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Background: Zinc is an essential trace element involved in multiple metabolic processes.
Acute kidney injury (AKI) is associated with low plasma zinc, but outcomes with zinc
supplementation in critically ill patients with AKI remain unknown. Our objective was to
investigate the effectiveness of zinc supplementation in this patient population.

Methods: Critically ill patients with AKI were identified from the Medical Informative
Mart for Intensive Care IV database. Prosperity score matching (PSM) was applied to
match patients receiving zinc treatment to those without zinc treatment. The association
between zinc sulfate use and in-hospital mortality and 30-day mortality, need for renal
replacement therapy (RRT), and length of stay was determined by logistic regression and
Cox proportional hazards modeling.

Results: Atotal of 9,811 AKI patients were included in the study. PSM yielded 222 pairs
of patients who received zinc treatment and those who did not. Zinc supplementation
was associated with reduced in-hospital mortality (HR = 0.48 (95% CI: 0.28, 0.83)
P = 0.009) and 30-day mortality (HR = 0.51 (95% CI, 0.30, 0.86) P = 0.012). In the
subgroup analysis, zinc use was associated with reduced in-hospital mortality in patients
with stage 1 AKI and those with sepsis.

Conclusions: Zinc supplementation was associated with improved survival in critically
ill patients with AKI. The supplementation was especially effective in those with stage 1
AKI and sepsis. These results need to be verified in randomized controlled trials.

Keywords: critical ill, acute kidney injury, zinc supplementation, sepsis, intensive care unit

INTRODUCTION

Acute kidney injury (AKI) is common in critically ill patients admitted to the intensive
care unit (ICU), and its prevalence has risen as high as 50% in recent decades (1). To
date, no specific treatment strategies have definitively improved outcomes in these patients.
Current therapeutic approaches for critically ill patients with AKI revolve around volume
status control (2), hemodynamic management (3, 4), renal replacement therapy (RRT) (5) and
avoiding nephrotoxic drugs. However, whether this population benefits from these treatment
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options remains controversial (6). Fluid and electrolyte
management, metabolic  stabilization, and nutritional
supplements  including  diuretics, sodium bicarbonate,
ondansetron, and thiamine also have been investigated in
critically ill patients with AKI (7-9).

Zinc is an essential micronutrient involved in numerous
metabolic processes. Its deficiency results in immune dysfunction
and infection, and zinc is viewed as fundamentally important
in critical illness (10-12). Low plasma zinc has been observed
in patients with AKI regardless of RRT treatment (13), and
zinc has shown potential antioxidant activity in renal ischemia
reperfusion injury (14). The benefit of zinc supplementation for
the immune response has been demonstrated in both adults and
critically ill children (15, 16). However, little evidence is available
regarding the impact of zinc treatment on critically ill patients
with AKI. In this propensity score matching (PSM) study, our
objective was to investigate the efficacy of zinc supplementation
in critically ill patients with AKI. We hypothesized that zinc
supplementation as adjunctive therapy would be associated with
improved survival in this patient population.

METHODS

Database

The study data were extracted from the publicly available
Multiparameter Intelligent Monitoring in Intensive Care IV
(MIMIC 1V, version 1.0) database. These data cover more
than 50,000 critically ill patients admitted to the Beth Israel
Deaconess Medical Center during 2008 to 2019 (17). Access to
the database was approved by the institutional review boards of
the Massachusetts Institute of Technology (No. 0403000206) and
the Beth Israel Deaconess Medical Center (2001-P-001699/14).
One author (LX) had access to this database (Certification
Number 37851920) and retrieved the data on October 15, 2021.
Given that all data were anonymous, informed consent was
waived. All procedures were performed in compliance with
relevant guidelines and regulations.

Population Selection Criteria

Adults (>18 years) who were admitted to ICU for more than 48 h
with confirmed AKI according to the Kidney Disease: Improving
Global Outcomes (KDIGO) criteria were eligible for inclusion.
The KDIGO criteria (18) were as follows: an increase in serum
creatinine by 50% from baseline within the previous 7 days,
increase in serum creatinine by 0.3 mg/dl within the last 48 h,
or oliguria (urine output <0.5 ml/kg/h) for 6 h or more. Baseline
serum creatinine level was considered to be the minimum serum
creatinine within 7 days prior to admission. The first serum
creatinine measured at ICU admission was used as the baseline
value when preadmission serum creatinine was not available.
Serum creatinine during the first 48h after ICU admission
was used to define AKI stage. Patients were excluded if they
were discharged or died within 48h after ICU admission. For
patients with multiple ICU admissions, only the first admission
was included.

