Menna Arafat et al., EJGG.2023; 10(2):90-99

Original Article

Relation between Hemodialysis and Oxidative Stress Markers’ blood
levels in End Stage Renal Disease on Regular Dialysis

Menna Hossam Arafat*!, Mohamed Shawky Khater! , Tamer Wahid Elsaid?,
Mohamad Ahmad Alsadany?!, Mennatallah Safwat Sayed Elaraby.!

1Geriatrics Medicine Department ,Faculty of Medicine, Ain Shams University
2Internal Medicine and Nephrology Department, Faculty of Medicine ,Ain Shams
University

ABSTRACT

Background: Chronic kidney disease (CKD) is a common medical problem in
elderly. The progressive worsening of renal function in CKD induces numerous
biological and clinical dysfunctions including augmentation of synthesis of
inflammation and oxidative stress mediators.

Aim of the Work: The aim was to study relation between frequency of hemodialysis
and oxidative stress markers’ blood levels in end stage renal disease (ESRD) patients
on regular dialysis.

Patients and Methods: This is a cross-sectional study that was done on a
convenience sample of 80 cases of elderly patients,60years and older, who had ESRD
and on regular dialysis. The study was conducted in the hemodialysis unit at Ain
Shams University Hospital (EI-Demerdash).The study period was from the first of
May 2021to the end ofNovember2021.

Results: We found a statistically significant positive correlation between
hemodialysis related factors, namely duration of hemodialysis, number of sessions,
and duration of each session and the blood levels of oxidative stress markers.
Conclusion: Patients with ESRD on regular hemodialysis are at increased risk of
oxidative stress risks as they are shown to have higher oxidative stress biological
markers which are directly related to duration of being on hemodialysis, number of
hemodialysis sessions and the duration of each session.
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INTRODUCTION

Chronic kidney disease (CKD) is a the elderly is not surprising. With the
substantial concern in the elderly with rise in obesity, diabetes and

both an increasing incidence of treated hypertension in middle-aged adults
kidney failure with dialysis and a high further increases in CKD prevalence
prevalence of earlier stages of CKD. among the elderly?.

Given the high load of risk factors for End stage renal disease(ESRD)is
CKD, the high prevalence of CKD in defined as permanent decrease in
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kidney function that is severe enough
to be fatal in the absence of dialysis or
transplantation?.

ESRD is included under stage5 of the
National Kidney Foundation Kidney
Disease Outcomes Quality Initiative
classification of chronic kidney
disease, where it refers to persons with
an estimated glomerular filtration rate
less than 15mLper minute perl.73m?
body surface are requiring dialysis
irrespective of glomerular filtration
rate®.

Impairment of renal function leads to a
host of maladaptive changes, including
fluid retention (extracellular volume
overload), anaemia, and disturbances
of bone and mineral density,
hyperlipidaemia ,and malnutrition®,

In Egypt, the predictable annual
incidence of ESRD was around 74 per
million and the total prevalence of
patients on dialysis is 264 per
million®.The prevalence of dialysis
patients is supposed to be increasing
and the main causes of ESRD in Egypt
are not limited to diabetic nephropathy
but also include hypertensive kidney
disease, chronic
glomerulonephritis(GN),chronic
pyelonephritis, and obstructive
uropathy?®.

Oxidative stress is known to be involved
in many pathological processes, such as
hypertension, atherosclerosis ,and
neurological disorders with much
evidences that CKD is also associated
with increased oxidant production and
decreased antioxidant protection’.
ESRD patients on peritoneal dialysis
(PD) have an increased oxidative
stress when compared to non-dialyzed
uremic patients, but was found lower,
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when compared to hemodialysis (HD)
patients®.

Patients with CKD typically have
harshly reduced anti oxidative systems,
which worsen gradually with the
degree of renal failure. Oxidative stress
IS a critical defense mechanism against
infections but if not properly regulated
they may start a number of harmful
effects such as cytokine overproduction
and an increase in oxidative stress
mediators®.

Oxidative stress results from the
inequity between the production of
reactive oxygen species (ROS) and the
ability to counteract them. The
diversity between excessive reactive
molecules and weak endogenous
protection leads to damage to cell
structures and molecules such as lipids,
proteins, and DNA,; eventually
contributing to the pathogenesis of a
wide range of diseases™.

Oxidative stress appears in early stages
of chronic kidney disease (CKD),
advances along with worsening of renal
failure, and is further exacerbated by
the HD process per session . HD
patients manifest excessive OS status
due to retention of a plethora of toxins,
subsidized under uremia, nutrition
lacking antioxidants and turn-over of
antioxidants, loss of antioxidants
during renal replacement therapy, and
leukocyte activation that leads to
accumulation of oxidative products.
Duration of dialysis therapy, iron
infusion, anemia, presence of central
venous catheter, and bioincompatible
dialyzers are several factors triggering
the development of OS*!

