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ABSTRACT
Introduction: According to a substantial body of research, electrolyte abnormalities are 
a common manifestation in coronavirus disease 2019 (COVID-19) patients and are associated 
with adverse outcomes. This study aimed to investigate electrolyte imbalances in COVID-19 
patients and assess their relation to mortality.
Methods: Adult COVID-19 patients hospitalized in the Security Forces Hospital in Saudi Arabia 
from June 8th till August 18th, 2020 were enrolled in this retrospective observational study. We 
examined baseline characteristics, comorbidities, acute organ injuries, medications, and elec
trolyte levels including sodium, potassium, chloride, calcium, bicarbonate, phosphate, and 
magnesium on ICU admission, as well as every following day of ICU stay, until death or 
discharge. Patients were stratified according to survival, and differences in variables between 
groups were compared using Mann-Whitney’s U test or Fisher’s exact test. Longitudinal 
electrolyte profiles were modeled using random intercept linear regression models.
Results: A total of 60 COVID-19 patients were enrolled. Compared to survivors, non-survivors 
had significantly higher sodium and phosphate on admission and death, higher potassium and 
magnesium at death, and significantly lower calcium at death. Abnormalities in admission 
levels of chloride and bicarbonate were also more frequently observed in non-survivors. 
Furthermore, in the deceased group, we observed a daily increase in potassium and phosphate 
levels, and a daily decrease in sodium and chloride. Finally, calcium increased in non-survivors 
over time, however, not as significantly as in the survivor group.
Conclusion: Admission levels of electrolytes and changes over the course of ICU stay appear to 
be associated with mortality in COVID-19 patients.
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1. Introduction

Since its inception in December 2019, the severe acute 
respiratory disease coronavirus 2 (SARS-CoV-2), 
responsible for the ongoing coronavirus disease 2019 
(COVID-19) pandemic, has been a focus of a vast 
amount of research on the prognostic value of various 
clinical and laboratory parameters in infected patients 
[1–5]. In this regard, electrolyte disturbances have 
shown promising potential in aiding risk stratification 
of COVID-19 patients and guiding treatment [4,6], in 
addition to providing clues for the underlying mechan
isms leading to adverse outcomes.

Physiologically, electrolytes serve a number of criti
cal roles. For example, potassium levels determine 
stability of cardiomyocyte membrane potentials, and 

disturbances may lead to cardiac arrhythmia [7], whilst 
calcium and magnesium are essential in immune func
tion and protection against oxidative stress [8]. 
A number of recent studies have reported findings of 
electrolyte deficiency or excess in COVID-19 patients 
on admission [5,6,9–12]. Electrolyte disturbances 
might be related to underlying patient characteristics, 
comorbidities, nutrition, vitamin D status, and medica
tion use. On the other hand, the many pathological 
processes occurring in COVID-19 even before hospital 
presentation, such as cytokine storm and acute kidney 
injury (AKI), may also explain electrolyte imbalances on 
admission and further along the disease course [13,14]. 
Notably, several electrolyte disturbances appear to be 
linked to viropathic effects of SARS-CoV-2 on the renin- 

CONTACT Mohammed F. Abosamak samakawy10@yahoo.com Tanta faculty of medicine, Tanta, Egypt
Supplemental data for this article can be accessed online at https://doi.org/10.1080/11101849.2023.2192096.

EGYPTIAN JOURNAL OF ANAESTHESIA               
2023, VOL. 39, NO. 1, 266–276 
https://doi.org/10.1080/11101849.2023.2192096

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting 
of the Accepted Manuscript in a repository by the author(s) or with their consent.

https://doi.org/10.1080/11101849.2023.2192096
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/11101849.2023.2192096&domain=pdf&date_stamp=2023-03-20


aldosterone-angiotensin system (RAAS), a primary reg
ulator of electrolyte homeostasis, through binding of 
human angiotensin converting enzyme-2 (ACE2) 
receptor [6,15–17]. Whether they present at baseline 
or develop over the course of illness, one may suspect 
that any disturbance in electrolyte balance may wor
sen outcome of COVID-19 illness, given their many 
important physiologic roles. Indeed, electrolyte defi
ciency or excess has been associated with adverse 
outcomes such as need for mechanical ventilation, 
intensive care unit (ICU) admission, and mortality in 
many recent studies [5,6,8–12]. Certain authors have 
gone on to suggest that correction of these abnorm
alities may improve outcomes [6,18–20], while some 
have found evidence in support of these recommen
dations [21]. Accordingly, investigating disruption of 
electrolyte homeostasis in COVID-19 may not only 
offer insight into the pathophysiology of SARS-CoV-2 
infection, but also suggests potential therapeutic 
options for minimizing disease severity. As a result, in 
this retrospective observational study, we aimed to 
examine alterations in a panel of electrolytes in 
COVID-19 patients over the course of their stay in the 
ICU, measuring levels from admission to discharge/ 
death, and explore the association with survival.

