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Abstract

Objective: Dysnatremia is common in hospitalized patients, often worsening the prognosis Key Words

in pneumopathies and critical ilinesses. Information on coronavirus disease-19 » SARS-CoV-2
(COVID-19)-related hyponatremia is partially conflicting, whereas data on hypernatremia in » hyponatremia
this context are scarce. We assessed, in a cohort of COVID-19 inpatients: the prevalence of » hypernatremia
sodium alterations at admission and throughout their hospitalization; their association with » SIAD
inflammation/organ damage indexes; their short-term prognostic impact. » interleukin-6

Study design and methods: 117 patients (81 males, 64 + 13 years) hospitalized for
COVID-19 between 1 March and 30 April 2020 were retrospectively followed-up for their
first 21 days of stay by collecting all serum sodium measurements, basal CRP and serum
lactate levels, maximum IL-6 and information on care setting, required ventilation, length
of hospitalization, in-hospital death.

Results: At admission, 26.5% patients had hyponatremia, and 6.8% had hypernatremia.
During their hospitalization, 13.7% patients experienced both disorders ('mixed
dysnatremia'). Lower sodium levels at admission were correlated with higher C reactive
protein (CRP) (P =0.039) and serum lactate levels (P =0.019), but not interleukin-6 (IL-6).
Hypernatremia and a wider sodium variability were associated with maximum required
ventilation, need for ICU assistance and duration of the hospitalization. Mean estimated
time to Intensive Care Unit (ICU) admission was 20 days shorter in patients exposed to
sodium alterations at any time of their hospital course (log-rank test P =0.032).
Conclusions: Sodium alterations frequently affect hospitalized COVID-19 patients.
Hyponatremia could indicate pulmonary involvement, whereas hypernatremia is
associated to prolonged hospitalization and the need for intensive care/mechanical
ventilation, particularly when resulting from prior hyponatremia. Optimizing in-hospital
sodium balance is crucial to improve patients’ prognosis.

Endocrine Connections
(2021) 10, 1344-1351

Introduction

Hyponatremia (serum sodium concentration < 135 mmol/L)
is the most common disorder of water balance in
hospitalized patients, with a reported prevalence of 30%
and a negative prognostic impact in the elderly, as well as
in patients with heart failure, liver cirrhosis, cancer and
pulmonary diseases (1, 2).

Hyponatremia complicates up to 30% pneumonias and
its association with a higher risk of mechanical ventilation
in intensive care units (ICU), longer hospitalizations,
recurrence and death is well established (3, 4, 5, 6, 7,8, 9, 10).

In the majority of cases,
hyponatremia is sustained by a syndrome of inappropriate

para-pneumonic

© 2021 The authors
Published by Bioscientifica Ltd

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-21-0411

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

D OB


http://orcid.org/0000-0002-1752-1641
mailto:g.arnaldi@staff.univpm.it
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-21-0411
https://ec.bioscientifica.com

( Endocrine M Martino et al.

W CONNECTIONS

anti-diuresis (SIAD), where hypoxia and inflammatory
cytokines, such as monocyte and macrophage-derived
interleukin 6 (IL-6), induce a non-osmotic vasopressin
release (11, 12). In predisposed individuals infected by
the novel coronavirus SARS-CoV-2, IL-6 is also the main
actor implied in the 'cytokine storm', which causes
the evolution of coronavirus disease-19 (COVID-19)
pneumonia toward aggressive, life-threatening acute
respiratory distress syndrome (ARDS) requiring intensive
care management (13, 14, 15, 16, 17). In turn, intensive
care management of critically ill patients is frequently
associated with  hypernatremia sodium
concentration > 145 mmol/L), with a 6% prevalence at
ICU admission and a 4-26% incidence throughout ICU
stay (18, 19). Hypernatremia is mainly iatrogenic, due
to a positive sodium balance induced by free water loss.
Recently, also this disorder has been associated with
longer hospitalizations, readmissions after discharge and
higher mortality rates, regardless of its underlying medical
condition and degree (20, 21, 22, 23).

