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SUMMARY

Background and aim: Patients hospitalized at the intensive care unit (ICU) are more prone to oxidative
stress. Antioxidants such as selenium (Se) may have beneficial effects on outcomes in these patients.
Studies and systematic reviews in this field have inconclusive results.
Methods: An updated systematic search was done to find clinical trials published in PubMed, Cochrane's
library, ISI web of Science, Scopus, and Ovid databases from January 1980 up to April 2020, to assess the
effects of daily Se supplementation on patient's survival, hospital and ICU stay, duration of mechanical
ventilation, infection, acute renal failure (ARF) occurrence and serum creatinine levels.
Results: From 1394 papers found in the first step of the search, after deleting duplicate findings, 24
studies were included in this meta-analysis. Results of the pooled random-effect size analysis of 24 trials
showed no remarkable effect of daily parenteral Se administration on patient's hospital and ICU stay,
duration of mechanical ventilation, infectious complications, ARF, survival and serum creatinine levels
(p > 0.05). The subgroup analysis showed that daily parenteral Se administration (in doses higher than
1000 pg/d) increased the length of ICU stay by 4.48-folds (95%CI: —0.5, 9.46, p = 0.07). Parenteral Se
supplementation at the first and following dose of <1000 pg reduced the number of ARF at the hospi-
talized patients by 76% and 45%, respectively (p = 0.02, and p = 0.05).
Conclusions: High doses of Se increases days of ICU stay, but low doses decreases the number of ARF
occurrence in ICU patients. More trials are needed to assess its effect on ARF occurrence.

© 2020 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

antioxidants is essential for the removal of ROS, which damage
“proteins, polysaccharides, nucleic acids, and polyunsaturated fatty

Selenium (Se) is an essential nutrient with antioxidant, anti-
inflammatory and immuno-regulatory properties due to its role
in selenoproteins, glutathione peroxidases and thioredoxin re-
ductases structure [1—-3]. Decrease in serum levels of selenium and
antioxidants is reported at the previous observational studies in
critically ill patients [4—6]. Critical illness is a stress situation, with
activation of the oxidant network. Balance between oxidants and
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acids”, which may lead to cell death [7]. Despite the role of anti-
oxidants for preventing oxidative stress, a pathophysiological
pathway in ICU patients, routine prescribing of these supplements
are controversial [8]. ASPEN guidelines recommended changes in
commercially available parenteral and enteral multivitamins and
trace elements [9]. Meta-analysis in this field have inconclusive
results, too [8—11]. RCTs aiming the effects of Se on inflammation
have inconsistent results [12—35], which are related to the doses,
various compounds, and the duration of Se supplementation. The
purpose of the present study is to update the systematic review and
meta-analysis on efficacy of parenteral Se supplementation as
monotherapy on patient's survival, duration of mechanical venti-
lation, number of infectious complications, ARF, serum creatinine
(Cr) levels, length of hospital and ICU stay in critically ill patients.
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2. Methods
2.1. Search strategy and article selection

Two authors (SNM and MGh) searched systematically seven
databases including PubMed, Ovid, Embase, Cochrane Library,
Scopus, Web of Sciences, and ProQuest, independently. Keywords
were as follows: “Patients” [Mesh] OR ill* OR Patient AND critic OR
“Critical Illness” [Mesh] OR “critically ill” OR “critical illness” OR
“Critical Illnesses” AND “Selenium” [Mesh] OR Selenium OR “sele-
nious acid” OR “sodium selenite” OR “antioxidant cocktails”. The
systematically review were done from the January 1980 to April
2020 with English and Persian language. The reference list for the
available papers was manually searched to complete the search
process.

2.2. Article inclusion and exclusion

Controlled Clinical trials with at least one week of duration,
which compared daily parenteral Se supplementation (all types of
Se compounds) as intervention with the control group and reported
mean or median values for ICU and hospital stay, duration of me-
chanical ventilation, survival, number of infectious complications,
number of acute renal failure (ARF) and serum Cr levels at the
baseline and end in the both groups with SD, SEM or 95% CI, were
included. Observational and non-human studies, reviews, letter to
editors were excluded. Also, trials including neonates and children
were excluded. The crossover trials were excluded because of the
potential risk of “carry-over” of treatment effect.

