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Abstract

Background: Selenium is an essential trace element, but critically ill patients using total parenteral nutrition (PN) do not receive selenium
because this mineral is not commonly offered. Threfore, the evaluation of plasma selenium levels is very important for treating or preventing this
deficiency. Recent studies have shown that transthyretin may reflect the selenium intake and could be considered a biomarker. However, this
issue is still little explored in the literature.

Objective: This study aims to investigate the correlation of transthyretin with the plasma selenium of critically ill patients receiving PN.

Method: This was a prospective cohort study with 44 patients using PN without selenium. Blood samples were carried out in 3 stages: initial,
7th and 14th day of PN. In order to evaluate the clinical condition and the inflammatory process, albumin, C-reactive protein (CRP), transthyretin,
creatinine and HDL cholesterol levels were observed. To assess the selenium status, plasma selenium and glutathione peroxidase (GPx) in whole
blood were measured. Descriptive analyses were performed and the ANOVA, Mann-Whitney and Spearman’s coefficient tests were conducted;
Plasma selenium. we assumed a significance level of 5%.

Key words:

G'“taﬁzione Results: A positive correlation of selenium with the GPx levels (r = 0.46; p = 0.03) was identified. During two weeks, there was a positive

?gﬁ:{h;‘rs;m correlation of transthyretin with plasma selenium (r = 0.71; p = 0.05) regardless of the CRP values.

Critically ill patients. Conclusion: Transthyretin may have reflected plasma selenium, mainly because the correlation was verified after the acute phase.
Resumen

Introduccion: el selenio es un oligoelemento esencial. Sin embargo, los pacientes criticos con nutricion parenteral (NP) no reciben selenio de
forma habitual. La evaluacion de los niveles plasmaticos de selenio se vuelve imprescindible en este contexto, para prevenir las deficiencias.
Algunos estudios recientes han demostrado que los niveles de prealbtimina pueden reflejar los aportes de selenio y servir como biomarcador
del estado de selenio. Esta posibilidad se ha evaluado de una forma insuficiente.

Objetivo: investigar la correlacion entre los niveles plasméticos de selenio y de prealbimina en el paciente critico.

Método: estudio prospectivo de una cohorte de 44 pacientes que recibian NP sin selenio. Se extrajeron muestras de sangre en el momento del
inicioy a los 7 y 14 dias de NP. Para evaluar la situacion clinica y el proceso inflamatorio, se midieron también los niveles de albuimina, proteina
C reactiva (PCR), prealbtimina, creatinina y colesterol HDL. Para evaluar el estado de selenio, se midieron los niveles de selenio y de glutation
peroxidasa (GPx) en sangre completa. Se realiz un andlisis descriptivo asi como los siguientes estudios estadisticos: ANOVA, Mann-Whitney y

Palabras clave: . o ) ) e L
coeficiente de correlacion de Spearman, asumiendo un nivel de significacion estadistica del 5%.

Zle'?”ti,o ;)'asm?téw- Resultados: se encontrd una correlacion positiva con los niveles de GPX (r = 0,46; p = 0,03). Durante las dos semanas de estudio, hubo
Pr‘éaﬁggmﬁgox' asa. correlacion entre los niveles plasmético de selenio y de prealbdmina (r = 0,71; p = 0,05), con independencia de los niveles de PCR.

Paciente critico. Conclusion: la prealbimina puede reflejar los niveles plasmaticos de selenio, al demostrar una buena correlacion tras la fase aguda de la agresion.
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INTRODUCTION

Selenium is an essential trace element with antioxidant, immu-
nomodulatory and anti-inflammatory activity (1) in the organism.
It makes up the active site of glutathione peroxidase (GPx), an
enzyme that acts against the common oxidative stress in critically
ill patients.

Common complications in critically ill patients, such as sys-
temic inflammatory response syndrome (SIRS), multiple organ
failure and multiple organ dysfunction (1,2) were associated with
reduced plasma selenium levels and GPx. Indeed, plasma seleni-
um and GPx were inversely correlated with the severity of disease
and mortality and morbidity (1,3). Some studies have shown that
low selenium concentrations may also hinder wound healing (4,5).

