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Biomarkers of lipid peroxidation related to hypertension
in aging

Hakan Yavuzer1, Serap Yavuzer2, Mahir Cengiz2, Hayriye Erman3, Alper Doventas1, Huriye Balci4,
Deniz Suna Erdincler1 and Hafize Uzun5

The aim of this clinical study was to evaluate the influence of aging on the levels of lipid peroxidation (quantified

as thiobarbituric acid-reactive substances (TBARS) content), lipid hydroperoxide (LOOH), hexanoyl lysine (HEL),

8-iso-prostaglandin F2α (8-iso-PGF2α) and total antioxidant capacity (TAC), and determine their relationships to the

demographic and cardiovascular risk factors in elderly hypertensive (HT) patients. This study consisted of four groups: two

elderly groups with 30 HT patients (11 males, 19 females) and 30 normotensive healthy volunteers (15 males, 15 females), and

two young groups with 30 HT patients (13 males, 17 females) and 30 normotensive healthy volunteers (12 males, 18 females).

In the elderly control group, the TBARS, LOOH, HEL and 8-iso-PGF2α levels, and the carotid intima media thickness (CIMT)

were significantly higher than in the young control group. The TBARS, LOOH, HEL and 8-iso-PGF2α levels and the CIMT

measurements were significantly higher in the elderly HT group than in the young HT group. In addition, the TAC levels were

significantly lower in the elderly and young HT groups than in the elderly and young control groups. The CIMT was significantly

positively correlated with TBARS (r=0.40, Po0.001), HEL (r= 0.30, P=0.001), LOOH (r= 0.44, Po0.001) and 8-iso-

PGF2α (r= 0.32, Po0.001) in all of the HT groups. It seems that in elderly patients, the LOOH and TBARS are better

biomarkers of lipid peroxidation in hypertension in terms of sensitivity. In all of the HT groups, 8-iso-PGF2α had the highest

sensitivity. Hypertension is associated with lipid peroxidation due to an impaired oxidant/antioxidant status. Increased lipid

peroxidation and decreased antioxidants with aging indicate that peroxidative damage further increases with higher blood

pressure and the aging process.
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INTRODUCTION

Aging is speculated to be a biological process characterized by a
progressive decline in metabolic mechanisms and physiological
functions. For example, the prevalence of hypertension considerably
increases in the elderly. In addition, biological aging predisposes
individuals to various morbidities through the age-related perturbation
of the systemic oxidative balance, that is, uncontrolled reactive oxygen
species (ROS) production. Oxidative damage and hypertension occur
frequently in the elderly.1

Lipid peroxidation is a complex chain reaction process due to the
oxygen-free radical- mediated attack on the cell membrane lipids, such
as polyunsaturated fatty acids (PUFA), resulting in cell damage and
dysfunction.2 Oxidative damage to lipid peroxidation has an important
role in various diseases and aging processes. Thiobarbituric acid
reactive substances (TBARS) are formed as a byproduct of lipid
peroxidation, which can be detected by the TBARS assay using
thiobarbituric acid as a reagent. During the early stages of lipid

peroxidation, lipid hydroperoxides (LOOHs) are formed as a result of
fatty acid oxidation. In addition, N-epsilon-hexanoyl-lysine (HEL) is a
novel lipid peroxidation biomarker, which is derived from the
oxidation of omega-6 unsaturated fatty acids.3 8-iso-prostaglandin
F2α (8-iso-PGF2α) is an isoprostane that is produced by the
non-enzymatic peroxidation of arachidonic acid in membrane
phospholipids, and the measurement of it is a reliable tool for the
identification of subjects with enhanced rates of lipid peroxidation.4

Cells, tissues and body fluids are equipped with powerful defense
systems that help counteract oxidative challenge. Total antioxidant
capacity (TAC) is commonly used to evaluate lipid peroxidation and
antioxidant defenses in experimental and human hypertension. In
recent years, several methods have been proposed to determine the
TAC. The ferric reducing antioxidant power (FRAP) assay is a novel
method that can be widely used for this purpose.5

Significant numbers of asymptomatic hypertensive patients are
attacked by subclinical target organ damage, such as microalbuminuria
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and carotid atherosclerosis. Microalbuminuria is a predictor of
cardiovascular events in patients with HT. Carotid intima-media
thickness (CIMT), measured by ultrasonography, is a noninvasive test
used to assess the presence of subclinical atherosclerosis. The relation-
ships between endothelial dysfunction and increased CIMT in elderly
hypertensive patients have been found in several studies.6 In addition,
in another study conducted recently, there was an emphasis on the
importance of early detection and control of systolic blood pressure
for the prevention of atherosclerosis progression in hypertensive
patients.7

No data are available concerning the possible association of the
biomarkers of lipid peroxidation with aging in elderly hypertensive
patients. Therefore, in the present study, our aim was to investigate the
influence of aging on TBARS, LOOH, HEL, 8-iso-PGF2α, and the
TAC levels and determine their relationships with demographical and
cardiovascular risk factors in elderly hypertensive patients.

