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ABSTRACT

Objective: To assess the association of oxidative stress with hypertension and its correlation with the duration of
haemodiaysis

Methodology: It was a case control study conducted in apublic sector tertiary care hospital in 2017. The study participants
were recruited from the nephrology ward while the healthy controls were taken from participant neighborhood through
frequency matching. Non probability consecutive sampling technique was employed. Cases included were suffering
from chronic renal failure and were receiving maintenance haemodialysis. Exclusion criteria was patients suffering from
any other chronic illness other than chronic renal failure (pulmonary disease and hepatic insufficiency). Detailed analysis
was done with application of ANOVA, Pearson correlation and independent sample t test. P value less than 0.05 was
taken as significant.

Results: Highly significant difference was observed in mean serum malondial dehyde, mean plasma superoxide dismutase,
mean systolic blood presure, and mean BM| among the cases and controls (p value < 0.001). Positive linear correlation
was found between blood presure and serum malondialdehyde i.e. (r = 0.4) while on the other hand strong negative
correlation was found between blood presure and plasma superoxide dismutasei.e. (r = -0.73).

Conclusion: Oxidative stress worsens with progression of haemodialysis and |eads to development of hypertension.
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INTRODUCTION

The main risk of mortality in patients of end stage The USrenal data system and European Registry of

renal disease (ESRD) is the cardiovascular diseases.
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patients, both have highlighted that the incidence of
developing a cardiac event is almost five times higher
in chronic dialysis patients as compared to the healthy
population®. Cardiovascular events in ESRD are
basically asequel of hypertension and diabetes asthese
two are termed number one risk factors for renal
failure*“. In chronic renal failure, there is a loss of
equilibrium between pro-oxidant and anti-oxidant
capacities and a state of increased oxidative stress is
evident. The factors which are held responsible for this
shift are not only cardiovascular causes but also factors
which are more associated to uremia® 1t
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Therole of oxidative stressis evident in the pathogenesis
of hypertension, which has high prevalencein chronic
renal failure patients and is considered as the number
one risk factor for the progression of cardiovascular

diseases!® 3,

Oxidative stress promotes vascular smooth muscle
proliferation and deposition of collagen leading to an
increase in the intima media thickness ratio and hence
causing narrowing of the vascular lumen?8. In
addition to this, oxidative stress causes imbalance
between the endothelium dependent vascular relaxation
and vascular contractile activity by stimulating
endothelial injury and decreasing Nitric oxide
availability®>1°. All these factors contribute to the
development of hypertension.

Malondialdehyde, alipid peroxidation end product is
produced as aresult of the attack by the free radicals
on the polyunsaturated fatty acids on the surface of
the cell membranes. Maondialdehyde, if produced in
high numbers, is amarker of systemic oxidation'*%.

The term antioxidant refers to a molecule which is
capable of stabilizing or deactivating free radicals
before they attack normal cells'®. Endogenous
antioxidants are crucia for maintaining optimal cellular
functions resulting in systemic health and well-being.
However, in conditions promoting oxidative stress,
dietary antioxidants may be necessary to maintain the
cellular function on optimal levels as endogenous
antioxidants may prove to be insufficient.

Glutathione peroxidase, catalase, and superoxide
dismutase are the most efficient enzymatic antioxidants.
Mitochondria, being the major site of free radical
generation, contain a variety of antioxidants present
on both sides of their membranesin order to minimize
ROS induced stress?’. Superoxide dismutase is also
among the most effective enzymatic antioxidants.
Superoxide dismutases (SODs) defend againgt oxidative
damage by enzymatically converting O2- to H202.
According to arecent study, SOD isamagjor antioxidant
enzyme in the regulation of oxidative stress during
progressive renal injury®.

When oxidative stress occurs, it triggers the oxidation
of molecules such aslipids, proteins, and carbohydrates,
leading to lipid peroxidation and accumulation of
advanced glycation end products which cause severe
damage to the endothelium™™°. Moreover, nitric oxide
which causes endothelial smooth muscle relaxation is
rapidly degraded by the oxygen derived free radical
superoxide anion™?°. There is also a correlation
between oxidative stress and renin activation®2. Hence
oxidative stress is involved in the pathogenesis of

various conditions including hypertension,
inflammation, and the progression of chronic kidney
disease to end stage rend disease® 16,

The main objective of the study was to assess the
association of oxidative stress with hypertension and
its correlation with duration of haemodialysis. This
study emphasi zes on the magnitude and complications
of oxidative stressin haemodiaysis patients. This study
will help the nephrologists to identify oxidative stress
asamajor causative factor of hypertension and other
cardiovascular complications and to change the typical
treatment regimes by adding antioxidants to lower the
oxidative stress.