The current study aimed to find the
relation between hemodialysis and
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oxidative stress markers’ blood levels
in ESRD patients on regular
hemodialysis.

PATIENTS AND METHODS

Type of Study: A cross-sectional
study.

Study Setting: The haemodialysis unit
in Ain Shams University Hospital(El-
Demerdash).

Study Period: Seven months; from
May 1%, 2021, to November 30",2021.

Study Population :The participants
were recruited from patients coming to
hemodialysis unit in Ain shams
university Hospital.

Inclusion Criteria:
1- Sex: Males and females.
2- Age: 60 years and above.

3- Patients with ESRD on
regular hemodialysis.

Exclusion Criteria:

1- Patients who refused to
participate in the study.

2- Patients younger than 60 years
old.

3- Patients not on regular
hemodialysis.

4- Patients on peritoneal dialysis.
Sample Size:

A sample size of 80 cases achieves
81% power to detect a statistically
significant Pearson correlation
coefficient of at least 0.50 when the
null hypothesis correlation of 0.00 and
the alternative theory correlation of
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0.50 using a two-sided theory test with
a meaning level of 0.05.

Sampling Method: Consecutive
sampling method.

Ethical Considerations: Approval
from Ain Shams University Ethical
Committee was obtained [Approval
Number 000017585]. An informed
written consent was obtained from
every participant. Those who were
unable to read or write for whatever
cause; the study aim and procedure was
elaborated to them and the consent
signed by a proxy. Permission to carry
out this study was obtained from the
dialysis unit.This work has been carried
out in accordance with The Code of
Ethics of the World Medical
Association (Declaration of Helsinki)
for studies involving humans.

Study Procedures: Recruited patients
underwent the following assessment:

1. Comprehensive geriatric
assessment including personal data,
demographic data, relevant history,
socioeconomic status, hemodialysis
related factors (years of dialysis,
number of sessions per week,
duration of session in hours.)

2. Blood sampling (1.5ml) to be
withdrawn once before dialysis to
measure the oxidative stress
markers, namely Malondialdehyde
(MDA);-Total antioxidant capacity
(TAC),and Glutathione peroxidase
(GPX). All blood samples were
collected in the morning before a
dialysis session. Following the
collection of blood, the serum was
separated immediately. Samples
were centrifuged and the
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supernatant is removed and stored -
70 °C until the analysis.

RESULTS

A descriptive analysis for the study
sample was done as seen in table (1)
that showedthat 41 participants were
males and 39 were females,their ages
ranged from 60 to 81 years (mean
66.875 years). The mean number of co-
morbidities was 4.300 £ 0.906, with
Charlson comorbidity index mean at
6.01% 0.70.25 % of the participants

(n=57) were married, and 28.75%
(n=23) were widow/widower. 88.75 %
of the participants (n=71) were
hypertensive, while 62.50% (n=50)
were diabetic. 60% of the participants
(n=48) had a history of receiving
nephrotoxic drugs.

As regards the data for hemodialysis,
the mean duration of hemodialysis was
9.175 + 4.684 (range 1- 21yrs), number
of sessions/weeks ranged from 2-3, and
duration of session in hrs. ranged from
2-4 hrs. with mean 3.188 + 0.597.

Demographic & general characteristics

60 — 81 years
Age 66.875 + 5.085
Males 41 (51.2 5%)
Sex

Females 39 (48.75 %)

Charlson comorbidity index

41

6.013 + 0.703

Marital status

Married 57 (71.25 %)

Widow 23 (28.75 %)

Special habits

Smoker 57 (71.25 %)

Nonsmoker 23 (28.75 %)
History of nephrotoxic drugs 48 (60%)
Co-morbidities %RTI; ;é ((6828_'5702)%)
Durator Viean 255 575 24684
Hemodialysis Number of sessions/weeks ME:QieSD 22._7288 isgfz;
Average session duration (in hours) MeRaann?:(;D 3.21584 Eglé;

A correlation study was done in table (2) that showed that GPX blood level had a
significant positive correlation with duration of hemodialysis sessions. TAC blood
level had a significant positive correlation with both duration of hemodialysis &
sessions duration in hours, while MDA blood levels had a significant negative

correlation with number of sessions/ weeks.

L hypertension
2 Diabetes mellitus
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Table (2): Correlation between hemodialysis-related factors and blood levels of

oxidative stress markers

GPX TAC MDA
R P-value r P-value r P-value
[Duration of hemodialysis 0.183 0.105 0.314 0.005* -0.190 0.092
INo of session/week 0.118 0.295 0.201 0.074 -0.222 0.048*
IDuration of session in hrs. 0.231 0.039* 0.344 0.002* -0.192 0.089

GPX: Malondialdehyde, TAC: Total antioxidant capacity, GPX: Glutathione peroxidase.