2.3. Data extraction and quality assessment

After the pooling of all funded articles from a systematic search
of databases, duplicated references were removed and remained
articles screened in titles and abstracts to find more relevant items.
Then, full texts of selected articles regained and checked according
to the inclusion and exclusion criteria. The data extraction was done
independently by three reviewers (HS, SNM, MAM). Disagreements
were solved by discussion between reviewers and we didn't need
to an external referee. The excel form was designed to extract
following data by the mentioned authors; the first author name,
year of publication, country, the study design, APACHE score, type
of Se, mean age of participants, number of participants in each
group, the first and following dose of Se, type of patients,
mean =+ standard deviation (SD) or median (minimum—maximum)
of hospital and ICU stay, ventilator dependency, percent of infection
and ARF occurrence, survival, as well as, serum levels of Cr in each
group at the baseline and the end of study. Cochrane tool was
adopted to assess quality of included studies for meta-analysis.

2.4. Data synthesis and statistical analysis

The pooled effect size of parenteral Se therapy on outcomes
estimated by use of fixed-effect model analysis; however, when
significant heterogeneity existence was seen between included
studies, random—effect model analysis was used. Mean changes of
these variables and their SD in intervention and placebo groups
were considered. To assess the existence of heterogeneity and
calculate it's percent, Cochran's Q-test (at the P < 0.05 of signifi-
cance) and the I-square (I%) test were used, respectively. Subgroup
analysis was performed according to the dose and duration of
supplementation. Publication bias was evaluated by the egger's
regression asymmetry test. Also, Funnel plot was painted for visual
assessment. Significance was considered at the P-values below
0.05.
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3. Results
3.1. Study selection

Of 1394 articles that were found in a systematic search of da-
tabases, 510 items were excluded because of being duplicated and
884 reports screened in tiles and abstracts to find more relevant
articles to the topic. After this step, 39 articles were selected to
assess for eligibility. Finally, 24 trials remained and included in the
meta-analysis. Figure 1 shows the diagram of the article selection
process.

3.2. Study characteristics

Of 4071 participants in the meta-analysis, 1900 were in the Se
supplemented and 2190 were in the control group. Publication year
of the included studies was recorded from 1983 to 2018. The
duration day of the supplementation was between 5 and 28 days.
The amount of Se was 60—4000 pg at the first dose and
60—1500 pg at the following dose. The characteristics and quality
assessment of the included articles were summarized at Tables 1
and 2.

3.3. Effects of Se supplementation on hospital and ICU stay

A meta-analysis for the effect of daily Se supplementation on
hospital and ICU stay was carried out in 8 and 11, respectively. The
overall weighted mean differences [WMD] were estimated for
hospital stay [WMD (0.84) (95% CI -6.92 to 13.05), p = 0.5] (Fig. 2),
and ICU stay [WMD (0.19) (95% CI -0.33 to 0.71), p = 0.43] (Fig. 3).
Cochran's Q-test showed statistically significant heterogeneity be-
tween the trials for hospital stay (p < 0.001, I> = 97.52%), as well as
for ICU stay (p < 0.001, I? = 97.97%).

3.4. Effect of Se supplementation on number of days on ventilator

The effect of daily Se supplementation on days of ventilator
dependency was carried out in 5 trials. The overall WMD for days of
ventilator dependency was as follows: WMD (0.84) (95% CI -2.79 to
0.59), p = 0.2 (Fig. 4). Cochran's Q-test showed no statistically
significant heterogeneity between the trials for days of ventilator
dependency (p = 0.86, >’=<0.001%).

3.5. Effect of Se supplementation on number of infectious
complications and ARF

The effect of daily Se supplementation on the number of infec-
tious complications and ARF was carried out in 6 and 5 trials,
respectively. The odds ratio for percent of infection was 0.88 (95% CI
0.67 to 1.16, p = 0.37) (Fig. 5). The odds ratio for percent of ARF
occurrence was 0.59 (95%CI 0.34 to 1.03, p = 0.06) (Fig. 6). Cochran's
Q-test showed no statistically significant heterogeneity between
the trials for infection (p = 0.3, I*> = 11%) and ARF (p = 0.5,
1?<0.001%) occurrence.

