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Abstract

Background:

Zinc is a trace element that plays a role in stimulating innate and acquired immunity. The role of zinc in
critically ill patients with COVID-19 remains unclear. This study aims to evaluate the efficacy and safety
of zinc sulfate as adjunctive therapy in critically ill patients with COVID-19.

Methods:

Patients aged = 18 years with a COVID-19 who were admitted to the intensive care unit (ICU) in two
tertiary hospitals in Saudi Arabia were retrospectively assessed for zinc use, from 01 March 2020 until 31-
December 2020. We assessed the association of zinc use as adjunctive therapy with the in-hospital and
30-day mortality after propensity score matching. Secondary outcomes included mechanical ventilation
(MV) duration, ICU length of stay (LOS), hospital LOS, and complication (s) during ICU stay.

Results:

A total of 266 patients were included in this study after using propensity score matching. Zinc sulfate as
adjunctive therapy during ICU stay was not associated with statistically significant reduction in 30-day
mortality nor in-hospital mortality compared to those who did not receive zinc (HR= 0.65 Cl = 0.41,1.01;
p=0.05 and HR= 0.67 Cl = 0.45,1.00; p= 0.05; respectively). Moreover, MV duration (Beta coefficient 0.10
Cl =-0.19,0.39; p= 0.48), ICU LOS (Beta coefficient 0.19 Cl = -0.02,0.40; p=0.08) and hospital LOS (Beta
coefficient 0.15 Cl = -0.02,0.32; p=0.08) were not statistically significant between the two groups. Patients
who received zinc have a higher odds of acute kidney injury (AKI) during ICU stay (OR= 1.80 CI = 1.08-3.0;
p=0.02).

Conclusion:

Zinc sulfate as adjunctive therapy in critically ill patients with COVID-19 may have survival benéefit;
however, was not statistically significant. Zinc use was linked with an increased risk of AKI development
during ICU stay.

Background

The coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has emerged as a threat to public health worldwide[1] Symptoms of COVID-19 manifest
as a cluster of mild to severe respiratory symptoms [1]. Severe COVID-19 amplifies the overall systematic
inflammatory response in critically ill patients, increasing the risk of multi-organ dysfunctions, including
acute respiratory disease syndrome (ARDS) and mortality[1-4]. This inflammatory response is caused by
the hyperactivation of chemokines and cytokines, a prominently interleukin-6 (IL-6)[3]. Therefore, the
dysregulation of cytokines was one of the targets for many treatment strategies in treating patients with
severe COVID-19[3].
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To date, no specific pharmacological agents have proven efficacy against SARS-CoV-2; instead, host-
directed therapies and supportive therapy are used[5] The current treatment options for COVID-19
critically ill patients include anti-viral agents, immunosuppressive agents, and immunomodulators[6].
However, the evidence about these treatment options' mortality benefit in critical patients with COVID-19
is conflicting[7—10] Moreover, some mineral supplements and vitamins with immunomodulatory activity
and antioxidant effects such as thiamine, vitamins C and D, zinc, and selenium metals use in patients
with COVID-19 are investigated[11]. [12] [13, 14]

Zinc is a trace element that plays a role in the development and function of the immune system
exhibiting direct or indirect anti-viral properties [14]. [14, 15] High intracellular zinc levels were reported to
stall the replication of the severe acute respiratory syndrome coronavirus (SARS-CoV) that caused the
severe acute respiratory syndrome and influenza virus [13, 15, 16]. Moreover, some reports demonstrate
the synergistic effect of zinc with anti-viral therapy in SARS-CoV[17]. Zinc supplementation favorable
outcomes on immune system function in non-COVID-19 critically ill patients have been observed in
several studies[17, 18]. However, the data supporting zinc use for COVID-19 treatment in critically ill
patients insufficient [19]. Yet, providers continue to use it as adjunctive therapy in this patient population.
Therefore, we aim to evaluate the efficacy and safety of zinc supplementation in treating critically ill
patients with COVID-19.