2. Methods

2.1. Study design and cohort

In this retrospective observational study, adult patients 
presenting to the ICU with reverse transcriptase polymer
ase chain reaction (RT-PCR) confirmed SARS-CoV-2 infec
tion, during the period 8th of June 2020 till 18th of 
August 2020 were enrolled. Besides routine maintenance 
intravenous fluids, patients with electrolytes deficiency 
were supplemented with specific electrolyte solutions 
(e.g., KCl) per physician discretion. The fluid of choice 
for most patients was normal saline (NS). Patients with 
NPO (Nil Per Os) status were administered 5% dextrose in 
normal saline (D5NS), while those with hypernatremia 
were administered ½NS or D5½NS. Total parenteral 
nutrition (TPN) was not administered to any patient. 
Renal patients received Osmolyte or Nepro as enteral 
nutrition, while diabetic patients were fed Glucerna. An 
antiviral medication, Favipiravir, was given routinely to all 
patients, and no impact on electrolytes was observed.

This study was approved by the Institutional Review 
Board (IRB) of the Security Forces Hospital in accor
dance with the National Committee of Bio Ethics 
(NCBE) in Saudi Arabia and received a waiver of 
informed consent due to no greater than minimal risk 
to participants. This study was conducted in accor
dance with the Declaration of Helsinki, under the 
terms of relevant local and national legislation.

2.2. Measurements and endpoints

Serum levels of electrolytes, including total serum 
sodium, potassium, chloride, albumin-corrected calcium, 
bicarbonate, phosphate, and magnesium, were recorded 
on ICU admission, as well as every following day of ICU 
stay, until death or discharge. The levels were quantified 
using an Ion-Selective Electrode (ISE) (Roche Cobas 8000; 
Roche Diagnostics, Basel, Switzerland). We also extracted 
data on patients’ baseline characteristics, comorbidities, 
acute organ injuries, and medication use from their med
ical records. Acute cardiac injury (ACI) was defined as 
serum level of high-sensitivity cardiac troponin T (cTnT) 
above the upper limit of normal (>100 ng/L) at any point 
during hospital stay [22]. AKI was defined as increase in 
serum creatinine by ≥26.5 μmol/L within 48 hours after 
ICU admission [23]. Acute liver injury (ALI) was defined as 
over 3× the upper normal limit of serum alanine transa
minase (ALT > 123 U/L) and/or aspartate transaminase 
(AST > 120 U/L), and/or over 2× the upper normal limit of 
alkaline phosphatase (ALP >260 U/L), γ-glutamyl trans
peptidase (GGTP > 122 U/L), and/or total bilirubin (TBIL 
> 34.2 μmol/L) at any point during hospital stay [24].

The primary endpoint studied was death. 
Longitudinal measures of electrolytes were modeled 
for survivors and non-survivors as continuous response 
variables.

2.3. Statistical analysis

Continuous data were reported as median and inter
quartile range (IQR), and differences between groups 
were analyzed by Mann-Whitney’s U test. Categorical 
data were presented as frequency (%), and differences 
between groups were calculated using Fisher’s exact 
test. Different longitudinal electrolyte profiles for sur
vivors and non-survivors were modeled using random 
intercept linear regression models, to account for 
within-subject correlation of daily measures, as well 
as for intrinsic variability between patients at admis
sion. Statistical analysis was performed using 
R software (version 4.0.2, R Foundation for Statistical 
Computing, Vienna, Austria), and p < 0.05 was chosen 
as the threshold of significance.

3. Results

Out of a total of 60 COVID-19 patients enrolled, 35 
(58.3%) survived, while 25 (41.7%) died over the course 
of hospitalization. The median period spent in the ICU 
was 11.5 days, with no significant difference between 
survival groups (p = 0.417). Baseline characteristics, 
comorbidities, medications used, and acute organ inju
ries of this cohort are presented in Table 1.

The median age was 57 years, and males 
accounted for 73.3% (n = 44) of the total sample. 
While those that died were significantly older (67 
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vs. 50 years; p = 0.002), there were no significant 
differences with regard to gender between survival 
groups (p = 0.921). BMI was elevated overall (31 m/ 
kg [2], and comparable between survival groups (p  
= 1). Regarding comorbidities, hypertension (51.7%; 
n = 31) and diabetes (56.7%; n = 34) were the most 
prevalent overall, but only heart failure (HF) was 
observed more frequently in non-survivors (16% 
vs. 0%; p = 0.026). ACI was significantly more preva
lent in patients who died (28% vs. 5.7%, p = 0.026), 
while the frequencies of AKI and ALI were compar
able between the groups. Seven patients required 
dialysis after AKI (31.8%), but there was no differ
ence in this requirement between survival groups. 
Finally, of the administered medications, only anti
platelet agents were taken significantly more often 
by non-survivors (32% vs. 11.4%, p = 0.047). There 
were no significant differences in the use of any 
antihypertensive, diuretic, or anticoagulant agents 
between survival groups (p > 0.05).

