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Association between serum ferritin and lipid peroxidation

in hemodialysis patients

ABSTRACT

Introduction: Iron supplementation is
one of the recommendations found in
patients with chronic kidney disease
(CKD), however, an overload of this
mineral can contribute to oxidative
stress, a condition closely related
to the cardiovascular risk in these
patients, as well as disease progression.
Objective: The objective of this study
was to investigate whether ferritin
levels are associated with oxidative
stress marker MDA in patients on
hemodialysis (HD). Methods: Twenty
HD patients (55.0 = 15.2 years, time of
dialysis 76.5 = 46.3 months, BMI 23.6
+ 3.0 kg/m?) were compared with 11
healthy subjects (50.9 = 8.0 years, BMI
23.8 = 1.9 kg/m?). Malondialdehyde
(MDA) was measured by reaction
with thiobarbituric acid and routine
biochemical data were obtained from
medical records. Results: MDA levels
were significantly higher in HD patients
compared to the control group (13.2
+ 5.3 nmol/mL vs. 5.1 = 2.7nmol/mL,
p < 0.01). Twelve patients (60%) had
ferritin values greater than the 500 ng/
mL and there was a positive correlation
between ferritin and MDA in HD (r
= 0.66, p = 0.005, n = 17) patients.
Conclusion: The excess iron stores
in HD patients results in increased
lipid peroxidation, and consequently
contributes to increased oxidative
stress in these patients.

Keywords: ferritins; malondialdehyde;
oxidative stress; renal dialysis.

INTRODUCTION

Oxidative stress is a common condition
(CKD)
patients, and it is associated with

in chronic kidney disease
decreased renal function,' in addition
to being an important etiological factor
in atherogenesis, which contributes
to increased cardiovascular risk in
these patients.” In order to investigate
the possible changes that can cause
oxidative stress in different diseases, the
identification of its biomarkers is critical.
Among these, the most used is the
malondialdehyde (MDA), a short chain
aldehyde resulting from the oxidation
of polyunsaturated fatty acids, i.e., a
product derived from lipid peroxidation,
which can be measured by the reaction
with thiobarbituric acid (TBA). It is
considered a suitable oxidative stress
marker in CKD, having an inverse
relation to renal function and positive
correlation with uremic toxins.>”

There are many factors that lead to
oxidative stress in CKD, among which
we can list proteinuria, associated
diseases, uremic toxins and hemodialysis
(HD).® Furthermore, ferritin - an iron
store globular protein, also seems to be
another factor contributing to oxidative
stress in these pacients.”

Iron supplementation is a common
recommendation for patients with
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kidney disease; however, too much iron can act as
a pro-oxidant factor, thereby contributing to the
oxidation of molecules such as lipid peroxidation.*!°
This is important, given that anemia is a common
complication observed in renal patients and the
administration of human recombinanterythropoietin
(EPO) and intravenous iron are recommended by
the Kidney Disease Outcomes Quality Initiative
(KDOQI) Clinical Practice Guidelines.!" Therefore,
studies about the possible link between oxidative
stress and iron stores in patients on HD are
important, since high levels of iron can aggravate
the oxidative stress already present in these patients.
Thus, the goal of this study was to investigate
whether ferritin levels are associated with MDA in
patients on HD.

MATERIALS AND METHODS
SUBJECTS

We studied 20 chronic renal failure patients on
hemodialysis treatment (mean age 55.0 = 15.2 years,
mean time on dialysis for 76.5 = 46.3 months) in
the Nephrology Clinic, Niteroi, R], Brazil. Patient
selection was based on a convenience sample
strategy. The patients underwent three HD sessions
weekly with mean duration of 4 hours, blood
flow higher than 250 ml/min and dialysate flow of
500 ml/min. All eligible subjects were previously
informed about the study and the use of biological
material for carrying out the study and were asked
to sign the consent form. The study protocol was
reviewed and approved by the Ethics Committee
of the School of Medicine/HUAP - Fluminense
Federal University as project addendum No.
018/09. Eleven subjects without CKD (five men,
mean age 50.9 = 8.0 years, BMI 23.8 = 1.9 kg/m2),
without the use of any medication or pre-existing
disease made up the control group.