Methods
Study design

This was a two-center, retrospective study of prospectively collected data of all consecutive critically ill
COVID-19 patients who were admitted to the ICU from 01 March 2020 until 31-December 2020. We aimed
to enroll as many patients as possible, with no predefined sample size. COVID-19 was confirmed using a
reverse transcriptase-polymerase chain reaction (RT-PCR) obtained from nasopharyngeal or throat swabs.
The study was approved by King Abdullah International Medical Research Center (KAIMRC)-Institutional
Review Board, Riyadh, Saudi Arabia (Study Number: RC20/589/R).

Participants

Patients aged = 18 years and were admitted to ICU for more > 24 hours with a confirmed COVID-19 were
eligible for inclusion. Patients were excluded if were placed as "Do-Not-Resuscitate" code status within 24
hours of ICU admission. Enrolled patients were classified into two groups based on the administration of
zinc sulfate use as adjunctive therapy during ICU stay. Patients who received zinc sulfate 220 mg (50 mg
of elemental zinc) enterally tablets as new initiation in the ICU or prior to ICU admission and continued
during ICU stay were included in the active group. Patients were followed during their hospital stay, until
discharge or in-hospital death, whichever occurred first.

Setting
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This study was conducted in two large, tertiary governmental hospitals; King Abdulaziz Medical City
(KAMC), Riyadh, and King Abdulaziz University Hospital (KAUH), Jeddah. The ICUs admit medical,
surgical, trauma, burn, and transplant patients and operate as a closed unit with 24/7 onsite coverage by
critical care board-certified intensivists. The distributions of total enrolled patients were 77 % and 23 % in
KAMC-CR and KAUH, respectively. The primary site for this study was KAMC, Riyadh.

Data collection

Patients’ demographic data, comorbidities, vital signs, and laboratory tests were extracted from electronic
medical records. The following labs were gathered renal profile, liver function tests (LFTs), coagulation
profile (i.e., INR, aPTT, fibrinogen), inflammatory markers (C-reactive protein (CRP), procalcitonin) within
24 hours of ICU admission, and the "worst" values of inflammatory markers during ICU stay (maximum or
minimum, depending on the parameter). The severity baseline scores (i.e., Acute Physiology And Chronic
Health Evaluation Il (APACHE II), Sequential Organ Failure Assessment (SOFA), and Nutrition Risk in
Critically ill (NUTRIC)) were calculated for each patient. In addition, we collected the Glasgow Coma Score
(GCS), fluid balance status, the needs for mechanical ventilation (MV), and MV parameters (e.g.,
Pa0,/FiO, ratio, FiO, requirement) within 24 hours of ICU admission.

Aim of study and Outcomes

This study aims to evaluate the efficacy and safety of zinc sulfate as adjunctive therapy in critically ill
patients with COVID-19.The primary outcomes were the 30-day and in-hospital mortality in critically ill
patients who received zinc sulfate as adjunctive therapy. The secondary outcomes include ICU LOS,
hospital LOS, mechanical ventilation (MV) duration, and evaluation of complications during ICU stay,
including acute kidney injury (AKI), liver injury, a respiratory failure that requires MV, and
thrombosis/infraction during ICU stay.

Definition (s)

 Acute kidney injury (AKI) was defined using the Acute Kidney Injury Network (AKIN) definition [20].

e Thrombosis/infraction was defined using ICD10-CM code (i.e. Myocardial infarction (Ml), ischemic
stroke, pulmonary embolism, deep vein thrombosis)[21]

 Respiratory failure was defined as either hypoxemic respiratory failure (PaO, < 60 mm Hg with a
normal or low arterial carbon dioxide tension (PaCO,) or hypercapnic respiratory failure (PaCO,> 50
mm Hg) that requires invasive mechanical ventilation.

 Liverinjury is defined as alanine aminotransferase (ALT) exceeding three times the upper limit of
normal or double in patients with elevated baseline ALT.

Data management and Statistical analysis

Categorical variables were reported using numbers and percentages, whereas continuous variables
reported using mean with standard deviation (SD) or median with interquartile range (IQR) when
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appropriate. We compared categorical variables using the Chi-square or Fisher exact test. Continuous
variables were compared using numerical the student-t test (for the normally distributed variables) or
other quantitative variables with the Mann-Whitney U test (for the non-normally distributed variables). The
normality assumptions were assessed for all numerical variables using statistical tests (i.e., Shapiro-
Wilk test) and graphical representation (i.e., histograms and Q-Q plots).