MATERIALS AND METHODS

Informed consent
The protocol for the sample collection was approved by the Istanbul University,

Cerrahpasa Medicine Faculty Ethics Committee and was carried out according

to the requirements of the Declaration of Helsinki. All of the patients were fully

informed of the study procedures before they gave their consent.

Study population
Patients enrolled in the study were selected from Geriatrics and Internal

Medicine outpatient clinics over a 1-year period from March 2013 to June

2014. A total of sixty patients who were 60 years and older were enrolled in the

elderly groups and a total of 60 patients who were between the ages of 20–50

years were enrolled in the young groups. The elderly groups consisted of 30 HT

patients (11 males, 19 females; age: 72.1± 8.3) and 30 normotensive healthy

volunteers (15 males, 15 females; age: 69.5± 7.2), and the young groups

consisted of 30 HT patients (13 males, 17 females; age: 43.2± 3.6) and

30 normotensive healthy volunteers (12 males, 18 females; age: 42.1± 4.2). The

age limits of the study groups and the grouping of the various age limits were

based on previously published literature.8,9

The patients of the elderly and young HT groups who had been previously

diagnosed and followed up in our outpatient clinic were selected from cases

treated with calcium channel blockers and/or diuretics that are thought to have

fewer antioxidant effects than the other antihypertensive therapies, such as

angiotensin-converting enzyme inhibitors (ACEinh).10,11 The elderly and young

hypertensive groups were created homogeneously in terms of drug purchases.

In the HT groups, 23 young and 22 elderly hypertensive patients were taking

calcium channel blockers therapy, and 13 young and 15 elderly hypertensive

patients were taking diuretics therapy.
The eligible subjects did not have any of the following: LDL 4130 mg dl− 1,

diabetes mellitus, metabolic syndrome, body mass index 425 kg m− 2, subjects

with signs or symptoms of atherosclerotic vascular disease, malignancy,

connective tissue diseases, endocrine diseases, smoking or alcoholism. Patients

using drugs for HT and lipid metabolism, which could affect oxidative stress

(statins, fibrates, angiotensin-converting enzyme inhibitors, angiotensin-

receptor blockers, beta blockers and so on) were also excluded. The

BMI of each subject was calculated using the following formula: weight

(kg) per height (m)2.
The same doctor obtained brachial arterial pressures with a mercury

sphygmomanometer (Riester Big Ben Round, Jungingen, Germany), which

was standardized in accordance with the approval of American and British

Hypertension Society and World Health Organization. The measurements were

performed on three different occasions within a span of 5 days. The average of

three measurements was taken as clinical systolic blood pressure (SBP)

and diastolic blood pressure (DBP). Subjects with a blood pressure

o130/80 mm Hg served as the control groups.

Ultrasonographic measurement of CIMT
The extracranial carotid arteries were examined using a standardized protocol.
Ultrasonographic examinations were performed in a quiet, temperature-
controlled room (22 °C). After 10 min of rest, the examinations were
performed with a color Doppler ultrasound unit (ATL, Ultramark 9 HDI,
Bothell, WA, USA) equipped with a 5–10-MHz transducer. All of the
ultrasonographic measurements were performed and evaluated by a single
radiologist blinded to the groupings of the patients. With the subjects in the
supine position with a slight hyperextension of the neck, the common carotid
arteries, carotid bulb and extracranial internal carotid arteries were identified.
Two parallel echogenic lines separated by an anechoic space can be visualized at
the level of the artery wall. It was previously shown that these lines were
generated by the blood-intima and the media-adventitia interfaces.12 The
distance between the two lines gives a reliable index. Ultrasound scans of the
right and left distal centimeter of the common carotid arteries, the bifurcation
and of the first proximal centimeter of the internal carotid arteries were
performed to determine the CIMT. Because the far wall was better visualized
than the near wall, the far-wall CIMT was calculated for each segment. In the
presence of plaques, the wall thickness was never obtained at the level of plaque.
The location, size, number and hemodynamic effects of the atherosclerotic
plaques were determined with the help of grayscale, color Doppler and spectral
Doppler ultrasound. All of the measurements were made at the time of
scanning of the frozen images from the longitudinal scans using the machine’s
electronic caliper.