METHODOLOGY

A Case Control study was conducted in the Nephrology
ward of a public sector hospital of Karachi in 2017.
Sample size was calculated by open epi website
calculator. (REFERENCE STUDY: Locatelli F,
Canaud B, Eckardt KU, Stenvinkel P, Wanner C,
Zoccali C. Oxidative stressin end-stage renal disease:
an emerging threat to patient outcome. Nephrology
Dialysis Transplantation. 2003 Jul 1; 18 (7):1272-80.)

A sample size of 90 subjects was cal culated which was
further subdivided into three groups::

Group A: Healthy control group comprised 30 subjects
from the neighborhood who volunteered for the study,
and were matched on age, gender, and socio-economic
status. Their routine laboratory investigations were
within normal ranges.

Group B: Thirty subjects who had been on
haemodialysis for up to three years

Group C: Thirty subjects who were on haemodialysis
for more than three years

Inclusion criteriafor the cases with chronic renal failure
was taking haemodialysis therapy for more than two
months. Exclusion criteria was the same for all the
groups and comprised omission of patients with hepatic
insufficiency, chronic pulmonary disease, and diabetes
mellitus. Non-probability consecutive sampling
technique was utilized for selection of participants.
Biochemistry lab investigations and oxidative stress
biomarkers were measured in all three groups.
Hypertensive cutoff was taken for systolic BP 140
mmHg and for diastolic BP at 90 mmHg. Ethical
permission for the present study was taken from the
Institutional Review Committee, Jinnah Postgraduate
Medical Centre (JPMC), Karachi diary no: NO.F.2-
81-1RB/2018- GENL/5173/JPMC. Data which was
obtained during the study was kept confidential.
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BMI was calculated from weight and height
measurements which were obtained through calibrated
apparatus available in the wards. Blood pressure was
measured in supine position after allowing the
participant to relax for 10 minutes. Later on, 10 ml
blood samples were collected before dialysis therapy
in patients on haemodialysis.

The malondialdehyde (MDA) was estimated in the
form of thiobarbituric acid reacting substances (TBARYS)
by the method of Okhawa et a, 1979. Levels of SOD
were measured by using reagent method (method of
Kono, 1978).

Datawas entered on SPSSverson 21. Mean and standard
deviation were taken out for all numeric variables,
whereas frequencies and percentages were taken out
for categorical variables. One-way ANOVA was applied
for finding difference in mean between the three groups
after fulfilling the assumptions of normality and
homogeneity through Shapiro Wilk test and QQ plot
and Levenne test. Post hoc analysis was done through
Tukey’stest. Pearson correlation was applied for finding
association of blood pressure with serum
mal ondial dehyde and plasma SOD. Two sample t-test
was applied for finding difference in means of serum
malondialdehyde and plasma SOD on the basis of
gender. P value <0.05 was taken as significant.

RESULTS

A total of n=90 participants were recruited in three
groups. Males were n=55 (61%) and females were
n=35 (39%). The mean age of the participants was
388 years.

The group A comprised n=30 healthy participants. The
mean age of the group was 35+7.7 years. The mean
systolic BP was 108+10mmHg. Mean serum
malondial dehyde (nmol/ml) was 10.87+3.04. Plasma
superoxide dismutase (/1) was 108.5£19.4. The mean
BMI of the group was 23.4+3.3 kg/m?.

Group B, n=30 corresponded to participants who were
on haemodialysis for the last three years. Mean age of
the group was 3618 years. Mean systolic blood pressure

was 136x11mmHg. Mean serum malondialdehyde
(nmol/ml) was 15.7+3. Plasma superoxide dismutase (/1)
was 85+16. The mean BMI of the group was 22.6+3.7.

Group C, n=30 corresponded to participants who were
on haemodialysis for more than three years. Mean age
of the group was 43+4 years. Mean systolic blood
pressure was 159+12mmHg. Mean serum
malondialdehyde (nmol/ml) was 31+8. Plasma
superoxide dismutase (/1) was 46+£19. The mean BMI
of the group was 20.8+4.6.

Table 1 summarizes the significant differences which
were observed when ANOVA was applied for serum
malondialdehyde, SOD, systolic BP, and BMI means
difference among the three groups. Post hoc analysis
was done by the Tukey HSD test. Significant differences
were observed between all groups when mean serum
malondiadehyde, SOD, and systolic BPwas compared.
Borderline significance was observed only in Group
A and C when mean BMI was compared in between
groups through Tukey HSD.