The study included men and women over 18
years of age, from the first and second shifts in
HD treatment for at least 6 months and with
arteriovenous fistula (AVF) for vascular access.
Patients with inflammatory diseases, neoplastic
disorders, AIDS, autoimmune disease, smokers,
patients using catabolizing drugs and antioxidant
vitamin supplements were taken off the study.
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NUTRITIONAL ASSESSMENT

The following anthropometric
were measured: body weight, height and waist

circumference. Weight measurement was carried

parameters

out by means of a calibrated Filizola scale with
a maximum capacity of 150 kg and subdivisions
every 100 grams. The participant was positioned
standing in the center of the scale, without shoes
on. We used a stadiometer attached to the scale
to measure the subject’s height, as per referred
to above, being the participant standing without
shoes on, heels tucked together, back straight
and arms extended at the sides of the body. The
body mass index (BMI) was calculated from the
dry weight and the height squared ratio.!?

For measuring waist circumference (WC), the
patient remained standing and with the aid of a
measuring tape the participant was surrounded
in the natural waist line, in the narrowest area
between the chest and the hip in midpoint
between the last rib and the iliac crest. The
reading was taken during expiration.!3 The risk
of complications associated with obesity is high
when WC values are greater than 94 cm for men
and 80 c¢cm for women and is considered very
high when the values are greater than 102 cm for
men and 88 cm for women.'* The measurements
were made after the dialysis session by a trained
member of the staff.

BIOCHEMICAL PARAMETERS

Results of the biochemical routine tests: albumin,
urea, creatinine, phosphorus, parathyroid hormone
(PTH), hemoglobin (Hb), hematocrit (Ht), ferritin,
iron (Fe) and transferrin saturation (SatFe) were
obtained from medical records.

For HD patients, the diagnosis of anemia was
based only on Hb values, with values of 11-13 g/dL
considered normal. For Fe and transferrin saturation
(SatFe), reference values are 50-150 mcg/100 mL
and 20-40%, respectively. Ferritin values between
200 and 500 ng/mL were considered adequate.!!

BLOOD LEVELS

Blood samples were collected from each
participant in the control group in the morning



after 12 hours fasting before starting the
HD session. In patients undergoing HD, the
biological material was collected under the same
conditions and before the dialysis session. Blood
was collected in tubes (Vacutainer®) containing
EDTA as an anticoagulant agent. Plasma was
separated (15 minutes, 3000 rpm, 4 ° C) and
stored at -80°C for later analysis.

Tumor necrosis factor (TNF-a) serum levels
were measured by using Cayman ELISA kit -
TNF-o (human) EIA Kit ® - Cayman Chemical
Company (Ann Arbor, MI, USA). In order to
measure interleukin-6 (IL-6) and C-reactive
protein (CRP), we used commercial kits: DuoSet®
ELISA Development System - R & D Systems
(Minneapolis, MN, USA).

MALONDIALDEHYDE MEASUREMENT

Lipid peroxidation was estimated by the reaction
between MDA and thiobarbituric acid using the
modified Ohkawa method."

In Eppendorf tubes we added 70 pL of diluted
MDA standards, 35 pL of 8.1% SDS (w/v), 385
pL of 1% phosphoric acid (v/v), 70 pL of plasma
from each patient and 210 pL of thiobarbituric
acid (TBA) 0.6% (w/v). The Eppendorf tubes
were vigorously shaken and then taken to a dry
hot bath at 95°C for 1 hour. After this period the
Eppendorf tubes were centrifuged at 4,000 rpm
for 5 minutes, the supernatant was separated
and the absorbance measured in a Synergy HIM
(Biotek®) microplate reader at 532 nm. Plasma
levels of MDA are expressed as nanomoles per
milliliter.

STATISTICAL ANALYSIS

Thenormal distribution of the data was determined
using the Shapiro-Wilk test. Data is expressed as
mean = standard deviation, median (interquartile
range), categorical data is presented as percentage.
Comparisons between groups were performed
using the two-tailed unpaired Student t-Test for
parametric variables, and the Mann-Whitney test
for the nonparametric variables. The correlation
between variables of interest was performed using
the Pearson or Spearman correlation coefficient,
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as appropriate. Multiple regression analysis was
used to find which possible parameters influence
the MDA levels. Tests were fixed at a 5% (p <
0.05) significance level. Statistical analysis was
performed using the SPSS 19.0 software (SPSS,
Inc., Chicago, IL, USA).

