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Abstract: Introduction: Hemodialysis stands out as an eligible treatment for patients with
chronic kidney disease. The subsequent inflammatory process resulting from this disease
and hemodialysis per se is exacerbated in this therapy. Selenium (Se) is an essential trace
element that can participate in the inhibition of pro-oxidant and pro-inflammatory process-
es and could be considered a measurement that indicates the progression of chronic kidney
disease and inflammation.

Objectives: The present study investigated selenemia in hemodialysis patients of the ABC
region of S@o Paulo and aimed to establish the correlation between an inflammatory mark-
er and selenemia in this conditions disease.

Methods: This is an observational cross-sectional study of the Faculdade de Medicina do
ABC in patients submitted to hemodialysis three times a week for at least six months. The
Roocivod: October 31, 2018 eligible group composed of 21 patients, who filled out forms and underwent biochemical

Revised: January 06, 2019 tests (colorimetric enzyme methods, flow cytometer, turbidimetric method and mass spec-
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trometry).
DOI:
10.2174/1871523018666190121165902 Results: The study population showed, women (70%), men (30%) with a mean age of 47 +
17 years, Caucasians (36%) and non-Caucasian (64%), hypertensive (68%), smokers
@ CrossMark (53%) and non-smokers (64%). There was a hegemonic prevalence of systolic arterial hy-

pertension (SAH) 68.1% in relation to diabetes mellitus (DM) (50%). Pre and post hemo-
dialysis (HD) selenemia showed statistical significance, which did not occur with C-
reactive protein. There was a predominance of females in our sample; the pre- and post-
HD selenemia were within the normal range of the reference values; there was a statistical-
ly significant correlation between pre and post-HD selenemia; there was no correlation
with statistical significance between values of pre and post-HD C-reactive protein.

Conclusion: Our data showed that there was no direct relationship between pre- and post-
HD inflammation and pre- and post-HD selenemia.

Keywords: Chronic kidney disease, hemodialysis, selenium, pro-oxidant, inflammation, systemic arterial
hypertension.

1. INTRODUCTION (DM) are the main causes of chronic kidney dis-
ease (CKD) worldwide [1-3]. CKD has a direct
relationship with cardiovascular diseases and is
considered a high risk factor for death and comor-
*Address correspondence to this author at the Clinical bidities [4-6]. Therefore, renal dysfunction is an
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Current evidence suggests that systemic arterial
hypertension (SAH) and type II diabetes mellitus
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Both SAH and DM are progressive, and in rela-
tion to renal function, are the main causes that
contribute to the high risk of progression to end-
stage renal disease. This condition requires long-
term maintenance of survival therapies such as
hemodialysis or renal transplantation [6].

Studies that evaluated the prevalence and inci-
dence of CKD in the world are based on patients
who started renal replacement therapy (RRT) [6-
8]. In America, a 1.1% increase in incidence was
detected, representing 116.395 new cases in the
terminal stage [9]. In Japan, the European Union,
India and sub-Saharan Africa, the number of TS
patients reaches 2000, 800 and 100 per million of
the population, respectively [1]. In Brazil, preva-
lence and incidence increase each year, concurrent
with the increase in the number of patients in RRT
[8, 9]. In the last Brazilian census of dialysis of
2011-2014, dialytics accounted for 112,004 [10].

Patients with inflammatory CKD constitute an
independent risk factor for morbidity and mortali-
ty. Studies have shown that inflammation increas-
es cardiovascular risk and mortality in patients
with terminal CKD [11, 12]. Inflammation is char-
acterized by elevated levels of C-reactive protein
(CRP), interleukin-6 (IL-6), tumor necrosis factor-
alpha (TNF-a), albumin and pre-albumin that con-
stitute common findings in dialysis patients. It is
also postulated that the traditional risk factors for
cardiovascular disease such as hypertension, DM,
dyslipidemia and obesity would not be sufficient
to explain the high incidence of cardiovascular
complications in terminal CKD [12, 13].