3.6. Effect of Se supplementation on serum Cr levels

Four trials were assessed the effect of daily Se supplementation
on serum Cr levels. The overall WMD for serum Cr levels was 3.06
(95% CI -6.9 to 13.05), p = 0.55 (Fig. 7). Cochran's Q-test showed
statistically significant heterogeneity between the trials for serum
Cr levels (p = 0.01, I> = 71.9%).
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Studies included in
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[n=24]

Hospital stay (8), ICU stay (11), survival (24), infections

complications (6), number of days on ventilator (5), ARF
(5), serum Cr (4)

Fig. 1. Flowchart of study selection for inclusion trials in the systematic review.

3.7. Effect of Se supplementation on survival

The effect of daily Se supplementation on survival up to 28 days,
3 month and 6 month was carried out in 19, 3 and 2 trials,
respectively. Daily Se supplementation had no effect on survival.
The odds ratio for survival were as follows: up to 28 days 1.08 (95%
C10.87 to 1.34, p = 0.47), 3month 1.18 (95% C1 0.68 to 2.04, p = 0.54)
and 6month 1.29 (95% CI 0.89 to 1.86, p = 0.17) (Figs. 8—10).
Cochran's Q-test showed no statistically significant heterogeneity
between the trials for survival up to 28 days (p = 0.16, I = 24%),
3month (p = 0.06, I? = 63.4%) and 6month (p = 0.3, I> = 75%).

3.8. Subgroup analysis

Subgroup analysis showed no significant effect of Se supple-
mentation on hospital stay, as well as number of das on ventilator,
number of infectious complications, and survival at the first dose of
<1000 and > 1000 pg/day, following dose of <1000 and > 1000 pg/
day, and duration of <10 and > 10 days (p > 0.05). Parenteral Se
supplementation at the first and following dose of <1000 pg
reduced the number of ARF at the hospitalized patients by 76% and
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45%, respectively (p = 0.02, and p = 0.05). Length of ICU stay was
increased 4.48-folds at the patients received parenteral Se at the
doses more than 1000 pg per day (95%Cl: —0.5, 9.46, p = 0.07). The
results of the subgroup analysis are shown in Tables 3 and 4.

3.9. Publication bias

The funnel plot showed no Visual evidence of publication bias
for the assessed outcomes (Fig. 11). No publication bias was found
using the egger test (p > 0.05 for all outcomes).

4. Discussion

This is an updated systematic review and meta-analysis on the
effects of parenteral Se supplementation on outcomes of ICU pa-
tients. No beneficial effect of parenteral Se was found at the present
study on the duration of hospital stay, days on ventilator, serum Cr
levels and survival. Only at the subgroup analysis, we found that
parenteral Se supplementation at the first and following doses
lower than 1000 pg reduces number of ARF by 76% and 47%.
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Table 1
Characteristics of the included trials at the meta-analysis.
Author Country Study design APACHE score  Sex Duration Sample size Mean age  Type of First-dose (pug) Patients
Int/P day Int/P Int/P Selenium Following (ug)
Andrews UK Double blinded 11:20/20 FM 7 127/125 64.5/63.1 Selenium 500 GI bleeding
(2011) [13] randomized 500
parallel trial
Angstwurm Germany Prospective IIl: 92.2/91.2 FM 14 92/97 63.9/65.3 Sodium 1000 sepsis
M.W. (2007) randomized, selenite 1000
[12] placebo-controlled,
multiple-center
trial
Bloos F. (2016) Germany Double blinded 11:24.7/24.4 FIM 21 293/300 65.8/65.6  Sodium 1000 sepsis
[14] randomized selenite 1000
parallel trial
H. Brodska Czech prospective, 11:30/28 F/M 14 75/75 60/60 sodium- 1000 SIRS or sepsis
(2015) [15]  Republic randomized, open- selenite 500
label study pentahydrate
L. Chelkeba Iran prospective, single- 11:17/16.4 FM 14 29/25 35/41 Sodium 2000 sepsis
(2017) [16] blinded, selenite 1500

randomized control
clinical trial
L. Chelkeba Iran prospective, single- 11:17/16.4 FIM 14 29/25 35/41 Sodium 2000 sepsis
(2015) [17] blinded, selenite 1500
randomized control
clinical trial

