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ABSTRACT

Hypertension is a dangerous health issue mostly due to its asymptomatic nature. The
present study was designed to assess malondialdehyde (MDA) as an indicator for oxidative
stress and lipid profiles in patients with hypertension from Anbar, Irag. It included 90 males
and females aged between 30-50 years as participants (50 patients with hypertension and 40
healthy people as controls). The patients were presenting for internal medicine consultations
at Al-Ramadi Teaching Hospital. After blood sample collection and serum separation, MDA
levels were measured by using sandwich enzyme-linked immunosorbent assay. Lipid
variables were measured by employing Chemistry Analyzer Smart-150. Results revealed that
patients with hypertension had significantly higher (P < 0.001) systolic and diastolic blood
pressure than controls. MDA levels in patients were significantly higher (P < 0.001) than in
controls. The results also revealed significantly higher (P < 0.022) triglyceride and VLDL
levels, as well as significantly higher (P < 0.003) cholesterol and low-density lipoprotein
cholesterol levels, in patients than in controls. However, high-density lipoprotein cholesterol
levels were significantly lower in patients than in controls (P < 0.003). In conclusion, the
results showed an elevated level of oxidative stress in addition to a clear disorder in lipid
profiles in patients with hypertension. This study indicates that oxidative stress and
dyslipidemia have potential roles in hypertension development.

Introduction

Hypertension is  closely associated with
hyperlipidemia and is a threat that combines with a wide
range of cardiovascular events [1]. Its prevalence has
increased annually. The number of persons with
hypertension worldwide was 590 million (equal to
14.5%) in 1975. This number later amplified to 1.13
billion (equal to 15.3%) in 2015. The number of people
with hypertension is expected to increase to 1.56 billion
by 2025 [2]. In Irag, hypertension ranks as the sixth
most common cause of mortality, with a frequency
ranging from 35.6% to 40%. In 2015, 6535 fatalities
were attributed to hypertension [3]. The imbalance
between reactive oxygen species (ROS) generation and
antioxidant defenses may lead to oxidative damage.
ROS cause lipid oxidation, which leads to
malondialdehyde (MDA) formation [6].
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In living organisms, MDA may cross-link
proteins, nucleic acids, and other macromolecules. It can
also severely impair the functioning of enzymes
involved in the respiratory chain complex and
mitochondria. A large body of research has shown that
blood MDA is now a reliable biomarker of oxidative
damage levels that can be used in vitro and in vivo [4,5].

Blood MDA concentrations are elevated in
hypertensive animal models and human bodies due to
increased oxidative stress and excessive ROS
generation. A symptom of hypertension is an increase in
lipid peroxidation products, such as MDA, due to an
increase in free radical production; an increase in Oy~
generation or a decrease in nitric oxide (NO) production
could facilitate the improvement in functional arterial
spasms [6].

Dyslipidemia refers to abnormal amounts of lipids
and lipoproteins in the blood, including high levels of
total cholesterol (TC, >200 mg/dL), triglycerides (TG,
>150 mg/dL), high-density lipoprotein cholesterol
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(HDL-C, <40 mg/dL), and low-density lipoprotein
cholesterol (LDL-C, >100 mg/dL) [7]. These excessive
lipids then build up on the walls of arteries, especially
when endothelial dysfunction or injury is present.
Dyslipidemia exacerbates endothelial dysfunction,
which affects the lining of the arteries or the
endothelium; the production of NO, a molecule that aids
in regulating vascular tone and safeguards against
oxidative stress and inflammation, further reduces [8].

Hypertension is considered a hidden killer due to
its silent symptoms and causes the deaths of numerous
people all over the world. Therefore, studying some of
the physiological changes associated with this disease is
necessary. Given that many studies have suggested that
dyslipidemia and oxidative stress might play a major
role in the pathogenesis and progression of hypertension,
the aim of the present study is to evaluate the lipid
peroxidation indicator MDA and lipid profiles, which
include TC, TG, HDL, LDL, and VLDL, in a sample of
individuals with hypertension.