3.1. Electrolytes

The median levels of all electrolytes measured on 
admission were within the physiologically normal 

range, with no significant difference between groups 
(Table 2A). On the contrary, electrolyte levels at dis
charge/death displayed significant differences 
(Table 2B). Although median electrolyte levels were 
also all within normal range, non-survivors had signifi
cantly higher sodium (p = 0.002), potassium (p = 0.002), 
phosphate (p = 0.028), and magnesium levels (p =  
0.034), and significantly lower calcium levels (p <  
0.001). No differences were observed for chloride (p =  
0.532) and bicarbonate (p = 0.130).

Frequency of COVID-19 patients with electrolyte 
levels below, within, or above their respective refer
ence range on admission, stratified by survival, is repre
sented in Supplemental Table 1. Of all electrolytes 
analyzed, the difference between these frequencies 
were statistically significant for chloride and bicarbo
nate. On admission, a significantly greater proportion 
of patients that died had hypo- or hyperchloremia than 
those that survived (36% vs. 20%, and 24% vs. 5.7%, 
respectively) [p = 0.023], and significantly fewer of 
those that died had normal chloride levels on admis
sion, compared to survivors (40% vs. 74.3%, p = 0.023). 
Likewise, a significantly greater proportion of patients 
that died had hypo- or hyperbicarbonatemia than 
those that survived (48% vs. 22.9%, and 4% vs. 0%, 

Table 1. Baseline characteristics and comorbidities for COVID-19 patients in total and by survival.
Variable Total (n=60) Died (n=25) Survived (n=35) p-value

Baseline demographics
Age, years 57 (48.7–67.2) 67 (56–72) 50 (41.5–62) 0.002
Sex Male 44 19 (76%) 25 (71.4%) 0.921

Female 16 6 (24%) 10 (28.6%)
BMI, m/kg2 31 (27.7–36.5) 30.8 (27.7–41.3) 31.1 (29.0–35.3) 1
Obesity 17 8 (32%) 9 (25.7%) 0.46
Hypertension 31 16 (64%) 15 (42.9%) 0.124
Coronary Artery Disease 3 2 (8%) 1 (2.9%) 0.565
Heart Failure 4 4 (16%) 0 0.026
Hyperlipidemia 18 9 (36%) 9 (25.7%) 0.395
Diabetes 34 15 (60%) 19 (54.3%) 0.793
COPD 1 1 (4%) 0 0.417
Chronic Kidney Disease 8 5 (20%) 3 (8.6%) 0.259
History of stroke 4 2 (8%) 2 (5.7%) 1
Days in ICU 11.5 (6–21.2) 10 (4–24) 12 (7–21) 0.417

Medications
Antihypertensive (Beta Blocker) 8 5 (20.0%) 3 (8.6%) 0.244
Antihypertensive (Calcium Channel Blocker) 21 7 (28.0%) 14 (40.0%) 0.579
Antihypertensive (Alpha Agonist) 1 1 (4.0%) 0 (0.0%) 0.397
(Lipid Lowering) Statins 18 10 (40.0%) 8 (22.9%) 0.147
ACE inhibitor 12 5 (20.0%) 7 (20.0%) 1
(Renin-Angiotensin System) Angiotensin Receptor Blocker 8 3 (12.0%) 5 (14.3%) 1
Diuretic (Loop Diuretic) 6 4 (16.0%) 2 (5.7%) 0.202
Diuretic (Thiazide Diuretic) 3 1 (4.0%) 2 (5.7%) 1
Other diuretic 1 1 (4.0%) 0 (0.0%) 0.397
Antiplatelet (Aspirin) 12 8 (32.0%) 4 (11.4%) 0.047
Anticoagulant 6 3 (12.0%) 3 (8.6%) 0.673

Acute organ injury
Acute Kidney Injury 22 13 (52.0%) 9 (25.7%) 0.054
Acute Cardiac Injury 9 7 (28.0%) 2 (5.7%) 0.026
Acute Liver Injury 31 16 (64.0%) 15 (42.9%) 0.113
Need for Dialysis* 7 5 (25%) 2 (6.5%) 0.096

All continuous data presented as median (IQR), with P-values calculated using Mann-Whitney’s U test. All categorical data presented as frequency (%), with 
P-values calculated using Fisher’s exact test. Statistical significance denoted with bold text. BMI – body mass index; COPD – chronic obstructive 
pulmonary disease. ICU – intensive care unit. *Patients on dialysis for chronic kidney disease were excluded.
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respectively) [p = 0.035], and significantly fewer of 
those that died had normal chloride levels on admis
sion, compared to survivors (48% vs. 77.1%, p = 0.035).