Sample collection and measurements
After an overnight fast, in the morning (0800–0900 hours), blood and urine
samples were collected at the same time. The blood samples were collected in
EDTA-containing tubes and anticoagulant-free tubes. After centrifugation at
2500× g for 5 min, the plasma and serum were separated for at least 30 min.
Each sample (serum, plasma and urine) was divided into four aliquots, and the
samples were stored at − 80 °C until biochemical analysis.
The erythrocyte sedimentation rate was measured in the EDTA-blood

samples using the Wintergreen method. Serum CRP levels were measured by
the nephelometric method (Image 800 Beckman Coulter, Inc., Brea, CA, USA).
The other biochemical parameters were measured using routine methods with
commercial kits. Albumin excretion in the 24-h urine samples was measured
using a Roche Hitachi P800 modular chemistry analyzer (Roche, Mannheim,
Germany) with an ALBT2 microalbumin kit, and the mean value was calculated
as the daily albumin excretion. An albumin excretion of ⩽ 30 mg per 24 h was
accepted as normoalbuminuria.

Measurements of the serum TBARS levels
Lipid peroxidation was measured as the amount of TBARS, and it was
determined using the method described by Buege and Aust.13 The TBARS
concentration was calculated using 1.56 × 105 (M�1 x cm�1) as a mole per liter
extinction coefficient. The coefficients of the intra- and inter-assay variations
were 2.3% (n= 10) and 3.5% (n= 10), respectively.

Measurements of the serum LOOH levels
Serum levels were measured using a commercially available colorimetric assay
kit (Abnova, Walnut, CA, USA). The coefficients of the intra- and inter-assay
variations were 3.8% (n= 10) and 4.6% (n= 10), respectively.

Measurements of the serum HEL levels
Serum HEL levels were measured by ELISA using a commercial kit (Northwest
Life Science Specialties, Vancouver, WA, USA). The HEL studies were
performed using a competitive immunoassay kit according to the manufac-
turer’s directions. The coefficients of the intra- and inter-assay variations were
4.8% (n= 10) and 7.1% (n= 10), respectively.

Measurements of the urine 8-iso-PGF2α levels
Urine 8-iso-PGF2α levels were measured using a commercially available
competitive enzyme-linked immunoassay kit (Cell Biolabs, San Diego, CA,
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USA). The coefficients of the intra- and inter-assay variations were 5.1%
(n= 10) and 7.2% (n= 10), respectively.

Measurements of the serum FRAP levels as an indicator of the TAC
The antioxidant status of the serum samples was evaluated using the FRAP
assay.14 The modified FRAP assay uses reductant antioxidants in a redox-linked
colorimetric method. In this assay, at low pH ferric-2,4,6-tripyridyl-s-triazine
(FeIII-TPTZ) complex was reduced to the ferrous form, which was
blue-colored and monitored by measuring the change in absorption at
593 nm. The change in absorbance is directly proportional to the reducing
power of the electron-donating antioxidants present in the sample.
Three hundred mmol per liter of acetate buffer (pH 3.6); 10 mmol l− 1

2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mmol l− 1 HCl and 20 mmol l− 1

FeCl3.6H2O in a ratio of 10:1:1 gave the working FRAP reagent. The Fe (II)
standards were used. Fe (II) (1000 μmol l− 1) is equivalent to 1000 μmol l− 1 of
the FRAP. Seven hundred and fifty microliters of working FRAP reagent was
mixed with 25 μl of the supernatant or the standard in a test tube. The
absorbance at 593 nm was recorded against the reagent blank. The absorbance
change was converted into a FRAP value in mM by relating the change of
absorbance at 593 nm of the test sample to that of a standard solution of a
known FRAP value (3–0.375 mM). The coefficients of the intra- and inter-assay
variations for the modified FRAP assay were 3.0% (n= 10) and 4.6% (n= 10),
respectively.

