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Abstract

Background: This systematic review and meta-analysis aimed to assess the association of hypernatremia with the outco&
of COVID-19 patients.

Methods: We performed a systematic literature search on PubMed, Google Scholar, and Science Direct until October 2021
and found a total of 131 papers. With meticulous screening finally, 17 papers met the inclusion criteria. COVID-19 patients with
sodium levels greater than the reference level were the study population and the outcome of interest was the poor outcome; such
as mortality, mechanical ventilation, intensive care unit (ICU) admission, and prolonged hospital stay. The pooled estimate was
calculated as the odds ratio (OR).

Results: There were 19,032 patients with hypernatremia in the 17 studies included. An overall random effect meta-analysis
showed that hypernatremia was associated with mortality (OR: 3.18 [1.61, 6.28], P < .0001, /> = 91.99%), prolong hospitalization
(OR: 1.97 [1.37, 2.83], P < .001, /2 = 0.00%) and Ventilation (OR: 5.40 [1.89, 15.42], P < .001, > = 77.35%), ICU admission (OR:
3.99 [0.89, 17.78], P =.07, I?=86.79%). Meta-regression analysis showed the association of age with the ICU outcome of
hypernatremia patients. Whereas, other parameters like male, hypertension, chronic kidney disease, and diabetes mellitus did not
significantly influence the odds ratio.

Conclusion: Hypernatremia was markedly associated with poor outcomes in patients with COVID-19. Hence, a blood ionogram
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is warranted and special attention must be given to hypernatremia COVID-19 patients.
Abbreviations: ACE2 = angiotension converting enzyme 2, ICU = intensive care unit, OR = odds ratio.

1. Introduction

The newly identified coronavirus illness (COVID-19), caused
by the novel severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has proven to be the worst global public
health problem. Although the majority of COVID-19 patients
have mild to moderate symptoms, a considerable proportion
of patients have developed organ failure, necessitating critical
care.l!! In this context, risk stratification for early identifica-
tion of patients requiring critical care and those at high risk of
death is paramount for efficient human and medical resource
allocation. Various clinical and laboratory prognostic factors,
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that can effectively predict the severity and mortality of patients
have been recognized in COVID-19. The clinical factors that
are ascertained to have a positive influence on the increasing
mortality among COVID-19 include the patients’ characteris-
tics like the presence of diabetes mellitus, obesity, or ischemic
heart disease, as well as older age, male sex, and, Black or Asian
ethnicity.?*) On a similar note, elevated levels of white cell
count, neutrophil count, C-reactive protein, urea, creatinine,
transaminases, cardiac troponin I, and D-dimer, as well as low
lymphocyte count and hypoalbuminemia, are some identified
laboratory markers linked to an increased risk of COVID-19
associated death in the hospital.l-¥!
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As per some earlier research, the changes in serum sodium,
potassium, chloride, and calcium could be 1 of the closely
related factors linked to COVID-19 and its severity.”’ Among
these, dysnatremia has been commonly observed in hospitalized
patients and is discerned as a potential risk factor for increased
mortality, admission to medical critical care units, and a longer
stay in the hospital among COVID-19 patients.!!%!!l

Hypernatremia (defined as serum [Na+] > 145 meg/L) is caused
by primary water deficit (with or without Na + loss) and frequently
occurs because of inadequate access to water or impaired thirst
mechanism. Recent studies have shown a more pronounced and
much higher incidence of hypernatremia in COVID-19 patients,
pointing to the fact that hypernatremia can be a manifestation
of COVID-19, generally seen to be associated with adverse out-
comes.!'?2% With a surge in such publications related to the prev-
alence and impact of hypernatremia in COVID-19 patients, our
primary objective was to examine the association of elevated serum
sodium with key clinical outcomes, including mortality, ventilation,
intensive care unit (ICU) admission and prolonged hospital stay.

