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critically ill patients
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Selenium is an essential trace element involved in antioxidant defense and immune regulation, yet its
clinical role in critically ill patients remains uncertain. In this prospective single-center observational
study, we evaluated 144 ICU patients between March 2022 and October 2023. Serum selenium levels
were measured, and eligible patients received intravenous selenium supplementation (1000 pg/day
for 5 days). Clinical outcomes, including ICU mortality, were analyzed in relation to selenium status
and response. Selenium levels <70 pg/L were observed in 27.8% of patients and were associated with
higher severity scores, inflammatory markers, and longer hospital stay. Among 67 patients receiving
supplementation, those with a post-treatment selenium increase > 50 pg/L had significantly lower ICU
mortality. Multivariate analysis identified SOFA score, FiO,, and selenium increase as independent
predictors of ICU mortality. Lower selenium levels were associated with greater illness severity, and
adequate selenium repletion may be linked to improved outcomes. However, the study is limited by its
non-randomized, single-center design and relatively small sample size.
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Selenium is an essential trace element critical for various physiological processes, including immunomodulation,
antioxidant defense'regulation of endocrine and metabolism? Selenium is the major cofactor of selenoproteins,
which are involved in antioxidant and immunomodulatory functions, and its activity is related to selenium
level**. Selenium also influences innate im-munity, adaptive immunity and the balance between type 2 and type 1
helper T cells’. Selenium deficiency exacerbates oxidative damage and is correlated to immune dysregulation®-5.

Decreases of selenium level in critically ill patients are common and linked to lower antioxidant activity,
higher disease severity scores and increased mortality>!°. Considering the immunomodulation and antioxidant
of selenium, selenium ad-ministration in critically ill patients has been explored as a potential therapeutic
intervention. Previous research showed selenium supplements in critically ill patients decrease serum level of
C-Reactive Protein (CRP)!""2, interleukin-6 (IL-6) and interleukin-1 beta (IL-1pB)'3. Selenium supplements were
also found to enhance antioxidant effects, alleviate oxidative stress and increase prealbumin level 4.

Selenium is absorbed in the gastrointestinal tract mainly as selenomethionine, selenocysteine, selenite, or
selenate, all with high oral bioavailability under normal conditions. Selenomethionine, primarily from plant
sources, is taken up via methionine transporters and stored in body proteins rather than used directly for
selenoprotein synthesis'>!°. In contrast, inorganic forms like selenite are metabolized more directly into selenide
for the synthesis of functionally active selenoproteins!”. In critically ill patients, gastrointestinal dysfunction can
impair selenium absorption, making enteral supplementation unreliable. Intravenous administration bypasses
these barriers, ensuring rapid and consistent delivery for effective selenoprotein synthesis.

The European Society for Clinical Nutrition and Metabolism (ESPEN) highlights the importance of
selenium supplementation in critically ill patients, as it supports antioxidant defense and immune function
during oxidative stress'®. Given that gastrointestinal function is often impaired in ICU patients, ESPEN suggests
considering parenteral selenium supplementation when enteral absorption may be suboptimal. This route offers
the advantage of more predictable bioavailability and enables faster correction of selenium deficiency".

Clinical trials investigating the effects of selenium supplements on mortality and clinical outcomes in
critically ill patients have yielded mixed results. Some studies demonstrated benefits, including reduced
mortality’*22. A recently published randomized control trial revealed that high dose selenium treatment
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reduces the mortality in septic patients with serum selenium level < 80 pg/L%. However, previous meta-analysis
studies showed inconclusive findings. Early reviews by Alhazzani et al. (2013) and Manzanares et al. (2016)
found no significant mortality benefit or consistent improvement in clinical outcomes?*?%. The Cochrane review
by Allingstrup and Afshari (2015) suggested a potential mortality reduction, though evidence quality was low?.
Kong et al. reported reduced all-cause mortality and shorter hospital stays, but no effect on 28-day mortality
or ICU length of stay (LOS)*. Most recently, an umbrella review by Cortes-Puentes et al. concluded that
selenium supplementation shows limited or uncertain benefit across pooled meta-analyses, with considerable
heterogeneity and methodological variation among included trials?’. Collectively, these findings highlight the
lack of definitive evidence and underscore the need for targeted research to clarify patient selection, dosing
strategies, and therapeutic timing. Our study aimed to assess the effect of selenium supplement on clinical
outcomes in patients hospitalized in the ICU.