Statistical analysis
A sample size of 30 patients per group was needed to achieve an 80% power at
a two-sided alpha of 0.001 to detect the expected difference in the mean relative
lipid peroxidation markers levels. The statistical analyses were performed using
SPSS 20.0 software (SPSS, Chicago, IL, USA) for Windows. The difference in
gender was analyzed by the chi-square test. The normal distribution of the data
was tested using the one-sample Kolmogorov–Smirnov test. All of the statistical
comparisons were performed using the analysis of variance (ANOVA) to
compare the multiple-group means. The following post hoc evaluation
was made by the Bonferroni method. All of the data were expressed as the
mean± s.d. Pearson’s correlation was used for the numerical data. Spearman’s
correlation was used for the nominal data. To evaluate the diagnostic accuracy,
we carried out a receiver operating characteristic (ROC) curve analysis. The
ROC curves were plotted to see the power of the oxidative stress biomarkers to
differentiate the HT from the NT groups. The area under the curve (AUC) was
then estimated with a 95% confidence interval. Values of Po0.05 were
considered to be statistically significant.

RESULTS

The general characteristics and laboratory findings of the studied
groups are shown in Table 1. The lipid peroxidation parameters of the
young and elderly groups are shown in Table 2.
The lipid peroxidation parameters of the control and hypertensive

groups are shown in Table 3.
In all of the HT groups, age was significantly positively correlated

with HEL (r= 0.42, Po0.001), LOOH (r= 0.44, Po0.001), TBARS
(r= 0.45, Po0.001), 8-iso-PGF2α (r= 0.35, Po0.001) and CIMT
(r= 0.74, Po0.001) and significantly negatively correlated with TAC
(r=− 0.4, P= 0.001). In addition, disease duration was significantly
positively correlated with HEL (r= 0.37, P= 0.003), LOOH (r= 0.39,
P= 0.002) and TBARS (r= 0.25, P= 0.04) in all of the HT groups.
8-iso-PGF2α was significantly positively correlated with TBARS
(r= 0.25, P= 0.005), HEL (r= 0.19, P= 0.03) and LOOH (r= 0.29,
P= 0.001), and significantly negatively correlated with TAC
(r=− 0.28, P= 0.003) in all of the HT groups. In addition, the HEL
was significantly positively correlated with LOOH and negatively
correlated with TAC in all of the HT groups (r= 0.50, Po0.001 and
r=− 0.31, Po0.001, respectively). In addition, in all of the HT groups,
the CIMT was significantly positively correlated with TBARS (r= 0.40,
Po0.001), HEL (r= 0.30, P= 0.001), LOOH (r= 0.44, Po0.001) and

8-iso-PGF2α (r= 0.32, Po0.001) and significantly negatively corre-
lated with TAC (r=− 0.35, Po0.001).
In the young HT group, the TAC was significantly negatively

correlated with LOOH (r=− 0.4, P= 0.002) and HEL (r=− 0.3,
P= 0.02). 8-iso-PGF2α was significantly positively correlated with
TBARS (r= 0.27, P= 0.035) in the young HT group. Particularly in
the young HT group, the SBP values were significantly positively
correlated with TBARS (r= 0.4, P= 0.001), LOOH (r= 0.37,
P= 0.003) and 8-iso-PGF2α (r= 0.47, Po0.001). The DBP values
were significantly positively correlated with TBARS (r= 0.3, P= 0.02)
and 8-iso-PGF2α (r= 0.3, P= 0.01) in the young HT group.
In addition, in the young HT group, the CIMT measurement was
significantly positively correlated with LOOH (r= 0.52, Po0.001),
8-iso-PGF2α (r= 0.33, P= 0.01), SBP values (r= 0.54, Po0.001) and
DBP values (r= 0.46, Po0.001).
In the elderly HT group, age was significantly positively correlated

with TBARS (r= 0.3, P= 0.02) and DBP values (r= 0.27, P= 0.03).
The HEL was significantly positively correlated with LOOH (r= 0.40,
P= 0.002) and SBP values (r= 0.30, P= 0.02) in the elderly HT group.
The SBP values were also significantly positively correlated with
TBARS (r= 0.37, P= 0.003) and significantly negatively correlated
with TAC (r=− 0.27, P= 0.03) in the elderly HT group.
A comparison of the ROC curves with sensitivity, specificity, AUC,

cutoff, and the asymptotic significance of TBARS, LOOH, HEL,
8-iso-PGF2α, TAC levels and the CIMT measurement in all HT
groups is shown in Table 4 and Figures 1a and b. In addition, TBARS,
LOOH and TAC had AUC values of 0.798 (Po0.001), 0.716
(P= 0.004) and 0.204 (Po0.001), respectively, which demonstrate
their sufficiency at distinguishing the elderly HT from the normoten-
sive elderly control group (Figure 2a). When the ROC analyses were
performed to test the power of these biomarker levels at distinguishing
the young control and the young HT groups, the AUC levels of
TBARS, LOOH, 8-iso-PGF2α and TAC were 0.759 (P= 0.001), 0.809
(Po0.001), 0.904 (Po0.001), 0.362 (P= 0.066), respectively
(Figure 2b).