2. Materials and Methods

This meta-analysis is drafted under the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.?”! This article is registered in PROSPERO with 1D
no. CRD42021270938.

2.1. Eligibility criteria

The studies that fulfilled the following criteria were included:
Observational (prospective and retrospective) studies or random-
ized trials; COVID-19 patients; Hypernatremia and normonatre-
mia; and outcomes including mortality/ need for intensive care
unit/ prolong hospitalization/ requiring mechanical ventilation.
The following studies were excluded: Case reports; Case series;
Conference and abstracts; Review articles; Letter to the editor.

2.2. Search strategy and study selection

We systematically conducted a literature search on PubMed,
Google Scholar, and Science Direct with the keywords: “hyper-
natremia,” “high sodium,” “COVID-19,” “coronavirus disease,”
and “SArs-Cov-2” from inception to October 2021. We found a
total of 131 articles. The preliminary search strategy is provided
in the Supplementary file (S1, Supplemental Digital Content,
http://links.lww.com/MD/1250).

2.3. Data extraction

Studies retrieved from the electronic databases were initially
exported to Mendeley version 1.19.8 reference manager soft-
ware in compatible formats. Duplicate articles, it was screened
first by the software and then manually. The title and abstracts
of the studies remaining after removing the duplicates were
screened independently by any of the 2 authors respectively
(ABS, UHS, MA and SS). Two authors executed the full-text
screening of the articles satisfying the eligibility criteria. Any
disagreements between reviewers were discussed with the last
author (SS).

The potential eligible studies retrieved after the full-text
screening were followed up for the data extraction by 4 authors
independently (ABS, UHS, MA and SS). The following data
were extracted: the first author, year published, study design,
setting, country, sample size, duration of follow-up, percentage
of males, total cases, mean age, the cutoff value for hypernatre-
mia, comorbidities, outcomes like admission in ICU, mortality,
patients requiring intubation/ventilation, and prolong hospital
stay. After extraction, data was verified by any of the 2 other
authors (SS, AS, FC & SS).
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2.4. Risk of bias assessment

Quality assessment was conducted using the newcastle-ottawa
scale for observational studies.?®*! Three parameters were
checked for the quality of the article using this quality appraisal
tool: selection, comparability and outcome. The step was exe-
cuted by 2 authors (UHS and MA) independently. The mean
score of the 2 authors was taken for the decision. Studies with
the risk of bias were considered high (<5 stars), moderate (5-7)
stars, or low risk of bias (>8 stars).

2.5. Strategy for data synthesis

The data collected in Microsoft Excel version 2016 (Microsoft
Corp., Redmond, WA) was exported, and analysis was con-
ducted using the STATA software version 16 (StataCorp,
College Station, TX). For the pooled studies, the Odds Ratio
(OR) and 95% Confidence Interval (CI) were computed as the
effect size of comparison among normonatremia and hyperna-
tremia patients with various clinical outcomes like mortality,
prolong hospitalization, invasive ventilation and ICU admis-
sion. Heterogeneity among the studies was examined using the
Cochrane Q test I? statistic (I2<25% considered as mild hetero-
geneity, if = 25-50% as moderate heterogeneity, and if > 50% as
severe heterogeneity). A random-effect model was preferred for
pooling the analysis. Statistical significance was considered with
a 2-sided P-value <.1.

Association of other parameters like age, male, hyper-
tension, chronic kidney disease, and diabetes mellitus, with
the clinical outcomes and heterogeneity, were studied using
meta-regression. Sensitivity analysis was done by continu-
ously excluding each study to measure the impact of a single
study on the overall heterogeneity of the studies. Finally, pub-
lication bias was assessed via visual inspection of funnel plot
asymmetry along with Egger’s regression test and Begg’s test.
A P-value of <.10 was marked as statistically significant for
publication bias.