The oxidative stress and the inflammation process generated in
the acute phase trigger a series of biochemical changes in the human
body, increasing the nutritional demand of selenium, the deficiency of
which could further aggravate the clinical condition. However, criti-
cally ill patients using total parenteral nutrition (PN) do not receive
selenium because this mineral is not commonly offered in Brazil and
others countries. Therefore, the evaluation of selenium levels is very
important to treat or prevent such a deficiency in order to improve
patient recovery. Although plasma selenium reflects the current sele-
nium status and is the most widely used method for monitoring the
levels of this mineral, its interpretation may be impaired during the
inflammatory response (6). Thus, measurements of plasma selenium
need to be carried along with parameters that reflect the inflamma-
tory process. In clinical practice, some parameters that indicate the
inflammatory response are: reduction of albumin, transthyretin and
HDL cholesterol, and a concomitant increase in acute phase protein
such as C-reactive protein (CRP) (7-11).

According to a recent study, transthyretin may reflect the seleni-
um intake and could be considered a biomarker (12). The positive
correlation of plasma selenium and transthyretin was reported
among septic patients, but was not found in patients with systemic
inflammatory response syndrome (13). Considering that, this issue
is still little explored in the literature. This study aims to investi-
gate the correlation of transthyretin with the plasma selenium of
critically ill patients receiving PN.

MATERIAL AND METHODS

STUDY FEATURES

Prospective cohort study with 44 critically ill patients using PN.
Blood samples were carried out in 3 stages (initial, 7th and 14th
day of PN). Inclusion criteria were: hospitalization in the intensive
care unit (ICU), use of total PN or PN as a primary source of nutrition
and signature on the Free and Clarified Consent Form by patient
or their guardian. This study was approved by the Research Ethics
Committee of the School of Medical Sciences of State University
of Campinas - UNICAMP (N. 538/2011). Exclusion criteria were:
patients fed only oral and/or enteral nutrition and patients who had
left the ICU before the first 72 hours of PN.
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INDICATION AND PRESCRIPTION OF
PARENTERAL NUTRITION

PN was prescribed by the physician responsible for the patient and
by nutritional support team according to the European Society for
Parenteral and Enteral Nutrition —ESPEN (15)-, and American Society
for Parenteral and Enteral Nutrition —ASPEN (16). Since PN solutions
have no selenium, the survey participants did not receive this mineral.

NUTRITIONAL ASSESSMENT STATUS

Anthropometry was performed with measurements of weight
and height to calculate the body mass index (BMI), according to
Lohman, Roche and Martorell (17) and the World Heatlh Organiza-
tion (18). In case of confinement in bed, we opted for the method
of estimating the weight (19,20) and height according to their
half arm span (Mitchell and Lipschitz) (21). In case of edema, the
recommendation made by Duarte and Castellani (22) was used
(subtracted 1 kg when edema was only on the ankle, 3-4 kg when
it was on the knee, 5-8 kg when it was on the thigh and 10-12 kg
when the edema was widespread). An inextensible and inelastic
measuring tape of 100 cm and 0.1 ¢cm accuracy, a Lange Skinfold
Caliper® adipometer and a stadiometer coupled to the digital scale
Lider® (2 kg to 300 kg capacity) were used.

LABORATORY EVALUATION OF THE CLINICAL
CONDITION

To evaluate the clinical condition and inflammatory response,
standardized routine tests were performed, examining the fol-
lowing compounds: albumin (colorimetric -bromocresol green),
C-reactive protein (CRP) (nephelometry), transthyretin (neph-
elometry), HDL cholesterol (enzymatic -direct colorimetric) and
creatinine (kinetic Jaffé colorimetric method with compensation).
The measurements were made by the specialized team of the
Clinical Pathology Laboratory of Hospital das Clinicas at UNICAMP.