Materials and methods

Participant selection

The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional
Review Board of Chi Mei Medical Center (No. 11304-011, date: 25 Apr 2024). All participants provided informed
consent prior to participation.

The trial was conducted in accordance with national guidelines and the principles of the Declaration of
Helsinki. The trial protocol was approved by an institutional review board, and informed consent was obtained
from all participants. The study was de-signed as a prospective single center study of adult patients in one
adult ICU (19 beds) at Chi-Mei Medical Center from March 2022 through October 2023 to assess the effect
of selenium administration on clinical outcomes in patients hospitalized in the ICU. Patients were eligible for
inclusion in the trial if they met the following criteria: admission to ICU and age > 20 years. Exclusion criteria
included known selenium allergy, selenium supplementation (>500 pg/day) within the previous month, lack of
informed consent, signed Do Not Resuscitate orders, and language barriers.

Selenium supplementation

Serum selenium level was obtained after the patient was included. Patents met below criteria were enrolled
into the treatment group: serum selenium level <70 ug/L, serum selenium level < 150 pg/dL with sepsis/septic
shock, cancer, stroke/traumatic brain injury, total parenteral nutrition use and dialysis dependent. The patient
in the treatment group received a daily intravenous infusion of 1000 g selenium (Zelnite) on days 1-5. Zelnite’
contains sodium selenite, an inorganic form of selenium (Supplementary Fig. 1). On days 6, serum selenium
levels of the patients in the treatment group were obtained again. Patients included in the trial were treated with
standard care according to guidelines.

Statistical analysis

Demographic and clinical information, laboratory results, comorbidities, severity scores, mortality, and LOS
for both ICU and hospital were surveyed. The descriptive statistic was used to compare the all-cause mortality
between groups. Student’s t-test and chi-squared test were applied to assess the difference of factors interested
between different groups. Multivariate logistic regression was used to identify the risk factors of selenium
insufficiency and evaluate the factors of survival.

Results

A total of 144 patients underwent serum selenium assessment, the mean age was 68.6 years, with more males
(63.2%) than females. 40 patients (27.8%) exhibited serum selenium levels <70 pg/L, while 67 patients (46.5%)
met the trial criteria and received selenium administration (Fig. 1), with a dose of 1000 pg/day for 5 days.

Demographic and clinical characteristics

No significant differences in demographic characteristics or comorbidities were observed between patients with
selenium levels <70 pg/L and those with levels > 70 ug/L (Table 1). Table 2 summarizes baseline disease severity,
inflammatory markers, and vitamin D status according to serum selenium levels. Patients with selenium deficiency
demonstrated higher severity scores, higher CRP concentrations, and lower plasma 25-hydroxyvitamin D levels
compared with those with selenium levels > 70 pg/L. While ICU survival, ICU LOS, and hospital survival did not
differ significantly between the two groups, there was a trend toward higher survival rates and shorter ICU stays
among patients with higher selenium levels.

Figure 2 compares clinical and laboratory parameters between patients with serum selenium levels <70 pg/L
and those with levels > 70 pg/L. Patients in the selenium-deficient group had significantly higher severity scores:
APACHE II scores were 24.7 + 9.3 compared to 20.1 + 7.8 in the normal selenium group (p =0.003), SOFA scores
were 8.6+4.3vs.6.6£3.9(p=0.012),and TISS scores were 31.4 £ 9.4 vs. 28.1 £7.0 (p =0.023), respectively. In terms
of biochemical markers, selenium-deficient patients had significantly lower plasma 25-hydroxyvitamin D levels
(16.0+7.5 ng/mL vs. 22.6 9.3 ng/mL, p <0.001) and markedly higher serum C- CRP levels (162.4+99.2 mg/L
vs. 82.1+81.0 mg/L, p<0.001). These findings suggest that lower selenium levels are associated with greater
disease severity, higher systemic inflammation, and coexisting micronutrient deficiencies.