DISCUSSION

Aging has been described as an independent risk factor for the
development of cardiovascular disorders, such as atherosclerosis and
hypertension. In addition, aging has been associated with the
accumulation of lipid peroxides in the cell. Our results indicate that
there is an increase in lipid peroxidation generation and a decrease in
the TAC in elderly people compared with normal young subjects. The
TBARS, LOOH, HEL and 8-iso-PGF2α levels, and the CIMT
measurements were significantly higher in the elderly HT group than
in the young HT group. In addition, age was significantly positively
correlated with the TBARS, LOOH, HEL, 8-iso-PGF2α and CIMT,
and significantly negatively correlated with the TAC in all of the HT
groups. The increase in lipid peroxidation and the decrease in
antioxidants with aging indicate that the peroxidative damage further
increases with higher blood pressure and the aging process.
Oxidative damage to the lipids (lipid peroxidation) has an

important role in various diseases and aging processes. Free radicals
or nonradical species attack lipids containing carbon–carbon double
bond(s), especially polyunsaturated fatty acids, which are a main target
of oxidative attack, leading to the formation and accumulation of lipid
oxidation products. The main primary products of lipid peroxidation
are LOOHs;15 however, there are important problems in the determi-
nation of the indicators of lipid peroxidation. The lipid hydroperoxide
assay kit used in our study measures the hydroperoxides, which
directly utilizes the redox reactions with the ferrous ions. This
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Table 1 Demographic characteristics and laboratory findings of study groups

Young (n=60) (20–50 years) Elderly (n=60) (p60 years)

Control (n=30) HT (n=30) P Controla (n=30) HTb (n=30) P

Gender (F/M) 18/12 17/13 0.79 15/15c 19/11c 0.43

Age (years) 42.1±4.2 43.2±3.6 0.11 69.5±7.2*** 72.1±8.3*** 0.16

Disease duration (years) — 4.9±3.7 — — 15±7.6*** —

CIMT (mm) 0.6±0.14 0.84±0.12 o0.001 1.01±0.13*** 1.06±0.16*** 0.23

Clinical SBP (mm Hg) 121.6±6.9 133.8±6.7 o0.001 115±7.3** 129.6±8.8c o0.001
Clinical DBP (mm Hg) 75.1±5.5 84.3±6.4 o0.001 75.1±7.2c 82.3±8.9c o0.001
BMI (kg m−2) 22.3±1.8 22.4±1.6 0.35 23.9±1.3c 23.5±1.2c 0.78

Glucose (mg dl−1) 80.1±5.3 82.1±5.1 0.35 83±5.1c 84.8±5.8c 0.93

Creatinine (mg dl−1) 0.68±0.2 0.71±0.21 0.53 0.82±0.18** 0.86±0.22** 0.38

Uric acid (mg dl−1) 3.9±0.8 4.2±0.9 0.12 4.5±1.1c 5.1±0.8c 0.09

Total protein (g dl−1) 7.1±0.5 7.3±0.5 0.77 7.2±0.4c 7±0.3c 0.58

Albumin (g dl−1) 4.4±0.3 4.5±0.4 0.18 4.2±0.3c 4.1±0.3c 0.84

Total cholesterol (mg dl−1) 169.4±21.5 179.4±14.5 0.07 181.8±11.1** 185.4±15.4c 0.65

LDL (mg dl−1) 95.2±20.1 106±14.9 0.1 113.8±15.7** 114.6±13.3c 0.89

TG (mg dl−1) 82.4±28.1 94.5±31.8 0.21 85.8±33.1c 99.4±31.5c 0.13

HDL (mg dl−1) 58.8±11.9 53.2±12.1 0.09 60.3±19.1c 57.5±15.1c 0.55

ESR (mm per hour) 9.5±5.8 16.4±10.1 0.005 16.9±9.4** 24.8±12.2** 0.01
CRP (mg l−1) 1.6±1.5 3.1±2.4 0.007 3.4±2.6*** 4.6±2.8** 0.15