Endpoints

The objective of the current study was to investigate the efficiency
of zinc sulfate as adjunctive therapy in critically ill patients with
AKI. The primary endpoint was in-hospital mortality, defined as
survival status at hospital discharge. Secondary outcomes were
30-day mortality, need for RRT, ICU length of stay (LOS), and
hospital LOS.

Data Collection and Definitions

Data for each patient within 24 h of ICU admission were collected
from the MIMIC IV database and managed using Structured
Query Language (i.e., SQL) with Navicat Premium (version 9.6).
The extracted information included age, sex, ethnicity, admission
type, platelets, red blood cell (RBC) count, hemoglobin, white
blood cell count, serum creatinine, anion gap, international
normalized ratio (INR), activated partial thromboplastin time
(APTT), glucose, simplified acute physiology score II (SAPS II),
estimated glomerular filtration rate (eGFR), AKI stage, mean
arterial pressure (MAP), RRT, mechanical ventilation, and use
of vasopressors, antibiotics, or anticoagulants. In addition, the
following comorbidities were included, all collected and defined
according to the Implementation of the International Statistical
Classification of Disease and Related Health Problems, 10
Revision: chronic kidney disease (CKD), hypertension, diabetes,
heart failure, cancer, coronary artery disease, chronic obstructive
pulmonary disease (COPD), acute respiratory distress syndrome
(ARDS), stroke chronic liver disease, and sepsis (19). Zinc
supplementation was defined as an oral intake of 50 mg/d zinc
element provided by zinc sulfate tablets. Sepsis was defined as a
recorded or suspected infection plus a Sequential Organ Failure
Assessment score >2 based on the diagnostic criteria of the
International Consensus Definitions for Sepsis and Septic Shock
(20). CKD was defined as structural or functional injury for
more than 3 months. Missing data variables in the MIMIC IV
database were common, and in the present study, all variables had
<5% missing values (Supplementary Table S1). Components
were removed from the study if the proportion of missing values
reached 20%, and removed factors included C-reactive protein,
albumin, triglycerides, cholesterol, and serum lactate.

Statistical Analysis

Continuous variables in the current study are expressed as mean
=+ standard deviation or median with interquartile range and
were compared using the student’s ¢-test or the Mann-Whitney
U test as appropriate. Categorical variables are presented as
numbers and percentages and were compared using the Chi-
square or Fisher’s exact test.

PSM was performed to match patients who received
zinc sulfate supplementation over the recommended dietary
allowance to those who did not. Patients were matched in a 1:1
greedy nearest neighbor algorithm with a caliper width of 0.2.
We generated the propensity score according to the following
variables: age, sex, ethnicity, admission type, platelet, RBC
count, hemoglobin, white blood cell count, serum creatinine,
anion gap, INR, APTT, glucose, MAP, eGFR, vasopressor use,
antibiotic use, anticoagulant use, AKI stage, SAPS II at ICU
admission, CKD, diabetes, hypertension, heart failure, COPD,
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ARDS, cancer, chronic liver disease, coronary artery disease,
stroke, and sepsis. Standardized mean difference was applied
before and after matching to evaluate the efficiency of PSM
in reducing differences between the two groups. Finally, 222
matched pairs were established for further analysis.

Multivariable Cox proportional hazards regression analysis
was used to estimate the relationship between zinc sulfate
administration and mortality, with adjustments for confounding
variables based on P < 0.05 in univariate analysis and potential
confounders judged by clinical expertise. Linear regression was
performed to evaluate the association between use of zinc sulfate
and LOS. Data are given as hazard ratios (HRs) with 95%
confidence intervals (CIs).

Stratification analysis was performed to explore whether the
association between zinc sulfate administration and in-hospital
mortality differed across various subgroups classified by AKI
stage, CKD, diabetes, hypertension, heart failure, chronic liver
disease, ARDS, cancer, coronary artery disease, and sepsis in the
population after PSM matching.

All statistical analyses were performed using SPSS 21.0 (SPSS
Inc., IBM, USA) and R 3.5.3. A P < 0.05 was considered to be
statistically significant.

RESULTS

Study Population

A total of 115,985 critically ill patients with AKI were admitted
to the ICU during the study period. According to the exclusion
criteria, 9,811 eligible patients were fully enrolled. Of these, 226
patients were exposed to zinc sulfate once daily within 48h
after ICU admission, whereas 9,585 patients did not receive zinc
sulfate therapy (Figure 1).