ResuLts

The biochemical parameters of the patients are
depicted on Table 1. Eleven patients (55%) had
anemia (Hb < 11 g/dL) and 12 (60%) showed
ferritin values greater than 500 ng/ml. Only five
patients (25%) had ferritin levels considered
ideal (200-500 ng/ml) and three patients (15%)
had values lower than the goal to be achieved
(ferritin < 2 00 ng/mL). In relation to the Fe and
SatFe, 16 patients (80%) had suitable values of
Fe and 15 (75%) for SatFe.

Demographic, anthropometric and labora-
tory characteristics of the participants are pre-
sented on Table 2. Based on the metabolic com-
plications risk classification associated with
obesity, evaluated according to the WC, 10 pa-
tients (50%) had elevated WC values (five men
and five women).

CRP levels, TNF-a, IL-6 and MDA were
significantly higher in HD patients compared
with the control group. There was a positive
correlation between ferritin and MDA in HD
patients (r = 0.66; p = 0.005, n = 17, Figure 1)
and there was no correlation between ferritin
and inflammatory markers like CRP, TNF - a
and IL - 6. According to the regression analysis,
the only variable that affected MDA levels was
ferritin (B = 0.8; p = 0.02).

Discussion

HD patients are commonly exposed to oxidative
stress, which is an important cardiovascular
risk factor; and one of the factors that has been
associated with this condition in patients with
CKD is ferritin. In fact, our results showed a
positive association between serum ferritin and
MDA in the patients studied. So it seems that
ferritin can aggravate oxidative stress in patients
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TABLE 1 BIOCHEMICAL PROFILE OF THE PATIENTS STUDIED
Variables Results Normality
Albumin (g/dL) 39+06 > 3.8
Pre-HD urea (mg/dL) 1421 = 277 -
Post-HD urea (mg/dL) 43.8 +16.5 -
Creatinine (mg/dL) 84+26 -
Potassium (mg/dL) 54 +0.5 3.5-6.5
Phosphorus (mg/dL) 52+12 3.5-b5
Calcium (mg/dL) 89+05 8.4-9.5
PTH (pg/mL) 288 (188.2-452.2) 150-300
Hemoglobin (g/dL) 10.6 £ 1.9 11-13
Hematocrit (%) 31.5+£6.0 -
Ferritin (ng/mL) 613.1 £ 396.6 200 e 500
SatFe (%) 282 +74 > 20
Ferro (mcg/100mL) 79.1 +£30.5 50-150
Kt/V 1.6 +0.4 > 12
\Weight gain between 32(1-5.9)

dialysis sessions (kg)

HD: Hemodialysis; PTH: Parathyroid hormone; SatFe: Transferrin
saturation.

TaABLE 2 DEMOGRAPHIC, ANTHROPOMETRIC AND
LABORATORIAL CHARACTERISTICS OF THE
PATIENTS ENROLLED IN THE STUDY
Parameters Patients on HD Control Group
(n=20) (n=11)
Age (years) 55.0 + 15.2 51.0 £ 79
BMI (kg/m?) 23.6 £ 3.0 23.8+ 19
WC (cm) 91.3 + 111 85.8 +9.7
CRP (mg/dL) 2.24 (1.74-3.35)*  0.21 (0.18-0.24)
TNF - a (pg/mL) 46.0 = 11.8** 36.1 + 10.1
IL -6 (pg/dL) 1.64 £ 0.62%*** 1.0+£03
MDA (nmol/mL) 13.2 £ 5.3*** 51+27

*p = 0.004; **p = 0.04; ***p < 0.01 BMI: body mass index; WC:
waist circumference; CRP: C-reactive protein; TNF - a: tumor necrosis
factor alpha; IL - 6: Interleukin-6; MDA: Malondialdehyde.

on HD and hence contribute to increased
cardiovascular risk in these patients.
National  Kidney

Foundation,!" there is insufficient evidence about

According to  the

the potential risks and benefits of high levels of
ferritin. However, although some studies did not
find a relationship between ferritin levels and
oxidative stress markers in patients on HD,!®17
most of them corroborate our results. Similarly
to what we found, Lim et al.,* also found a
positive correlation between serum ferritin and
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Figure 1. Correlation between MDA and Ferritin levels in patients on HD.
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MDA plasma levels. These authors assessed 50
patients on HD who were divided in groups 1,
2 and 3 according to baseline serum ferritin <
300, 301-600 and > 601 mg/L, respectively,
and further found that the MDA levels were
significantly higher in the three groups of patients
compared with the control group, being higher
in those with ferritin levels higher than 601 mg/L
and, more importantly, there was a significant
increase in MDA levels after iron infusion. In
our study, MDA oxidative stress marker levels
were also significantly higher in HD patients
compared with the control group.