Linear mixed effects regression models were used 
to estimate the trajectory of electrolyte measures over 
time. Given that different measures of the same patient 
are known to be correlated, and to account for inter- 
individual variation at ICU admission, a different inter
cept was used for each patient by including a random 
intercept term in each model. The number of days in 
ICU and the final status of death or survival were 
included as explanatory variables, as well as the inter
action between them. A significant interaction term 
indicates that the effect of time passing is different 

for each group (deceased and survivors) [Table 3]. 
When not significant, the interaction term is ignored, 
and the effect of time is the same for both deceased 
and survivors. When the interaction is significant, but 
the main effect of time is not, this indicates the survivor 
group did not experience significant change over time, 
while the deceased group did, and the effect is given 
by the interaction parameter. When both the main 
effect of time and the interaction effect are statistically 
significant, changes over time exist but are different in 
each group. Changes over time in the survivor group 
are given by the main effect of time, while changes in 
the deceased group are given by the sum of the main 
effect and the interaction effect.

Table 2. Electrolyte levels on ICU admission and at discharge/death, in total and by survival.
Variable Reference range Total Died Survived p-value

A. Electrolytes on ICU Admission
Sodium 135–147 mmol/L 138 (135.5–141) 137.5 (135.8–142.2) 138 (135.5–139.5) 0.621
Potassium 3.5–5.0 mmol/L 4.3 (3.8–4.7) 4.4 (4.0–4.7) 4.2 (3.7–4.5) 0.227
Chloride 98–106 mmol/L 100 (97–102.2) 99 (96–105) 101 (98–102) 0.754
Calcium 2–2.5 mmol/L 2.11 (2.03–2.21) 2.09 (2.03–2.16) 2.14 (2.04–2.24) 0.329
Bicarbonate 21–28 mmol/L 22 (19–24) 21 (18–24) 23 (21–24) 0.087
Phosphate 0.97–1.45 mmol/L 1.01 (0.87–1.29) 1.17 (0.91–1.36) 0.96 (0.81–1.22) 0.094
Magnesium 0.65–1.05 mmol/L 0.87 (0.77–0.98) 0.86 (0.76–0.98) 0.88 (0.80–0.99) 0.400
B. Electrolytes at Discharge/Death
Sodium 135–147 mmol/L 140 (137–145.8) 146 (139.5–149) 139 (136.5–141) 0.002
Potassium 3.5–5.0 mmol/L 4.3 (3.9–7.7) 4.9 (4.2–5.6) 4.1 (3.9–4.5) 0.002
Chloride 98–106 mmol/L 102 (97–105) 103 (96–107) 100 (97.7–104.2) 0.532
Calcium 2–2.5 mmol/L 2.16 (2.01–2.28) 2.00 (1.83–2.16) 2.22 (2.14–2.35) <0.001
Bicarbonate 21–28 mmol/L 23 (20–25) 21 (16.2–25.5) 23 (22–24.5) 0.130
Phosphate 0.97–1.45 mmol/L 1.22 (1.03–2.11) 1.38 (1.06–2.86) 1.12 (0.94–1.54) 0.028
Magnesium 0.65–1.05 mmol/L 0.92 (0.84–1.02) 0.96 (0.88–1.14) 0.90 (0.81–0.94) 0.034

All continuous data presented as median (IQR), with P-values calculated using Mann-Whitney’s U test. Statistical significance denoted with bold text.

Table 3. Random intercept models (longitudinal trajectory) for 
electrolytes.