Propensity score matching procedure (Proc PS match) (SAS, Cary, NC) was used to match patients who
received zinc sulfate (active group) to patients who did not (control group) based on baseline severity
scores (i.e., APACHE II, SOFA score, NUTRIC scores), systemic use of corticosteroids and study centers. A
greedy nearest neighbor matching method was used in which one patient who received zinc sulfate
(active) group matched with one patient who did not (control), which eventually produced the smallest
within-pair difference among all available pairs with treated patients. Patients were matched only if the
difference in the logits of the propensity scores for pairs of patients from the two groups was less than or
equal to 0.5 times the pooled estimate of the standard deviation.

Model fit assessed using the Hosmer-Lemeshow goodness-of-fit test. Multivariable Cox proportional
hazards regression analyses were performed for the 30-day and in-hospital mortality. Additionally,
Kaplan-Meier (KM) plots were generated for these outcomes. Multivariable regression analysis and
negative binomial regression were used for the other outcomes considered in this study. The odds ratios
(OR), hazard ratio (HR), or estimates with the 95% confidence intervals (Cl) were reported as appropriate.
No imputation was made for missing data as the cohort of patients in our study was not derived from
random selection. We considered a Pvalue of < 0.05 statistically significant and used SAS version 9.4 for
all statistical analyses.

Results

A total of 738 critically ill patients with COVID-19 were admitted to the ICU during the study period in the
two study centers. Zinc sulfate was administered to 140 patients, whereas 598 patients did not receive
zinc as adjunctive therapy. We matched 266 patients using propensity score matching (1:1) according to
the selected criteria. The active group received zinc sulfate for a median duration of 12 days (IQR 8-15).
Most patients (70.3%) received zinc early within three days of ICU admission as new initiation or initiated
prior to ICU admission (e.g., wards) and continuation during ICU stay.

Study population

The majority of the patients in both arms were men (72%), and the average age of the patients was 60 *
15 years in the whole cohort. (Additional file 1: Table e1). The most common comorbidities were diabetes
mellitus (61%), hypertension (56.8%), and dyslipidemia (23.2%) (Additional file 2: Table e2). Severity
scores (i.e., APACHE Il and SOFA scores), fibrinogen levels, AKI, and MV needs within 24 hours of ICU
admission were higher in the control group. There were no significant differences in the baseline and
demographic characteristics after adjusting for patients' baseline severity scores, systemic

corticosteroids, and hospital centers (Additional file 1: Table e1).
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Primary endpoints

Forty-four patients (33.6%) died during hospital stay among the zinc group, compared with 56 patients
(42.7%) in the control group. The overall survival probabilities were higher during hospital stayed among
patients who received zinc before and after propensity score-matched (Fig. 1a,1b).

At multivariable Cox proportional hazards regression analyses, the 30-day and in-hospital mortality were
lower in patients who received zinc sulfate (HR =0.65 CI=0.41,1.01; p=0.05 and HR = 0.67 Cl = 0.45,1.00;
p=0.05; respectively); however, it was not statistically significant (Table 1).

Table 1
Regression analysis for the outcomes
Outcomes Crude analysis Hazard Ratio (HR) p
(95%ClI) value
Control Zinc P-
value
In-hospital mortality, n(%) 56/131 44/131 0.13**  0.67 (0.45,1.00) 0.058
(42.7) (33.6)
30-day mortality, n(%) 45/129 35/130 0.17°  0.65 (0.41,1.01) 0.05$
(34.9) (26.9)
beta coefficient p
(Estimates) (95%Cl) value
MV duration during ICU 9.0 (4.0, 11.0 0.60* 0.10(-0.19,0.39) 0.48
(Days), Median (IQR) &* 15.0) 239-50(;. $*
ICU Length of Stay (Days), 8.0 (5.0, 9.0 (5.0, 0.10*  0.19 (-0.02, 0.40) 0.08
Median (IQR) & 12.0) 15.0) §*
Hospital Length of Stay 14.0 17.0 0.07* 0.15(-0.02-0.32) 0.08
(Days), Median (IQR) & (10.0, (13.0, S*
23.0) 28.0)

AAChi-square test is used to calculate the P-value.