The first, retrospective Chinese data on hyponatremia
in COVID-19 pneumonia reported a 10-27% prevalence,
which is far lower than the 60% previously demonstrated
for SARS-CoV-1 (24, 25, 26). Data from a recent meta-
analysis on the same topic showed a pooled incidence of
16-31% for hyponatremia (27), which has been directly
correlated with PaO,/FiO, ratio, inversely with IL-6 and
associated with worse COVID-19 outcomes (non-invasive
ventilation, ICU transfer, death) (24, 28, 29, 30, 31, 32, 33,
34, 35). Despite its prognostic value in critical illnesses, data
concerning COVID-19-related hypernatremia are scarce
(24, 33, 34, 35); specifically, only one study looked for the
development of hypernatremia in COVID-19 inpatients,
showing this was associated with in-hospital mortality (35).

We, therefore, aimed to investigate, in a retrospective
cohort of inpatients with COVID-19 pneumonia, the
prevalence of sodium alterations at hospital admission
and their association with: (a) sodium balance throughout
and at the end of the hospitalization; (b) biochemical
inflammation and organ damage indexes: C reactive protein
(CRP), IL-6, serum lactate levels (Lac); (c) outcome measures:
maximum required ventilation, need for ICU assistance,
duration of the hospitalization and in-hospital death.

(serum

Materials and methods
Study design

This was an open-label, observational study conducted
at Ancona University Hospital (Ancona, Italy) on a
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cohort of patients hospitalized for COVID-19 pneumonia
between 1 March and 30 April 2020 and consecutively
enrolled. The study was conducted according to the
Declaration of Helsinki and approved by the local
Ethic Committee.

Patients and methods

The study cohort included 117 patients (81 males and 36
females), aged 64 £ 13 (25-90) years.

Data were retrospectively collected from the local
Laboratory Analysis database, following up patients’ serum
sodium levels during their first 21 days of hospitalization,
which is the median timeframe between onset of
COVID-19 symptoms and hospital discharge (29).
Information on patients’ care setting (sub-intensive vs
ICU), maximum required ventilation (ambient air vs non-
invasive ventilation delivery vs mechanical ventilation),
duration of hospitalization, outcome (discharged vs dead)
was obtained from available clinical documentation.

The term 'mon-invasive ventilation delivery' included
oxygen therapy delivered through mnasal cannulae,
ventimask, continuous positive airway pressure (C-PAP),
and Bi-Phasic PAP (BiPAP), while the term 'mechanical

ventilation' included oro-tracheal intubation and
tracheostomy.
Serum sodium levels were measured according

to patients’ clinical needs, and all available values
were recorded for each patient (average 11 values/
patient). Data were analyzed first in the whole cohort,
by stratifying patients in quartiles according to serum
sodium at admission (Q1 < 134, Q2 135-139, Q3 140-141,
Q4 > 142 mmol/L), then patients were divided into the
following three groups according to their first serum
sodium level: (group A) hyponatremic (<135 mmol/L),
(group B) normonatremic (135-145 mmol/L), (group C)
hypernatremic (>145 mmol/L). Comparisons were made
among the three groups. Moreover, sodium alterations
were stratified in mild, moderate, and severe as follows: for
hyponatremia, serum sodium 130-134, 125-129 and <125
mmol/L, respectively; for hypernatremia, serum sodium
146-150, 151-155 and >155 mmol/L, respectively. CRP
and Lac levels were available for all patients at admission,
whereas IL-6 had been measured more sparsely: for this
reason, we chose to consider CRP levels (normal range 0.0-
0.6 mg/dL) at admission and maximum IL-6 levels (normal
range 0.00-5.20 pg/mL) as inflammation indexes, while Lac
levels at admission estimated by blood gas analysis (normal
range 0.00-2.40 mmol/L) were used as tissue oxygenation/
organ damage index.
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Statistical analysis

Variables are presented as mean + S.D. (range) if
continuous, number and percentage if categorical, mean
and corresponding 95% CI if ordinal. After verifying
the normal distribution of quantitative variables with
the Kolmogorov-Smirnov test, comparisons between
two groups were made with the Student’s t-test (normal
distribution) or the Mann-Whitney test (non-normal
distribution). For comparisons concerning more than two
groups, the ANOVA (parametric) or the Kruskal-Wallis
(non-parametric) tests were applied. The Bonferroni
test was used for post hoc analyses. Categorical variables
were compared with the chi-square (x?) or the Fisher’s
exact test, where appropriate. The Pearson’s P and the
Spearman’s Rho (p) were used for the bi-varied correlation
analyses, as appropriate. The odds ratio (OR) was used to
verify outcomes. The Kaplan-Meier method was used
to calculate survival distributions. A P value of 0.050 was
considered for the statistical significance. The SPSS software
version 20.0 (IBM SPSS Statistics for Windows; Armonk,
NY, USA) was used for statistical analysis.