Selenium administration in patients with selenium insufficiency

Among the 40 patients with serum selenium levels < 70 pg/L, 23 received intravenous selenium supplementation
while 17 did not. The baseline demographic characteristics and comorbidity profiles were generally comparable
between the two groups. However, patients in the selenium-treated group were older, with a higher proportion
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supply

Expire at ICU
discharge (n=9)

Survival at ICU
discharge (n=58)

Fig. 1. Flow chart of patients received selenium survey.

aged over 65 years (78.3% vs. 47.1%, p=0.041), suggesting that clinicians may have favored supplementation
in more vulnerable individuals. There were no statistically significant differences in the prevalence of chronic
diseases such as diabetes mellitus, hypertension, cancer, or end-stage renal disease between groups. The mean
baseline selenium levels were also similar (53.9+12.8 ug/L vs. 57.9 +12.0 ug/L, p=0.404), indicating comparable
initial selenium status. These findings suggest that selection for selenium administration was not based on
markedly different clinical profiles (Table 3).
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Total sample | Selenium level | Selenium level

n=144 <70 ug/L(n=40) | 270 ug/L (n=104) | P value
Age 68.6+£15.5 68.0+15.6 68.9+15.6 0.756
Age>65 95(66%) 26(65%) 69(66.3%) 0.879
Male 91(63.2%) 25(62.5%) 66(63.5%) 0.915
Comorbidity
Diabetes mellitus 62(43.1%) 17(42.5%) 45(43.3%) 0.933
Hypertension 76(52.8%) 25(62.5%) 51(49%) 0.147
Coronary artery disease 29(20.1%) 6(15%) 23(22.1%) 0.340
Chronic obstructive pulmonary disease | 17(11.8%) 6(15%) 11(10.6%) 0.461
Stroke 18(12.5%) 2(5%) 16(15.4%) 0.157
Cirrhosis 9(6.3%) 2(5%) 7(6.7%) 1.000
Uremia 15(10.4%) 4(10%) 11(10.6%) 1.000
Autoimmune disease 9(6.3%) 1(2.5%) 8(7.7%) 0.445
Alcohol 13(9%) 3(7.5%) 10(9.6%) 1.000
Cancer 46(31.9%) 15(37.5%) 31(29.8%) 0.375
Comorbidity 2.0+1.5 20+1.3 2.1+1.6 0.934
Total comorbidity >2 87(60.4%) 25(62.5%) 62(59.6%) 0.751

Table 1. The comparison of demographics and baseline characteristics in patients with different serum
selenium levels.

In terms of clinical outcomes (Table 4), patients with selenium deficiency who received supplementation
demonstrated a trend toward improved survival and comparable clinical severity at ICU admission. Although
severity scores—APACHE II (24.5+8.5 vs. 25.1+10.5, p=0.956), SOFA (8.0£3.9 vs. 9.3£4.9, p=0.483), and
TISS (31.7+8.4 vs. 30.9+10.8, p=0.602)—were not significantly different between the selenium-treated and
untreated groups, patients who received selenium had a notably higher ICU survival rate (91.3% vs. 64.7%,
p=0.053), approaching statistical significance. There were no significant differences in hospital survival (56.5%
vs. 52.9%, p=0.822), ICU LOS (13.8+11.4 vs. 10.8+8.0 days, p=0.365), or total hospital LOS (31.3+22.2 vs.
31.6+29.0 days, p=0.593). These findings suggest a potential benefit of selenium supplementation on short-
term ICU outcomes, particularly survival, in selenium-deficient patients, though the modest sample size limits
definitive conclusions.