Microalbuminuria (mg per 24 h) 17.9±8.1 21.2±15.7 0.09 21.8±10.1c 18.2±8.4c 0.49

Creatinine clearance (ml per min) 109±28 113±25 0.81 84±20*** 75±29*** 0.16

Abbreviations: BMI, body mass index; CIMT, carotid intima media thickness; CRP, C-reactive protein; DBP, diastolic blood pressure; ESR, erythrocyte sedimentation rate; HDL, high-density
lipoprotein; HT, hypertension; LDL, low-density lipoprotein; SBP, systolic blood pressure; TG, triglyceride.
**Po0.05, ***Po0.001.
aYoung control vs elderly control.
bYoung HT vs elderly HT.
cNonsignificant.
Statistically significant P values are indicated as bold italics.

Table 2 The lipid peroxidation parameters of elderly and young groups

Young (n=60) (20–50 years) Elderly (n=60) (p60 years)

Control (n=30) HT (n=30) P Control (n=30) HT (n=30) P

Serum TBA-RS (μmol l−1) 2.60±0.89 3.66±1.35 0.001 3.83±0.62 4.64±0.89 o0.001
Serum LOOH (nmol ml−1) 9.20±3.32 13.35±3.32 o0.001 13.59±3.69 16.72±3.88 0.002
Serum HEL (nmol l−1) 8.58±5.61 12.47±9.89 0.06 16.74±7.06 20.40±9.42 0.09

Urine 8-iso-PGF2α (ng per mg creatinine) 0.38±0.1 0.68±0.30 o0.001 0.71±0.29 0.91±0.64 0.12

Serum TAC (mM uric acid) 0.17±0.03 0.15±0.03 0.02 0.15±0.03 0.12±0.03 o0.001

Abbreviations: HEL, hexanoyl lysine; HT, hypertension; 8-iso-PGF2α, 8-iso-prostaglandin F2α; LOOH, lipid hydroperoxide; TAC, total antioxidant capacity; TBA-RS, thiobarbituric acid-reactive
substances.
Statistically significant P values are indicated as bold italics.

Table 3 The lipid peroxidation parameters of control and HT groups

Control Group HT Group

Young (n=30) Elderly (n=30) P Young (n=30) Elderly (n=30) P

Serum TBA-RS (μmol l−1) 2.60±0.89 3.83±0.62 o0.001 3.66±1.35 4.64±0.89 o0.001
Serum LOOH (nmol ml−1) 9.20±3.32 13.59±3.69 o0.001 13.35±3.32 16.72±3.88 o0.001
Serum HEL (nmol l−1) 8.58±5.61 16.74±7.06 o0.001 12.47±9.89 20.40±9.42 o0.001
Urine 8-iso-PGF2α (ng per mg creatinine) 0.38±0.1 0.71±0.29 o0.001 0.68±0.30 0.91±0.64 o0.001
Serum TAC (mM uric acid) 0.17±0.03 0.15±0.03 0.08 0.15±0.03 0.12±0.03 0.08

CIMT (mm) 0.6±0.14 1.01±0.13 o0.001 0.84±0.12 1.06±0.16 o0.001

Abbreviations: CIMT, carotid intima media thickness; HEL, hexanoyl lysine; HT, hypertension; 8-iso-PGF2α, 8-iso-prostaglandin F2α; LOOH, lipid hydroperoxide; TAC, total antioxidant capacity;
TBA-RS, thiobarbituric acid-reactive substances.
Statistically significant P values are indicated as bold italics.
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procedure eliminates any interference caused by the hydrogen
peroxide or endogenous ferric ions in the sample and provides a
sensitive and reliable assay for lipid peroxidation.16