Recent findings in the literature attribute to in-
flammation, oxidative stress, malnutrition, accel-
erated atherosclerosis as well as renin angiotensin
aldosterone system imbalance the responsibility
for worse prognosis in kidney diseases. These
findings have established an association between
inflammation, malnutrition and atherosclerosis in
terminal CKD [14, 15]. Beneficial effects are at-
tributed to selenium (Se) in areas such as immuno-
competence, cardio-protection and cancer preven-
tion. And low selenium status has been associated
with increased risk of mortality, and cognitive de-
cline [16, 17].

The tissue levels depend on daily intake and the
form in which Se is consumed, as well as on the
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chemical form found and metabolism [18, 19]. As-
sociated with this is also the case that selenemia in
people from seleniferous regions surpasses those
of non-seleniferous areas, especially when ob-
served with antitumor actions [20-22].

The biological effect of Se is due to the amino
acid selenocysteine, an active component of gluta-
thione peroxidase (GPX), whose main function is
to neutralize hydrogen peroxide and oxidative
damage [23-25].

The chronic renal patient has deficient intestinal
absorption of Se, on the other hand, there is in-
creased urinary and dialytic loss, in addition to ab-
normal binding to the proteins involved in its
transport. In addition to that, there is a reduction in
the intake of Se associated with restricted con-
sumption of protein foods and the urinary loss of
albumin. The kidneys are responsible for the syn-
thesis of the enzyme glutathione peroxidase (GSH-
Px), a factor that contributes to the low plasma
levels of this enzyme in the more advanced stages
of CKF [26-28].

Zachara and collaborators have shown that re-
duced blood levels of Se in association with the
decrease of plasma GSH-Px enzyme are correlated
with the progression of the kidney disease to the
terminal stage [24]. Oxidative stress, a classical
risk factor for cardiovascular events and deficien-
cy of selenium antioxidant mechanisms, compose
reports from the literature on dialysis. Reduced
levels of Se can contribute to endothelial dysfunc-
tion, affect coronary flow, and promote accelerat-
ed atherosclerosis. In addition to these findings,
serum levels of Se are known to be inversely asso-
ciated with the risk of mortality in patients in HD
[17, 24, 25, 27].

2. OBJECTIVES

Our aim was to investigate serum levels of se-
lenium in hemodialysis patients and to establish
the correlation between the inflammatory marker
and selenemia in hemodialysis patients.

3. MATERIALS AND METHODS

This is an observational cross-sectional study of
patients at the Reference Center for Nephrology at
the Mério Covas State Hospital of the Faculdade
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de Medicina do ABC submitted to hemodialysis 3
times a week for at least 6 months to investigate
the correlation between serum Se levels and in-
flammatory markers.

The eligible group was comprised of 22 pa-
tients who filled out forms and submitted to labor-
atory tests. Individual blood samples were collect-
ed for the analysis of inflammatory markers of the
serum concentration of Se.

3.1. Inclusion Criteria

Patients over 21 years of age who underwent
hemodialysis 3 times a week for at least 6 months
and who signed the informed consent form were
included.

3.2. Exclusion Criteria

Patients undergoing antibiotic therapy, with
chronic and acute inflammatory disorders, zinc
supplementation, who were discharged from the
hospital 30 days prior to collection, patients with
human immunodeficiency virus or acquired im-
munodeficiency syndrome, and those with viral
hepatitis B and C, who had rheumatoid arthritis,
scleroderma, systemic lupus erythematosus and
who were undergoing continuous corticosteroid
therapy were excluded.

The sample size was calculated for convenience
because it did not have the expected value for the
difference between patients with dialytic renal dis-
ease.

Duplicate, individualized blood samples were
collected from eligible patients for the analysis of
routine parameters: urea, creatinine, serum albu-
min, complete blood count, in addition to serum
Se concentration and C-reactive protein (CRP).

The samples were kept in a freezer at -20°C and
later processed in automatic analyzers from the
Laboratory of Clinical Analysis of the School of
Medicine.

