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Objective: The aim of this study was to evaluate the concentrations of zinc and selenium in different
biological materials and to associate them with the clinical severity score according to the
Simplified Acute Physiology Score (SAPS) IIL

Methods: The study was conducted in a 10-bed general intensive care unit of the Américo Brasi-
liense State Hospital/SP, with 95 patients stratified by the SAPS III score cutoff points (63.5 points)
as less or more severe and by the diagnosis of sepsis. Analyses of zinc and selenium concentrations
in plasma, erythrocytes, and urine were conducted.

Results: Plasma concentrations were found to be lower than the reference values for both micro-
nutrients (8.4 + 4 and 0.18 + 0.06 umol/L, respectively, for zinc and selenium), and urinary zinc
concentration was higher than the reference (38.6 + 35.8 umol/24 h). The mean selenium plasma
concentration was significantly lower in patients with greater severity, which was not observed for
zinc (P > 0.05). The mean selenium plasma and erythrocyte concentrations were significantly
different between the groups diagnosed with sepsis, which was not observed in the analysis of
zinc. Albumin levels (r = —0.26; P = 0.01) and C-reactive protein (r = 0.40; P < 0.001) correlated
with the SAPS III severity score.

Conclusion: Plasma concentrations of zinc and selenium are low in critically ill patients upon
admission to the intensive care unit and may make these patients more susceptible to oxidative
stress. The low concentration of erythrocyte selenium may represent an inadequate intake by this
population. Additional studies using new biomarkers should be performed with the objective of
identifying values for the local population.
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Introduction

The importance of the role of micronutrients in critically ill
patients is well documented [1,2]. Low zinc concentrations have
been reported in patients admitted to the intensive care unit
(ICU) [3], and plasma selenium levels are commonly decreased in
critically ill patients for various reasons [4,5].

With regard to zinc, the evaluation of nutritional status may
include the measurement of food consumption, plasma, eryth-
rocyte and urinary zinc concentrations, and functional indicators
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such as analysis of the activity of metalloenzymes (carbonic
anhydrase, alkaline phosphatase, and carboxypeptidase [6]), but
these markers can be difficult to evaluate or interpret [7]. Plasma
zinc currently is the most used and accepted nutritional status
marker despite weak sensitivity and imperfect specificity [8].

Selenium nutritional status is commonly evaluated directly
by measurement of its plasma concentration or indirectly by
measuring glutathione peroxidase activity in whole blood,
erythrocytes, and plasma [9]. Recent studies have analyzed
promising biomarkers, such as selenoprotein-P [10], which ac-
counts for 50% of the selenium in the blood.

Plasma selenium, although not generally considered an ideal
biomarker of selenium status, is the most widely used in the
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literature. It has been proposed that in the presence of the sys-
temic inflammatory response, erythrocyte selenium, which is
not affected by the acute response and presents a technically
robust analysis, is the preferred marker for assessing deficiency
and toxicity [9].

From these analyses, the concentrations of zinc and selenium
can be correlated with clinical outcomes. Some studies have
associated their concentrations with the severity scores of in-
struments used to predict mortality [3,11].

The Simplified Acute Physiology Score (SAPS) III is the latest
scoring system to be published and has particular characteristics,
such as data collection in the first hour before or after admission
to the ICU and custom equations for different geographic areas
[12], that have made its use recommended by the Brazilian
Association of Intensive Medicine. The SAPS III score has been
shown to exhibit good discrimination, calibration, and best fit
[12].

Despite a well-documented association between low levels of
zinc and selenium in critically ill patients, studies assessing the
concentrations of these micronutrients associated with the
outcome, according to severity score from the SAPS III criterion,
are scarce. Therefore, the aim of this study was to evaluate the
concentrations of zinc and selenium in different biological ma-
terials and to associate them to the SAPS III.

Materials and methods

This was a cross-sectional study conducted in a 10-bed general ICU at the
Américo Brasiliense State Hospital/SP/Brazil (HEAB). A total of 185 patients were
hospitalized between April and September 2014.