A Wilcoxon rank sum test is used to calculate the P-value.

S Propensity score after adjusting for patient’s baseline severity scores (i.e., APACHE Il, SOFA score,
NUTRIC scores), systemic use of corticosteroids and study centers to calculate hazard ratio and p-
value.

$* propensity score adjusted Generalized linear model is used to calculate beta coefficient (estimates)
and p-value.

& Denominator is patients who have respiratory failure requiring MV during ICU stay.

& Denominator is patients who survived.
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Secondary endpoints

There was no statistically significantly differences in term of MV duration (Beta coefficient 0.10 Cl =
-0.19,0.39; p=0.48), ICU LOS (Beta coefficient 0.19 Cl = -0.02,0.40; p=0.08) and hospital LOS (Beta
coefficient 0.15 Cl =-0.02,0.32; p=0.08) between the two groups after using propensity score adjustment

analysis. (Table 1).

ICU complications during ICU stay were reported in (Table 2). Acute kidney injury occurred in 53 patients
(39.9%) in the zinc group, compared with 41 patients (31.3%) in the control group (OR (95%Cl): 1.80 (1.0,
2.99), p=0.02). On the other hand, no differences were observed in acute liver injury (OR (95%Cl): 0.91
(0.42,1.98), p=0.81), thrombosis/infraction (OR (95%Cl): 0.78 (0.35, 1.70), p= 0.52) or respiratory failure
requiring MV (OR (95%Cl): 0.77 (0.34, 1.73), p=0.52) as presented in Table 2. The effect of Zinc on
COVID-19 inflammatory markers, including CRP and ferritin, was not significant, as shown in Table 3.

Table 2
ICU complication (s) during ICU stay
Outcomes Crude Analysis P- Odds Ratio (OR) P-
value  (95%Cl) value
Control Zinc $
Acute Kidney Injury (AKI), n(%) 41/131 53/133 0.15*  1.80(1.08,3.0) 0.02
(31.3) (39.9)
Liver Injury, n(%) 13/131 13/133 0.99"*  0.91(0.42,1.98) 0. 81
(9.9) (9.7)
Respiratory Failure Requiring 23/54 20/57 0.42** 0.77 (0.34,1.73) 0.52
MV, n (%) $* (42.6) (35.1)
Thrombosis/infraction During 14/130 12/131 0.66* 0.78 (0.35,1.70) 0.52
ICU, n(%) (10.8) (9.2)

AChi-square /**Fisher Exact test is used to calculate the P-value.

admission

S propensity score adjusted Logistic regression is used to calculate Odds ratio and p-value.

*AMultivariable logistic regression is used after adjusting for patient's baseline severity scores,
systemic use of corticosteroids and hospital center to calculate OR and p-value

$*Denominator of the percentage is non-mechanically ventilated patients with 24 hours of ICU
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Table 3
COVID-19 Inflammatory Surrogate Markers

Surrogate markers Control Zinc P-
value
(N=133) (N=133)
CRP Baseline (mg/I), Median (IQR) 149.0 (84.00, 238.00) 136.0 (73.00, 201.00) 0.18
CRP Follow-up (mg/I), Median (IQR) 150.0 (76.00, 270.00) 153.0 (74.00, 256.00) 0.417

Ferritin Baseline (ug/1), Median (IQR)  712.5 (338.40, 951.9 (527.90, 0.07%
1981.00) 2132.65)
Ferritin Follow-up (ug/1), Median 733.1 (335.30, 973.8 (600.10, 0.01*
(IQR) 1612.30) 2241.10)
Discussion

In this two-center, retrospective, propensity score matching study, zinc used as adjunctive therapy was
associated with lower in-hospital and 30-day mortality in critically ill patients with COVID-19; but did not
reach a statistically significant difference (HR 0.67; p-value =0.05 and HR 0.65; p-value = 0.05). Moreover,
a previous retrospective study has shown that the use of zinc in combination with hydroxychloroquine
and azithromycin in hospitalized patients with COVID-19 reduces mortality. ICU admission and MV need
compared with patients who did not receive zinc; however, mortality benefits were not observed after
excluding ICU patients [22].