Before PSM, there were significant differences in ethnicity and
admission type between the two groups. The baseline RBC count,
hemoglobin, and eGFR were higher in the non-zinc group when
compared to the zinc group. Conversely, patients in the zinc
group had a higher INR. Vasopressor use and anticoagulant use
were more common in the zinc group. Patients with CKD were
more likely to be given zinc sulfate (Table 1).

Association Between Zinc Sulfate and

Clinical Outcomes
A multivariable Cox proportional hazard model was run for
clinical outcomes between the two groups. In the pre-matched
cohort, zinc sulfate use was associated with reduced in-hospital
mortality [HR = 0.59 (95% CI: 0.40, 0.89) P = 0.011] and 30-
day mortality [HR = 0.56 (95% CI: 0.32, 0.85) P = 0.009] after
adjustment for confounding factors associated with mortality
(Supplementary Table S2). A logistic regression model was used
to estimate the impact of zinc sulfate on RRT, showing that zinc
sulfate was associated with increased need for RRT [HR = 1.57
(95% CI: 1.07, 2.32) P = 0.023]. Furthermore, zinc sulfate use was
associated with longer ICU LOS [HR = 1.80 (95% CI: 1.34, 2.42)
P < 0.001] and hospital LOS [HR = 1.35 (95% CI: 1.21, 2.32) P
< 0.001] (Table 2).

After PSM, 222 patients who received zinc sulfate were
matched to 222 patients who did not. The baseline characteristics

Patients identified from
MIMIC IV (n=69,211)

—

Patlents for further screening ]

Multiple ICU admissions
(n=16061)

(n=53150)

KDIGO
criteria

P tients with AKI (n=11598
el gl 17 ) Age <18 years old (n=509)
ICU stay <48 hours (n=1278)
[ Patients mcluded (n=9811)

[ With zinc sulfate (n=226) ] [ Without zinc sulfate (n=9585) ]

N\ /

[ 222 pairs after PSM ]

FIGURE 1 | Flowchart of patient selection. ICU, intensive care unit; MIMIC IV,
Multiparameter Intelligent Monitoring in Intensive Care Database IV; PSM,
propensity score matching.

and comorbidities were well balanced between the two groups,
and the standardized differences of the means were provided
(Supplementary Table S3). Among the 222 propensity-matched
pairs, zinc sulfate use was associated with reduced in-hospital
mortality [HR = 0.48 (95% CI: 0.28, 0.83) P = 0.009] and 30-day
mortality [HR = 0.51 (95% CI: 0.30, 0.86) P = 0.012]. However,
zinc sulfate use was not associated with the application of RRT
[HR = 1.31 (95% CI: 0.72, 2.39) P = 0.371], ICU LOS [HR =
0.86 (95% CI: 0.58, 1.27) P = 0.444], or hospital LOS [HR = 0.97
(95% CI: 0.65, 1.45) P = 0.895] (Table 2).

Subgroup Analysis

According to the KDIGO criteria, zinc sulfate use was associated
with reduced in-hospital mortality in patients with stage 1 AKI
but not in those with stage 2 or 3 AKI. Of interest, the improved
in-hospital outcome was observed in patients with sepsis in the
ICU [HR = 0.25 (95% CL 0.11, 0.57) P = 0.001]. When the
analysis was restricted to patients with diabetes, heart failure,
or hypertension, zinc sulfate administration was not associated
with hospital outcome. Similar analyses in other groups were not
significant (Table 3).

DISCUSSION

The present study demonstrated an association of zinc
supplementation with reduced in-hospital mortality and
30-day mortality in critically ill patients with AKI, even after
adjustment for major covariates. Results of the subgroup analysis
suggested that zinc treatment might have a beneficial impact on
patients with stage 1 AKI according to KDIGO criteria.

There are several possible mechanisms by which zinc
treatment could exert beneficial effects on critically ill patients
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TABLE 1 | Baseline characteristics of groups before propensity score matching analysis.