3. Results

3.1. Study selection and characteristics

Three electronic databases were taken for the study: Pubmed,
Science Direct, and Google Scholar. A total of 131 articles
were sought initially and 2 duplicates were removed. Title
and abstract screening were conducted making 32 article
selections during this step. Finally, on full-text screening, 17
articles were included with a total of 19,032 patients for the
meta-analysis. Figure 1. Zimmer et al were removed as it was
a case series.""!

Of which, pooled analysis for ICU admission was performed
with § studies, mortality was performed with 13 studies, inva-
sive ventilation was performed with 7 studies and prolong hos-
pital stay with 4 studies as shown in Table 1. The incidence of
hypernatremia was 11%, 95% CI: 10.69% to 12.17% with an
overall poor outcome of 55.4%, 95% CI: 51.87% to 59.12%
and mortality among 29.63%, 95% CI: 25.27% to 32.19% of
hypernatremia patients.

In the articles included, studies were conducted within the
year 2020 to 2021 with sample sizes ranging from 45 to 9946
patients. The mean age of patients was 63.77 and mean percent-
age of males was 58.57% and the cutoff value of hypernatremia
varied from 138 to 147 mmol/L (Tables 1 and 2).

3.2. Study quality

Quality appraisal of all included studies was assessed using the
Newcastle Ottawa scale. Out of 17 studies, 5 studies were of mod-
erate quality that is moderate risk of bias, while the rest of the
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Figure 1. PRISMA flowchart for study selection.
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studies were of high quality that is low risk of bias. The details
of the risk of bias assessment are illustrated in the Supplementary
file (S2, Supplemental Digital Content, http:/links.lww.com/MD/
1251).

3.3. Meta-analysis

An overall random effect meta-analysis showed that hyperna-
tremia was associated with mortality (OR: 3.18 [1.61, 6.28],
P <.001, I?=91.99%), prolong hospitalization (OR: 1.97
[1.37,2.83], P <.0001, I? = 0.00%) and Ventilation (OR: 5.40
[1.89,15.42], P <.001, I> = 77.35%), ICU admission (OR: 3.99

[0.89,17.78], P = .07, I* = 86.79%; Figs. 2-5). Meta-regression
analysis showed the association of age with the ICU outcome of
hypernatremia patients. Whereas, other parameters like male,
hypertension, chronic kidney disease, and diabetes mellitus
didn’t significantly influence the odds ratio. (S3, Supplemental
Digital Content, http://links.lww.com/MD/I252).

3.4. Publication bias and sensitivity analysis

The funnel plot was qualitatively asymmetrical for clinical
outcome of mortality with the Regression-based Egger test
and Beggs test, with P values of .0024 and .0863, respectively.
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Characteristics of studies included.

Author Publication year Country Total population (n)  Age (mean = SD)  Male (%) Study design  Cutoff Na level
Wang et alt'? 2021 China 45 64 +17.78 66.7 Retrospective >146 mmol/L
Tzoulis et all"® 2021 UK 488 68 +17.78 56.8 Retrospective >146 mmol/L
Trecarichi et all'¥ 2020 Italy 50 80+ 12 57.1 Retrospective >145 mmol/L
Sjostrom et alt" 2021 Sweden 406 59 +12.3 75 Retrospective >145 mmol/L
Sjostrom et all*? 2020 Sweden 223 59 +2.37 79.37 Retrospective >145 mmol/L
Ruiz-Sanchez et all’®! 2020 Spain, Italy 4664 66 + 18.51 58 Retrospective >145 mmol/L
Cuba, Ecuador
Germany, China, and Canada
Maniero et all'® 2021 UK 124 83+7.22 50.8 Retrospective NA
Maguire et al'"” 2021 UK 261 66%>70 46 Prospective >146 mmol/L
Asghar et all'® 2020 Pakistan 373 52.78 + 15.76 67.02 Prospective >145 mEg/L
Atila et al'¥ 2021 Switzerland Cases: 172 59 +22.96 55 Prospective >147 mmol/L
Control:849
Berni et al®®! 2021 [taly 380 67.53 +15.48 61.57 Prospective >145 mEq/L
Duan et al®"! 2020 China 348 44.8 + 15 4712 Retrospective >138 mmol/L
Hirsch et alt? 2021 USA 9946 71 +£14.07 59.39 Retrospective >144 mEg/L
Hu et al®® 2021 China 1254 56 + 55.5 51.1 Retrospective >145 mmol/L
Longhitano et al®¥ 2021 Italy 115 73 +60.74 55 Prospective >145 mmol/L
Wu et al*® 2020 China 125 55 52.8 Retrospective >145 mmol/l
Sarvazad et al*® 2020 Iran 58 56 57 Prospective >146 meg/L
Hypernatremia and Mortality Outcome
Odds Ratio(OR) Weight