ASSESSMENT OF SELENIUM STATUS

To measure GPx (whole blood), a RANSEL kit (RS504)® and
a RANSEL CONTROL kit (SC692)® from the Randox Laboratory
(San Franscisco, USA) were used. This technique is based on the
method proposed by Paglia and Valentine (23). We collected 1 ml
of blood in a heparinized bottle, stored at -80 °C. Subsequently,
0.05 ml heparinized whole blood was diluted with 1 ml diluent
agent, and incubated for 5 minutes and 1 ml of Drabkin’s hemo-
lyzing reagent was added. After mixing the samples, the tests
were started. The RANSEL RX Daytona equipment at 340nm was
used to read the samples, and the normal range of GPx (whole
blood) was from 4171 to 10881 U/I. The procedure and the read-
ing of the samples were performed by the Laboratory of Exercise
Biochemistry in the Biology Institute — UNICAMP.
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To dose plasma selenium, blood was collected in dry tubes (free
of trace elements) and centrifuged to separate the plasma. The
samples were stored at -20 °C until the time of analysis. Plasma
samples were digested in pyrex glass tubes (by wet acid). After
the addition of 5 ml of nitric acid 68% P.A. (Merck), the samples
were kept at rest overnight. Thereafter, digestion occurred in the
digestion block with an initial temperature of 50 °C, which was
gradually increased until reaching a maximum of 150 °C. The pur-
pose of this step was to eliminate organic substances and reduce
selenium in the solution into selenium IV. In the next step 5 mL
HCI 1.2N was added and the samples were heated for two more
hours (at 100 °C). Subsequently, the solutions were diluted with
deionized water to 25 mL. Selenium reading occurred through
the method of atomic absorption spectrometry by generation of
hydrides coupled to the quartz cell (HGQTAAS) (model 25000,
Hitachi, Tokyo, Japan) (24-26). The normal range for plasma
selenium concentration was between 60-120 ug/L (27,28). The
procedure and sample readings were made in the Nutrition Min-
erals Laboratory - from the School of Pharmaceutical Sciences,
University of Sdo Paulo - USP.

All materials used (glassworks, tips and plastics) had nitric acid
bath of 30% for at least 12 hours, and were rinsed 10 consecutive
times with deionized water for demineralization.

SEVERITY ASSESSMENT

To evaluate the severity, the score of the Acute Physiologic and
Chronic Health Evaluation -APACHE Il (29)- was used as well as
the Sequential Organ Failure Assessment -SOFA (30).

STATISTICAL ANALYSIS

The data statistical treatments were made through the SAS Sys-
tem for Windows (Statistical Analysis System), version 9.4, SAS Insti-
tute Inc, Cary, NC, USA. Exploratory data analysis was made through
summary measures (frequency, percentage, mean, standard devi-
ation, minimum, median, and maximum). A comparison between
the times and between the groups over time was performed with
the ANOVA test for repeated measures with the response variables
processed in ranks. Mann-Whitney test was used for comparison
between groups. The correlation between the amounts of plasma
selenium with numerical variables was assessed using Spearman’s
coefficient. The significance level was 5%.

RESULTS

The sample consisted of 44 critically ill patients with a mean
age of 58.9 = 14 years that had PN primarily for medical reasons.
The primary diagnosis of patients were; gastrointestinal cancer,
sepsis, trauma, acute abdomen, inflammatory, inflammatory bow-
el disease and pancreatitis. Table | shows the clinical character-
ization of the sample.
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Table I. Sample description according to
gender, age, PN indication, nutritional
status and final outcome

Variables | n | Percentage (%)

Gender

Male 32 72.7

Female 12 27.3
Age?

< 60 years 22 50.0

> 60 years 22 50.0
Reasons for the use of PN

Clinical 31 70.5

Surgical 13 29.5
Nutritional status according to BMP

Malnourished 1 4.8

Eutrophic 18 85.7

Overweight and obese 2 9.5
Final outcome

No deaths 36 81.8

Deaths 8 18.2

BMI: body mass index: @In Brazil, over 60 years-old is considered elderly;
oIt was possible to measure ana/or estimate weight and height of only
conscious patients without generalized edema (n = 21).

Concerning evaluation of severity, the mean and standard devi-
ation of APACHE Il and SOFA were 14.9 = 5.7 (8.0-26.0 range)
and 5.7 + 2.8 (2.0-10.0 range), respectively.

At the beginning of the study, all patients had elevated CRP lev-
els and low selenium levels (100%). Creatinine was high (29.5%)
and GPx was below normal in 50% of the evaluated cases. HDL
cholesterol (85.3%), albumin (97.3%) and transthyretin (97.1%)
were low in most of them. Table Il shows the evolution of biochem-
ical indicators over the three assessments.

In the first evaluation, there was positive correlation of selenium
levels with the GPx (r = 0.46; p = 0.03). Throughout two weeks,
there was a positive correlation between plasma selenium with
transthyretin (- = 0.71; p = 0.05) and creatinine (r = 0.67; p =
0.03) (Table lll, Fig. 1). There was no correlation of transthyretin
with creatinine (r = 0.42; p = 0.26).