Variables Non-zinc group Zinc group P SMD
(n = 9,585) (n = 226)

Age 67 £ 15 65 + 14 0.090 0.136

Sex, male, n (%) 5,743 (59.9) 125 (55.3) 0.163 0.075

Ethnicity, n (%) 0.001 0.178

White 6,185 (64.5) 156 (69.0)

Black 870 (9.1) 32 (14.2)

Other 2,530 (26.4) 38 (16.8)

Admission type, n (%) 0.004 0.177

Observation 999 (10.4) 37 (16.4)

Elective 494 (5.2) 7 (3.1)

Emergency 5,694 (59.4) 140 (61.9)

Urgent 2,398 (25.0) 42 (18.6)

Laboratory parameters

Platelets, 109/L 195.4 +£110.9 200.0 + 126.5 0.542 0.036

RBC count, 10%/L 34+£08 32+07 <0.001 0.291

Hemoglobin, g/dI 10.3+23 96+1.9 <0.001 0.384

WBC count, 10%/L 132+£9.7 134 £7.3 0.762 0.013

Serum creatinine, 1.9+21 22+22 0.051 0.145

Anion gap, mmol/L 167 £56.1 16.8 £ 5.0 0.699 0.035

APTT, seconds 416+ 27.1 423 +£27.0 0.692 0.029

INR 1.6+1.0 1.7+141 0.024 0.134

Glucose, mg/dl 153.9 + 86.4 148.6 £ 66.7 0.318 0.078

Co-morbidities, n (%)

CKD 1,791 (18.7) 62 (27.4) 0.001 0.199

Diabetes 2,042 (21.3) 58 (25.7) 0.114 0.093

Heart failure 2,041 (21.3) 55 (24.3) 0.270 0.070

Hypertension 2,398 (25.0) 44 (19.5) 0.057 0.155

Chronic liver disease 558 (5.8) 17 (7.5) 0.282 0.067

COPD 170 (1.8) 3(1.9) 0.801 0.091

ARDS 2,003 (20.9) 45 (19.9) 0.719 0.039

Cancer 1,042 (10.9) 19 (8.42) 0.238 0.083

Coronary artery disease 2,085 (21.8) 42 (18.6) 0.253 0.100

Stroke 275 (2.9) 5(2.2) 0.558 0.043

Sepsis 1,271 (13.3) 40 (17.7) 0.053 0.122

MAP, mmHg 82.4 +£19.2 80.4 +£18.3 0.116 0.106

eGFR, ml/min/1.73 m? 58.1 + 34.6 52.6 + 36.0 0.018 0.160

Mechanical ventilation, n (%) 6,171 (64.4) 150 (66.4) 0.537 0.040

Vasopressor use, n (%) 3,663 (38.2) 102 (45.1) 0.035 0.147

Anticoagulant use, n (%) 785 (8.2) 32 (14.2) 0.001 0.174

Antibiotic use, n (%) 7,432 (77.5) 186 (82.3) 0.089 0.118

AKIl stage, n (%) 0.117 0.053

1 7,848 (81.9) 183 (81.0)

2 432 (4.5) 5(2.2)

3 1,305 (13.6) 38 (16.8)

Scoring systems

SAPSII score 432 +£14.9 449 +15.3 0.105 0.177

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; APTT, activated partial thromboplastin time; COPD, chronic obstructive pulmonary disease; eGFR, estimated
glomerular filtration rate; INR, international normalized ratio; MAR, mean arterial pressure; RBC, red blood cell; SAPSII, Simplified Acute Physiology Score Il; SMD, standardized mean
difference; WBC, white blood cell.

with AKI. Zinc is required for both the innate and adaptive  lymphopenia and impaired natural killer (NK) cell function
immune systems. Zinc deficiency induces a cumulative loss of (10, 21). It has been proposed that zinc administration could
B cell and T cell maturation, which subsequently results in  restore lymphocyte production and NK cell activity (22). Zinc
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TABLE 2 | Association of zinc use with clinical outcome in critically ill patients with AKI.