Results
Whole cohort

Table 1 illustrates demography, outcome measures and
biochemical indexes.

Mean serum sodium at admission (Na*;,) was 138 + 6
(121-150) mmol/L. The sodium nadir (Na* . ) was in mean

min
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134 £ 6 (117-144) mmol/L. Na*_,, was reached within
the second day of hospitalization in 62.4% patients (day
1 for 59 patients, day 2 for 14 patients) and was strongly
correlated with Na*,, (P = 0.761, P < 0.001). A significant
(P < 0.001), progressive increase in mean serum sodium
levels was subsequently observed until a maximum
(Na*,,,) of 147 £ 5 (138-163) mmol/L. Sodium fluctuation
between the extremes (ANa*; ...) was 12 £ 6 (1-28)
mmol/L, occurring in a 5-day interval in mean. The last
available sodium measurement (Na*,,) was in mean
142 £ 5 (131-162) mmol/L. Mean sodium variation from
admission to the last assessment (ANa*, ) was 5 £ 7
(-10 to +22) mmol/L.

At hospital admission, 78 (66.7%) patients had
normal sodium levels, 31 (26.5%) were hyponatremic
and 8 (6.8%) had hypernatremia. Of the 117 patients, 39
(33.3%) maintained normal sodium levels throughout
the hospitalization; sodium levels varied between
hypo- and normonatremia in 29 (24.8%) patients and
between normo- and hypernatremia in 33 (28.2%)
patients. A wider fluctuation including both hypo- and
hypernatremia (‘'mixed dysnatremia') was observed in the
remaining 16 (13.7%) patients. The last available sodium
check showed 93 (79.5%) normonatremic, 7 (6.0%)
hyponatremic and 17 (14.5%) hypernatremic patients.
Information on serum sodium levels and distribution of
sodium alterations according to gender, admission care
setting, need for ICU, maximum requested ventilation and
patients’ outcome is available in Supplementary Tables 1
and 2 (see section on supplementary materials given at the
end of this article).

Table 1 Demographic data, outcome measures and biochemical indexes. Data are expressed as mean = s.o. (minimum-

maximum range) or as number and percentage.

Whole cohort Hyponatremic

Normonatremic Hypernatremic

(n=117) (group A, n=31) (group B, n=78) (group C, n=8) P value
Age (years) 64 + 13 (25-90) 61 £ 12 (25-83) 63 £ 13(36-90) 71 £11 (53-88) 0.190
Gender (Male) 81 (69) 23 (28) 51 (63) 7(9) 0.341
ICU admission 18 (15) 7 (39) 10 (56) 1(5) 0.432
Need for mechanical 32 (27) 10 (31) 21 (66) 1(3) 0.530
ventilation in ICU
Length of hospital 33 +22(4-120) 29+ 17 (7-82) 27 + 22 (4-120) 27 £18(11-66) 0.391
stay (days)
Death 20(17) 4 (20) 15 (75) 1(5) 0.686
IL-6, maximum 404.9 +776.7 325.1 £450.6 342.7 £623.5 1001.2 +1784.8 0.385
(pg/mL) (7.4-4601.0) (9.8-2140.0) (3.5-3207.0) (61.1-4601.0)
CRP, admission 8.6 £ 8.0 (0.6-41.5) 10.5+10.0(1.0-41.5) 7.0+£5.7(0.3-27.3) 3.5+24(0.3-6.2) 0.029(Avs ()
(mg/dL)
Lac, admission 0.9+0.8(0.0-3.6) 1.0 £ 0.7 (0.0-2.5) 0.7 £ 0.8 (0.0-3.6) 0.8 £ 0.8 (0.0-2.0) 0.107
(mmol/mol)

CRP, C reactive protein; ICU, intensive care unit; IL-6, interleukin 6; Lac, serum lactate levels.

Bold indicates statistical significance, P=0.029.
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Maximum required ventilation, need for ICU transfer
and death were similar among Na*,, quartiles.

There was a significant difference among quartiles
in basal CRP (P=0.039), which was inversely correlated
with Na*,, (p=-0.275, P=0.006). Although similar among
quartiles, Lacwas inversely correlated with Na*,, (p=—0.216,
P=0.019) and Na*_,, (p =-0.241, P=0.009). Multivariate
analyses showed that neither Na*,, nor Na*,,, influenced
the risk of a IL-6-mediated cytokine storm (P > 0.050).