X. Forceville France prospective, N F/M 10 31/29 N Sodium 4000 septic shock
(2007) [18] placebo controlled, selenite 1000
randomized
F. RGBON Brazil Double blinded N F/M 14 8/12 51.1/49.7 selenious acid 60 Inflammatory
(2017) [19] randomized 60 process
parallel pilot trial
Gartner R. Germany Double blinded I:>15/>15 FM 9 21/21 N Sodium 500 SIRS
(1983) [20] randomized selenite 250
parallel trial
Heyland D.K. Canada open-label, phase I, 11:20.6/21.9 F/M 28 717 71.8/65.6 selenium 500 needed
(2007) [21] dose-escalating, 500 mechanical
clinical trial ventilation
Kazda (2006) Czech Double blinded N FM 14 26/35 N Sodium 1000 ICU patients
[22] Republic randomized selenite 500
parallel trial
Khalili H. Iran clinical trial N F/M 10 125/182 32/39 Sodium 1000 TBI
(2017) [23] Selenite 500
Pentahydrate
Ladislav Kocan Slovak clinical trial 11:24/25.5 F/M 6 31/34 53/60 sodium selenite 750 sepsis
(2014) [24]  Republic 750
Mahmoodpoor Iran pilot double-blind  11:24/23.2 F/M 10 20/20 57/58 sodium selenite 4000 ARDS
(2018) [25] placebo-controlled 2000
randomized clinical
trial
Mahmoodpoor Iran clinical trial 11:21/23 F/M 10 47/52 55/54.5 sodium selenite 3000 mechanically
(2018) [26] 1500 ventilated SIRS
W. Manzanares Uruguay randomized, pilot  11:21/23 F/M 10 10/10 54/41 selenious acid 2000 SIRS
(2010) [27] study 1600
W. Manzanares Uruguay placebo-controlled, 11:24/22 F/M 10 15/16 58/54 selenious acid 2000 SIRS
(2011) [28] randomized study 1600
V. Mishra, 2007 UK double-blind 11:17.6/19.8 FM 9 18/22 65.8/67.1 sodium selenite 474 sepsis
[29] controlled trial 316
M. Moghaddam Iran double-blinded 1l1:49.91/49.34 F/M 14 57/56 40.07/42.93 selenium 500 TBI
(2017) [30] controlled trial 500
J. Reisinger Austria clinical trial SAPSII:59/59 F/M 5 124/102 64/66 Sodium 200—-1000 cardiac arrest
(2009) [31] selenite after CPR
S. Yasser (2014) Germany retrospective SAPSII:50.8/ F/M 8 413/627 67/67 selenium any dose of Se sepsis
[32] clinical study 47.7 supplementation
Schmidt T Switzerland  Randomized, SAPSII:28/29 F/M 13 206/205 66/68 sodium selenite 4000 cardiac surgery
(2018) [33] placebo-controlled, 1000

double-blinded
clinical trial

J. Valenta Czech randomized clinical 11:30/28 F/M 9.5 75 60/60 Sodium 1000 SIRS
(2011) [34]  Republic trial Selenate 500
Pentahydrate
G'abor Wot Hungary randomized clinical SAPSII:50/56 FM 14 21 62/66 sodium selenite 1000 multiple organ
(2014) [35] trial 1000 failure

APACHE: acute physiology and chronic health evaluation; SPAS: simplified acute physiology score; N: not mentioned; F: female; M: male; Int: intervention group; P: placebo;
SIRS: Systemic inflammatory response syndrome; TBI: traumatic brain injury; ARDS: Acute respiratory distress syndrome; CPR: Cardiopulmonary Resuscitation.

52



M.A. Mousavi, S.H. Saghaleini, A. Mahmoodpoor et al.