Non-zinc group Zinc group P Unadjusted HR (95% CI) P Adjusted HR (95% CI) P
Pre-matched cohort n = 9,585 n =226
Primary outcome
In-hospital mortality, n (%)* 2,156 (22.5) 36 (15.9) 0.019 0.49 (0.36, 0.69) <0.001 0.59 (0.40, 0.89) 0.011
Secondary outcomes
RRT® 1,657 (17.3) 60 (26.5) <0.001 1.73(1.28, 2.33) <0.001 1.57 (1.07, 2.32) 0.023
30-day mortality, n (%)* 2,317 (24.2) 39 (17.3) 0.016 0.65 (0.46, 0.93) 0.017 0.56 (0.32, 0.85) 0.009
Length of ICU stay* 59+52 78+6.4 <0.001 1.79 (1.36, 2.35) <0.001 1.80(1.34, 2.42) <0.001
Length of hospital stay* 11.7+6.9 168+ 7.2 <0.001 3.17 (2.33, 4.31) <0.001 1.35(1.21, 2.31) <0.001
Post-matched cohort n=222 n=222
Primary outcome
In-hospital mortality, n (%)* 55 (24.8) 36 (16.2) 0.022 0.43 (0.28, 0.66) <0.001 0.48 (0.28, 0.83) 0.009
Secondary outcomes
RRT® 59 (26.6) 60 (26.4) 0.915 1.02 (0.67, 1.56) 0.915 1.31(0.72, 2.39) 0.371
30-day mortality, n (%)* 58 (26.1) 39 (17.6) 0.029 0.60 (0.38, 0.95) 0.030 0.51(0.30, 0.86) 0.012
Length of ICU stay* 6.4 £5.7 78+6.4 0.018 0.81(0.56, 1.17) 0.255 0.86 (0.58, 1.27) 0.444
Length of hospital stay* 122+6.9 159+7.2 <0.001 1.02 (0.70, 1.48) 0.924 0.97 (0.65, 1.45) 0.895

AKI, acute kidney injury; Cl, confidence interval; HR, hazard ratio; ICU, intensive care unit; RRT, renal replacement therapy.
#Cox regression was used for estimating the impact of zinc sulfate use on mortality outcomes, with adjustment for confounding variables selected based on P < 0.05 in univariate analysis.

$Logistic regression analysis was used to evaluate the association of zinc sulfate and RRT.
*A generalized linear model was used to calculate beta coefficients (estimates) and P-values.

also has been suggested to regulate metallothionein, which
has a role in free radical scavenging and the inflammatory
response (23). Additionally, abnormal elevation of blood glucose
has been recognized as an indicator of poor prognosis in
critically ill patients (24, 25), and the presence of zinc is
essential for insulin secretion and glucose homeostasis (26, 27).
Of interest, in animal models of bowel anastomosis, zinc
supplementation has enhanced wound healing in cutaneous
and gastrointestinal wounds (28). Thus, zinc use could be
an indispensable medical option in patients with surgical and
burn trauma.

Mild to moderate zinc deficiency is often found during
the early stages of patient care after admission to the ICU
because of increased metabolic rate, inadequate nutritional
intake, and ongoing feeding difficulties. In most cases, plasma
zinc concentration seems to reflect poor nutrition. However,
in patients with an inflammatory response, rapid declines
in zinc are partially the result of its redistribution into the
cellular compartment (29, 30). Consequently, measurement of
plasma zinc, especially in critically ill patients with AKI, can
be uninformative and may be misleading. Of note, the decision
to use zinc supplementation for patients, particularly in the
ICU, solely depends on physician clinical judgment according
to indirect clues, such as clinical characteristics (i.e., impaired
wound healing, acrodermatitis enteropathica), poor nutrition,
and related lab values (i.e., serum alkaline phosphatase, a zinc-
dependent metalloenzyme) (31).

In our study, we found an association in the unmatched
analysis between zinc supplementation and longer ICU and
hospital LOS. There were differences in mortality rates between
the two groups, and some patients who died early in the

non-zinc group would have had shorter ICU or hospital LOS.
We also found, however, that zinc use was not independently
associated with ICU or hospital stay in the PSM analysis. A
systematic review of four randomized controlled trials (RCTs)
of zinc supplementation in non-critically ill patients showed
no effect on ICU or hospital LOS or duration of mechanical
ventilation (32). Most such studies have included patients
with mild and moderate disease, and further investigations are
needed to confirm any benefits of zinc use, whether for all
critically ill patients with AKI or exclusively for those with
zinc deficiency.

Subgroup analysis of various AKI stages indicated that the
beneficial effect of zinc supplementation on mortality was
especially observed in patients with stage 1 AKI. However, stage
2-3 AKI patients represented more severe clinical cases, and
it is possible that this population may not benefit from zinc
supplementation. A recent study of critically ill patients in the
ICU with COVID-19, however, showed an association of oral
zinc supplementation with reduced AKI incidence (33). An exact
mechanism for a renal protective effect of zinc has not been
identified, but zinc may mitigate AKI risk through antioxidant
action (14). The potential of zinc in renal protection in critically
ill patients warrants further study.