A higher Na* . was correlated not only with a longer
hospitalization (p=0.344, P < 0.001) but also with the
need for higher intensity of care (p=0.338, P < 0.001
for ICU admission, p=0.415, P < 0.001 for ICU need)
and more invasive ventilation (p=0.394, P < 0.001).
Moreover, ICU admission, need for ICU assistance and
a more invasive ventilation correlated with ANa*_ , ..
(p=0.695, P < 0.001; p=0.318, P < 0.001 and p=0.269,
P=0.006, respectively) and hypernatremia/mixed
dysnatremia (p=0.380, 0.420 and 0.410 respectively,
P < 0.001). In this regard, the estimated time to ICU
admission for patients experiencing sodium alterations
was 20 days shorter than that of normonatremic
patients, as shown by the Kaplan-Meier curve in Fig. 1
(log-rank test P=0.032).

The 21-day serum sodium trend of patients requiring
ICU assistance in any moment of their hospitalization was
specular to that of patients never requiring ICU admission.
Sodium levels did not influence the risk of in-hospital
death (P > 0.050), which was correlated only with patients’
age (p=0.260, P=0.005): patients who died during the
hospitalization were significantly older than those who
were discharged (71 £ 11 vs 62 £ 12 years, P=0.003), the
latter having a longer hospitalization (29 + 20 vs 18 £ 17
days, P=0.001).

Considering only in-hospital survivors, duration of the
hospitalization wasnot only associated with ICU admission
(p=0.303, P=0.003) or ICU need at any time (P=0.489,
P < 0.001) but also with sodium levels: particularly, a
longer hospitalization was correlated with a lower Na*
(p=-0.210, P=0.039), a higher Na* , (P=0.510, P < 0.001)
and a wider ANa* (P=0.453, P <0.001).

min-max

Hypo- (group A) vs normo- (group B) vs
hypernatremic (group C) patients

Demography, outcome measures and biochemical indexes
related to the three groups of patients are described
in Table 1.

Figure 2 illustrates serum sodium trend throughout
the 21-day observation in the three groups of patients:
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Estimated probability of ICU request according to patients’ sodium trend
throughout their hospital stay.

while both group A and group B curves were close to the
trend exhibited by the whole cohort, group C curve had
a peculiar, saw-tooth pattern. Moreover, the distribution
of sodium pattern throughout the hospitalization
was significantly different among groups: of note,
65% patients from group A persisted hyponatremic or
normalized their serum sodium, but 35% experienced
mixed dysnatremia (P < 0.001); while half patients from
group B preserved their sodium balance, 12% developed
hyponatremia, 33% evolved toward hypernatremia
and 5% experienced mixed dysnatremia (P < 0.001);
mixed dysnatremia was encountered only in one (12%)
patient from group C, where the majority (88%) of
patients persisted hypernatremic or normalized their
serum sodium (P < 0.001). However, the distribution
of sodium alterations at the end of the observation was
similar among the three groups (P=0.286), with normal
Na*,,, levels in 80, 81 and 63% patients from groups
A, B and C respectively. Low Na*,, levels were found in
10 and 5% patients from groups A and B, respectively,
with no group C involvement. Elevated Na*,, levels
were detected in 10% group A, 14% group B and 37%
group C patients.
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Figure 2

Mean serum sodium levels throughout the 21-day observation: patients
divided according to Na*;, in hyponatremic (group A), normonatremic
(group B) and hypernatremic (group C).

Group A - after stratifying patients according to the
degree of hyponatremia (64% mild, 26% moderate,
10% severe), no significant differences were found
for demographic data, biochemical
and organ damage indexes, as well as for any
outcome measures.

Group B - ANa*_, .. was strongly correlated with age
(P=0.815, P=0.014) and moderately with the need for
ICU assistance and a more invasive ventilation (p=0.369,
P=0.001 and p=0.349 P=0.004, respectively). These two
outcomes were also correlated with Na*_ . (p=0.427 and
0.412, respectively, P < 0.001). A more invasive ventilation
and a longer hospitalization were correlated with
hypernatremia/mixed dysnatremia (p=0.390, P=0.001
and p=0.244, P=0.031, respectively).