Clinical Nutrition ESPEN 41 (2021) 49—58

Table 2
Quality assessment.
Study Random Allocation Blinding of Blinding of Incomplete Selective
Sequence concealment participants outcome outcome data outcome
Generation personnel assessors reporting
P. Andrews et al. (2011) L H H 8] L H
M.W. Angstwurm et al. L H H H L H
(2007)
F. Bloos et al. (2016) L H H H L H
H. Brodska et al. (2015) L L L L L H
L. Chelkeba et al. (2017) L L L U L H
L. Chelkeba et al. (2015) L L L 8] L H
X. Forceville et al. L H H U L H
(2007)
F. Rgbon et al. (2017) L L L 8] L H
R. Gartner et al. (1983) L H H H L H
D.K. Heyland et al. L L L 8] L H
(2007)
Kazda (2006) L L L U L H
H. Khalili et al. (2017) L L L U L H
K. Ladislav et al. (2014) L L L 8] L H
Mahmoodpoor et al. L H H H L H
(2018)
Mahmoodpoor et al. L L L 8] L H
(2018)
W. Manzanares et al. L L L U L H
(2010)
W. Manzanares et al. L H H U L H
(2011)
V. Mishra et al. (2007) L H H U L H
M. Moghaddam et al. L H H 8] L H
(2017)
J. Reisinger et al. (2009) L L L U L H
S. Yasser et al. (2014) L L L 8] L H
T. Schmidt et al. (2018) L H H H L H
J. Valenta et al. (2011) L L L U L H
G. Wot et al. (2014) L L L U L H
Model Study name Statistics for each study Difference in means and 95% CI

Difference Standard

inmeans error Variance limit
Andrews P.J.D et al.(2011) 1.000 0.895  0.802 -0.755
Yasser S et al.(2014) 5.000 0.311 0.097 4.390
Chelkeba L et al.(2015) 0.700 2,607  6.795 -4.409
Bloos F et al.(2016) -3.000 0.427 0.182 -3.836
Moghaddam M et al.(2017) -0.640 2108  4.445 -4.772
Khalili H et al.(2017) 4.000 0526  0.277 2.969
Schmidt T et al.(2018) -2.000 0.842 0.709 -3.651
Mahmoodpoor et al.(2018) 1.900 2.451 6.007 -2.904
Random 0.894 1.527 2.333 -2.099

Lower Upper

limit Z-Value p-Value
2755 Hl—
5.610
5.809
-2.164
3.492
5.031
-0.349
6.704
3.888

1.117
16.067
0.269
-7.030
-0.304
7.603
-2.375
0.775
0.586

0.264
0.000
0.788
0.000
0.761
0.000
0.018
0.438
0.558

L
—-

-8.00 -4.00 8.00

Se”

Fig. 2. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on hospital stay. WMD, weighted mean difference.

Parenteral Se supplementation in the doses higher than 1000 pg
increased the length of ICU stay by 4.48-folds.

Se, is an important mineral playing various physiologic roles. It
incorporated in enzymes and proteins which have antioxidant ef-
fects in inflammatory and oxidative situations such as sepsis, along
with other pathological conditions [36]. Serum levels of Se decrease
early in inflammation due to destruction of the enzymes as well as
redistribution of Se, and its consumption [37]. Previous studies on
the effects of Se on outcomes in ICU patients had ineffectiveness
results due to various doses (under dosing), lack of an initial loading
dose, short-term treatment or inclusion of patients with normal

selenium plasma concentrations at the baseline, as well as route of
administration. One systematic review resulted that Se supple-
mentation in critically ill patients reduces mortality (risk ratio 0.84
(0.67—1.05)) but has little effect on infectious complications (risk
ratio 0.93 (0.70—1.23)) [38]. Another meta-analysis revealed a
tendency toward mortality reduction (Z = 1.70; p = 0.09), at the
high doses of sodium-selenite [39]. Studies reported that intrave-
nous Se administration, as an adjunctive sepsis therapy, restores
activity of antioxidants, reduces oxidative stress, and improve
survival [12,28,34,40,41]. A recent meta-analysis on 19 RCTs
involving 3341 critically ill patients resulted intravenous Se
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Model Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper

inmeans error Variance limit limit 2-Value p-Value

Mishra V et al.(2007) 0.500 6.196 38.388-11.64412.644 0.081 0.936
Heyland DK et al.(2007) 17.900 4770 22.757 8.55027.250 3.752 0.000 ———
Manzanares W et al.(2010) -3.000 2.683 7.200 -8.259 2.259 -1.118 0.264
Manzanares W et al.(2011) 1.000 3.154 9.950 -5.183 7.183 0.317 0.751
Andrews P.J.D et al.(2011) -1.700 0.398 0.158 -2.480-0.920 -4.270 0.000
Yasser S et al.(2014) 4.000 0.200 0.040 3.608 4.392 19.992 0.000 .
Chelkeba L et al.(2015) -4.100 3.265 10.662-10.500 2.300 -1.256 0.209
Bloos F et al.(2016) -1.000 0.251 0.063 -1.493 -0.507 -3.979 0.000
Moghaddam M et al.(2017) -1.410 2.061 4247 -5.449 2629 -0.684 0.494
Khalili H et al.(2017) 4.500 0.285 0.081 3.941 5.059 15.791 0.000 .
Schmidt T et al.(2018) -0.500 0.296 0.088 -1.080 0.080 -1.689 0.0891
Random 0.844 1.079 1.165 -1.271 2.959 0.782 0.434
0.00