Urea, creatinine and albumin were evaluated by
using colorimetric enzyme methods in Cobas
6000 apparatus (Roche"). The total blood count-
ing cells were performed using flow cytometer in
ABX Penta 120 apparatus (HORIBA™). CRP ul-
trasensitive was measured by a turbidimetric
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method in Immulite 1000° (Siemens®). Finally,
selenium concentration was determined by ICP-
MS plasma inductively coupled to mass
spectrometer.

All parameters were performed following a
practical clinical laboratory analysis.

Results are shown as mean + standard deviation
of the mean. The data were analyzed by unpaired
T test by STATA 15 software. The level of statis-
tical significance was defined as p<0.05.

4. RESULTS

In this study, the following variables were eval-
uated: blood urea, CRP and plasma Se before and
after hemodialysis. The magnitude of inflammato-
ry impairment was assessed through CRP levels
and of the renal impairment through the levels of
urea, besides the variation in the levels of Se.

Table 1 shows the baseline characteristics of the
individuals evaluated in this study, the percentage
values were: women (70%), hypertensive (68%),
non-Caucasian (64%) and non-smokers (64%),
with a mean age of 47 & 17 years, contrasting with
men (30%), non-caucasian, smokers. There was a
hegemonic prevalence of SAH 68.1% in relation
to DM (50%).

Table 1. Demographic data of hemodialysis patients.

Variables Values
Sex (M/F)
Male 7
Female 15
Age (years)* 47+ 17
Ethnicity
Non-Caucasians 14
Caucasians 8
Time on Hemodialysis (months) mean 2
Other evaluated Parameters
Smokers 14
Non-smokers % 8

Values expressed as absolute and *mean + standard deviation of the mean
(SD).
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Table 2. Data from biochemical evaluation pre and post hemodialysis in Female.

Variables (Female) n=15 Pre HD Post HD
Hemoglobin (12-15 g/dL) 10.6 + 2
Blood Urea (mg/dL) 156 £ 41 74 + 6*
Blood Creatinine (mg/dL) 12+3 -
Blood Albumin (g/dL) 3.8+£0.3 -
CRP (mg/L) 11.8+13 11.2+12
Serum Se (pg/L) 56+23 43 £ 25%

Values of pre and post hemodialysis of Hemoglobin (g/dL), Blood Urea (mg/dL), Blood Creatinine (mg/dL), Blood Albumin (g/dL), C-reactive protein (CRP)
(mg/L) and Serum Se (pg/L) in Female. Values expressed as mean + standard deviation of the mean (SD). * p <0.05 vs. Pre-HD.

We observed a statistical reduction in plasma
hemoglobin and selenium levels after the hemodi-
alysis session post HD compared to pre HD as
shown in Table 2. We did not observe an alteration
in the other biochemical parameters studied.

5. DISCUSSION

The demographic characteristics of the study
differed from those of other studies conducted in
other countries [28-34].

A prevalence of 68% of SAH was found in this
study, a result that was lower than several pub-
lished studies such as Portolés er al. [34], which
showed a percentage of 75.8% in Spain within a
decade, the study by Ohsawa et al. [33] in Japan
(87%), and the study by Agarwal ef al. [35] in the
USA, in which 86% of the patients were hyperten-
sive.

Two meta-analyses emphasize the importance
of treating hypertension in hemodialysis patients,
with the reduction of all-cause mortality and mor-
bidity in those treated with antihypertensive drugs
[36, 37].

A prevalence of 50% of DM in this study was
higher than the USRDS report, which showed that
38.5% of patients undergoing hemodialysis in the
USA are diabetic [38]. Other study [39], this prev-
alence ranged from 26% to 43%, with the excep-
tion of the CHOICE study [40] with a prevalence
of 54% of diabetics. Among the individual cardio-
vascular risk factors, smoking has a significant
association with the incidence of cardiac events.

In our study, the prevalence of smoking was
36%, differing from others in the literature which
ranged from 40% to 61% in CHOICE [40] and
65% in ANSWER [39]. It is possible that this dif-
ference between the data found in this study and
others already described present different popula-
tion, in diet and period studied. We did not identi-
fy differences in selenium or CRP levels when we
separated gender.