Materials and Methods
Study design

A total of 90 males and females participated in
this study. They comprised a patient group of 50
individuals with hypertension and a control group of 40
healthy individuals. Individuals participating in the
research ranged in age from 30 years to 50 years. The
study period was December 2023-April 2024.
Hypertension was defined as systolic blood pressure
(SBP) > 140 mm Hg and/or diastolic blood pressure
(DBP) > 90 mm Hg [9].

Inclusion criteria
Patients had a clinical diagnosis of hypertension.

Exclusion criteria

Patients were excluded if they had diabetes
mellitus, had heart diseases, had a history of smoking,
were pregnant, or had vascular diseases.

Ethics and approval statement

The ethical approval committee of the University
of Anbar, Ramadi, Iraq, approved all study procedures
that entailed collecting blood samples.
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Collection of blood samples

Blood samples were obtained through
venipuncture after a 10 h overnight fast. A total of 5 mL
of blood was drawn by using a disposable syringe. The
drawn blood was then placed in a white tube and
allowed to stand at room temperature (18 °C-25 °C) to
induce blood clotting, then centrifuged for 5 min at 3500
rpm. The resulting serum was dispensed into white tubes
and kept in a deep freezer at —18 °C until they were
used.

Biochemical analyses

Serum MDA was determined by using a
sandwich  enzyme-linked  immunosorbent  assay
technology kit (Melsin Medical Co., Limited, CAT No.
EKHU-0372). Serum cholesterol (TC), TG, and HDL
were measured by employing Chemistry Analyzer
Smart-150 (GenoTEK, Canada) according to the
manufacturer's instructions. LDL was calculated by
using the formula given by Friedewald:
LDL cholesterol (mg/dL) = TC — HDL cholesterol —
(triglycerides/5).
VLDL was calculated by using the formula proposed by
Wilson:
VLDL cholesterol = 0.2 x triglycerides [10].

Statistical analysis

All obtained results were subjected to Student’s t
test to identify the differences between the means of the
examined variables. P < 0.05 and P < 0.01 were
considered to indicate statistical significance. Statistical
Package for Social Science software version 25 was
utilized [11].

Results and Discussion
Blood pressure

The results revealed a significant increase (P <
0.001) in SBP (166.00 + 11.909 mm Hg) and DBP
(102.10 £ 5.810 mm Hg) in patients with hypertension
compared with those in controls (119.75 + 8.161 mm
Hg, 79.75 = 6.299 mm Hg) (Figs 1 A and B).
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Figure 1: A. SBP levels in patients and controls
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Figure 1: B. DBP levels in patients and controls

Hypertension is a medical disorder characterized
by increased blood pressure in the arteries, surpassing
140 over 90 mm Hg [12]. It is not only the primary risk
factor that may be modified to reduce the risk of
cardiovascular disease (CVD), but it also serves as a
measure of coronary artery disease severity [13]. The
etiology of hypertension is often idiopathic for the
majority of people. Hypertension is categorized as
primary or essential, which affects more than 90% of
hypertensive patients. Primary hypertension is a
condition that cannot be cured. However, it can be
effectively controlled via appropriate therapy, which
may involve lifestyle modifications and medication use
[14]. Less than 10% of people with hypertension have
secondary hypertension. The main cause of secondary
hypertension is often linked to kidney dysfunction, such
as chronic kidney disease or renovascular disease.
Compared with primary hypertension, secondary
hypertension typically manifests abruptly and frequently
results in elevated blood pressure levels [15].
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MDA
The mean value of MDA was significantly higher

(P < 0.001) in the patient group than in the control
group. The mean MDA value in the hypertensive group
was 10.745 £ 2.5388 nmol/mL and that in the control
group was 7.655 £ 0.7119 nmol/mL (Fig 2).
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Figure 2: MDA levels in patients and controls

Numerous studies have revealed a substantial
correlation between MDA levels and hypertension
[16,17,18, &19].

Oxidative stress is the damage that occurs when
ROS overcome antioxidant defenses. It promotes the
thickening and narrowing of the vascular lumen;
damages the endothelium; weakens endothelium-
dependent vascular relaxation; and increases vascular
contractile action. All these effects illustrate the
influence of oxidative stress on the development of
hypertension [19].