Recent studies also report that high levels
of ferritin are a strong predictor of lipid
peroxidation in HD patients, and that lipid
peroxidation markers also increase significantly
after iron infusion.!®!8

In a study by Wolf et al.,' the authors described
a positive correlation between electronegative low
density lipoprotein (LDL) cholesterol and ferritin
independent of inflammation. In this study, patients
were also divided according to ferritin levels (< 500
ng/ml, 500-1000 ng/ml and > 1000 ng/mL) and
those with ferritin values higher than 1000 ng/ml
had high levels of electronegative LDL.

When ferritin levels are higher than 500 ng/
mL, the decisions on whether or not to give the
patient iron must be analyzed considering the
response to erythropoiesis stimulating agents
(ESAs), as well as Hb and SatFe levels and the
clinical status of patients to avoid iron overload.!



In our study, we found high ferritin levels, higher
than 500 ng/ml in average and appropriate
amounts of Fe and SatFe in most patients, which
leads to say that the iron reserves are high.

However, a question that should be considered
on this subject is inflammation. In CKD patients
the presence of inflammation leads to the so-
called functional iron deficiency, characterized by
normal or increased ferritin and, paradoxically, a
reduced concentration of serum Fe and SatFe. This
is because inflammation leads to increased hepatic
production of hepcidin, a peptide that inhibits
intestinal iron absorption and iron mobilization
from our reserves. However, despite the fact that
inflammation induces this occurrence, it can mask
such results, given that ferritin - an acute phase
protein, can be affected by inflammation.?’ Thus,
in view of the chronic inflammatory state observed
in patients undergoing HD, increased levels of
ferritin are expected in these patients. During
inflammation, patients are expected to have
ferritin levels between 500 ng/mL and 1200 ng/
mL, although values higher than 1200 ng/ml may
be related to iron overload in patients on HD.?!

It is noteworthy that, in our study, the
significant contribution of ferritin to MDA levels
was independent of inflammation. Furthermore,
although ferritin suffers the influence of
inflammation, which contributes to the need
for more parameters to properly evaluate the
homeostasis of iron so as to avoid overloads of this
mineral in HD patients, and consequently the losses
it brings about, ferritin and SatFe still represent the
main parameter for assessing the iron status in the
body!! and, therefore, should be considered. Thus,
in view of what has been presented, it seems that
in fact the studied patients had an iron overload,
which in turn seems to lead to increased oxidative
stress, evaluated by the MDA marker levels.

Inflammation in addition to being a factor
which can influence the interpretation of body
iron stores, it is also a common condition in HD
patients, constituting, along with oxidative stress,
another important cardiovascular risk factor,?
also associated with disease progression.? In the
present study, although most HD patients were
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eutrophic according to BMI, as far as body fat
distribution evaluated by WC is concerned, we
found that half of the patients had increased
deposits of abdominal fat, which is related to
inflammation and increased risk of mortality
in these patients. HD patients also had elevated
levels of inflammatory markers: CRP, TNF-a
and IL-6 compared to the control group. Thus,
in view of the negative effects that inflammation
and oxidative stress play in CKD, measures
to minimize them are essential, and control of
ferritin levels may be one of them.

An important limitation of this study is the
information on the dose of iron received by patients.
However, it is known that patients on HD receive
constant iron supplementation. Thus, further
studies in this field are needed so that we can
establish a relationship between increased oxidative
stress and iron supplementation. Since ferritin is an
inflammation marker, we cannot state from his study
whether its elevation would be associated with iron
supplementation or if it only reflects the persistence
of a chronic inflammatory state.

In conclusion, our results suggest that
elevated ferritin levels result in increased lipid
peroxidation; therefore, monitoring its levels,
properly assessing the other parameters involved
and administer iron carefully is crucial for HD
patients to refrain from one more factor that can
worsen the oxidative stress they already have.
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