Regarding mortality, there was no statistical difference in sele-
nium and GPx levels between the death group and the non-death
group (p > 0.05). On the 7th day (2nd evaluation), the death group
had a mean selenium concentration of 17.8 + 4.4 ug/L and the
non-death group of 24.9 + 10.7 pg/L, a trend toward significance
(p = 0.09) was observed. However, there was no statistically sig-
nificant difference at any time of the evaluation.
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Table Ill. Evolution of biochemical indicators of nutritional status and inflammatory profile

over the three assessments

Biochemical tests | n | Normal values | Mean (SD) | Median Minimum Maximum

Selenium 1ig/L

Baseline 44 60-120 21.6+8.5 20.1 10.9 51.0

7" day of PN 30 23.2+10.0 20.1 9.5 47.6

14" day of PN 16 222+7.8 22.5 4.4 4111
CRP mg/dL

Baseline 37 <03 11.6+90 10.2 0.9 40.8

7" day of PN 24 8.3+6.6 7.1 0.5 26.0

14" day of PN 12 14+ 8.6 11.1 5.2 32.2
Transthyretin mg/aL

Baseline 34 201040 105+56 10.1 1.8 35.1

7" day of PN 21 109+ 4.1 10.6 3.2 16.8

14" day of PNa 9 148+49 13.3 8.6 22.7
Albumin g/dL

GPx U/l 37 3.5105.2 23+06 2.2 1.1 4.7

Baseline 22 4171 to 10881 45181 £ 13134 4168.3 3397.3 7384.9

7" day of PN 16 5037.4 £ 17175 4552.3 3397.3 8692.9

14" day of PN 7 4249.7 + 1633.7 3713.8 3397.3 7898.7
HDL cholesterol mg/dL

Baseline 34 >40 226171 17.0 4 70

7' day of PN 20 19.7 + 146 18.0 70

14" day of PN 9 20.9+19.3 13.0 4 60
Creatinine mg/dL

Baseline 44 <1.2>06 1.3+1.1 0.8 0.3 4.8

7 day of PN 28 1.5+1.7 0.8 0.2 6.3

14" day of PN 12 2.0+1.9 1.5 0.3 6.8

CRP: C-reactive protein; GPx: glutathione peroxidase (whole blood); 2Statistically significant increase of transthyretin levels between the first and last dosing (p = 0.05) -
ANOVA for repeated measures with the response variables processed into ranks.

r=0.71 r=0.67
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Transthyretin (mg/dL) - 14th day Creatinine (mg/dl) - 14th day
Figure 1.

Scatter plots showing correlations of bivariate plasma selenium with transthyretin and creatinine.
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Table lll. Correlations of plasma selenium
with the other markers

Correlations r value p value
Initial
Selenium x GPx 0.46 0.03*
Selenium x albumin 0.29 0.08
Selenium x transthyretin 013 0.47
Selenium x CRP 0.21 0.21
Selenium x BMI 0.06 0.81
Selenium x HDL cholesterol 0.18 0.30
Selenium x creatinine 0.26 0.09
7" day pf PN
Selenium x GPx 0.13 0.64
Selenium x transthyretin 0.32 0.16
Selenium x CRP -0.02 0.28
Selenium x HDL cholesterol 0.30 0.19
Selenium x creatinine -0.03 0.88
14" day of PN
Selenium x GPx 0.56 0.20
Selenium x transthyretin 0.71 0.05
Selenium x CRP -0.02 0.96
Selenium x HDL cholesterol -0.21 0.64
Selenium x creatinine 0.67 0.03*

GPx: glutathione peroxidase (whole blood); CRP: C-reactive protein; BMI:
body mass index. *p < 0.05 - Spearman’s correlation coefficient.

DISCUSSION

Selenium is a trace element with antioxidant, immunomodula-
tory and anti-inflammatory activity, but critically ill patients using
total parenteral nutrition (PN) do not receive selenium because this
mineral is not commonly offered. Thus, the evaluation of selenium
levels is very important to treat or prevent the deficiency. Recent
studies have shown that transthyretin may reflect the selenium
intake and could be considered a biomarker (6,12-14). However,
this issue is still little explored in the literature. Therefore, this
study aimed to investigate the correlation of transthyretin with the
plasma selenium of critically il patients receiving PN.

Mahn, Toledo and Ruz (12) suggest that transthyretin can be
a biomarker of bioactive state of selenium because it responded
to supplementation (SeMSeCys) offered to a group of rats that
had no inflammatory process. In the study of Brodska et al., (13),
there was no correlation of plasma selenium with transthyretin
in patients with SIRS, however, in septic patients, selenium was
correlated with transthyretin both in the supplemented group and
the non-supplemented group.