Our results additionally show that zinc supplementation was
independently associated with reduced mortality in patients
with sepsis. This finding is consistent with previous studies
showing that zinc supplementation improved survival rates
in murine models of sepsis (34, 35). However, data conflict
on the association of zinc use with clinical outcomes in
the context of sepsis in humans. Some relevant RCTs have
shown a beneficial effect of zinc use in reducing mortality
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TABLE 3 | The association between zinc sulfate therapy and in-hospital mortality in subgroups.

Subgroup N HR 95% CI P P for interaction
AKI stages 0.006
1 358 0.39 0.24,0.64 <0.001

2-3 86 0.75 0.34,1.65 0.795

CKD 0.083
No 321 0.45 0.28,0.73 0.001

Yes 123 0.16 0.06, 0.45 <0.001

Diabetes 0.010
No 321 0.45 0.28,0.73 0.001

Yes 123 0.16 0.06, 0.45 <0.001

Heart failure 0.001
No 331 0.44 0.27,0.70 0.001

Yes 113 0.28 0.10,0.78 0.015

Hypertension 0.019
No 354 0.47 0.30,0.75 0.002

Yes 90 0.05 0.01,0.24 <0.001

Chronic liver disease 0.292
No 410 0.49 0.31,0.77 0.002

Yes 34 0.33 0.07, 1.68 0.182

ARDS 0.098
No 356 0.52 0.31,0.87 0.012

Yes 88 0.23 0.09, 0.57 0.001

Cancer 0.340
No 401 0.52 0.33,0.83 0.006

Yes 43 0.71 0.21,1.85 0.058

Coronary artery disease 0.454
No 359 0.40 0.25,0.64 <0.001

Yes 85 0.67 0.14, 1.81 0.449

Sepsis 0.018
No 355 0.63 0.37, 1.06 0.081

Yes 89 0.25 0.11,0.57 0.001

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; Cl, confidence interval; CKD, chronic kidney disease; HR, hazard ratio.

rate and improving neurological development in neonates
(36, 37). In contrast, Newton et al. found that the use of zinc
had no notable impact on survival rate and hospital stay in
neonatal sepsis (38). Of note, in another study, parenteral
zinc administration was associated with an exaggerated acute
phase response (39) and potentially interfered with nutritional
status. A recent meta-analysis comparing outcomes for
hospitalized patients receiving zinc with a control intervention
(15) showed that zinc supplementation significantly reduced
mortality in sepsis, in agreement with our current finding
of survival benefit. Most of these previous studies involved
neonatal sepsis.

Here, using PSM, we provide initial results supporting zinc
supplementation in critically ill patients with AKI. Currently,
evidence is limited for zinc as an adjunctive treatment in
this patient population. Some studies have evaluated zinc
supplementation in critically ill patients with COVID-19, and
an ongoing RCT is assessing intravenous zinc in this patient
population (40).

Several potential limitations in the current study should be
acknowledged. First, because of the single-center retrospective
design, we cannot rule out unknown confounder effects. A multi-
center reearch could provide a more robust and representative
evidence. Second, zinc was administered by the enteral route in
our study, and many factors could lead to poor absorption of
zinc in critically ill patients, such as malabsorption syndrome
and inflammatory diseases of the bowel. Although plasma
zinc is not routinely measured, it was thought to be useful
as a diagnostic marker for evaluating the severity of sepsis.
A prospective cohort trial monitoring zinc levels after zinc
therapy via parenteral route would enable us to better investigate
the association between zinc supplementation and prognosis
in these population. Third, in the absence of evidence-based
medical guidelines, zinc administration decisions were left to the
discretion of the clinicians, which might be a source of bias.
More evidence was warranted to further clarify the beneficial
effect of zinc supplementation in ICU patients. Forth, the number
of patients in the stage 2-3 AKI group was relatively small,
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which may have resulted in selection bias and affected statistical
significance. A longitudinal study with longer follow-up as well as
alarge sample size should be considered and studied in the future.
Finally, given the ongoing pandemic, it cannot be overstated
that using supplements in critical cases risks side effects for ICU
patients. Further prospective studies should be considered. Thus,
these findings should not be used to guide clinical practice and
rather can serve to highlight the need for further investigation
into the potential benefits of zinc supplementation in critically ill
patients with AKI.

CONCLUSION

Zinc supplementation is associated with improved outcomes in
critically ill patients with stage 1 AKI and sepsis. Well-designed
prospective studies are needed to confirm these findings.
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