Variable Coefficient Std. Error p-value

A. Sodium
Days in ICU 0.029 0.023 0.215
Death 3.843 1 017 <0.001
Days in ICU*Death −0.181 0.031 <0.001

B. Potassium
Days in ICU −0.007 0.003 0.015
Death 0.109 0.123 0.378
Days in ICU*Death 0.018 0.004 <0.001

C. Chloride
Days in ICU −0.016 0.024 0.506
Death 1.371 1.123 0.227
Days in ICU*Death −0.196 0.032 <0.001

D. Calcium
Days in ICU 0.007 0.001 <0.001
Death −0.052 0.036 0.158
Days in ICU*Death −0.005 0.001 <0.001

E. Bicarbonate
Days in ICU −0.006 0.017 0.720
Death −0.576 0.862 0.507
Days in ICU*Death 0.040 0.023 0.087

F. Phosphate
Days in ICU 0.012 0.003 <0.001
Death 0.484 0.126 <0.001
Days in ICU*Death −0.001 0.003 0.766

G. Magnesium
Days in ICU −0.009 0.001 0.157
Death 0.031 0.033 0.357
Days in ICU*Death 0.001 0.001 0.074

Statistical significance denoted with bold text.
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All results of longitudinal analysis are presented in 
Table 3, and estimated trajectories can be observed in 
Supplemental Figure 1. The model for sodium showed 
patients who died had an average of 3.8 mmol/L higher 
sodium at admission than those who survived, but that 
sodium decreased at a rate of 0.18 mmol/L every day for 
non-survivors, while for survivors the change over time 
was not significant. On average, sodium was still higher in 
non-survivors at the time of death, as it would take over 
21 days for the decrease to invalidate the initial differ
ence. The model for potassium showed that although 
there were no significant differences between non- 
survivors and survivors at admission, patients who sur
vived had daily decrease of 0.007 mmol/L of potassium, 
patients who died had daily increase of 0.011 mmol/L. 
The model for chloride also showed a significant interac
tion term, indicating that while there was no significant 
change over time in chloride levels for survivors, patients 
who died had an average daily decrease of 0.196 mmol/L. 
All patients showed increase in calcium levels over time, 
but the size of daily increase differed between survivors 
and non-survivors. While survivors’ calcium levels rose by 
0.007 mmol/L daily, the increase for non-survivors was of 
0.002 mmol/L. Patients who died had an average of 
0.484 mmol/L more phosphate than survivors on admis
sion, and both groups showed significant increase of 
0.012 mmol/L a day. Bicarbonate and magnesium did 
not show any significant change over time or difference 
between groups.

4. Discussion

Overall, based on our results it appears that electrolyte 
levels measured on admission as well as subsequent daily 
changes may be indicative of survival in COVID-19 
patients. The exact mechanisms of electrolyte imbalance 
are uncertain, however, among the comorbid conditions 
and medications analyzed, only ACI, HF, and antiplatelet 
use might explain some of the observed differences as 
these were more prevalent in non-survivors.

4.1. Sodium

Measured at discharge/death, sodium was significantly 
higher in patients who died. On longitudinal analysis, 
the admission levels were higher in non-survivors, while 
a gradual decrease thereon was associated with death. 
These observations are in concordance with prior 
research. Redant et al. found that although sodium 
levels were normal in COVID-19 patients on admission, 
hypernatremia developed in 52% once they were trans
ferred to the ICU [25]. Research shows that critically ill 
patients, in general, are at increased mortality risk if 
hypernatremia is present [26,27]. The same appears to 
be true in COVID-19. In one study, the finding of hyper
natremia at any point during hospitalization for COVID- 
19 was associated with 3.05-fold increased mortality risk 

[20]. Hypernatremia may be attributed to cutaneous 
fluid loss secondary to fevers, reduced fluid intake, anor
exia, and diarrhea [25], stressing the importance of ade
quate fluid therapy in this patient population, which on 
the other hand must be carefully balanced against the 
risk of pulmonary edema [28]. In COVID-19, tropism for 
the ACE2 receptor and transmembrane protease, serine 
2 (TMPRSS2) in the renal proximal collecting tubules, 
responsible for resorbing 60% of filtered water, may 
result in tubulopathy with water loss and concomitant 
hypernatremia [29]. Although HF was found more fre
quently among the deceased group, it cannot explain 
why this group had a higher level of sodium than survi
vors, given that this condition is most frequently asso
ciated with hyponatremia secondary to release of anti- 
diuretic hormone [30]. Use of aspirin, as an antiplatelet 
agent, was also more frequent among non-survivors. 
However, through its inhibitory effect on renal COX-2 
enzyme, prostaglandin secretion, and in turn the RAAS, 
hyponatremia and hyperkalemia would be the expected 
electrolyte imbalance [31].

According to some research, admission hyponatremia 
appears to be a more common finding than hypernatre
mia (24.6% vs. 5.3% in one study, and 30% vs 4% in 
another), and also associated with increased risk of 
death [11,20]. In a pooled analysis of five studies involving 
a sample of 1415 COVID-19 patients, Lippi et al. identified 
that more severely ill patients had significantly lower 
sodium levels [6]. Moreover, in one small retrospective 
cohort study, correction of hyponatremia was associated 
with lower odds of mortality (odds ratio = 0.185) [32]. 
Hyponatremia in critically ill patients may result from an 
exaggerated inflammatory response to infection invol
ving cytokines such as interleukin-1β (IL-1β) and interleu
kin-6 (IL-6), which stimulate release of anti-diuretic 
hormone [33,34]. Despite our finding of higher sodium 
levels in non-survivors on admission to the ICU compared 
to survivors, this mechanism may in part explain the 
gradual decrease in sodium observed in the non- 
survivor group over time. One recent study demon
strated an association between IL-6 and hyponatremia 
in SARS-CoV-2 infected patients, providing support for 
cytokine storm induced ADH release potentially being 
responsible for hyponatremia in these patients [35]. The 
association between hyponatremia and severity, how
ever, might not be a causal one, but simply parallel to 
severe outcomes caused by cytokine storm [36]. Though, 
Post et al. suggested that hyponatremia may be linked to 
disease severity by upregulating renal ACE2 receptors, 
inadvertently facilitating increased entry of SARS-CoV-2 
into host cells; however, this has not been verified in 
humans [37].