Group C - All eight patients had a mild hypernatremia.
The elder had higher Na* ., (p=0.771, P=0.025); a higher
ANa* . . Was strongly correlated with the need for a
more invasive ventilation during the hospitalization
(p=0.809, P=0.028).

inflammation

Discussion

In this study, we systematically assessed the epidemiology
and prognostic implications of sodium balance disorders
in COVID-19 pneumonia by following up 117 patients
during their first 21 days of hospitalization.

At admission, 26.5% patients had hyponatremia: this
finding is consistent with data from a meta-analysis on
11,493 COVID-19 patients showing a 24% pooled incidence
for this disorder (27).
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If Wu et al. dealt with COVID-19-related hyponatremia
from a merely epidemiological point of view (25), several
findingsin our cohortadd crucial information on this topic,
since they suggest hyponatremia is a reliable biomarker of
active pulmonary involvement in COVID-19: first, sodium
nadir occurred very early, within 48 h from admission in
62.4% patients; second, the proportion of hyponatremic
patients among those directly admitted in ICU to be
mechanically ventilated was superior than that of the
whole cohort (39% vs 15%, Table 1); third, sodium levels
at admission were inversely correlated with biochemical
indexes of systemic inflammation and organ damage, such
as basal CRP and Lac. Our data concerning the association
between hyponatremia and both pneumonia severity
and CRP levels are in line with those found by Hu et al.
in a multicentric cohort of 1254 COVID-19 patients from
Hubei, even if the observed prevalence of hyponatremia
was far lower (9.9%) in the latter (24).

Unfortunately, we did not find any relationship
between Na*;, and IL-6 levels. This seems in contrast with
the results obtained from larger cohorts (n= 380 (33),
n= 4452 (32)), where lower sodium levels at hospital
admission were inversely correlated with basal IL-6 (32, 33).
However, our choice to evaluate the maximum, rather
than basal, IL-6 levels in order to highlight better the
development of a cytokine storm could account for this
discrepancy and deserve further exploration. It must
be noticed that data from a recent meta-analysis on the
laboratory features of 3396 Asian patients with COVID-19
at different degrees of severity provided evidence in favor of
lower sodium and higher CRP and lactate dehydrogenase
levels in patients with more severe pneumonia, but did
not find any significant differences in IL-6 levels between
severe and non-severe COVID-19 pneumonia (34).

If the relationship between hyponatremia and
COVID-19 pneumonia is a matter of fact (24, 28, 29, 30,
31, 32, 33, 34, 35, 36), the link between hyponatremia
and in-hospital
consistently (36).

Here, none of the considered outcome measures
(maximum required ventilation, need for ICU assistance,
duration of the hospitalization, and in-hospital death)
was associated with hyponatremia. However, collecting
sodium levels almost daily allowed us to bring an
innovative contribution by pointing out the burden of
hypernatremia, whose prevalence was non-negligible at
admission (6.8%) and became more important throughout
the hospitalization until the end of the observation
(14.5%). The analysis of day-by-day sodium trend revealed
not only 28.2% patients experiencing hypernatremia but

death was not demonstrated
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also 13.7% patients encountering mixed dysnatremia.
These data are in line with results from Tzoulis et al.,
who followed up for 18 days a multicentric cohort of 488
COVID-19 patients, finding a 5.3% prevalence for
hypernatremia at admission, an ascending sodium
trend throughout the hospitalization, as well as a 14.3%
prevalence of mixed dysnatremia (36).

At the end of the 21-day observation, the prevalence of
hyponatremia decreased to 6%: serum sodium ascending
trend throughout patients’ hospitalization reflected
their recovery from pneumonia, further supporting the
potential of hyponatremia as a biomarker of COVID-19
pulmonary involvement. Moreover, the switch from hypo-
to hypernatremia could be the expression of iatrogenic-
free water loss induction aimed at containing alveolar
imbibition for the recovery from ARDS (18, 19). This is
supported by two findings: from days 4 to 12, patients
requiring ICU assistance maintained significantly higher
sodium levels than the others (data not shown) and,
most importantly, 70% patients with mixed dysnatremia
required ICU assistance for ARDS.