-25.00 -12.50 12.50 25.00

Se Set

Fig. 3. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on ICU stay. WMD, weighted mean difference.

Model Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper

inmeans error Variance limit limit Z-Value p-Value

Heyland DK et al.(2007) 0.300 4.881 23.826 -9.267 9.867 0.061 0.951
Manzanares W et al.(2011) 1.000 2.249 5.060 -3.409 5409 0445 0.657
Chelkeba L et al.(2015) -1.800 1.303 1699 -4355 0.755 -1.381 0.167
Moghaddam M et al.(2017) -0.860 1.836 3.369 -4.458 2738 -0.469 0.639
Mahmoodpoor et al.(2018) -1.700 2.151 4625 -5.915 2515 -0.790 0.429
Random -1.098 0.863 0.746 -2.790 0.595 -1.271 0.204

-30.00 -15.00 0.00 15.00 30.00

Se” Se*

Fig. 4. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on number of days on ventilator. WMD, weighted mean difference.

Model Study name Statistics for each study Odds ratio and 95% ClI

Odds Lower Upper

ratio limit limit Z-Value p-Value

Angstwurm MW et al.(20071.495 0.824 2.711
Manzanares W et al.(2010)1.000 0.167 5.985
Andrews P.J.D et al.(2011)0.691 0.418 1.142
Manzanares W et al.(2011)0.125 0.006 2.640

Bloos F et al.(2016) 0.852 0.617 1.176
Mahmoodpoor et al.(2018) 0.780 0.275 2.211
Random 0.882 0.670 1.161

1.324 0.185
0.000 1.000
-1.443 0.149
-1.336  0.181 1=
-0.975 0.329
-0.468 0.640
-0.897 0.370
0.01 0.1 1 10 100

Se” Se*

Fig. 5. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on number of infectious complications.

supplement decreased the total mortality (RR = 0.86, 95% CI:
0.78—0.95, p = 0.002) and shorten the length of stay in hospital
(WMD: —2.3, 95% CI —4.03 to —0.57, p = 0.009), but had no sig-
nificant effect on 28-days survival (RR = 0.96, 95% CI: 0.85—1.09,
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p = 0.54), and could not shorten the length of ICU stay
(WMD: -0.15, 95% CI —1.68 to 1.38, p = 0.84) [44]. Studies in this
field have inconclusive results. It may be because of various doses
and types of Se, route of administration (enteral or parenteral), and
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Model Study name

Statistics for each study

Odds Lower Upper
limit Z-Value p-Value

ratio
G?rtner R et al.(1983) 0.221
Mishra V et al.(2007) 0.281
Manzanares W et al.(2010)1.000
Manzanares W et al.(2011D.786
Schmidt T et al.(2018) 0.734

0.596

limit

0.049
0.043
0.167
0.191
0.342
0.342

0.991
1.834
5.985
3.232
1.577
1.038

-1.972
-1.326

0.000
-0.334
-0.792
-1.827
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Odds ratio and 95% CI

0.049 —
0.185 —
1.000
0.738
0.428
0.068

0.01 0.1 1 10 100

Se” Se*

Fig. 6. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on number of ARF (acute renal failure).