In the population sample of ABC, pre-HD
selenemia was at the lower limit, wherein the
selenemia reduced before hemodialysis. The vari-
ability of these values stems from innumerable
factors, which can be due to the selenium content
in the soil of each region, which determines the
concentration of this element in foods of plant
origin and subsequently those of animal origin,
both terrestrial and aquatic [21].

The values in the northeastern region has con-
substantiated to the consumption of Brazil nuts,
which contain high amounts of selenium due to the
high concentration of this micronutrient in the soil.
Stockler-Pinto ef al. [20-22], determined the sele-
nium content in foods consumed in Brazil from
samples taken from the retail trade in several states
and showed higher levels of selenium in plasma of
hemodialysis patients. Selenium contents in foods
of plant origin were observed to be generally be-
low 5.0pg/100g. In Brazil, the presence of fish,
mainly, and other products of animal origin in the
diet is important to guarantee the recommended
levels of selenium. This variability evidences the
lack of homogeneity of the results due to the fac-
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Table 3. Data from biochemical evaluation pre and post hemodialysis in Male.

Variables (Male) n=7 Pre HD Post HD
Hemoglobin (12-15 g/dL) 11+£2
Blood Urea (mg/dL) 196 £ 19 67 £ 6*
Blood Creatinine (mg/dL) 12+£5 -
Blood Albumin (g/dL) 4+£04 -
CRP (mg/L) 74+6 6.5+4
Serum Se (pg/L) 58+7 34 +15%

Values of pre and post hemodialysis of Hemoglobin (g/dL), Blood Urea (mg/dL), Blood Creatinine (mg/dL), Blood Albumin (g/dL), C-reactive protein (CRP)
(mg/L) and Serum Se (pg/L) in Male. Values expressed as mean + standard deviation of the mean (SD). * p <0.05 vs. Pre-HD.

tors, already reported, that influence the concentra-
tion of Se, especially food habits.

The normal values of Se are needed to saturate
GPX, resulting in maximum activity of the en-
zyme [41-43]. What remains unknown in this
sample is lack of information about the eating hab-
its that are not contextualized in the applied ques-
tionnaire. There was a statistically significant re-
duction of selenium between pre- and post-HD,
which is consistent with the literature showing that
HD promotes a decrease in this micronutrient. Se-
lenium deficiency is a constant in dialysis patients
(Table 3).

Serum selenium levels are markedly low in
hemodialytics [44] compared to non-dialytics; in
view of the essential role of selenium in GPX ac-
tivity, selenium deficiency is associated with in-
creased cancer [45] and coronary artery disease
[46] in the general population. Selenium is an es-
sential micronutrient with known antioxidant
properties [42, 43]. Prabhu et al. (2002) suggested
that Se supplementation dietary can be used to
prevent and/or treat inflammatory diseases mediat-
ed by oxidative stress, considering that HD pa-
tients present an oxidative imbalance and an in-
crease of inflammation. It is possible that selenium
supplementation is a viable treatment in this case
[42]. Furthermore, strongly positive correlations
between selenium levels and nutritional markers
such as serum albumin have been reported [44, 47].

Therefore, selenium deficiency may also con-
tribute to malnutrition in patients with HD [48].
The decrease in post-HD levels of selenium did
not promote any clinically detectable infectious

alterations during the observational period, since
pre- and post-HD values of C-reactive protein did
not show statistical significance. Thus, our data
paradoxically showed no correlation between
selenemia and inflammation.

CONCLUSION

Summing up the data of this study, we verified
that there was a predominance of females in our
sample. Pre- and post-HD selenemia values were
within the normal range of the literature reference
values. There is a correlation between pre- and
post-HD selenemia, but not between selenemia
pre-HD and post-HD with CRP values. Therefore,
this suggest that the concentration of selenium
does not affect CRP levels in pre- and post-HD
patients.
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