The SAPS III score was calculated for all patients admitted to the ICU,
excluding those according to the criteria (age less than 18 years, hospitalizations
less than 12 hours and readmissions) adopted by the SAPS Il researchers in their
study [12]. Patients who were <18 y of age, with anuria, and those diagnosed
with acute or chronic renal failure on dialysis were excluded (Fig. 1). Patients who
had undergone red cell transfusion also were excluded from the study. Consid-
ering the exclusion criteria, 95 patients were selected.

The sepsis status of all patients was prospectively classified using the criteria
from the American College of Chest Physician/Society of Critical Care Medicine
consensus conference [13].
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Fig. 1. Flowchart of the selection of the patients, considering the exclusion criteria.

Subsequently, patients were divided into groups according to the SAPS III
scoring system and the diagnosis of sepsis. For each group of patients, the plasma,
erythrocyte, and urine concentrations of zinc and selenium and laboratory tests
(urea, creatinine, C-reactive protein [CRP], albumin) were evaluated. These
samples were collected up to 48 h after admission to the ICU.

Severity score

The SAPS III was used to predict the severity of patients admitted to the ICU.
The SAPS III score includes 20 variables divided into three subscores related to
patient characteristics before admission, the circumstance of the admission, and
the degree of physiological derangement within 1 h before or after ICU admis-
sion. The total score can range from 0 to 217. SAPS Il includes customized
equations for prediction of hospital mortality in seven geographic regions:
Australasia; Central, South America; Central, Western Europe; Eastern Europe;
North Europe; Southern Europe; Mediterranean; and North America. The prog-
nostic performance of the different scores was evaluated in terms of calibration
and discrimination. The SAPS III score has been shown to exhibit good discrim-
ination, calibration, and best fit [12].

In the present study, these data were collected in the first hour before or after
admission to the ICU and the probability of death given by the SAPS IIl was
calculated using the general formula and using the customized formula for
Central and South America [14]. The patients were monitored until hospital
discharge or death.

In the first part of the study [15], the SAPS IlI scoring system was validated for
this population (area under receiver operating characteristic = 0.83; x? = 4.30;
P = 0.84) and produced a cutoff of 63.5 points for the classification of severity.
This value was used to stratify patients more or less severe.

Biochemical parameters

The admission laboratory tests requested were hematology, electrolytes,
renal function, CRP, total protein, and albumin, performed using Labtest kits. The
reference value of 4.5 to 11 x 10°/L was considered for leukocytes, 35 to 55 g/L for
albumin, and <6 mg/L for CRP. Regarding renal function, urea of 2.5 to 7.5 mmol/L
and creatinine of 50 to 110 pmol/L were considered.

Biological material

Collection and processing of the samples

The venous blood was collected in tubes containing EDTA. The samples were
centrifuged (3500g, 10 min) to separate the whole blood and obtain plasma and
erythrocytes immediately after collection. The samples were stored at —80°C
until time of analysis.

Urine samples were collected over 24 h. The volume was measured and an
aliquot stored at —20°C for later analysis.

Concentration of minerals

The determination of the concentration of the trace element in the plasma,
erythrocytes, and urine was performed using a mass spectrometer with induc-
tively coupled plasma, equipped with a reaction cell (DRC-ICP modelo ELAN DRC
II, PERKIN ELMER Sciex, Norwalk, CT, USA), operating with high-purity argon
(99.999%, Praxaair, Brazil). All samples were diluted in the ratio 1:50 with a so-
lution containing Triton X-100 0.01% (v/v), HNO3 0.05% (v/v), and 10 mg/L-1
rhodium as an internal standard. The concentration of the analytical calibration
standards ranged from O to 50 g/L.

Statistical analysis

Comparisons between groups according to SAPS III severity score and sepsis
diagnosis, were performed using the Mann-Whitney test. The correlations of age
and of the SAPS IIl score with plasma concentrations of zinc and selenium,
albumin, and CRP were performed using Spearman’s coefficient. The xz test was
used to evaluate the association between severity according to the SAPS III score
and the nutritional diagnosis. Significance was considered at P < 0.05.