When serum malondialdyde was associated with
systolic BP, very highly significant mild positive linear
correlation was seen (r=0.4, p value<0.01) Graph 1.
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Graph 1: Association of Serum Malondialdehyde
and Systolic BP

Table 1: Differencesin Mean Numeric Variables Between the Three Groups (N=90)

Groups | n SerumMalondial dehyde SOD Systolic BP BMI
(nmol/ml) MeantStd.dev | MeantStd.dev| MeantStd.dev
MeanzStd.dev
A 30 10.9+£3.03 108.5+4 108+10 23.4+3.3
B 30 15.742.9 85+16 13612 22.6+3.7
C 30 31.01+8.48 46+19 159.6+12.3 20.8+4.0
P-Value* | - <0.01 <0.01 <0.01 0.037
* ANOVA
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When superoxide dismutase (SOD) was associated
with systolic BP, strong negative linear relationship
was observed which was found to be very highly
significant (r=-0.73, P value<0.01) Graph 2.
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Graph 2: Association of Plasma SOD and Systolic BP

No significant effect of gender was observed on serum
mal ondial dehyde and plasma SOD when independent
samplet-test was applied for finding difference among
these two parameters on the basis of gender.

DISCUSSION

In uremic patients, cardiovascular disease causes
substantially higher morbidity and mortality than in
the general population. In dialysis patients,
cardiovascular mortality occurs approximately 30 times
more than therisk in the general population. Even after
stratification for age, gender, and presence of diabetes,
this rate remains 10 to 20 times higher. Hypertension
is associated with increased oxidative stress. During
the comparison of study variables between the controls
and patients on haemodialysis, statistically significant
difference was found. Significant difference was not
found in the mean ages among the three groups
compared at 95% confidence interval.

The current study revealed a statistically significant
decrease in weight and BMI among cases and controls
which is similar to the findings of Larumbe et al%.
Thisisin contrast to Aradjo et al who reported an
increased BMI in females undergoing dialysis®*.

In our study, we found significant increase in mean
systolic and diastolic blood pressure of cases as
compared to controls, which might be due to ROS
induced vasoconstriction and vascular damage,

decreased nitric oxide and antioxidant bioavailability,
hypervolemia, renin angiotensin system overactivity,
erythropoietin administration, and increased sympathetic
stimulation. Bansal et al. aso reported an increase in
mean systolic and diastolic blood pressure in
haemodialysis patients®>.

Serum mal ondialdehyde was significantly increased
in group B and group C as compared to controls. This
supports our previous findings indicating that oxidative
stress in haemodialysis increases as the duration of
therapy increases and playsarolein lipid peroxidation
leading to development of atherosclerosis and
hypertension. The possible mechanism which leads to
increase in MDA levels is that ROS activate
phospholipase A2 causing peroxidation of many
mediators by arachidonic acid which are finally
metabolized to MDA. Increased concentrations of
malondial dehyde lead to formation of oxidized LDL
which plays a major role in the development of
atherosclerosis.

Our study further shows that mean SOD levels were
significantly decreased in haemodialysis patients as
compared to controls. Our results are in accordance
with previous studies of Ushanthika et al and Celik et
al?’. Very low levels of SOD were found in group C.
The possible mechanism behind thislow level depends
on several factors, such as age, creatinine clearance,
uremic state, dialysis period, selective permeability of
the dialyzer membrane to antioxidants and the bacteria
contaminants from the dialysate’®. (Okhawa H et al)
In contrast to our study Ninia et al. showed increased
levels of SOD in haemodialysis patients®.

Oxidative stressisauniversd chalengein haemodiaysis
patients. The enhanced oxidative stress status that
characterizes haemodialysis patients, mainly occurs
because of a diet lacking exogenous antioxidants,
accumulation of oxidative products, and loss of
antioxidant molecules during haemodialysis.
Development of hypertension, chronic inflammation,
and CVD mortality isalso highly linked to it. It is yet
to be made a part of everyday clinical practice even
though administering antioxidants appears to be
beneficial against oxidative stress development in
maintenance haemodiaysis patients. Large, prospective
studies are urgently needed to elucidate the possible
protective role of antioxidant administration against
cellular stress that hold the promise to ameliorate the
cardiovascular risk profilein CKD and end-stage renal
disease. Moreover, the oxidative stress parametersin
these patients need to be monitored to avoid the possible
outcomes of oxidative stress. Dietary guidelines should
also be developed to ensure the intake of adequate
vitamins and mineralsin these patients.
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The strength of our study was the comparison of two
groups of dialysiswith healthy controls. However, the
limitation was the small sample size with selection of
study participants through probability sampling
technique.

CONCLUSION

The study results have clearly demonstrated asignificant
increase in oxidative stress marker (malondialdehyde)
and a decrease in the antioxidants in patients receiving
mai ntenance haemodialysis as compared to controls.
The oxidative stressincreases asthe duration of diaysis
increases showing a positive correlation with
hypertension.
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