Model Study name

Random

Difference Standard

in means error Variance limit

Model Study name

Statistics for each study

Lower Upper

Mishra V et al.(2007) 14.000  33.3121109.714-51.29179.291  0.420

Kocan L et al.(2014) 17.100 17.369 301.690-16.94351.143 0.985
Yasser S et al.(2014) 7.000 0.838 0.703 5.357 8.643 8.348
Schmidt T et al.(2018) -5.000 3.651 13.332-12.156 2.156 -1.369

3.065 5.095 25.959 -6.92113.051 0.602

Statistics for each study

Odds Lower Upper
limit Z-Value p-Value

ratio
Gartner R et al.(1983) 2.426
Kazda et al.(2006) 1.851

Heyland DK et al.(2007) 1.000
Mishra V et al.(2007) 1.273
Reisinger J et al.(2009) 1.556
Manzanares W et al.(2010D.667
Manzanares W et al.(2011)1.542

Valenta J et al.(2011) 1.389
Kocan L et al.(2014) 1.737
Yasser S et al.(2014) 0.754
Wot G et al.(2014) 1.831
Brodska H et al.(2015) 1.412
Bloos F et al.(2016) 0.606

Chelkeba L et al.(2017) 1.484
RGBON F et al.(2017) 2333
Khalili H et al.(2017) 1.016
Moghaddam M et al.(2017)1.299
Mahmoodpoor et al.(2018)1.455
Schmidt T et al.(2018) 0.742

1.081

limit

0.696
0.619
0.120
0.364
0.918
0.113
0.358
0.682
0.650
0.586
0.522
0.692
0.422
0.483

8.461
5.529
8.299
4.446
2635
3.919
6.636
2.831
4.645
0.969
6.424
2.881
0.872
4.558

0.19727.567

0.539
0.492
0.298
0.256
0.872

1.912
3.429
7.099
2.148
1.340

1.391
1.102
0.000
0.378
1.643
-0.449
0.582
0.906
1.101
-2.205
0.944
0.948
-2.702
0.689
0.673
0.048
0.529
0.463
-0.550
0.714

Difference in means and 95% CI

limit Z-Value p-Value

0.674

0.325 =

0.000

0.171

0.547
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Fig. 7. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on serum Cr (creatinine).
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Fig. 8. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on survival, up to 28 days.
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Model Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Andrews P.J.D et al.(20110.880 0.528 1.466 -0.492 0.623
Bloos F et al.(2016) 1.000 0.718 1.393 0.000 1.000
Chelkeba L etal.(2017) 3.807 1.22111.874 2.303 0.021
Random 1.184 0.687 2.040 0.609 0.543

0.01 0.1 1 10 100

Se Se*

Fig. 9. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on 3 month survival.

Model Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Reisinger J et al.(2009) 1.582 0.923 2.711 1.669 0.095
Andrews P.J.D et al.(2011)1.086 0.658 1.791 0.322 0.748
Random 1.203 0.895 1.868 1.367 0.172

01 02 05 1 2 5 10
Se” Se*

Fig. 10. Forest plot of the random-effects model meta-analysis of parenteral selenium therapy on 6 month survival.

Table 3
Subgroup analyses of daily parenteral Se supplementation on number of days on ventilator, hospital and ICU stay.

NO WMD (95%CI) P within group P heterogeneity 2

Subgroup analyses of daily parenteral Se supplementation on number of days on ventilator

Trial duration (days)

<10 3 -1.1(-3.7,1.5) 0.4 0.9 0.0%
>10 2 -1.09 (-3.3,1.1) 0.33 0.28 13.79%
First intervention dose (ug)

<1000 2 -0.011 (-2.9, 2.67) 0.93 0.52 0.0%
>1000 3 —1.67 (—3.8,0.45) 0.12 0.91 0.0%
Following intervention dose (pg)

<1000 1 1(-34,54) 0.65 1 0.0%
>1000 3 —1.67 (—3.8,0.45) 0.12 0.91 0.0%

Subgroup analyses of daily parenteral Se supplementation on hospital stay

Trial duration (days)

<10 5 1.32(-2.55,5.2) 0.5 <0.001 98.3%
>10 3 0.17 (-4.86, 5.2) 0.9 0.03 71.1%
First intervention dose (ug)

<1000 2 1.31(-54, 8.05) 0.7 0.7 0.0%
>1000 5 1.35(-24,5.1) 0.5 <0.001 98.3%
Following intervention dose (pg)

<1000 4 1.96 (—2.36, 6.28) 0.37 <0.001 87.9%
>1000 2 0.49 (-5.25,6.2) 0.86 <0.001 99.06%
Unknown 2 —0.85 (—7.08, 5.4) 0.79 0.32 0.0%