A subgroup analysis of severe and critically ill patients with COVID-19 found that the use of zinc was not
associated with a significant reduction in-hospital mortality[23]. Additionally, a multi-center randomized
controlled (RCT) study reported that the use of zinc combined with hydroxychloroquine did not affect the
overall mortality in patients with COVID-19 compared to the patients who did not receive zinc[24]

A systematic review of four randomized trials conducted in non-COVID-19 critically ill patients found that
zinc supplementation was not associated with a significant reduction in mortality or ICU length of stay
[19]. While in this study, the duration of MV, ICU LOS, and hospital stay was not significantly reduced in
the zinc group compared to the control group. These results are consistent with previous retrospective
and RCT studies showing that the concomitant use of zinc with hydroxychloroquine did not affect the
ICU, LOS, hospital LOS, duration of MV[22, 24]. It is worth mentioning that most of these studies included
patients with mild, moderate, and severe COVID-19 [22, 24]. Moreover, zinc supplementation has been
shown to reduce cytokine levels in rhinovirus (RSV) infections [27]. However, we did not find that zinc
affects COVID-19 disease progression evident by surrogate markers. In pregnant patients infected with
COVID-19, Zinc to copper ratio correlated with inflammatory and acute phase markers, including IL-6 and
CRP [28].

In terms of the complications during ICU stay, zinc use was associated with a higher odds of acute kidney
injury. Oppositely, zinc was thought to reduce renal injury incidence via its antioxidant effect in rats [25];
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our study may contradict these pre-clinical data. The exact mechanism and explanation for the increased
AKI risk observed in our cohort are unknown. However, other risk factors for AKI were not assessed, such
as the concomitant use of other nephrotoxic medications. These findings worth further investigation
about the precise impact of zinc supplementation on renal function in critically ill COVID-19 patients.

The current National Institute of Health (NIH) recommends against zinc supplementation to treat or
prevent COVID-19[29]. This recommendation was based on the lack of clinical data to support its role in
COVID-19 and its potential harm from long-term zinc administration. When combined with anti-viral
therapy, the timing of zinc supplementation and its beneficial effect are essential factors determining its
role in COVID-19 disease progression. Early administration of zinc with anti-viral therapy in COVID-19
patients may potentiate their anti-viral effect as it did in patients with the common cold [27, 30]. Previous
reports, including out-patients with COVID-19, administered zinc early after diagnosis [18, 31]. However,
the benefit of early versus late zinc initiation in COVID-19 patients is still unclear.

Currently, the available evidence about the use of zinc in critically ill patients is limited. Many of the
previous reports investigated zinc use in either non-COVID-19 or non-critically ill patients. As we are
writing this manuscript, there is an ongoing double-blinded RCT study investigating the use of high-dose
zinc in critically ill patients with SARS-COV2[32]. Compared to the published data, this study is one of the
few studies that assessed the use of zinc in critically ill patients with COVID-19 with a propensity-score-
matched group of patients. Nonetheless, it still has several limitations; such as the observational nature,
small sample size, and the possibility of residual confounding. Given these limitations, the study's
findings should not be used to guide clinical practice but to support the need for future randomized
clinical trials to investigate the potential impact of zinc supplementation in critically ill COVID-19 patients.

Conclusion

In critically ill patients with COVID-19, zinc as adjunctive therapy may have survival benefit; however, was
not statistically significant. In contrast, the use of zinc was linked to an increased risk of AKI development
during ICU stay. Further randomized clinical and interventional studies are needed to confirm and
generalize our findings.

Abbreviation

Intensive care units (ICUs), Coronavirus disease (COVID-19), Mechanical ventilation (MV), Length of Stay
(LOS).
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Figure 1

T1a: Overall survival plot during hospital stay (Before PS matching). Overall survival plot during hospital
stay comparing patient who received zinc as adjunctive therapy versus control group - Before PS
matching 1b: Overall survival plot during hospital stay (After PS matching). Overall survival plot during
hospital stay comparing patient who received zinc as adjunctive therapy versus control group - After PS
matching
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