4.2. Potassium

Potassium was higher in non-survivors when measured 
at death, near the upper bound of the reference range. 
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In longitudinal analysis, we observed a gradual 
increase of potassium levels in patients who died, 
while those that survived had a gradual decrease 
until discharge. In contrast to hypokalemia, hyperkale
mia seems to be a less frequently reported manifesta
tion of SARS-CoV-2 infection. In one study, 
hyperkalemia was 5-fold more prevalent in COVID-19 
patients admitted to the ICU than in non-ICU admitted 
patients (9.0 vs. 1.2%) [5]. Liu et al. found that COVID- 
19 patients with average potassium level ≥5.0 mmol/L 
had a significantly increased risk of 30-day mortality 
[12]. Possible mechanisms of elevated potassium in 
this patient population include COVID-19-related AKI, 
end-stage renal disease, hemodynamic instability, high 
cell turnover, and even acute limb ischemia due to 
thrombosis [14,38–41]. However, AKI may be ruled 
out as a contributing factor in our cohort, given the 
comparable incidence of AKI and need for dialysis in 
survivors and non-survivors. Although, the sample size 
may have precluded statistical significance with 
respect to difference in these factors. It has also been 
hypothesized that hyperkalemia in COVID-19 might be 
a consequence of decreased availability of furin, 
a protease used by SARS-CoV-2 to facilitate binding 
to ACE2, but also necessary to activate the potassium 
wasting epithelial sodium channels (ENaC) [42]. 
Interestingly, ENaC dysfunction has also been impli
cated in severe pulmonary edema in COVID-19, given 
its important role in fluid clearance [15,43]. RAAS inhi
bitors, used to address chronic HF and hypertension, 
may be a culprit of hyperkalemia [44]. However, in our 
cohort, ACE inhibitors and ARBs (angiotensin receptor 
blockers) were not use more frequently by non- 
survivors, who were hyperkalemic. Aspirin may also 
cause hyperkalemia via its inhibitory action on RAAS 
in the kidneys [31]. Although it was used more fre
quently in the deceased group, it was a part of 
patients’ chronic medication regimen, and hence can
not explain acute changes observed throughout the 
course of ICU stay. The difference in potassium 
between groups was not present on admission and 
developed over the course of ICU stay. Such an acute 
change is more likely a consequence of COVID-19 ill
ness or medication used to treat it, rather than any 
underlying comorbid condition (i.e., HF) and chronic 
medications used (i.e., aspirin therapy, antihyperten
sives targeting RAAS). Heparin, which was used for 
thromboprophylaxis in critically ill COVID-19 patients 
with elevated D-dimer levels, may in rare cases cause 
hyperkalemia via suppression of aldosterone synthesis 
[45]. However, this anticoagulant was only used by 
three patients, and potassium level was high only in 
one of them, on the upper bound of the normal range.

Conversely, there seems to be much more abundant 
data on the prevalence of hypokalemia among COVID-19 
patients [9,46–48]. In one recent study, for instance, 
severe hypokalemia (<3.0 mmol/L) was reported in 18% 

of hospitalized COVID-19 patients, while mild hypokale
mia (>3.0 and <3.5 mmol/L) was found in 37%, with the 
rest being normokalemic [47]. Alfano et al. detected 
hypokalemia in 41% of 290 non-ICU admitted COVID-19 
patients, although the majority were only mildly hypoka
lemic [46]. Unlike our observations, prior studies also 
suggest that COVID-19 patients requiring intensive care 
have an even higher degree of potassium depletion, with 
one study estimating the prevalence of hypokalemia at 
60.4% in ICU admitted patients, increasing further in 
those requiring invasive mechanical ventilation [9]. In 
their pooled analysis, Lippi and colleagues established 
that the degree of hypokalemia is associated with 
COVID-19 severity [6]. It is now well accepted that 
through binding the ACE2 receptor, SARS-CoV-2 down
regulates breakdown of angiotensin II, resulting in over
activity of the RAAS [6,15]. Subsequently, aldosterone 
activates ENaC facilitating potassium wasting from the 
kidneys, and ultimately resulting in reduced serum potas
sium levels [16]. Moreover, potassium loss may be exa
cerbated in patients with gastrointestinal symptoms such 
as diarrhea, reported in up to 49.5% of COVID-19 patients 
[49]. Hypokalemia in COVID-19 is particularly dangerous 
as it may trigger cardiac arrhythmias, heart injury, dys
function of respiratory muscles, and may even aggravate 
acute respiratory distress syndrome (ARDS) [6].