Selenium administration and clinical outcome

Within 67 patients receiving selenium administration, 58 patients had ICU survive. There was no significant
difference between demographic characteristics of ICU survival group and non survival group, but non survival
group had higher percentage of sepsis and septic shock (Table 5). Non survival group had higher SOFA scores
(10.7 vs. 7.1, p=0.007), TISS (33.6 vs. 28.1, p=0.020), white blood cell count (22.0 vs. 12.3, p=0.024) and FiO2
(58.3 vs. 33.0, p=0.000). Non survival group also had lower P/F ratio (198.4 vs. 401.9, p=0.001). Increase of
serum selenium level after selenium administration (ASe) was also analysis. 45 patients (77.6%) in survival
group had ASe> 50 ug/L, while 3 patients (33.3%) in non survival group had ASe>50 pg/L, the survival group
had significant higher rate of ASe >50 ug/L (p=0.012) (Table 6).

To identify independent predictors of ICU mortality among patients who received selenium supplementation
(n=67), we first conducted univariate analyses using clinical and laboratory variables shown in Tables 5 and 6.
Variables with statistical significance (p <0.05) in the univariate analysis were then entered into a multivariate
logistic regression model. As shown in Table 7, three variables emerged as independent predictors of ICU
mortality. First, a post-supplementation ASe > 50 ug/L was strongly associated with reduced risk of ICU mortality
(odds ratio [OR]=0.036; 95% CI 0.002-0.793; p=0.035). Second, the SOFA score remained an independent
predictor of mortality (OR=1.727; 95% CI 1.029-2.897; p=0.039). Lastly, higher FiO, at admission was also
associated with increased mortality risk (OR=1.124; 95% CI 1.026-1.232; p=0.012).

Discussion

This study corroborates previous findings that selenium deficiency in critically ill patients is associated with
higher disease severity and poorer clinical outcomes. Lower serum selenium level (<70 pg/L) was associated
with higher APACHE II, SOFA, CRP, FiO2, percentage of septic shock, and extent hospital LOS, as well as a
lower MAP, 250HD, and P/F ratio. Selenium deficiency is correlated to poor clinical outcome, however, a meta-
analysis conducted by Manzanares et al., including 21 randomized trials, concluded that selenium supplement
had no effect on mortality, ICU and hospital LOS, or ventilator days; these studies also indicated the importance
of pharmacokinetic and pharmacodynamic data on dosing strategy®**.

A recently published randomized control trial of intravenous high dose selenium supplements in sepsis and
septic shock patients implied that high dose selenium treatment reduces the mortality in certain patient groups?.
This study revealed that sepsis and septic shock patients with selenium level constantly lower than 80 ug/L had
high mortality rate (41-50%), but the mortality rate decreased to 21-30% when selenium level increased beyond
110 pg/L after received intravenous high dose selenium supplements. The crucial role of increase of selenium
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Total sample | Selenium level Selenium level