The TBARS, one of the end products of lipid peroxidation, was
higher in the elderly HT group than in the elderly control group. In
the young HT group, the TBARS levels were higher than in the young
control group, which confirmed previous studies.15–21 In all of the HT
groups, age, disease duration and the CIMT were positively correlated
with the TBARS. The CIMT measurements were also significantly
higher in the elderly HT group than in the young HT group, showing
the relationship of the TBARS with the CIMT, which is a marker of
cardiovascular disease related to aging. In addition, the SBP values
were positively correlated with the TBARS in both the elderly and
young hypertensive patients in the present study, while the LOOH
levels offer a high sensitivity (80%) but a low specificity (54.3%).
The ROC analysis revealed that the TBARS and LOOH were also the
variables that had a significant effect on blood pressure in both the
elderly and young hypertensive groups. This shows that elderly
hypertensive patients are predisposed to increased free radical attacks
due to lipid peroxidation. Kedziora-Kornatowska et al.22 demonstrated
that the erythrocyte malondialdehyde levels, one of the end products
of lipid peroxidation, were significantly higher in the hypertensive
patients than in the young and elderly control groups. Our study along
with the study of Kedziora-Kornatowska et al.22 confirm the exacer-
bation of lipid peroxidation in elderly patients, especially with
associated primary hypertension.
The initial stage of the oxidative damage from biomolecules, such as

proteins or aminolipids, may be required for the comprehension of
aging and age-related diseases. The HEL is a novel lipid peroxidation

biomarker, which is formed upon the oxidative modification of
omega-6 fatty acids, such as linoleic acid, the predominant
polyunsaturated fatty acid in the human diet and arachidonic acid.3

Tabak et al.23 have shown the relationship between hyperglycemia and
lipid peroxidation; however, there were no significant differences in
the HEL levels between the diabetic patients and the control groups.
The presence of the HEL moiety in oxidized LDL (oxLDL) and human
atherosclerotic lesions has been revealed by using a specific polyclonal
antibody to the HEL moiety.24 In another study, an early oxidative
stress marker, renal HEL accumulation, was observed in the
Ang II-induced nephropathy model.25 No data are available concern-
ing the possible association of HEL with aging and hypertension, but
the HEL levels were higher in the elderly HT group than in the young
HT group in the present study. The HEL was also positively correlated
with the LOOH and SBP values in the elderly HT group. The results of
our study show that HEL may be one of the early markers of lipid
peroxidation in aging and hypertension.
We found increased levels of urine 8-iso-PGF2α in the elderly

HT patients compared with the young HT group. In addition, the
8-iso-PGF2α was positively correlated with the TBARS, HEL, LOOH
and CIMT and negatively correlated with the TAC in all of the HT
groups. In addition, urine 8-iso-PGF2α had a higher sensitivity in the
young HT group than in the elderly HT group, according to ROC
analyzes that were performed separately in the elderly HT group, the
young HT group and in all of the HT groups. However, 8-iso-PGF2α
(85%) had the highest sensitivity in all of the HT groups.
Hozawa et al.26 showed that the level of plasma 8-iso-PGF2α appeared
to be elevated in older subjects with severe hypertension, while
De Faria et al.27 demonstrated that the 8-iso-PGF2α levels were

Table 4 Sensitivity, specificity, AUC, cutoff and asymptotic significance of TBA-RS, LOOH, HEL, 8-iso-PGF2α, TAC levels and CIMT

measurement in all HT groups

Sensitivity (%) Specifity (%) AUC Cutoff Asymptotic sig.

Serum TBA-RS (μmol l−1) 66.7 56.7 0.718 3.520 o0.001
Serum LOOH (nmol ml−1) 80 54.3 0.733 12.365 o0.001
Serum HEL (nmol l−1) 65 67 0.609 13.880 0.03
Urine 8-iso-PGF2α (ng per mg creatinine) 85 56.3 0.728 0.485 o0.001
Serum TAC (mM uric acid) 41.7 32.7 0.301 0.145 o0.001
CIMT (mm) 70 50 0.657 0.842 0.003

Abbreviations: CIMT, carotid intima media thickness; HEL, hexanoyl lysine; HT, hypertension; 8-iso-PGF2α, 8-iso-prostaglandin F2α; LOOH, lipid hydroperoxide; TAC, total antioxidant capacity;
TBA-RS, thiobarbituric acid-reactive substances.
Statistically significant P values are indicated as bold italics.

