.81 72.44 ± 17.22*

Body fat (%) 28.68 ± 5.19 31.12 ± 6.55*

BMI (kg/m2) 25.19 ± 4.98 27.95± 5.87*
Systolic blood pressure 
(mmHg) 118 ± 15.20 129 ± 16.19*

Dyastolic blood pressure 
(mmHg) 79 ± 10.13 88 ± 13.66*

Table 1: General characteristics of hypertensive and normotensive participants 
in the study.

1 Data are presented with mean and standard deviation. The statistical analysis 
used was the student’s t-test. The “*” indicates a difference between the groups, 
considering p <0.05.

 Normotensive Hypertensive

Total cholesterol (mg/dL) 158.35 ± 27.11 167.81 ± 36.22*

LDL (mg/dL) 93.18 ± 15.20 111.45 ± 16.66*

HDL (mg/dL) 47.77 ± 7.43 39.22 ± 8.45*

Triglycerides (mg/dL) 123.10 ± 33.98 153.78 ± 41.29*

Table 2: Lipid profile analyzed in the study participants.

1 Data are presented with mean and standard deviation. The statistical analysis 
used was the student’s t-test. The “*” indicates a difference between the groups, 
considering p <0.05.

Medication Number of users Percentage (%)

Diuretics 65 71.42

ACE inhibitors 61 67.03

Direct vasodilators 19 20.87

Beta blockers 12 13.18

Angiotensin receptor antagonists 10 10.98

Calcium channel antagonists 8 8.79

Table 3: Use of antihypertensive medications.
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women (456.20 ± 31.40 normotensive vs. 399.10 ± 45.72 hypertensive 
women, p <0.05) as well as the level of NPSH (1.18 ± 0.21 normotensive 
vs. 0.88 ± 0.30 hypertensive, p <0.05).

Oxidative damage parameters
Hypertensive women demonstrated increased levels of oxidative 

damage when compared to normotensive ones, based on the analysis 
of the damage parameters carried out in this study the levels of 
TBARs were higher in the hypertensive group when compared to 
normotensive individuals (3.10 ± 1.1 normotensives vs. 3.95 ± 0.9 
hypertensives, p <0.05). Similarly, hypertensive women also had 
higher levels of protein carbonylation than normotensive (4.60 
± 1.3 normotensives vs. 5.20 ± 1.1 hypertensives, p <0.05), as well 
as for EROS (4745.00 ± 172.00 normotensive vs. 5262.00 ± 132.80 
hypertensives, p <0.05).

Correlations between the studied variables
The correlations between the data evaluated are shown in Table 

4. In the hypertensive group, there was a positive correlation between 
PAS and TBARS (r = 0.5231), PAS and EROS (r = 0.4354), PAS and 

triglycerides (r = 0.7133) and a negative correlation between PAS and 
NPSH (r = -0.5118). In both groups, there was a positive correlation 
between PAS and LDL (r = 0.4676 in the normotensive group and r 
= 0.6188 in the hypertensive group). In the hypertensive group, there 
was a positive correlation between LDL and TBARS (r = 0.5284) and 
a negative correlation between LDL and NPSH (r = -0.4556). In both 
groups, there was a positive correlation between triglycerides and 
TBARS (r = 0.5444 in the normotensive group and r = 0.6989 in the 
hypertensive group). In the hypertensive group, there was a positive 
correlation between triglycerides and EROS (r = 0.4975). In both 
groups, there was a negative correlation between triglycerides and 
NPSH (r = -0.4509 in the normotensive group and r = 0.7676 in the 
hypertensive group). Finally, there was a positive correlation in the 
hypertensive group between triglycerides and GST (r = 0.4866). All r 
values presented here are statistically significant (p <0.05).

Discussion
The increase in the production of EROS significantly helps 

structural and functional changes present in hypertension [24]. 
Some clinical trials have already succeeded in proving the increase in 
these species together with the decrease in antioxidant levels [25,26]. 
However, this study is pioneering in analyzing and correlating 
anthropometric parameters (BMI), lipid profile (cholesterol and 
triglycerides), and oxidative stress parameters (EROS levels, 
endogenous and exogenous antioxidant enzymes, damage to lipids 
and proteins) in hypertensive patients.

When analyzing the general characteristics of the patients, our 
study observed that there were differences in all parameters. The 
hypertensive group had greater weight, greater body mass, greater waist 
circumference, and higher BMI values compared to the normotensive 
group. Park; Lee; Kim also found that weight and body mass was 
higher in hypertensive individuals compared to normotensive ones, 
and epidemiological studies have shown that the risk of hypertension 
is significantly increased with greater body mass [27-29]. From the 
observations made by these studies and ours, it can be concluded that 
body mass and body fat tend to be higher in hypertensive women 
compared to normotensive women, contributing to an additional 
factor in the development of hypertension and its complications.