Study with 95% CI (%)

Tzuulis et al 2021 - 271 1.28, 5.75] 8.95

Trecarichi et al 2020 —— 9.12[ 215, 38.61] 6.92

Sjostrom et al 2021 E B 3.48[ 1.80, 6.74] 9.18

Sjostrom et al 2020 - 1.65[ 0.74, 3.69] 8.81

Ruiz-Sanchez et al 2020 || 560[ 4.10, 7.64] 985

Maniero et al 2021 - 3.70[ 143,  9.58] 8.40

Maguire et al 2021 R B 514[ 1.82, 14.49] 8.15

Asghar et al 2020 -
Atila et al 2021

0.08[ 004, 0.16] 8.99
—W— 150.67 [ 12.70, 1766.81] 4.32

Hirsch et al 2021 [ | 206[ 157, 270] 9.90
Hu et al 2021 —— 299[ 1.11, 805 8.29
Longhitano et al 2021 —— 10.51[ 3.84, 28.79] 8.24
Overall > 3.18[ 1.61, 6.28]
Heterogeneity: 1° = 1.20, I = 91.99%,
p =0.00

1116 1 16 256

Figure 2. Forestplot showing association of hypernatremia in COVID-19 patients with mortality.

Whereas other clinical outcomes; including ICU, ventilation,
and prolonged hospital stay didn’t show any publication bias
(S4, Supplemental Digital Content, http:/links.lww.com/MD/
1253).

Even after omitting single studies, there were no statistical
differences in the outcome. In the clinical outcomes of mortal-
ity, Omitting Atila et al and Asghar et al had pooled results of
Odds Ratio: 3.674, 95% CI: 2.458 to 5.492, I*%= 73.25 (S4,
Supplemental Digital Content, http://links.lww.com/MD/I253).

4. Discussion

The main finding of this meta-analysis is that COVID-19
patients with hypernatremia have unfavorable clinical out-
comes. Overall, hypernatremia patients had associations with
increased risk of mortality to 3 folds, prolong hospitalization

to nearly 2 folds, the requirement for ventilation of 5 folds and
ICU admission to nearly 4-fold.

Hypernatremia reflects a deficiency of total body water
concerning total body sodium and is frequently associated
with reduced extracellular fluid volume.? This idealizes
hypovolemia that is dehydration as the driver of mortality
in COVID-19. There are many plausible explanations for
the pathophysiology behind hypernatremia in COVID-19
patients. Volume depletion could be explained by low oral
intake due to anorexia or nausea, or increase in insensible
fluid losses, or less likely, fluid losses due to diarrhea.?
Insensible fluid loss is mainly from cutaneous that is due to
constant pyrexia and respiratory that is increased respiratory
rates or during intubation due to loss of fluid from mucous
and the periciliary fluid by evaporation.’*351 Dehydration
occurring following acute respiratory distress (ARDS) treat-
ment along with the virus disturbs the endocrine function,
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Hypernatremia and Prolong Hospital Stay Outcome