Free radicals have diverse roles in vascular redox
systems in patients with hypertension. The present study
demonstrated that MDA levels, which are a marker of
lipid peroxidation, were higher in the hypertensive group
than in the control group. Essential hypertension is
characterized by an elevated MDA level or lipid
peroxidation and an imbalance in antioxidant status.
This finding indicates that oxidative stress plays an
important role in the development of essential
hypertension and its associated vascular damage [20].

Research has previously demonstrated the
importance of oxidative damage in hypertensive
individuals. First, ROS can damage the structure and
function of endothelial cells. Second, they can break
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down NO, which widens blood vessels [4]. Third, they
can change how endothelial cells use eicosanoid
molecules. Finally, they can change LDL levels and
primary hypertension [4].

Lipid profile

The mean value of cholesterol in the hypertensive
group was 184.4 + 42,17 mg/dL and that in the control
group was 162.62 + 23.29 mg/dL (Fig 3). The results
showed that the mean value of cholesterol was
significantly higher (P < 0.003) in the patient group than
in the control group.

The TG level in the hypertensive group was
152.18 + 59.72 mg/dL, whereas that in the control was
127.80 + 38.94 mg/dL. A significant difference was
found between the two groups (P < 0.22) (Fig 4).
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Figure 3: TC levels in patients and controls
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Figure 4: TG levels in patients and controls

HDL levels in the hypertensive group (33.58 *
7.54 mg/dL) were significantly lower (P > 0.003) than
those in the control group (41.27 + 14.01 mg/dL) (Fig
5). The LDL level in hypertensive group was 120.40 +
33.82 mg/dL, whereas that in the control group had
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significantly increased to 102.60 + 22.32 mg/dL (P <
0.004) (Fig 6). The VLDL level in the hypertensive
group was 30.43 + 11.94 mg/dL, whereas that in the
control group had significantly increased to 25.56 + 7.78
mg/dL (P < 0.022) (Fig 7).
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Figure 5: HDL levels in patients and controls
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Figure 6: LDL levels in patients and controls
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Figure 7: VLDL levels in patients and controls
Many previous studies have revealed remarkable

occurrences of dyslipidemia and incidences of
hypertension [21,22,23,&24]. These conditions share
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similar underlying processes in terms of their
pathophysiology [25]. Dyslipidemia is a common
cardiovascular risk factor that contributes substantially
to CVD and mortality [24].

Dyslipidemia may initially hinder the function of
the endothelium, change the equilibrium between the
relaxing and contracting components produced from the
endothelium, and decrease the generation of NO [26].
This change can result in the malfunctioning of
endothelial cells and disruptions in the control of blood
pressure [13].

The influence of hyperlipidemia on vascular
endothelial damage is closely correlated with oxidized
LDL, which triggers the occurrence of atherosclerosis
mostly by causing the damage and dysfunction of
endothelial cells [26].

Furthermore, individuals with dyslipidemia
would experience endothelial damage, leading to the
impairment of vasomotor activity and disruption of
vasoconstriction control. Consequently, this condition
would contribute to an additional elevation in blood
pressure, establishing a self-perpetuating cycle [27&28].
Within  the renin-angiotensin—aldosterone  system,
angiotensin Il induces hypertension and atherosclerosis
by activating angiotensin type 1 receptors. This
activation leads to enhanced lipid absorption in cells,
increased free radical formation, and blood vessel
constriction [29]. Dyslipidemia causes irregularities in
the fluidity, permeability, and enzyme activity of the cell
membrane. All these mechanisms may participate in the
pathogenesis of hypertension [28]

Conclusions
Hypertension is a complex condition with

multiple causes. Therefore, studying the risk factors
linked to hypertension is crucial for managing it
effectively. Individuals with hypertension have
markedly elevated concentrations of TG, TC, HDL,
LDL, and VLDL compared with healthy individuals.
These lipids play an important role in the development
of CVD and other related conditions. The present study
found that serum MDA levels increased in patients with
hypertension, indicating the role of oxidative stress in
the pathogenicity of hypertension. People with
hypertension are warned about the need to reduce their
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fat intake and undergo periodic lipid and MDA tests.
Further studies on MDA and lipid profiles in
hypertension with large sample sizes and long durations
are highly recommended.
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