n=144 <70 ug/L (n=40) | 270 ug/L (n=104) | P value
Disease severity
APACHE II 21.4+8.5 24.7+£9.3 20.1+7.8 0.003
SOFA 7.2+4.1 8.6+4.3 6.6+3.9 0.012
TISS 29.0+£7.9 31.4+9.4 28.1+7.0 0.023
Glasgow coma scale 9.5+4.4 9.0+4.7 9.7+4.2 0.307
P/F ratio <300 50(34.7%) 18(45%) 32(30.8%) 0.108
Mechanical ventilation (%) | 93(64.6%) 29(72.5%) 64(61.5%) 0.218
Coronavirus disease 2019 | 23(16.0%) 5(12.5%) 18(17.3%) 0.481
14 days re-admission 20(13.9%) 2(5%) 18(17.3%) 0.063
Cause of ICU admission
Sepsis 83(57.6%) 29(72.5%) 54(51.9%) 0.025
Septic shock 59(41%) 22(55%) 37(35.6%) 0.034
Gastrointestinal bleeding 11(7.6%) 1(2.5%) 10(9.6%) 0.291
Pneumonia 67(46.5%) 20(50%) 47(45.2%) 0.604
Vital signs at ICU admission
Temperature 36.3+0.9 36.3+0.7 36.3+1.0 0.903
Mean arterial pressure 88.2+194 79.9+18.7 91.3+18.9 0.002
Heart rate 88.3+24.7 89.7+25.1 87.8+24.7 0.679
Respiratory rate 17.8+6.9 19.3+7.8 17.3+6.4 0.117
Laboratory data
25(OH)D 20.8+9.3 16.0+7.5 22.6+9.3 <0.001
Calcium 7.9+0.9 7.6+0.8 8.1+0.8 0.003
Phosphorus 43+11.8 32+1.5 47+13.8 0.500
Sodium 137.9+£13.2 138.2£5.6 137.8+15.1 0.880
Potassium 38+1.7 3.6+0.6 39+19 0.291
Blood urea nitrogen 37.6+26.8 42.3+30.3 35.9+25.4 0.256
Creatinine 20+2.4 23+24 19+2.4 0.403
Lactate 29+28 3.6+£3.5 2.6+2.4 0.088
CRP 104.8+£93.5 162.4+99.2 82.1+81.0 <0.001
PH 7.41+0.07 7.40£0.09 7.42+0.06 0.320
PCO, 32.3+8.9 31.6+£9.4 32.5+8.8 0.618
PaO, 112.8+50.1 111.0+49.1 113.6+50.8 0.790
P/F ratio 375.6+205.5 | 311.5+148.8 399.5+218.9 0.009
FiO, 37.3+18.2 43.4+234 35.0£15.3 0.049
White blood cells 14.3+9.7 15.6+13.5 13.8+7.7 0.452
Hemoglobin 10.7+7.4 10.2+2.3 11.0+£8.6 0.608
Outcome
ICU survival 116(80.6%) 32(80%) 84(80.8%) 0.917
ICU length 10.3£8.1 12.5+10.1 9.5+7.1 0.083
Hospital survival 94(65.3%) 22 (55%) 72(69.2%) 0.108

carbon dioxide; PH, potential of hydrogen.

level was also found in our study; the increase in serum selenium > 50 pg/L following treatment was correlated
to ICU survival. Our study also showed a trend of higher survival in patients with selenium levels <70 pg/L and
receiving selenium administration. These findings suggest selenium supplements may reduce mortality in severe

Table 2. The comparison of disease severity, data at initial admission and clinical outcome in patients with
different selenium serum levels. PaO2, partial pressure of oxygen in arterial blood; PCO2, partial pressure of

selenium deficiency when selenium level increases to a certain level following treatment.

Alteration of micronutrients status in critically ill patients has been reported in previous studies
Redistribution of micronutrients and decreased circulating carrier proteins are possible underlying mechanisms
and related to systemic inflammatory response syndrome (SIRS)**3!. Vitamin D, a micronutrient with functions
of immunomodulation and lung protection in sepsis, its deficiency was also found in critically ill patients and
linked to poor clinical outcome™®. In our study, patients with serum selenium levels <70 pg/L also had lower
plasma vitamin D concentration, along with higher disease severity scores, CRP and percentage of septic shock,
this indicated that the interaction between SIRS and micronutrients has a profound impact on clinical outcome.
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Fig. 2. Comparison of clinical and laboratory parameters between patients with serum selenium

levels <70 ug/L and >70 pg/L. (a) APACHE II score was significantly higher in the selenium-deficient group
(24.7 £ 9.3) compared to those with normal selenium levels (20.1 + 7.8), p=0.003. (b) SOFA score was
higher in selenium-deficient patients (8.6 4.3 vs. 6.6 +3.9), p=0.012. (c) TISS score was elevated in patients
with selenium <70 pg/L (31.4£9.4 vs. 28.1£7.0), p=0.023. (d) Plasma 25-hydroxyvitamin D concentration
was lower in the selenium-deficient group (16.0+7.5 ng/mL vs. 22.6+9.3 ng/mL), p < 0.001. (e) Serum

CRP was significantly higher in selenium-deficient patients (162.4 + 99.2 mg/L) compared to those with
selenium >70 pg/L (82.1 + 81.0 mg/L), p<0.001.