QOdds Ratio(OR)  Weight
Study with 95% ClI (%)
Wang et al 2021 6.00[ 1.13, 31.73] 4.73
Atila et al 2021 1.16[ 0.06, 22.80] 1.48
Hirsch et al 2021 E 1.91[ 1.31, 2.78] 92.67
Wu et al 2020 0.55[ 0.02, 16.72] 1.13
Overall <* 1.97[ 1.37, 2.83]
Heterogeneity: = 0.00, I*= 0.00%,
p =0.00
1/32 1/4 2 16
Figure 3. Forestplot showing association of hypernatremia in COVID-19 patients with with prolonged hospital stay.
Hypernatremia and Ventilation/Intubation Outcome
Odds Ratio(OR)  Weight
Study with 95% ClI (%)
Sjostrom et al 2021 —Jl— 26.64[ 11.86, 59.84] 18.37
Asghar et al 2020 —l— 3.75[ 1.73, 8.12] 1855
Atila et al 2021 ——10.93[ 1.68, 71.22] 12.45
Berni et al 2021 —— 0.19[ 0.02, 1.45] 11.63
Duan et al 2020 —M—— 12.90[ 2.82, 59.06] 14.40
Hu et al 2021 . 227[ 0.13, 40.53] 8.09
Longhitano et al 2021 —— 6.08[ 1.92, 19.30] 16.51
Overall e 540 1.89, 15.42]
Heterogeneity: 1° = 1.39, I’ = 77.35%,
p=0.00
1/32 1/4 2 16
Figure 4. Forestplot showing association of hypernatremia in COVID-19 patients with ventilation.
Hypernatremia and ICU outcome
Odds Ratio (OR) Weight
Study with 95% ClI (%)
Sjdstrém et al 2021 |- 13.94[ 6.32, 30.75] 25.40
Ruiz-Sanchez et al 2020 . 3 1.75[ 1.10, 2.79] 26.65
Atila et al 2021 —l— 21.78[ 2.30, 206.25] 16.90
Berni et al 2021 —— 0.20[ 0.03, 1.55] 18.16
Sarvazad et al 2020 L ] 13.33[ 0.65, 274.81] 12.90
Overall —atll— 3.99[ 0.89, 17.78]
Heterogeneity: 7° = 2.13, I” = 86.79%,
p=0.07
1/32 1/2 8 128

Figure 5. Forestplot showing association of hypernatremia in COVID-19 patients with ICU admission. ICU = intensive care unit.

like Renin-angiotensin-aldosterone system, expecting to shift
the electrolyte pattern to hypernatremia.!! Contrary to phys-
iological phenomena, despite the administration of diuretics
(leading to sodium excretion) and despite the administration
of free water, plasma sodium level remains raised. This depicts
an unphysiological increase in renal tubular sodium reabsorp-
tion probably due to COVID-19 itself.?% In addition, a study
showed a significant decrease in hematocrit in both groups
with hypernatremia, on the day of admission and the day of
the peak sodium level. They proposed that COVID-19 had an

association with the over-activation of the renin angiotensin
aldosterone system.!]

It is quite evident that the SARS-CoV-2 virus shows a tro-
pism for renal cells. It binds to the angiotensin-converting
enzyme 2 (ACE2) receptors expressed in the proximal tubules
of the kidneys.!**¥” Identification of SARS-Cov-2 ribonucleic
acid in the urine of COVID-19 patients depicts that the virus
can infiltrate the tubular fluid whereby it may bind to prox-
imal tubule ACE2 receptors.l*®! After binding, SARS-Cov-2
enters the cells along with the membrane receptor which is
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functionally cleared away from the outer side of the mem-
brane.’”! After endocytosis is completed, surface ACE2 is
further downregulated ensuring angiotensin II accumulation.
Further downregulation of ACE2 expression occurs due to
Angiotensin II.5°! Resulting in sodium reabsorption by stimu-
lating sodium-hydrogen exchange in the proximal convoluted
tubule (Fig. 6). The role of genetics is also crucial. ACE2 and
TMPRSS2 genes are found to be expressed in conjunction
by podocytes and proximal convoluted tubular cells, pref-
erably due to COVID-19.%) Many systematic reviews and
meta-analysis have delineated ACE2 and TMPRSS2 genes
to increase the risk of susceptibility and severity of COVID-
19.41-431 This could lead to tubulopathy or even renal failure,
which could explain the loss of free water or sodium retention
for hypernatremia.