The average TC level of hypertensive participants was higher 
than that of normotensive patients. Our results point to positive 
correlations between levels of PAS and triglycerides and levels of 
PAS and LDL, corroborating the hypothesis of the coexistence 
of hypertension and dyslipidemia, which is currently defined as 
“lipitension” [30]. Dyslipidemia increased serum triglycerides and 
cholesterol, causes damage to the endothelium, at the same time that 
such damage is also increased by hypertension, through shear stress 
and oxidative stress, which consequently will generate less vascular 
relaxation, increased permeability to lipoproteins, increased collagen 
and fibronectin synthesis. All of these mechanisms combined 
promote endothelial dysfunction [30]. Thus, these results help to 
affirm the possibility that dyslipidemia, in addition to being related to 
the development of SAH, can also assist in its progression.

Regarding treatment, all women in the group of hypertensive 
women in the study undergo drug treatment for SAH. Many of 
them also use more than one associated drug. Studies demonstrate 
that both in monotherapy and combined use, most classes of drugs 

 r value

 Normotensive Hypertensive

SPA x TBARS 0.3643 0.5231*

SPA x ROS 0.2399 0.4354*

SPA x carbonil 0.3321 0.3925

SPA x vit C -0.2187 0.3188

SPA x NPSH -0.4361 -0.5118*

SPA x CAT 0.4611 0.3277

SPA x SOD 0.4719 0.4196

SPA x GST 0.3755 0.3688

SPA x LDL 0.4676* 0.6188*

SPA x Triglycerides 0.4276 0.7133*

LDL x TBARS 0.3754 0.5284*

LDL x ROS 0.2544 0.3122

LDL x carbonil 0.3912 0.3283

LDL x vit C -0.1654 -0.2966

LDL x NPSH -0.3687 -0.4556*

LDL x CAT 0.3218 0.2084

LDL x SOD 0.1865 0.2767

LDL x GST 0.3295 0.3376

Triglycerides x TBARS 0.5444* 0.6989*

Triglycerides x ROS 0.3266 0.4975*

Triglycerides x carbonil 0.2244 0.3987

Triglycerides x vit C -0.2811 -0.2388

Triglycerides x NPSH -0.4509* -0.7600*

Triglycerides x CAT 0.3222 0.3080

Triglycerides x SOD 0.2608 0.2906

Triglycerides x GST 0.4387 0.4866*

Table 4: Correlations between studied variables.

Pearson’s correlation test was used. The “*” indicates a significant analysis, 
considering p <0.05.
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used in SAH are significantly efficient [31]. However, the use of some 
classes of antihypertensive drugs can affect the parameters of the 
lipid profile [32], which can help explain dyslipidemia found in the 
patients of the present study. Thiazide diuretics, especially when used 
in higher than usual doses, can cause a significant increase in LDL 
and triglyceride levels. However, a meta-analysis carried out recently 
shows that further studies are needed to support this claim and 
clinical judgment should be used for its use in medical practice [33]. 
Some beta-blockers, such as those commonly used propranolol and 
atenolol, have demonstrated the potential to significantly increase 
triglyceride, CT, and LDL levels and significantly decrease HDL levels 
[34]. The other classes of antihypertensive drugs seem to produce a 
neutral or slightly positive effect on the lipid profile of users [35]. 
In addition, the combination of two or more drugs in the treatment 
seems to only add up to the individual effects of the drugs used [36].

It is known that hypertension and oxidative stress have an 
important causal relationship, in addition to contributing to the 
accentuation of each other, ultimately promoting the expansion of 
SAH and EO [8,37]. Our study supports this information because it 
found a positive association between oxidative damage parameters 
such as TBARS and EROS and blood pressure, demonstrating that 
the higher the pressure, the greater the damage to lipids and the 
higher the EROS levels.

The group of hypertensive women had the activities of enzymatic 
antioxidants (GST, CAT, and SOD) decreased when compared 
to the subset of normotensive women. It was demonstrated by 
Rodrigo et al. [38], a strong relationship between blood pressure and 
oxidative stress, corroborating our findings. Other studies have also 
shown high amounts of EROS in hypertensive patients [39-41]. The 
literature presents studies with vascular smooth muscle cells and 
arteries of humans and hypertensive rats where the production of 
EROS is increased and the antioxidant activity is reduced [42]. It is 
suggested, therefore, that an increase in systemic blood pressure not 
only increases the amount of EROS but also contributes to a decrease 
in the number of enzymatic antioxidants.

Non-enzymatic antioxidants were also decreased in the group 
of hypertensive women compared to normotensive women. Several 
clinical trials have performed the acute infusion of vitamin C in 
individuals with endothelial dysfunction and cardiovascular risk 
and have found significant benefits for cardiovascular health [43]. 
Also, vitamin C has been shown to improve nitric oxide activity by 
increasing the intracellular concentrations of tetrahydrobiopterin, 
a cofactor for nitric oxide synthase in the endothelium [44]. These 
results demonstrate vitamin C deficiency and a shortage of non-
enzymatic antioxidants in hypertensive, suggesting a relationship 
with PAS.