Scientific Reports|  (2025) 15:35478 | https://doi.org/10.1038/s41598-025-19315-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Total sample | Suppl t Se | Suppl t Se

n=40 (+)n=23 (-)n=17 Pvalue
Age 68.0+£15.6 71.6+15.7 63.1+14.5 0.071
Age>65 26(66%) 18(78.3%) 8(47.1%) 0.041
Male 25(62.5%) 14(60.9%) 11(64.7%) 0.804
Selenium level 55.6+12.5 53.9+12.8 57.9+12.0 0.404
Comorbidity
Diabetes mellitus 17(42.5%) 11(47.8%) 6(35.3%) 0.428
Hypertension 25(62.5%) 15(65.2%) 10(58.8%) 0.680
Coronary artery disease 6(15%) 2(8.7%) 4(23.5%) 0.373
Chronic obstructive pulmonary disease | 6(15%) 2(8.7%) 4(23.5%) 0.373
Stroke 2(5%) 2(8.7%) 0(0%) 0.499
Liver cirrhosis 2(5%) 1(4.3%) 1(5.9%) 1.000
End-stage renal disease 4(10%) 1(4.3%) 3(17.6%) 0.294
Autoimmune disease 1(2.5%) 0(0%) 1(5.9%) 0.425
Alcohol 3(7.5%) 1(5.9%) 2(11.8%) 0.565
Cancer 15(37.5%) | 9(39.1%) 6(35.3%) 0.804
Total comorbidity >2 25(62.5%) 13(56.5%) 12(70.6%) 0.364

Table 3. The demographics and baseline characteristics of selenium insufficiency patient with and without

selenium administration.

Total Suppl t Se | Suppl t Se

n=40 (+)n=23 -)n=17 P value
Disease severity
APACHE II 24.7+9.3 24.5+8.5 25.1+10.5 0.956
SOFA 8.6+4.3 8.0+3.9 9.3+4.9 0.483
TISS 31.4+94 31.7+8.4 30.9+10.8 0.602
Glasgow coma scale 8.9+4.7 9.0+4.8 8.8+4.6 0.923
P/F ratio <300 18(45%) 8(34.8%) 10(58.8%) 0.131
Mechanical ventilation (%) | 29(72.5%) 16(69.6%) 13(76.5%) 0.730
Cause of ICU admission
Sepsis 29(72.5%) 16(69.6%) 13(76.5%) 0.730
Septic shock 22(55%) 14(60.9%) 8(47.1%) 0.385
Gastrointestinal bleeding 1(2.5%) 1(4.3%) 0(0%) 1.000
Pneumonia 20(50%) 11(47.8%) 9(52.9%) 0.749
Outcome
ICU survival 32(80%) 21(91.3%) 11(64.7%) 0.053
ICU length 12.5+10.1 13.8+11.4 10.8+8.0 0.365
Hospital survival 22(55%) 13 (56.5%) 9(52.9%) 0.822
Hospital length 31.4+249 31.3+222 31.6+29.0 0.593

Table 4. The comparison of disease severity and clinical outcome patient with and without selenium

administration.

Study of intravenous selenium supplement in patients with acute respiratory distress syndrome (ARDS)
revealed that patients receiving selenium supplement had lower airway resistance and higher pulmonary
compliance; higher serum selenium level in this study was correlated with higher serum concentrations of
glutathione pe-roxidase 3 (GPx-3) and lower serum concentrations IL-6 and IL-1B!3. Animal models also
indicated selenium deficiency induced oxidative stress and inflammation lead to lung fibrosis**. Our study
showed higher FiO2 and lower P/F ratio in critically ill patients with serum selenium levels <70 ug/L. Selenium
is likely to play a crucial role in the respiratory system of critically ill patients through antioxidant activity and
immunomodulation.