4.3. Calcium

We found evidence of hypocalcemia in non-survivors 
at death, bordering on the lower bound of the refer
ence range. In the survivor group, the levels of cal
cium were significantly higher at discharge. 
Longitudinally, we observed that although calcium 
levels increased in all patients over time, survivors 
had greater magnitude of daily increase. 
Observational studies show that, although variable, 
the incidence of hypocalcemia is relatively high 
among COVID-19 patients, and the degree correlated 
with severity. Sun et al. reported hypocalcemia in 
nearly 75% of COVID-19 patients on admission [50]. 
In non-severe COVID-19 patients the prevalence of 
hypocalcemia was observed to be 67% [51], while it 
was 35.8% in severely ill patients [18]. Variability in 
incidence between studies may be attributed to var
ious intrinsic patient characteristics such as renal, 
pancreatic, or hepatic dysfunction along with vitamin 
D status, which may differ depending on geographic 
location [18,52,53]. Nonetheless, a large body of 
research supports the fact that the degree of hypo
calcemia is correlated with disease severity [6,50,54]. 
Hypocalcemia in severe COVID-19 is not surprising as 
it can often be observed in the critical care setting, 
with proposed mechanisms ranging from vitamin 
D deficiency/resistance, acquired hypoparathyroid
ism, and 1α-hydroxylase deficiency to hypoalbumine
mia, acute renal failure, and respiratory alkalosis 
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[51,52,55,56]. Interestingly though, findings of hypo
calcemia in non-severe patients suggest 
a mechanism unique to SARS-CoV-2 infection [51]. 
Based on previously elucidated mechanisms invol
ving calcium homeostasis of the original SARS-CoV 
(−1) coronavirus [57], and its homology to SARS-CoV 
-2, Cappellini et al. proposed that depletion of circu
lating calcium in COVID-19 patients may be a direct 
consequence of increased calcium utilization by 
SARS-CoV-2 for the viral life cycle as well as for 
activation of inflammatory pathways [58,59]. 
Furthermore, SARS-CoV-2 may directly impair calci
triol production given that the receptor used for viral 
attachment, ACE2, is co-expressed with renal 1α- 
hydroxylase on proximal renal tubule cells [51]. 
Several prior studies have found associations 
between low calcium (≤2.0 mmol/L in one study, 
and≤2.05 mmol/L in another) and mortality [18,50], 
which is in line with our observations (median serum 
calcium 2.00 mmol/L in non-survivors at death), and 
supports the proposition that poor outcome may be 
in part explained by COVID-19-induced hypocalce
mia. It should be noted that we did not assess 
vitamin D levels in our cohort, hence it cannot be 
ruled out as a confounding factor on baseline cal
cium levels and subsequent changes. Singh et al. 
argued that this state is more likely to be caused 
by the binging of ionized calcium with unsaturated 
fatty acids generated following adipose lipolysis in 
COVID-19, rather than any imbalance in the calcium- 
parathyroid hormone-vitamin D axis [60]. The main 
reason being that chronic hypovitaminosis D would 
not present with acute calcium changes seen in 
COVID-19 [60]. Unfortunately, our findings cannot 
provide support for this hypothesis as fatty acids 
only bind calcium in an ionized state, whereas we 
measured total calcium which in part comprises 
complexed calcium. All comorbidities that may influ
ence calcium are comparable between groups and 
are thus unlikely to account for our observations. 
Although HF and ACI were more frequently observed 
in patients that died, these conditions would not 
result in hypocalcemia, but may instead be 
a consequence of low calcium and explain the asso
ciation between hypocalcemia and mortality in 
COVID-19 [61–63]. Aspirin use, on the other hand, 
has been reported to produce hypocalcemia, 
through a mechanism independent of prostaglandin 
inhibition [64]. Although calcium levels were compar
able in all patients at admission, greater use of 
aspirin by those in the deceased group may in part 
explain why calcium did not normalize over time as 
it did in survivors. It should be also noted, in hypoal
buminemic states such as COVID-19, the extent of 
hypocalcemia can be underestimated producing in 
false negatives when total calcium measurements are 
corrected for albumin, as was done in our study [19].

4.4. Magnesium

Magnesium was elevated in non-survivors when mea
sured at death, however no significant changes were 
observed over time for either group. Research shows 
that magnesium abnormalities are associated with 
adverse outcomes in COVID-19. Quilliot and colleagues 
measured magnesium levels in 300 hospitalized 
COVID-19 patients soon after admission, and discov
ered that hypomagnesemia (<0.75 mmol/L) was pre
sent in up to 48%, and most strongly associated with 
moderate disease severity [65]. Patients with hyper
magnesemia (≥0.95 mmol/L) were more likely to have 
critical disease in this study, although, hypomagnese
mia was still more prevalent in the critically ill, leading 
the authors to conclude that dysmagnesemia may be 
associated with poor outcomes [65]. In contrast, 
Alamdari et al. found that deceased COVID-19 patients 
had significantly lower magnesium levels on admission 
compared to the recovered group [66]. According to 
a comprehensive meta-analysis, magnesium deficiency 
on admission is frequently reported in critically ill 
patients and associated with an increased mortality 
risk (pooled risk ratio, RR = 1.76) [67]. 
Hypomagnesemia is associated with abnormalities in 
other electrolytes as well as with cardiac arrhythmias, 
in part explaining increased mortality [67]. Moreover, 
magnesium serves an important role in modulating 
immune function and protecting against oxidative 
stress, coagulopathy, and endothelial dysfunction [8]. 
Deficiency favors proinflammatory cytokine produc
tion, and may lead to sepsis and septic shock in criti
cally ill patients [10]. Moreover, magnesium has 
a crucial role in natural killer (NK) and CD8+ T cell 
function. In SARS-CoV-2 infection, deficiency would 
result in reduced CD8+ T cell cytotoxicity, exacerbating 
COVID-19-related cytokine storm as more burden is 
put on the more proinflammatory innate immune 
cells to combat the virus [8,68]. In contrast, we failed 
to observe any difference in admission levels of mag
nesium. Rather, hypermagnesemia was detected in 
non-survivors when measured at death, which may 
point towards it being an outcome of more severe 
illness, likely a consequence of rapid mobilization 
from tissues in aggressive disease [65].

