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Abstract

Background The prognostic impact of electrolyte disorders in hospitalized COVID-19 patients is unclear.

Methods The study included all adult patients hospitalized for COVID-19 in four hospitals in Northern Italy between January
2020 and May 2021 with at least one serum potassium and sodium measurement performed within 3 days since admission.
Primary outcome was in-hospital death; secondary outcome was Intensive Care Unit (ICU) admission. A cause-specific Cox
proportional-hazards regression model was used for investigating the association between potassium and sodium (as either
categorical or continuous variables) and mortality or admission to ICU.

Results Analyses included 3,418 adult hospitalized COVID-19 patients. At multivariable analysis, both hyperkalemia (Haz-
ard Ratio, [HR] 1.833, 95% Confidence Interval [CI] 1.371-2.450) and sK above the median (K 5.1 vs 4.1 mmol/L: HR
1.523,95% CI 1.295-1.798), and hypernatremia (HR 2.313, 95%CI 1.772-3.018) and sNa above the median (Na 149 vs 139
mmol/L: HR 1.442,95% CI 1.234-1.686), were associated with in-hospital death, whereas hypokalemia and hyponatremia
were not. Hyponatremia was associated with increased hazard of ICU admission (HR 1.884, 95%CI 1.389-2.556).
Conclusions Electrolyte disorders detected at hospital admission may allow early identification of COVID-19 patients at
increased risk of adverse outcomes.
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Electrolyte derangements are common in severe diseases
and also occur in patients with coronavirus disease 2019
(COVID-19). Hypokalemia is a clinically relevant electro-
lyte derangement in this setting [1]. Conversely, critically ill
patients are prone to developing hyperkalemia and hyper-
natremia [2]. A U-shaped relationship between both serum
potassium (sK) and serum sodium (sNa) with mortality was
found in hospitalized patients with heart failure, chronic kid-
ney disease (CKD), or diabetes [2, 3]. Because of the low
sample size and the heterogeneity of the studies, it is unclear
if and to what extent electrolyte disorders affect outcomes in
COVID-19 patients.

In a large population of patients hospitalized for COVID-
19, we therefore evaluated whether potassium and sodium
disorders were independently associated with mortality or
admission to the intensive care unit (ICU).

This retrospective cohort study included all adult patients
hospitalized for COVID-19 in four hospitals in Northern
Italy between January 2020 and May 2021 with at least
one serum potassium and sodium measurement performed
within 3 days since admission. Primary outcome was in-
hospital death; secondary outcome was ICU admission.
The patients were followed-up until the first occurrence of
either hospital discharge, transfer to another unit, or death.
A cause-specific Cox proportional-hazards regression model
was used to investigate the association between potassium
and sodium (as either categorical or continuous variables)
and mortality or admission to ICU. (See Supplementary
Material for an extended version of the methods).

The study was approved by the Ethics Committee of the
coordinating center (San Gerardo Hospital, Monza) and by
the IRB of each center and registered at ClinicalTrials.gov
(Identifier: NCT04670094, Dec 15, 2020).

We analysed a total of 4,555 patients, of whom 1,137
were excluded, leaving 3,418 patients for final analyses
(eFigure 1). The main clinical characteristics and blood
chemistry parameters at admission of included patients
according to potassium and sodium categories are shown
in eTable 1. Comparisons between included and excluded
patients are shown in eTable2.

Serum potassium values were within the normal range
in 2,893 (84.6%) patients, low in 306 (9.0%) and high in
219 (6.4%).

Serum sodium values were within the normal range in
2917 (85.3%) patients, low in 352 (10.3%) and high in 149
(4.4%).

Female gender [odds ratio (OR) 0.417, 95% confidence
interval (CI) 0.317-0.549, male vs female], older age (OR
1.015, 95% CI 1.006-1.024), lower platelet count (OR
0.997, 95% CI 0.995-0.998) and higher C-reactive protein
(CRP) values (OR 1.003, 95% CI 1.002—-1.005) were associ-
ated with hypokalemia at multivariable analysis (eTable 3,
Model A). Male gender (OR 1.490, 95% CI 1.020-2.178)
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and higher platelet count (OR 1.005, 95% CI 1.004-1.006)
were positively associated with hyperkalemia, while older
age (OR 0.985, 95% CI 0.973-0.998), eGFR (OR 0.959,
95% CI 0.952-0.966), and sNa values (OR 0.950, 95% CI
0.917-0.985) were negatively associated with this disorder
(eTable 3, Model B).