Alteration of micronutrients status in critically ill patients has been reported in previous studies®*>.
Redistribution of micronutrients and decreased circulating carrier proteins are possible underlying mechanisms
and related to systemic inflammatory response syndrome (SIRS)?>?°. Vitamin D, a micronutrient with functions
of immunomodulation and lung protection in sepsis, its deficiency was also found in critically ill patients and
linked to poor clinical outcome?’. In our study, patients with serum selenium levels <70 pg/L also had lower
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Total sample | ICU survival | ICU mortality
n=67 n=58 n=9 Pvalue

Age 69.4+15.8 69.3+16.5 70+£10.9 0.861
Age>65 46(68.7%) | 40(69%) 6(66.7%) 1.000
Male 42(62.7%) 36(62.1%) 6(66.7%) 1.000
Hospice care 13(19.4%) 10(17.2%) 3(33.3%) 0.361
Initial selenium level 94.1+58.5 94.9+62.1 89.4+26.5 0.473
Selenium level after supplement 174.4+54.8 177.3+54.8 155.7+53.9 0.136
Plasma selenium A(increase) >50 pg/L | 48(71.6%) 45(77.6%) 3(33.3%) 0.012
Comorbidity

Diabetes mellitus 33(49.3%) 27(46.6%) 6(66.7%) 0.305
Hypertension 34(50.7%) 28 (48.3%) 6(66.7%) 0.476
Coronary artery disease 14(20.9%) 12(20.7%) 2(22.2%) 1.000
Chronic obstructive pulmonary disease | 5(7.5%) 5(8.6%) 0(0%) 1.000
Stroke 12(17.9%) 9(15.5%) 3(33.3%) 0.345
Liver cirrhosis 5(7.5%) 5(8.6%) 0(0%) 1.000
End-stage renal disease 7(10.4%) 6(10.3%) 1(11.1%) 1.000
Autoimmune disease 5(7.5%) 3(5.2%) 2(22.2%) 0.130
Alcohol 5(7.5%) 3(5.2%) 2(22.2%) 0.130
Cancer 24(35.8%) | 20(34.5%) | 4(44.4%) 0711
Total comorbidity >2 43(64.2%) 36(62.1%) 7(77.8%) 0.472

Table 5. The demographics, baseline characteristics and serum selenium levels of 67 patients received
selenium administration with and without ICU survival.

plasma vitamin D concentration, along with higher disease severity scores, CRP and percentage of septic shock,
this indicated that the interaction between SIRS and micronutrients has a profound impact on clinical outcome.

Study of intravenous selenium supplement in patients with acute respiratory distress syndrome (ARDS)
revealed that patients receiving selenium supplement had lower airway resistance and higher pulmonary
compliance; higher serum selenium level in this study was correlated with higher serum concentrations of
glutathione pe-roxidase 3 (GPx-3) and lower serum concentrations IL-6 and IL-1B'®. Animal models also
indicated selenium deficiency induced oxidative stress and inflammation lead to lung fibrosis®®. Our study
showed higher FiO2 and lower P/F ratio in critically ill patients with serum selenium levels <70 ug/L. Selenium
is likely to play a crucial role in the respiratory system of critically ill patients through antioxidant activity and
immunomodulation.

This study enrolled a heterogeneous population of critically ill patients and systematically collected a wide
range of clinical data, including disease severity scores, laboratory markers, and ICU outcomes. By analyzing
changes in serum selenium levels following supplementation, we identified a significant association between an
increase in selenium levels and reduced ICU mortality. However, several limitations must be acknowledged. The
observational, non-randomized design, single-center setting, and relatively small sample size—particularly in
the subgroup receiving selenium—limit the generalizability and causal interpretation of our findings. Moreover,
we did not include mechanistic biomarkers such as glutathione GPx3, IL-6, or IL-1f, which are important
for assessing oxidative stress and immune modulation. These omissions restrict our ability to directly link
selenium supplementation to biological effects. Future prospective, multicenter randomized trials incorporating
pharmacokinetic data and relevant biomarkers are warranted to clarify the therapeutic role of selenium in
critically ill patients and to define optimal dosing strategies.