4.5. Phosphate

Interestingly, increased levels of phosphate were 
found in deceased patients when compared to the 
levels in those that were discharged. Furthermore, on 
longitudinal analysis, admission phosphate levels were 
higher in non-survivors, although levels increased by 
the same magnitude in both groups over time. 
Evidence suggests that those with more severe disease 
course should have depleted phosphate and magne
sium levels, as these minerals are necessary to 
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replenish ATP depleted during cytokine storm [13]. The 
finding of increased phosphate as well as magnesium 
in non-survivors may be explained by excessive release 
of intracellular stores of these electrolytes following 
muscle breakdown in a hypercatabolic state [13]. 
Although AKI, a common complication of COVID-19, 
may further exacerbate hyperphosphatemia [69], there 
was no significant difference in incidence of AKI 
between survival groups in our cohort. This finding is 
consistent with the observation of hypocalcemia in 
non-survivors, as excess phosphate binds circulating 
free calcium.

4.6. Chloride and bicarbonate

When measured categorically, based on frequency of 
patients with electrolyte levels below, within, or above 
reference range, below and above normal admission 
levels of both chloride and bicarbonate were observed 
more frequently among non-survivors than survivors. 
No differences were observed for chloride and bicar
bonate when measured at death/discharge. Chloride, 
however, was observed to decrease over time of ICU 
stay in patients that died. In a pooled analysis by Lippi 
et al., no association was observed between chloride 
and COVID-19 severity [6]. In contrast, another study 
found that among several other electrolytes, low base
line chloride was associated with greater mortality risk, 
need for ICU admission, need for mechanical ventila
tion, and longer duration of hospitalization [4]. 
Likewise, Duan et al. observed that patients progres
sing to more severe COVID-19 had lower chloride 
levels [70]. This is in line with our longitudinal analysis 
where chloride levels gradually declined in non- 
survivors. These changes have been attributed to 
renal injury in COVID-19 [4,71], although the non- 
significant difference in AKI between survivors and 
non-survivors may suggest that there are additional 
factors at play. As for bicarbonate, one retrospective 
study found elevated levels in 45.9% of severely ill 
COVID-19 patients [72], while another study reported 
this finding in 33.6% of COVID-19 patients [73], which 
may be a compensatory response to respiratory acido
sis when lung involvement in COVID-19 impairs the 
ability to expel CO2. Conversely, metabolic acidosis, 
with low bicarbonate, appears to be a less prevalent 
finding (reported in 2.8% of a sample of COVID-19 
patients) [73]. Lower levels may be expected in 
patients with diarrhea as a symptom of COVID-19, or 
as a result of reduced renal tubular resorbing capacity 
in patients with renal impairment [73].

There were some limitations in this study. First, 
single center design and small sample size limits the 
external validity of our findings. Nonetheless, many of 
our findings are corroborated by prior research. 
Second, there was no control group of non-SARS-CoV 
-2 infected patients, hence we cannot ascertain to 

what extent these findings are unique to COVID-19. 
Magnesium and calcium status was based on total 
serum levels rather than the physiologically active 
ionized fractions, which would be more useful for 
understanding the relationship between observed 
changes in electrolytes and patients’ outcomes. 
A strength of employing random intercept models 
was in that it accounted for baseline variation between 
patients, such that electrolyte supplementation before 
COVID-19 would not be a confounding factor.

5. Conclusion

In the present study, admission levels of electrolytes 
and changes over the course of ICU stay appear to be 
associated with mortality in patients with SARS-CoV-2 
infection. Compared to survivors, non-survivors had 
significantly higher sodium and phosphate levels on 
admission and death, higher potassium and magne
sium levels at death, and significantly lower calcium 
levels at death. Abnormalities in admission levels of 
chloride and bicarbonate were also more frequently 
observed in non-survivors. Furthermore, in the 
deceased group, we observed a daily increase in potas
sium and phosphate levels, and a daily decrease in 
sodium and chloride. Finally, calcium increased in non- 
survivors over time, however, not as significantly as it 
did in the survivor group.
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