Ethical statement

The study was approved by the Research Committee Ethics (SMS/SP autho-
rization No. 074351/2013).

Results

We enrolled 95 patients in the study. Table 1 presents the
characteristics of the study sample. The sample predominantly
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Table 1
Characteristics of study patients (N = 95)*

Table 2
Determination of zinc and selenium values in all patients (N = 95)

Characteristics n (%) Median (range) Biological material Mean SD Reference value
Age (y) 65 (17-97) Plasma zinc (umol/L) 8.4 4.0 12-18*
Sex Erythrocyte zinc (pmol/L) 0.13 0.39 1.5-2.1"
Male 50 (52.6) Urine zinc (umol/24 h) 38.6 35.8 45-18!
Female 45 (47.4) Plasma selenium (pumol/L) 0.18 0.06 0.9-2.0*
Reason admission (ICD) Erythrocyte selenium (pmol/L) 0.90 0.35 1.1-24"
Respiratory 49 (51.6) Urine selenium (pmol/24 h) 0.46 04 -
Postoperative ) + See Ghashut et al. [17].
Cardiovascular 7 (7.4) i .
. See Lima et al. [18].
Neurologic 8(8.4) t See Card tal 119
Infection 7(74) ee Cardoso et al. [19].
Digestive 1(1)
Severe sepsis or septic shock 29 (30.5) . . .
Hospitalization before ICU (d) 1(0-103) Plasma zinc and selenium concentrations were below the
ICU stay (d) 8 (1-81) lower limit of the reference interval for the healthy population
C‘g‘_‘“}‘: outcome 19516 (Table 2) in 84.2% and 100% of the patients, respectively. Eryth-
Dot - E ¥ 4'2; rocyte selenium content below the lower level of the reference
Transferred 3 (3_2') range (Table 2) was observed in 82.6% of the patients.
Still in the hospital 1(1) For the groups formed by severity according to the SAPS III
SAPS III (point) 61 (23-88) score, 39 of the 95 patients were considered more severe, with

ICD, International Classification of Diseases; ICU, intensive care unit; SAPS,
Simplified Acute Physiology Score
« Patients hospitalized between April and September 2014.

consisted of older adults; however, age was not related to plasma
concentrations of zinc (r = —-0.04; P = 0.67) or selenium
(r = 0.04; P = 0.69). The main reason for hospitalization was
respiratory problems due to acute respiratory failure and pneu-
monia. The most prevalent (41.05%) body mass index, according
to the World Health Organization classification [16], was eutro-
phic (18.5-24.9 kg/m?), with no association found between the
nutritional diagnosis and the SAPS III score classification
(P = 0.68).

The median of the SAPS Il score was close to the cutoff
calculated for this population. Of the patients with SAPS IIl >63.5
points, 77.8% died; of those with a score <63.5 points, 16.8% died.

Plasma zinc levels were not associated with the SAPS III score
(P > 0.05); however, the concentrations of selenium were
inversely correlated with SAPS III score (r = —0.21; P = 0.04;
Fig. 2).
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significantly lower selenium plasma concentrations, worse kid-
ney function (P < 0.05), and significantly higher CRP mean values
(Table 3).

A diagnosis of sepsis was given in 29 of the 95 patients. Mean
concentrations of plasma and erythrocyte selenium were
significantly different between the groups, as were the urea, CRP,
and albumin concentrations (Table 4).

Albumin and CRP levels (r = 0.40; P < 0.001) correlated with
the SAPS III severity score, with albumin being negatively
correlated (r = —0.26; P = 0.01).

Plasma concentrations of selenium and zinc correlated with
albumin (r = 0.41; P < 0.0001 and r = 0.22; P = 0.03, respec-
tively). Plasma concentrations of selenium were negatively
associated with CRP (r = —0.28; P < 0.01), which was not
observed for zinc (P > 0.05).