Conclusion

In this prospective observational study, lower serum selenium levels (<70 pg/L) in ICU patients were associated
with greater disease severity, elevated inflammatory markers, impaired oxygenation, and longer hospital
stays. Among patients receiving selenium supplementation, an increase in serum selenium levels greater than
50 ug/L was independently associated with improved ICU survival. While these findings suggest a potential
clinical benefit of selenium repletion in critically ill patients, causality cannot be confirmed due to the non-
randomized design and limited sample size. Future multicenter randomized trials are needed to validate these
associations, explore optimal dosing strategies, and incorporate mechanistic biomarkers to better understand
the immunomodulatory and antioxidant effects of selenium in critical illness.
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Total sample | ICU survival | ICU mortality

n=67 n=>58 n=9 Pvalue
Disease severity
APACHE II 22.0+8.6 21.3+£8.8 26.4%6.0 0.057
SOFA 7.6+£4.0 7.1£3.9 10.7+3.4 0.007
TISS 28.8+7.8 28.1+7.9 33.6+5.3 0.020
Glasgow coma scale 8.9+4.4 9.0+4.5 7.9+3.6 0.492
P/F ratio <300 25(37.3%) 17(29.3%) 8(88.9%) 0.001
Mechanical ventilation (%) | 45(67.2%) 37 (63.8%) 8(88.9%) 0.252
Cause of ICU admission
Sepsis 40(59.7%) 31(53.4%) 9(100%) 0.009
Septic shock 29(43.3%) 20(69%) 9(100%) <0.001
Gastrointestinal bleeding 7(10.4%) 7(12.1%) 0(0%) 0.581
Pneumonia 32 (47.8%) 27(46.6%) 5(55.6%) 0.727
Vital signs at ICU admission
Temperature 36.3+£0.7 36.3+£0.7 36.4+0.5 0.879
Mean arterial pressure 87.6+20.0 87.5+£19.3 87.9+25.0 0.711
Heart rate 91.1£23.2 91.3+22.8 90.2+26.8 0.909
Respiratory rate 17.0£6.3 16.3+5.5 21.3+9.5 0.102
Laboratory data
25(OH)D 19.2+8.6 19.2+9.0 19.3+4.8 0.806
Blood urea nitrogen 38.0+25.6 37.8+£27.2 39.1+13.3 0.356
Creatinine 1.7+1.6 1.8+1.8 1.5+£0.8 0.899
Lactate 25%1.6 2.5+1.7 2.3+0.8 0.801
Albumin 2.7£0.5 2.8+0.5 2.4%0.5 0.139
CRP 107.6+£100.3 | 108.4+102.6 |103.2+91.8 0.862
PH 7.41+0.07 7.42+0.06 7.37+0.11 0.300
PCO, 33.3+£10.0 32.5+7.4 38.9+20.5 0.149
PaO, 112.0+£56.4 111.2+42.8 116.6+110.1 0.130
P/F ratio 371.9+209.1 | 401.9+£204.7 | 198.4+145.6 0.001
FiO, 36.9+17.4 33.0+£13.0 58.3+23.5 <0.001
White blood cells 13.6+8.4 12.3+7.0 22.0£12.5 0.024
Hemoglobin 10.1£2.2 10.1+2.3 10.2+0.9 0.526

Table 6. The comparison of disease severity, data at initial admission and clinical outcome in 67 patients
received selenium administration with and without ICU survival.

The predictive factors | OR ratio | 95% CI Pvalue
ASe>50 0.036 0.002-0.793 | 0.035
SOFA 1.727 1.029-2.897 | 0.039
FiO2 1.124 1.026-1.232 | 0.012

Table 7. The result of multi-logistic regression model on the predictors of ICU mortality.

Data availability
The data that support the findings of the current study may be requested from the corresponding author upon
reasonable request.
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