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AćĘęėĆĈę

Studies have evaluated that high blood pressure kills nine million people
annually. Psychological factors can be considered as a primary threat to the
increase of hypertension. It may lead to cardiovascular disease, stroke and
kidney disease. The current work was conducted to analyze the disparity of
anxiety, dyslipidemia and oxidative stress in pre-hypertensive and hyperten-
sive subjects. This was a cross-sectional study conducted among 180 subjects.
Based on the Joint National Committee 8 Criteria, participants were divided
into hypertensive patients (n=60) and pre-hypertensive patients (n=63).
Fifty-seven healthy subjects with normal blood pressure were served as the
control group. Anthropometric measurements and blood pressure weremea-
sured using the standard procedure. The biochemical parameters for mea-
suring oxidative stress, blood glucose levels, and lipid proϐile were estimated.
Anxiety level was assessed with the State-trait anxiety inventory (STAI) ques-
tionnaire. It is observed that the serum Malondialdehyde (MDA) levels
(nmol/ml) were signiϐicantly higher in pre-hypertensive (3.74±0.33) and
hypertensive (4.7±0.38) compared to normotensive subjects (3.05±0.38).
The Superoxide dismutase (SOD) activity (U/ml) was higher in subjects with
normal blood pressure (12.67±2.31) than pre-hypertensive (11.16±2.43)
and hypertensive subjects (8.98±2.32). The MDA had a signiϐicant positive
correlation, and SOD had a negative association with waist-hip ratio, systolic
blood pressure, diastolic blood pressure, fasting blood sugar, high-density
lipoprotein, and state and trait anxiety. The present study conϐirmed that pre-
hypertensive and hypertensive subjects suffered from more oxidative stress
than normotensive subjects.
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INTRODUCTION

Cardiovascular disease (CVD) is one of the dominant
causes of mortality. The situation is so in devel-
oped and developing countries (GBD 2016 Causes
of Death Collaborators, 2017). It grounds nearly 17
million deaths per annum worldwide. Hyperten-
sion is amenable for a minimum of 45% of demises
due to heart disease and 51% of deaths due to
stroke (Causes of death, 2008).Hypertension trig-
gered 9.4 million deaths per year (Lim et al., 2010).
In 2008, almost 40% of 25-year-old people and
above had reported high blood pressure. The situ-
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ation increased from 600million in 1980 to 1 billion
in 2008 (WHO, 2011). Estimations in 2015 revealed
that the global prevalence of hypertension was 1.3
billion (Mucci et al., 2016).
Based on the Joint National Committee 8 criteria,
pre-hypertensives are people with systolic blood
pressure 120-139mm Hg and diastolic blood pres-
sure 80-89mmHg and hypertensive are people with
systolic blood pressure ≥ 140mm Hg and dias-
tolic blood pressure ≥ 90mm Hg (Manica et al.,
2013; Wright and Diamond, 2006; Poulter et al.,
2015). Studies have shown that subjects with per-
sistent hypertension have advanced levels of trait
anxiety than individuals having normal blood pres-
sure (Sanz et al., 2007). Nevertheless, oxidative
stress may be associated with the development of
hypertension; it may not be the sole reason for
hypertension (Montezano and Touyz, 2012; Mon-
tezano et al., 2015). The study reports of (Virdis
et al., 2013) and (Vanhoutte et al., 2009) has shown
the association of oxidative stress and hypertension.

The imbalance between elevated reactive oxygen
species (ROS) and decreased antioxidant status lead
to oxidative stress in our body (Higashi et al.,
2014). The nonspeciϐic markers of oxidative dam-
age like superoxide and hydrogen peroxide elevated
in hypertension (Kumar and Das, 1993). Also, indi-
viduals with anxiety were deϐicient in antioxidants,
which indicate elevated oxidative stress (Grases
et al., 2014). It has reported the straight connection
between oxidative stress and anxiety (Salim et al.,
2010). The current study aims to evaluate the asso-
ciation of oxidative stress, dyslipidemia, and anxiety
with normal blood pressure, prehypertension, and
hypertension.

MATERIALS ANDMETHODS

This cross-sectional study carried out among
employees of Little Flower Hospital and Research
Centre, Angamaly. The institutional ethics commit-
tee authorization was attained and the informed
written consent was obtained from the entire par-
ticipants. A total of 180 subjects were included in
the study. They were aged between 25 and 65 years
and the group comprised of both male and female.
Subjects with coronary artery disease, myocardial
infarction, stroke, hepatic disorder, renal disorders,
mental disorders, chronic alcoholism, and smoking
were excluded from the study.