However, ICU patients are at high risk of hypernatremia due
to their inability to maintain free water balance due to sedation,
intubation and fluid restrictions for various other reasons.* In
addition, osmotic urea diuresis is a prevailing cause of hyper-
natremia in ICU patients.**! Hence, during the evaluation of
dysnatremia patients, solute-free water clearance should be con-
sidered deluding, and considering electrolyte-free water clear-
ance, which explains the development of hypernatremia.!’3*!
Amelioration of hyperinflammation using dexamethasone can
also contribute to hypernatremia.*¢! 1CU-acquired hyperna-
tremia is associated with increased in-hospital mortality.!*7:4S!
Hence, it is crucially important that many studies should focus
on the balance between dehydration prevention and concur-
rently avoiding pulmonary edema in COVID-19 patients who
are admitted to the ICU.

Heterogeneity was due to different demographics of the study
conducted with varying characteristics like age and comor-
bidities. Meta-regression showed an association of age with
ICU admission. Other studies have also reported age being an
important factor for ICU admission.**-2 Moreover, elderly
patients admitted to ICU have poor outcomes including a higher
risk of mortality.l**-*3 In critically ill patients, hypernatremia is a
well-known prognostic marker.2447:48!

Dysnatremia could be considered as an indicator of upcom-
ing bodily imbalance and enervation in a broad sense. Hence,
with the consistency of our findings, an analysis of serum elec-
trolyte levels (sodium) during the hospitalization of patients
with COVID-19 is recommended. Elderly patients, those with
severe lung disease and those with the risk of developing dysna-
tremia should be given special attention. Even correction of
sodium imbalance in patients in ICU settings has been shown
to improve survival rates.’**’! Whilst, the role of prescription of

www.md-journal.com

low molecular weight heparin in hypernatremia patients seems
crucial.’®! As hypernatremia dehydration brings a hypercoagu-
lable state which risks the patient for venous thrombosis, and
pulmonary embolism, mainly in ICU patients.***¢ This is espe-
cially important since pulmonary embolism is evolving as 1 of
the factors associated with mortality in COVID-19 patients. It is
also recommended in COVID-19 patients with hypercoagulable
states.l”!

However, there were limitations in our study. This study
didn’t include the exact cause behind the hypernatremia
in COVID-19 patients. Many studies were retrospective,
hence more prospective studies are warranted to determine
the exact pathophysiology. There might be many unknown
cofounders associated which could influence the outcomes.
Lastly, publication bias was observed with the clinical out-
come of mortality in COVID-19 patients with hypernatre-
mia. This might be due to more studies publishing only on
mortality due to hypernatremia. Hence, the data should be
studied cautiously.

5. Conclusion

Hypernatremia in COVID-19 patients has unfavorable out-
comes like mortality, invasive ventilation, prolonged hospital
stay, and ICU admission. Thus, a blood ionogram should be
considered in hospitalized COVID-19 patients and special atten-
tion must be given to correct hypernatremia. More, prospective
studies are required to know the mechanism and validate the
findings.
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Figure 6. Potential mechanism of hypernatremia. ACE 2 = angiotensin-converting enzyme 2, Ang Il = angiotensin Il, AT1 = angiotensin Il receptor type 1, ADH

= anti-diuretic hormone, V2R = vasopressin 2 receptor, AQP-2 = aquaporin 2.
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