Discussion

In the present study, low plasma concentrations of zinc were
observed in all patients, as well as high urinary excretion
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Fig. 2. (A) Relation between plasma zinc and SAPS IlI (r = —0.01; P = 0.90); (B) Relation between plasma selenium and SAPS IIl (r = —0.21; P = 0.04). SAPS III, Simplified Acute

Physiology Score; Se, selenium; Zn, zinc.
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Table 3
Comparison of patients according to SAPS III severity score in relation to the
concentrations of the minerals and laboratory tests

Variable SAPS 11 P-value

<63.5 >63.5 (n = 39)

(n = 56)

Mean SE Mean SE
Plasma zinc (umol/L) 8.1 2.7 8.8 53 0.92
Erythrocyte zinc (pmol/L) 1.6 0.34 1.74 0.45 0.13
Urine zinc (umol/24 h) 43.8 429 312 207 0.13
Plasma selenium (pmol/L) 0.19 0.06 0.17  0.06 0.02
Erythrocyte selenium (pmol/L) 0.9 0.34 0.89 0.36 0.75
Urine selenium (umol/24 h) 0.6 0.4 04 0.3 0.12
Leukocytes (x10°/L) 25.6 504 245 425 0.73
Urea (mmol/L) 8.7 6.5 123 5.2 <0.01
Creatinine (pmol/L) 86.6 433 139.7 84.0 <0.01
CRP (mg/L) 69.8 56.5 1025 493 <0.01
Albumin (g/L) 28.8 7.1 26.5 5.4 0.12

CRP, C-reactive protein; SAPS III, Simplified Acute Physiology Score
The comparison between the groups was performed using the Mann-Whitney
test, o = 0.05

associated with the initial inflammatory response. The decrease
in total serum zinc in response to systemic inflammation previ-
ously was observed in the context of sepsis, surgical stress, and
severe trauma [11,20]. However, there was no significant differ-
ence when patients were analyzed according to the presence of
sepsis. It has been shown that zinc is redistributed from tissues,
particularly to the liver, where it is necessary for the synthesis of
acute-phase proteins [21], neutralization of reactive oxygen and
nitrogen species, and prevention of microbial invasion [22].

In relation to selenium plasma concentrations, all patients
presented levels below normal. Levels were significantly lower in
the septic patients, in agreement with other studies [23,24].

Patients with severe sepsis or systemic inflammatory
response syndrome have demonstrated decreases in plasma
selenium concentrations that could be associated with a reduc-
tion in antioxidant defenses [25]. Manzanares et al. showed that
a lower level of serum selenium after ICU admission was a pre-
dictor of systemic inflammatory response syndrome [26] and
Sakr et al. showed that, in critically ill surgical patients, plasma
selenium concentrations were generally low and were associated
with greater tissue damage and increased ICU mortality [4].

The mean erythrocyte zinc concentrations were normal,
whereas selenium presented lower values compared with the
reference values. Erythrocyte selenium concentration was not

Table 4
Comparison of patients according to sepsis diagnosis in relation to the concen-
trations of the minerals and laboratory tests

Variable Sepsis P-value

No (n = 66) Yes (n = 29)

Mean  SE Mean SE
Plasma zinc (pmol/L) 8.3 2.6 8.7 6.1 0.32
Erythrocyte zinc (pmol/L) 1.69 035 1.60 048 0.46
Urine zinc (umol/24 h) 40.6 408 34.1 20.6 0.86
Plasma selenium (pmol/L) 0.19 0.05 0.17  0.07 0.02
Erythrocyte selenium (pumol/L) 092 033 0.84 0.39 0.05
Urine selenium (pmol/24 h) 046 04 046 03 0.68
Leukocytes (x10°/L) 298 557 14.5 8.1 0.90
Urea (mmol/L) 9.0 561 129 6.9 0.001
Creatinine (umol/L) 1025 689 121.1 66.3 0.09
CRP (mg/L) 723 562 1081 472  <0.01
Albumin (g/L) 293 6.8 244 42  <0.01