The presence of sodium abnormalities at hospital
admission for acute medical conditions (whether
COVID-19 (24, 34, 35) or not (20, 21, 22, 23)) has
been associated elsewhere to longer hospitalizations,
readmissions after discharge and higher short- and long-
term mortality rates, even in case of 'borderline dysnatremia'
(130 < Na*<135 mmol/L for hyponatremia, 145 < Na*<150
mmol/L for hypernatremia) (21) and up to 90% in case of
Na*>150 mmol/L (22). Moreover, the prospective evaluation
of 90,889 hospitalized adult patients demonstrated that
mixed dysnatremia, hospital-acquired hypernatremia,
persistent hypernatremia and 'hyponatremia overcorrected
to hypernatremia' were independent indicators of
in-hospital mortality (23). In the last case, the life-
threatening occurrence of osmotic demyelination should
not be forgotten and has been documented also in a case of
overcorrected COVID-19-related SIAD (37).

When sodium levels were longitudinally assessed in
a large cohort of COVID-19 inpatients, hyponatremia at
admission was associated to a 2.18-fold increased likelihood
of needing ventilatory support, but in-hospital mortality
was 2.34- and 3.05-fold higher in patients exposed,
respectively, to hypernatremia or mixed dysnatremia at
any time of the hospital stay (35); moreover, the highest
mortality rate occurring in patients experiencing the
steepest sodium ascending slope in their first 5 days of
hospitalization (36).

Interestingly, we confirmed that excessive in-hospital
sodium fluctuations, rather than basal sodium levels
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are the main danger: almost all outcome measures were
influenced by ANa* ;. .. or Na*_ . in the whole cohort,
and a longer hospitalization was correlated with a
lower Na* ., a higher Na*_ . and a wider ANa*
survived patients. Patients experiencing dysnatremia were
estimated to require ICU assistance in mean 20 days earlier
than normonatremic ones (Fig. 1). In-hospital death was
more likely in elder patients (p=0.260, P=0.005), where
elevated sodium levels have been extensively observed
(24, 32, 35). Of note, the day-by-day sodium fluctuations
experienced by dead patients were absent among those
who were discharged, whose sodium trend perfectly traced
the whole cohort findings. A similar discrepancy was found
when comparing the saw-tooth 21-day sodium pattern
of hypernatremic (group C) patients to the harmonious
curves of hyponatremic (group A) and normonatremic
(group B) ones (Fig. 2). Moreover, the subgroup analysis
reflected the results obtained for the whole cohort:
dysnatremic patients (group A+C) who had been directly
admitted in ICU (notably, 44% of the study cohort,
Supplementary Table 2) had higher sodium levels and a
wider sodium variability; moreover, Na*,_,., ANa
and exposure to hypernatremia during the hospital course
were associated to worse assistance outcomes.

Limitations of this study include the retrospective
design and the lack of information on PaO,/FiO, ratio or
factors affecting sodium balance (hyperglycemia, other
patient’s comorbidities, administered drugs/infusions, daily
water balance), which was due to the current pandemic
situation and its adjoining urgent needs. Anyway, we
believe that our original, exclusive focus on all possible
sodium patterns throughout a 21-day observation period in
a relatively large cohort is the main strength of this study:
as very recently suggested elsewhere (36), the day-by-day
assessment of sodium levels enabled us to highlight excessive
longitudinal sodium trajectories, rather than natremia
itself, as the best indicator of COVID-19 evolution toward
respiratory complications, longer hospitalization and death.
Prospective confirmation of these findings is needed, but
prompt and careful management of sodium imbalances
would certainly bring positive repercussions in reverting the
natural history of severe COVID-19 in clinical practice.

in

min-max

+ .
min-max

Conclusions

Hospitalized patients with COVID-19 are frequently affected
by sodium balance disorders. Besides hyponatremia, which
couldprimarilyrepresentadiagnosticratherthanaprognostic
biomarker in COVID-19 pneumonia, hypernatremia plays a
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crucial role, particularly when resulting from the correction
of the opposite alteration. Patients experiencing mixed
dysnatremia have a worse prognosis, mainly in terms of
length of their hospitalization and need for ICU assistance/
mechanical ventilation. Further exploration of the interplay
between sodium and inflammatory markers (CRP and IL-6
above all) is needed in order to help clinicians in stratifying
COVID-19 patients at different risk for disease progression
since hospital admission; moreover, the subtle optimization
of sodium balance by effectively preventing, through serial
measurements, and properly correcting sodium alterations
is of paramount importance to improve hospitalized
COVID-19 patients’ prognosis.
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