Figure 1 ROC curves for (a) TBA-RS, LOOH and HEL levels, (b) 8-iso-PGF2α and TAC levels and the CIMT measurement in all of the HT groups.
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markedly higher in resistant hypertension (RHTN), compared with
the HT patients. A significant inverse correlation was observed
between the flow-mediated dilation and 8-iso-PGF2α in RHTN but
not with the pulse wave velocity measurements. The multiple logistic
regression analysis indicated that 8-iso-PGF2α is a significant predictor
of endothelial dysfunction (flow-mediated dilation⩽median), adjusted
for age, gender, BMI, presence of type 2 diabetes, aldosterone, SBP
levels, LDL-cholesterol and smoking status, in the RHTN group. These
results suggest that 8-iso-PGF2α may be an important therapeutic
target for future intervention strategies and cardiovascular protection
in RHTN. Rodrigo et al.28 demonstrated that the plasma and urine
8-iso-PGF2α levels were 36% and 32% higher, respectively, compared
with the normotensive patients. There was a relationship between the
SBP or DBP and the plasma and urine 8-iso-PGF2α levels. In addition,
Wang et al.29 revealed a positive correlation between age and the 8-iso-
PGF2α concentration in the patients with age-related cataracts and the
controls. After the exclusion of the controls, the 8-iso-PGF2α
concentrations correlated better with age in the case group. Cardiac
oxidative stress, as measured by the production of cardiac and urinary
8-iso-PGF2α, was higher in 10-week-old spontaneously hypertensive
rats compared with age-matched WistarKyoto rats and increased in
50-week-old spontaneously hypertensive rats.30 In summary, the
present study and other clinical and experimental studies18,26–30

demonstrate that 8-iso-PGF2α as a noninvasive index of oxidative
stress may be a risk factor for hypertension and aging.
Antioxidants are substances that reduce the oxidation of other

molecules due to oxygen and nitrogen, such as the reactions caused by
free radicals. In a normal situation, a balanced equilibrium exists
among oxidants, antioxidants and biomolecules; however, increased

free radicals may defeat natural cellular antioxidant defenses, leading
to lipid peroxidation and further contributing to organ damage. In the
present study, the TAC levels were significantly lower in the elderly
and young HT groups than in the elderly and young control groups.
In addition, the SBP values were significantly negatively correlated
with the TAC in the elderly HT group, while age and the CIMT were
negatively correlated with the TAC in all of the HT groups. Circulating
antioxidants might predict the aging conditions related to hyperten-
sion. Antioxidant scavengers can protect (particularly) cell membranes
from the damaging effects of lipid oxidation and inhibit or delay the
oxidation of a substrate in minutes. A lower total plasma antioxidant
capacity was related to the presence of diabetes and arterial hyperten-
sion in a study by Da Cruz et al.,31 and the TAC levels decreased with
age. Our study confirms other studies32–38 in that antioxidants may be
used in order to reduce the production of lipid peroxidation in the
cells and their harmful effects on the organism. However, whether
antioxidant intake is beneficial and promotes helpful effects is still
controversial.37,38

Our study design utilized both young and elderly groups to search
the effect of lipid peroxidation in the aging process and hypertension.
Thus, we attentively studied the hypertensive patients who were taking
antihypertensive medications because of age. The patients who were
using calcium channel blockers and diuretics are specifically thought
to show less of an antioxidant effect than the other groups
(like ACEinh) that were included into the study.10,11 However, in
our study, the increased levels of the lipid peroxidation parameters of
all of the HT groups whose tensions are regulated with calcium
channel blockers and diuretic therapies suggest that these therapies
may not be effective enough to prevent HT with the aging process.
Additional larger studies are needed to evaluate the proper effects of
these therapies on lipid peroxidation in the elderly HT patients
because of our small numbers in the studied groups. Our results
indicate that lipid peroxidation increases in both HT and the aging
process. The maximum oxidative damage was observed in the elderly
HT patients who have regulated blood pressures under an antihyper-
tensive therapy for a long time.
Aging is a physiological process, but it also influences the

deterioration of blood pressure. As a result of our study, HT may
be triggered by a number of factors, and one of the most important
influential factors is an association of the lipid peroxidation of
oxidative stress and aging. Furthermore, the occurrence of oxidative
stress due to increased lipid peroxidation contributes to the aging
process; however, the rate of these deficiency statuses increases in the
aging process, as does the deficiency in antioxidants. Antioxidants,
such as hydrogen sulfide, may prevent the progression of aging related
to hypertension, but the antioxidant effects of antihypertensive drugs
on the oxidative stress of the aging process are yet not clear.39 In
addition, it seems that the serum LOOH and TBARS levels are better
biomarkers of lipid peroxidation in hypertensive elderly patients in
terms of the sensitivity of HT. In addition, the 8-iso-PGF2α level
(85%) had the highest sensitivity in all of the HT groups. More
research is needed to understand how these biomarkers can help
monitor oxidative stress in elderly hypertensive patients.
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