CRP, C-reactive protein.
The comparison between the groups was performed using the Mann-Whitney
test, o = 0.05

affected by the inflammatory response [9] and in this study
might reflect an inadequate intake before the hospitalization.
There is considerable variation in the intake of this micronutrient
in different parts of the world. Some studies conducted in Brazil
have demonstrated that variations in the mineral content of the
soil have a direct effect on the dietary intake of selenium.
Considering these results, it can be assumed that the Brazilian
population is susceptible to selenium deficiency [27]. In a
recently published Brazilian study [28], conducted with healthy
adults, mean plasma selenium and erythrocyte selenium values
were 53.2 (0.67 umol/L) and 53.3 pg/L (0.67 pmol/L), respectively.
These results suggest that these healthy Brazilians present a
marginally inadequate selenium status. Selenium urine concen-
tration in critically ill patients is rarely measured. The lack of
consistency between the units used for the measurements
(e.g., urinary selenium measured either in pmol/d or in pmol/g
creatinine) makes it difficult to compare the existing data [10]. In
the present study, low urinary selenium excretion was observed
in patients with sepsis, as previously observed by Angstwurm
and co-workers [29]. However, according to references used by
the same author, the values are within the reference values
(in 24-h urine samples 0.02-0.79 umol/L).

Numerous studies have shown that the initial stress response
results in increased urinary excretion of zinc [30], regardless of
its intake, which indicates that the zinc homeostasis control
mechanisms may be impaired [23]. A recent study with experi-
mental models also observed an increase in the urinary excretion
of zinc in the early inflammatory response, which declined over
time [31].

It has been reported that in both infected and uninfected
patients evaluated after ICU admission, low plasma concentra-
tions of zinc [11] and selenium [25] are associated with high
severity scores. This study found that in patients classified as
more severe by the SAPS III scoring system, only plasma sele-
nium values were lower.

It was observed that although there was no significant cor-
relation between clinical severity and albumin concentrations,
the mean values were below normal and were significantly
lower in the septic patients. Studies show that low serum albu-
min levels are associated with an increase in hospital compli-
cations, length of hospitalization, and hospital mortality [32,33].

The plasma concentrations of zinc in the presence of hypo-
albuminemia should be interpreted with caution [34]. Addi-
tionally, Duncan et al. [35] recommend that the clinical
interpretation of plasma micronutrients be made considering
the concentration of CRP because of its effect on plasma con-
centrations of a variety of micronutrients. The association of
plasma concentrations of zinc and selenium with the concen-
trations of CRP and albumin has been evaluated in recent studies,
suggesting that patients with low plasma zinc and selenium who
have concentrations of albumin and CRP within normal limits
can be susceptible to deficiency [17]. This same author showed
that plasma concentrations of zinc and selenium are associated
with CRP and albumin, which also was observed in the present
study, although only for albumin in relation to zinc.

Among the limitations of the study, obtaining urine over 24 h
required care to avoid losses and inadequate collection. This
makes the measurement of the urinary concentration of zinc and
selenium a less useful parameter. Even in ICU patients who have
diuresis collection bags, complete collection is difficult because
the collection is performed during each shift by several nursing
technicians. In the present study, there was a risk of contami-
nation if inadequate tools were used to transfer the diuresis into
the collection bottle. Furthermore, when the zinc and selenium
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values were corrected for urinary creatinine over 24 h, the
occurrence of a reduction in urinary filtration rate with age was
suggested. A new measurement of plasma selenium at another
time during hospitalization would confirm whether patients had
lower values previously.

New biomarkers, such as selenoprotein-P, a marker for septic
shock and for endothelium protection, need to be studied further
[36]. Hoeger et al. [31] identified free serum zinc and zinc-
binding capacity as promising tools for diagnosing the initial
stages of sepsis and for developing controlled zinc supplemen-
tation strategies in septic patients. However, further research is
needed to evaluate potential biomarkers and to assess the limi-
tations of their applicability in different populations.

Conclusions

Changes in the plasma concentrations of zinc and selenium
are common in critically ill patients after admission to the ICU.
Previous selenium deficiency, suggested by low erythrocyte se-
lenium concentration, may further favor plasma selenium
lowering observed in severe ICU and especially septic ICU
patients.

Low selenium status should be carefully considered because it
can be influenced by the great variability between countries.
Additional studies using new biomarkers should be performed
with the objective of identifying values for the local population.
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