In the study, the plasma selenium was below the referenced
level in all patients since the first assessment. Along with this
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improvement (by the 14th day of evaluation), a strong positive
correlation between thransthyretin and plasma selenium was
observed.

It is known that, in critically ill patients, transthyretin seems to
reflect the inflammatory process more than the nutritional status
(32,33). Nevertheless, we did not find a negative correlation of
transthyretin and of plasma selenium with CRP, which is contrary
to the results observed in the Blass et al.’s (5) study.

In relation to the positive correlation of selenium with creatinine,
renal failure causes selenium accumulation due to the difficulty of
excretion (34). Thus, continuously low selenium levels could still be
overestimated in patients with elevated creatinine. We also know
that elevated levels of creatinine can influence transthyretin levels,
however there was no positive correlation between transthyretin
and creatinine observed in our study. Also, the strong positive
correlation of transthyretin with plasma selenium, detected during
the 2nd week of assessment, demonstrated that transthyretin may
reflect selenium plasma. This correlation was verified after the
acute inflammatory phase of the patient passed.

With regard to low levels of selenium and GPx, a positive cor-
relation was found between the two, as observed in another study
(13). GPx is a selenium-dependent enzyme that reflects the sta-
tus of this mineral. It is also responsible for approximately 30%
of plasma selenium measured (35,36). It is known that plasma
selenium and GPx may be altered in critically ill patients due to
oxidative stress (35).

Forceville et al., (37) found selenium values in patients with
SIRS lower than in patients without SIRS. Manzanares et al., (38)
demonstrated that the patients in critical condition without SIRS
(and APACHE, less than 9) had selenium levels similar to the
healthy patients group (mean and standard deviation = 72.8 +
13.1 pg/L). Heyland et al. (39) observed that the initial plasma
selenium was within normal limits in North American patients
with multiple organ failure, and found no difference in the levels of
selenium between the group with sepsis and the control group. It
seems that in studies with critically ill patients conducted in places
with selenium rich soil (as in the U.S.A.) there are no such low
levels of selenium as those studies conducted in places where
the soil is poor in selenium (regions of Europe and South America)
(39,40). Thus, it is not yet clear whether the plasma selenium
concentrations reflect the inflammatory process and/or mineral
nutritional deficiencies (40).

Our study was conducted in the state of Sao Paulo (southeast
Brazil), a region considered to have selenium poor soil (41,42),
and actually the plasma selenium values found were similar or
lower to those found in other studies (5,31,38,43). It is possible
that the inflammatory response did contribute to low selenium
levels, however, there was no correlation of selenium with CRP
at any time. Therefore, it is presumed that the reduced levels of
selenium and GPx are the consequence of both the inflammatory
response as well as the intake/insufficient infusion of this trace
element.

Selenium supplementation for patients using PN is recom-
mended by ASPEN (44) (60-100 pg/day or 400 ug/day in severe
cases), but it is not a practice commonly performed in Brazil and
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in other countries (developed countries and developing country).
We know this is one of the first studies assessing the correlation
of transthyretin with plasma selenium in critically ill patients using
total PN or PN as the main source of nutrition. Thus, conducting
randomized clinical trials is essential to confirm the findings of our
study, mainly because research with critically il patients using PN
with and without selenium is scarce.

With regard to mortality, we observed a trend of lower selenium
levels in patients who died. It is possible that the assessment
period (14 days) and/or the number of participants may not have
been sufficient for the statistical difference to be evident. Costa et
al., (31), also found, with a sample of 110 patients, no statistical
difference in plasma selenium among the deceased and survivor
groups. However, studies have reported a reduced risk of mortality
among patients supplemented with high doses of selenium (45).
In fact, the amount, the time to start and the supplementation
time are still discussed, but the importance of supplementation is
emphasized since this seems to prevent progression or contribute
to the treatment of diseases and complications associated with
these disabilities.

The main limitation of this study concerns the sample loss which
occurred due to death or withdrawal of PN before the 14th day
of assessment. In addition, the complexity and heterogeneity of
the sample due to iliness, and various clinical complications may
have underestimated or overestimated selenium levels. However,
both the high mortality rate and the heterogeneity of the sample
are features commonly found among patients followed in the ICU.

FINAL REMARKS

Due to a positive correlation observed after the acute inflamma-
tory phase in patients, we suggest that transthyretin may reflect
plasma selenium levels. Therefore, the lower levels of it detected
at the start of PN show the need for selenium monitoring and
supplementation, especially in patients with low transthyretin.
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