The NPSH are direct representatives of plasma GSH levels, our 
study demonstrated that the group of hypertensive women had 
lower total NPSH levels when compared to the normotensive group, 
with a negative correlation between the increase in SBP and NPSH 
levels. These findings confirm data found in other studies, which also 
demonstrated the relationship between hypertension and lower levels 
of GSH, in different age and ethnic groups [44-46]. This reduction 
can be justified by the oxidation of GSH in GSSG mediated by ROS, 
decreasing plasma GSH levels, and by the detoxification processes 

carried out by GPx, also transforming GSH into GSSG [45].

Our results also showed that all parameters of oxidative damage 
studied were altered in groups of hypertensive women. TBARS levels 
were significantly higher in the hypertensive group when compared 
with normotensive ones, with a positive correlation between SBP 
and TBARS, suggesting a possible causal relationship between these 
parameters. Other studies have shown similar results, verifying 
the increase in TBARS in hypertensive individuals and supporting 
our findings [47,48]. The increase in lipid peroxidation suggests a 
relationship between higher blood pressure and peroxidative damage 
[47], in addition to suggesting an imbalance between antioxidant and 
oxidizing factors in hypertensive women [48].

The levels of protein carbonylation measured in our study proved 
to be higher in the group of hypertensive women when compared to 
normotensive women, as verified by Yıldırım et al. [49] and Yavuzer 
et al. [47] in similar research. In addition to demonstrating an OE 
state, the increase in carbonylated proteins can lead to a reduction or 
loss of the biological function of proteins [50].

The ROS levels evaluated were also significantly higher in the 
hypertensive group compared to the normotensive group, as also 
demonstrated by Kerr et al. [51], Romero and Reckelhoff [52] and 
Chen et al. [53].

 Thus, our study adds further evidence that the increase in 
systemic blood pressure promotes an increase in ROS. ROS act 
in important mechanisms in the circulatory system, such as in the 
modulation of inflammatory processes, contractility, and endothelial 
functions, and in pathological conditions, they can contribute to the 
increase in vascular damage and the progression of chronic diseases, 
such as hypertension [54,55].

Our study demonstrated a negative correlation between increased 
LDL levels and NPSH, and a positive correlation between increased 
LDL and TBARS levels, which means that patients with increased 
LDL had a lower amount of the non-enzymatic antioxidant NPSH 
and a greater amount of oxidative damage in lipids, contributing 
to the hypothesis of a relationship between increased levels of lipid 
parameters and the presence of SAH, through an increase in oxidative 
stress, the progression of atherosclerosis and endothelial dysfunction 
[56]. There was also a negative correlation between the increase in 
triglycerides and NPSH and an also negative correlation between the 
increase in triglycerides and GST, in addition to positive correlations 
with the increase in EROS and TBARS, demonstrating that patients 
with an increased level of triglycerides also had a smaller amount of 
non-enzymatic and enzymatic antioxidants consecutively.

Women with increased levels of EROS also demonstrated higher 
levels of lipid peroxidation, corroborating the relationship explained 
above. It is known that oxidative changes in lipoproteins, as well 
as hypertension, are one of the factors that cause diseases such as 
atherosclerosis, through atherogenesis [57], therefore the relationship 
between lipid profile and oxidative parameters becomes relevant.

Conclusion
 Hypertension is associated with high levels of triglycerides, 

cholesterol, and BMI, promotes an increase in EROS, and this 
increase cannot be compensated by enzymatic and non-enzymatic 
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antioxidants, which are reduced. It is not yet known whether such 
a decrease is due to the increase in oxidizing agents that end up 
depleting antioxidants, or if a decrease in their production occurs. 
Consequently, the excess of these reactive species promotes lipid 
peroxidation (TBARS), DNA damage, and protein carbonylation.

All the mechanisms analyzed in this study, added together, 
reinforce the importance of oxidative stress in the pathogenesis 
of systemic arterial hypertension, in addition to suggesting that 
factors related to oxidative stress, lipid profile, body fat percentage, 
medications used, and blood pressure itself interact between 
themselves, in a synergistic mechanism, being able to cooperate 
for the progression of SAH and increase of oxidative damage. The 
current challenge is to better understand each factor that causes and 
contributes to the pathophysiology of SAH and its interrelationships, 
to optimize prevention and design or adapt future treatments 
targeting SAH.

Highlights
•	 Hypertensive women showed higher anthropometric, lipid 

profile and oxidative stress parameters than normotensive women.

•	 There is a potential influence of antihypertensive drugs on 
the increase of lipid profile parameters in hypertensive women.

•	 Activity of enzymatic antioxidants and levels of non-
enzymatic antioxidants are decreased in hypertensive women when 
compared to normotensive women.

•	 Hypertensive women have higher oxidative damage to 
lipids and proteins and increased levels of reactive oxygen species.

•	 Hypertension, lipid profile parameters and oxidative stress 
have important correlations, which may contribute to the progression 
of SAH and increased oxidative damage.
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