Subgroup analyses of daily parenteral Se supplementation on ICU stay

Trial duration (days)

<10 6 1.16 (—1.38, 3.72) 0.37 <0.001 98.7%
>10 5 0.2 (—3.37,3.77) 0.91 0.002 77.1%
First intervention dose (ug)

<1000 6 —0.13 (-3.72, 345) 0.94 0.001 75.75%
>1000 4 24 (-1.34,6.23) 0.2 <0.001 98.89%
Following intervention dose (pg)

<1000 6 —-0.02 (-3.72, 3.67) 0.99 <0.001 97.1%
>1000 3 4.48 (-0.5, 9.46) 0.07 <0.001 99.1%
Unknown 2 —1.84(-7.97,4.28) 0.5 0.27 17.05%

Se. Selenium; CI, confidence interval; WMD, weighted mean differences.
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Table 4

Subgroup analyses of daily parenteral Se supplementation on survival, number of infectious complications and ARF.

Clinical Nutrition ESPEN 41 (2021) 49—58

NO

OR (95%CI)

P within group

P heterogeneity

Subgroup analyses of daily parenteral Se supplementation on survival (up to 28 days)

Trial duration (days)

<10 10 1.16 (0.86, 1.56) 0.3 0.19 27.2%
>10 1.03 (0.73, 1.47) 0.85 0.2 27.11%
First intervention dose (ug)
<1000 12 1.08 (0.84, 1.39) 0.56 0.18 27.36%
>1000 1.31 (0.86, 2) 0.2 0.83 0.0%
Following intervention dose (pg)
<1000 12 1.13 (0.84, 1.54) 0.42 0.18 27.37%
>1000 4 1.3 (0.61, 2.79) 0.50 0.88 0.0%
Unknown 3 1.03 (0.68, 1.56) 0.89 0.04 69.53%
Subgroup analyses of daily parenteral Se supplementation on number of infectious complications
Trial duration (days)
<10 4 0.7 (0.45, 1.08) 0.11 0.7 0.0%
>10 2 0.98 (0.72, 1.31) 0.87 0.1 62.33%
First intervention dose (ug)
<1000 3 0.91 (0.65, 1.28) 0.6 0.14 49.56%
>1000 3 0.71 (0.29, 1.75) 045 0.49 0.0%
Following intervention dose (pg)
<1000 3 0.91 (0.65, 1.28) 0.6 0.14 49.56%
>1000 3 0.71 (0.29, 1.75) 045 0.49 0.0%
Subgroup analyses of daily parenteral Se supplementation on number of ARF
Trial duration (days)
<10 0.47 (0.21, 1.06) 0.07 0.48 0.0%
>10 1 0.73 (0.34, 1.58) 043 1 0.0%
First intervention dose (ug)
<1000 2 0.24 (0.08, 0.78) 0.02 0.84 0.0%
>1000 3 0.77 (0.41, 1.45) 0.42 0.95 0.0%
Following intervention dose (pg)
<1000 3 0.53(0.28,1) 0.05 0.3 17.98%
>1000 2 0.86 (0.28, 2.61) 0.79 0.84 0.0%
Se. Selenium; CI, confidence interval; OR, odds ratio.
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Fig. 11. Funnel plot.

duration of therapy. On the other hand, there is no systematic re-
view and meta-analysis to compare the effects of Se in doses lower
or higher than 1000 pg per day and the duration lower or higher
than 10 days, as mentioned at the ASPEN guidelines [7,8]. In addi-
tion, the previous meta-analysis resulted that Se supplementation
has no effect on renal failure [9]. Moreover, they concluded that

57

using high-dose of Se showed beneficial effect on 28-day mortality
in ICU patients, which are in contrast with our results. Our results
showed that at the doses higher than 1000 pg/day, length of ICU
stay increases by 4.48-folds.
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5. Conclusions

Parenteral Se administration had no effect on hospital stay, days
of ventilator dependency, number of infectious complications and
patient's 28-days, 3-month and 6-month survival. Interestingly,
low doses of parenteral Se decreases the number of ARF at the
critically ill patients but high doses increases length of ICU stay.
According to the present updated systematic review and meta-
analysis, Se supplementation in ICU patients must be revised ac-
cording to the dose of supplementation. More trials are needed to
assess its effect on ARF occurrence.
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