Anthropometric measurements encompassed of
height, weight, waist circumference, and hip cir-
cumferences. The waist and hip circumference
measured by WHO STEPS protocol (WHO, 2008).
The auscultatory method of blood pressure estima-

tion was done with a mercury sphygmomanometer
(Elko mercurial sphygmomanometer 300 manufac-
tured by Anita Industries New Delhi) according to
standard methods (Smith, 2005). The total choles-
terol, triglycerides, and high-density lipoprotein
were analyzed by a diagnostic kit method with a
fully automated clinical chemistry analyzer. Fried-
walds equation was used to calculate low-density
lipoprotein and very-low-density lipoprotein.

For the measurement of superoxide dismutase
(SOD) and malondialdehyde (MDA), samples were
kept cooled and centrifuged at 4000 rpm at 40C
for 10 minutes. The spectrophotometric method
used to determine the concentration of SOD by
using Marklund and Marklund protocol (Marklund
and Marklund, 1974) and MDA by Beuge and Aust
method (Buege and Aust, 1978).

Spielberger State-Trait Anxiety Inventory (STAI) in
Malayalam by Vinod Kumar and Das was used for
the state and trait anxiety assessment (Alice, 2003).
STAI comprises of two subscales with state anxiety
(STAI-S) and trait anxiety (STAI-T). Both subscales
cover 18 statements, and the subject chooses the
appropriate answer from the 4-point rating scale
(not at all, somewhat, moderately so, verymuch so).
The STAI ratings on both scales range from 18-72.

Statistical analysis

Statistical package for social sciences (SPSS) version
20 was used for data analysis. Baseline parameters
assessed using descriptive statistics. The quantita-
tive variables expressed as mean ± SD. The statis-
tical signiϐicance of the difference among the values
was calculated by oneway ANOVA. The Karl Pearson
correlation coefϐicient used to calculate the correla-
tion among the parameters. A p-value of < 0.05 was
considered statistically signiϐicant.

RESULTS AND DISCUSSION

The study consisted of 180 subjects aged between
25 and 65 years with normal BP, prehypertension,
and hypertension. Table 1 shows the clinical charac-
teristics. The results show that both BMI and WHR
elevated in pre-hypertensive and hypertensive sub-
jects than normotensive subjects.

Values expressed as Mean ± SD. BMI- Body Mass
Index, WHR-Waist Hip Ratio, SBP- Systolic Blood
Pressure, DBP- Diastolic Blood Pressure.

Comparison of parameters among groups

The biochemical characteristics, oxidative stress
parameters, and anxiety levels among the groups
are as shown in Table 2. The pre-hypertensive
and hypertensive group had signiϐicantly higher
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Table 1: Baseline parameters and anthropometric measurements of studied subjects
Variables Normotensive (n=57) Prehypertensive(n=63) Hypertensive

(n=60)

Age ( years) 55.56±11.12 51.58±6.87 53.38±7.64
BMI (Kg/m2) 24.71±3.60 25.95±4.39 25.02±2.60
WHR 0.95±0.01 0.97±0.02 0.97±0.01
SBP (mm Hg) 111.92±8.33 131.77±6.47 148.36±13.63
DBP (mm Hg) 76.10±4.96 82.44±4.59 89.23±9.15

Table 2: Comparison of biochemical parameters, oxidative stress parameters, and anxiety levels
among groups
Variable Normotensive

(n= 57)
Prehypertensive (n=63) Hypertensive (n=60) P-value

TC(mg/dl) 191.98±44.40 201.69±35.97 194.80±44.49 .41
HDL(mg/dl) 45.17±6.63 47.61±7.88 42.71±7.09 .001
LDL(mg/dl) 120.21±33.11 125±36.70 124.36±39.19 .72
VLDL(mg/dl) 27.12±13.84 28.84±18.24 27.71±13.59 .82
TG(mg/dl) 135.05±69.35 144.52±91.16 138.31±67.89 .79
TC/HDL 4.28±0.95 4.33±0.59 4.64±1.12 .07
MDA(nmol/ml) 3.05±0.38 3.74±0.33 4.7±0.38 .000
SOD(U/ml) 12.67±2.31 11.16±2.43 8.98±2.32 .000
State Anxiety 40.68±1.41 43.84±2.61 49.81±3.73 .000
Trait Anxiety 40.64±1.32 44.33±3.44 50.83±4.60 .000

Table 3: The correlations between oxidative stress markers and clinical and biochemical
parameters in the total subjects
Variables MDA SOD

R value P value R value P value
BMI -.098 .191 -.120 .108
WHR .444 .000** -.082 .274
SBP .795 .000** -.450 .000**
DBP .652 .000** -.306 .000**
TC -.073 .328 -.126 .091
HDL -.182 .015* -.199 .007**
LDL -.080 .284 -.139 .062
VLDL .057 .445 -.102 .173
TG .057 .445 -.102 .175
TC/HDL .096 .201 -.327 .000**
State Anxiety .740 .000** -.475 .000**
Trait Anxiety .735 .000** -.476 .000**

*- statistically signiϐicant
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HDL, and MDA and the serum SOD had substan-
tially higher values in healthy controls. In the pre-
hypertensive and hypertensive groups anxiety had
signiϐicantly higher scores.