DISCUSSION

Chronic kidney disease (CKD) is a
major public health problem and its
main consequences include loss of
renal function leading to ESRD,
increased risk of cardiovascular disease
smajor increase in morbidity and death
and a decrease in health-related quality
of lifel2,

With chronic kidney disease the gradual
decline of kidney function induces
several  Dbiological and  clinical
dysfunctions, including augmentation of
synthesis of inflammation and oxidative
stress mediators?

Oxidative stress has been associated
with the creation of highly reactive
intermediates during inflammation. On
the other hand, reactive oxygen species
(ROS) can further increase the
inflammatory response by activating
pro-inflammatory mediators.**numerous
markers of oxidative stress such as
malondialdehyde (MDA)have
significantly  elevated levels in
circulating blood and tissue in CKD
patients.t®

The current study aimed to determine
the relation between hemodialysis and
its related factors and the levels of
oxidative stress markers in ESRD on
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regular dialysis. A descriptive analysis
for the hemodialysis related factors was
done and it showed that the mean
duration of hemodialysis was 9.175 +
4.684 (ranging from 1 year to 21 years
with number of sessions per week
ranging from 2 to 3 sessions per week
and the duration of each session in
hours ranging from 2 to 4 hours with
mean of 3.2 + 0.6 hours. Our study also
revealed that there was a direct relation

between oxidative stress markers
(GPX, TAC and MDA) and above-
mentioned hemodialysis related
factors.

There is diversity of results; In our
study, we found that the (GPX)as an
oxidative stress marker showed a
statistically significant positive
association with duration in hours spent
in each HD session per week, this
finding also agreed with Roxborough
et al.,1999 whose study aimed to detect
the level of glutathione peroxidase in
hemodialysis patients. Their study
revealed that concentrations remained
normal unchangeable after the
hemodialysis session.®

This is opposed by El-Far and his
colleagues by their study conducted in
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2005 on 12 patients with nephrotic
syndrome (NS), 48 patients with renal
impairment (RI1), and 50 patients with
chronic renal failure on maintenance
hemodialysis (HD); before and after
dialysis), and in 50 healthy volunteers
who were as controls. His results
showed that in comparison to healthy
controls, GPX activity was decreased
in the HD group and the RI group,
whereas the NS group showed no
significant transformation from the
control.  Although  they didn’t
investigate the correlation between the
duration of each HD session, they
found that the HD group showed a
higher decrease in GPx (reduced to
36.6% of the mean control value) than
the RI group (reduced to 61.8% of the
mean  control  value). Further
investigation of the RI group showed a
highly significant negative correlation
between GPx activity and serum
creatinine level .’

In contrast to our study, Lucchiet al.,
2005, whose study was to measure the
content of glutathione in ESRD during
hemodialysis session, found that there
was no significant changes observed in
glutathione during the HD
session® Though his study was done
on a group of end-stage chronic renal
failure (CRF) patients conducted on
15patients, with mean duration of the
dialysis treatment was 61.7 + 56.5
months (ranging from 10 to 142
months) and they were dialyzed three
times a week with each session lasting
4 hours.

We found that there was no relation
between GPX and duration of
hemodialysis and this goes in
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accordance with Valentini et al.,2008,
whose study revealed that there was no
correlation between GPX and the
duration of hemodialysis®.

In contrary to our study was the study
done by Barrosoet al., 2020to evaluate
the association between the time of
hemodialysis, nutritional selenium
status and glutathione peroxidase
activity (GPx), a case-control study of
75 individuals aged 18 to 88 years. It
found that the patients who had
undergone hemodialysis for 60 months
or more had lower GPX activity than
those who had undergone the treatment
for less than 60 months.?® Though,
these findings were not significant after
adjusting with age and gender .This
could be explained by the significant
role played by the GPX in the
reduction of lipid and hydrogen
peroxides. If GPX activity is decreased,
more hydrogen peroxide is found,
which leads to direct tissue injury and
establishment of inflammatory
pathways.

Our study also discovered a statistically
significant positive correlation between
TAC and the duration of hemodialysis
measured by years and the duration of
each session measured by hours.

This was opposed by Zargari et
al.,2015who also found that The TAC
is significantly lower (21.8%) in pre-
HD than in controls and also decreases
after HD (27.9%), which agrees with
previous studies?.,

One study done by Malliarakiet
al.,2003 supported our results as regard
the time of hemodialysis session as
measured by hours. In his study they
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have consecutively measured TAC and
corrected TAC  (cTAC:.  after
subtraction of the interactions due to
endogenous uric acid, bilirubin and
albumin) in 10 patients before the onset
of the dialysis session, 10 min, 30 min,
1 h, 2 hand 3 h into the process and
after achievement of the session. Their
results showed that TAC decreases,
reaching the least levels at 2 h.?