Values expressed as Mean ± SD. One way ANOVA.
TC- total cholesterol, HDL- high-density lipopro-
tein, LDL- low-density lipoprotein, VLDL- very-low-
density lipoprotein, TG- triglycerides, TC/HDL- total
cholesterol/high-density lipoprotein, MDA- malon-
dialdehyde, SOD- superoxide dismutase. A p-value
<0.05 was considered as statistically signiϐicant.

Pearson correlation coefϐicient analysis

Results of Pearson correlation coefϐicient analysis
among MDA, SOD, and other parameters in total
study subjects showed in Table 3. MDA has a signiϐi-
cant positive correlation with WHR, SBP, DBP, HDL,
and state and trait anxiety. It also observed that SOD
has a signiϐicant negative correlation with SBP, DBP,
HDL, TC/HDL, and state and trait anxiety.

BMI- Body Mass Index, WHR-Waist Hip Ratio,
SBP-Systolic Blood Pressure, DBP- Diastolic Blood
Pressure, TC- total cholesterol, HDL-high density
lipoprotein, LDL- low-density lipoprotein, VLDL-
very-low-density lipoprotein, TG- triglycerides,
TC/HDL- total cholesterol/high-density lipopro-
tein, MDA- malondialdehyde, SOD - superoxide
dismutase.

The increased blood pressure, pulmonary embo-
lus, blood vessel occlusion, venous inefϐiciency,
and other cardiovascular diseases were caused by
vasoconstriction, and increased vascular resistance
resulted from oxidative stress (Jiang et al., 2016).
Ahmad et al. conϐirmed a decrease in antioxidant
enzymes in hypertension and its negative correla-
tion with blood pressure. It indicates that oxida-
tive stress had a positive relationship with SBP and
DBP (Ahmad et al., 2013). Thepresent studydemon-
strated higher levels of SOD and decreased MDA in
healthy controls. Nwanjo et al. reported an increase
in MDA level due to oxidative stress (Nwanjo et al.,
2007). Lipid peroxidation augmented in severe
hypertension than the early stages of hyperten-
sion (Cracowski et al., 2003).

Trait anxiety and anger trait were higher in hyper-
tensive patients than in individuals with normoten-
sion (Suls et al., 1995; Francés et al., 2001; Lázaro
et al., 1993). Patients with persistent hypertension
exhibited higher ranks of trait anxiety (García-Vera
et al., 2010; Sanz et al., 2007), which is consistent
through our results. A study in the monocytes of
individuals with hypertension had shown a signif-
icant correlation among trait anxiety and reactive
oxygen species formation (Yasunari et al., 2006).

In the present work, MDA had a signiϐicant posi-
tive correlation, and SOD had a negative correlation
with state and trait anxiety. It conϐirms the relation
between anxiety and oxidative stress.

MDA produced in our body from polyunsaturated
fatty acids (Ho et al., 2013). A human study
has demonstrated increased MDA with progressive
hyperlipidemia and a positive correlation of MDA
along with atherogenic index (Yang et al., 2008).
Lopes reported that the induction of acute hyperlipi-
demia increases the oxidative stress marker (Lopes,
2003). It has described that augmented oxida-
tive stress and altered lipid proϐile predisposes to
atherosclerosis (Rao and Kiran, 2011).

Al- Benna et al. demonstrated that, in CAD patients,
the endothelial malfunction could be due to LDL
cholesterol and oxidative stress. They also con-
ϐirmed the signiϐicant negative correlation among
LDL, markers of endothelial function, and oxidative
stress (Al-Benna et al., 2006). We estimated the
correlation of oxidative stress with lipid proϐile and
found that MDA and HDL have a signiϐicant associa-
tion. Also, SOD has a meaningful negative relation-
ship through HDL as well as with TC/HDL. We could
not demonstrate the correlation of oxidative stress
markerswith LDLandother parameters of lipid pro-
ϐile.

CONCLUSIONS

Hypertension is a quiet, obscure assassin that sel-
dom grounds indications and is a severe threat-
ening sign that the substantial daily life modiϐica-
tions are instantly required. The ϐindings strongly
conϐirmed that oxidative stress in hypertensive and
pre-hypertensive patients inϐluenced by both blood
pressure and state and trait anxiety. Hence the ther-
apies targeting oxidative stress and anxiety levels
can avoid or suspend the commencement of hyper-
tension as well as its complications.
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