This also agrees with what Toboreket
al.,1992who studied the effect of
hemodialysis on lipid peroxidation and
antioxidant system in ESRD. During
their case-control study the mean
duration of hemodialysis was 56 +/- 11
months for the cases. Their results
found that the total TAC was increased
in hemodialysis. The explanation for
this could be attributed to either
hemoconcentration ,adaptation or to a
possible exchange of antioxidants
between the lipid and aqueous
phases.ZThe reason for this elevation
in TAC according to Bergesioet
al.,1998colleaguesis likely to be
dependent on increased uric acid levels
and does not seem to induce an
efficient protection in vivo from
oxidative stress, thus TAC does not
appear to be a reliable method for
assessing the oxidative susceptibility of
CRF patients.?*

Our research results showed that there
was no relation between MDA and
duration of hemodialysis. In contrast to
our results was the study conducted by
Valentini et al., 2008who studied the
effect of the hemodialysis treatment
time under oxidative stress biomarkers
in chronic renal failure patients, a study
in which MDA was measured into two
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different groups of HD patients: recent
treatment (n=36; HD duration:
17.7 £ 1.71 months),with 51 +/- 11.6
years of age (ranging between 29 and
75 years and longtime of treatment

(n=26; HD duration: 82.2 £6.32
months), and in a control group
(n=40). They showed that the
plasmatic MDA levels  were

significantly more in patients with long
time of HD treatment in comparison
with patients with recent time of HD
treatment.?

The increase in enzyme level may be
correlated to an overproduction of free
radicals, which can be confirmed by an
increase in MDA production. The
difference between our study and this
previous study was due to the
difference in the sample size used in it
and the range of age group.

Yavuz et al.,2004 studied the effect of
hemodialysis on oxidative stress
markers. He studied 40 long-term
dialysis patients, and 20 age-matched
healthy controls were joined into the
study. Serum malondialdehyde (MDA)
activity was determined before and
after hemodialysis. Their research
revealed that the plasma MDA levels
were augmented in groups on longer
periods of HD treatment and MDA
levels were even higher than the pre-
dialysis period for the same group?.

This study’s results were opposite to
our results due to the difference in the
study group and the study method.

Another cross-sectional study done
byYilmaz et al., 2006 to investigate the
association between levels of oxidative
stress markers in patients with chronic
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kidney disease of 159 patients (28 to 36
patients in each of the CKD stages 1 to
5) and compared their results with 30
healthy controls. Their research results
showed a progressive rise in the levels
of oxidative stress marker MDA among
HD patients. And that was associated
more with the increase in the severity
of renal failure as compared to control
group.?” , this study used a wide range
of age group, also it excluded all
comorbidities in the used sample either
cases or control groups and this
explained the difference between their
results and our results.

Our study results found that there was a
statistically  significant negative
correlation  between MDA and
frequency of hemodialysis as presented
by number of sessions per week. These
finding were opposed by other
researchers such as Purwati et al.,
2022 who studied the relation between
MDA and frequency of hemodialysis.
They conducted an observational
clinical study with a cross sectional
design. They studied 49 patients with
diagnosis of CKD with GFR less than
60 ml/min per 1.73 m2, persisting for
at least 3 months and they found that
there was a statistically significant
increase in serum malondialdehyde
MDA when compared to patients
before hemodialysis and it was in
direct relation with frequency of
dialysis, these results obtained from
HD patients after one dialysis session
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show that values of both antioxidant
and pro-oxidant markers improve after
HD. The increase in enzyme level may
be related to an overproduction of free
radicals, which can be confirmed by an
increase in MDA  production.
Increased oxidative stress status in the
hemodialysis  patients  specifically
because of reduced dietary intake of
the exogenous antioxidants,
accumulation the oxidative products,
and also loss of antioxidant throughout
HD?, | the difference in results may be
due to difference in age group in which
this study was applying the research on
2 different groups a group above 50
years old and a group below 50 years
old , but our study age group was 60
years old and above.

Limitations to our study were its
relatively smaller sample size, and we
did not include those patients with
CKD who did not start dialysis yet. So,
we think that further studies on a larger
scale are required to confirm our
finding.

CONCLUSION

We concluded that patients with ESRD
on regular hemodialysis are at
increased risk of oxidative stress risks
as they are shown to have higher
oxidative stress biological markers
which are directly related to period of
being on hemodialysis, number of
hemodialysis sessions and the duration
of each session
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