Ischemic heart disease (OR 1.948, 95% CI 1.313-2.891),
diabetes mellitus (OR 1.990 95% CI 1.499-2.642), and
higher CRP values (OR 1.003, 95% CI 1.001-1.004) were
associated with hyponatremia (eTable 3, Model C), whereas
older age (OR 1.026, 95% CI 1.007-1.044), diagnosis of
dementia (OR 4.522, 95% CI 2.828-7.231), lower eGFR
(OR 0.986, 95% CI 0.978-0.994) and hemoglobin (OR
0.900, 95% CI 0.814-0.995) values were associated with
hypernatremia (eTable 3, Model D).

There were 609 (17.8%) in-hospital deaths. We
observed a significant trend towards increasing mortal-
ity in patients with electrolyte disorders [467 (16.1%), 62
(20.3%) and 80 (36.5%) for patients with normal, low, or
high sK values, respectively (p <0.001); 455 (15.6%), 74
(21.0%) and 80 (53.7%) for patients with normal, low, or
high sNa values, respectively (p <0.001)]. Figure 1 depicts
crude cumulative incidence of death according to sK
(panel A) and sNa (panel B) values over the first 60 days
of hospitalization. For both electrolytes, the relationship
between serum concentrations and the crude probability of
death was described by a J-shaped curve (eFigure 2). After
adjusting for potential confounders, older age (HR 1.051,
95% CI 1.042-1.060), hyperkalemia (HR 1.833, 95%
CI 1.371-2.450) and hypernatremia (HR 2.313, 95% CI
1.772-3.018) at the time of hospital admission, previous
stroke (HR 1.372, 95% CI 1.058-1.778), lower eGFR lev-
els (HR 0.993, 95% CI 0.989-0.997) and indices of greater
severity of infection [lower platelet count (HR 0.998 95%
CI 0.997-0.999), higher lymphocyte count (HR 1.022,
95% CI 1.004-1.040), and higher CRP values (HR 1.004,
95% CI 1.003-1.005)] were associated with a higher haz-
ard of death, whereas hypokalemia and hyponatremia were
not. Multiple imputations for missing values confirmed
the results (Table 1). The HR of in-hospital mortality as a
function of sK and sNa levels are depicted in Fig. 1, panels
C and D, respectively. Potassium or sodium levels above
the median values (4.1 mmol/L for sK and 139 mmol/L
for sNa) were associated with a significantly higher haz-
ard of death, while electrolyte concentrations below the
median values were not. HRs for in-hospital mortality are
also shown per 1 mmol/L sK changes below and above
the median value (Fig. 1E) and per 10 mm/L sNa changes
below and above the median value (Fig. 1F). An addi-
tional analysis was done to assess whether, among hypona-
tremic patients, those with a plasma urea value greater
than 5 mmol/L and therefore presumably hypovolemic [4]
had a higher mortality rate. The analysis showed that the
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Fig.1 Cumulative incidence of death by potassium (A) and sodium
(B) categories. In-hospital mortality Hazard Ratio (HR) as a func-
tion of potassium (C) and sodium (D). HR of in-hospital mortality

per 1 mmol/L or per 10 mmol/L below and above the median value of
potassium (4.1 mmol/L, E) and sodium (139 mmol/L, F). Estimates
based on Cox model shown in eTable 4
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Table 1 Multivariable Cox regression model on mortality by potassium and sodium categories

Complete cases (n=2824, deaths n=506)

Multiple imputation (n=3418, deaths

n=609)
HR 95% CI p value HR 95% C1 p value
Male (yes vs no) 1.133 (0.929-1.381) 0.2192 1.131 (0.944-1.355) 0.1822
Age (years) 1.051 (1.042-1.060) <0.0001 1.051 (1.043-1.059) <0.0001
Hypokalemia (K <3.5 vs 3.5-5 mmol/L) 0.878 (0.652-1.182) 0.3907 0.871 (0.664-1.142) 0.3176
Hyperkalemia (K> 5 vs 3.5-5 mmol/L) 1.833 (1.371-2.450) <0.0001 1.961 (1.521-2.528) <0.0001
Hyponatremia (Na< 135 vs 135-145 mmol/L) 1.079 (0.819-1.421) 0.5912 1.122 (0.876-1.437) 0.3617
Hypernatremia (Na> 145 vs 135-145 mmol/L) 2.313 (1.772-3.018) <0.0001 2.238 (1.746-2.870) <0.0001
History of stroke (yes vs no) 1.372 (1.058-1.778) 0.0170 1.365 (1.083-1.721) 0.0085
Platelets (10°/uL) 0.998 (0.997-0.999) <0.0001 0.998 (0.997-0.999) <0.0001
Lymphocytes (103/uL) 1.022 (1.004-1.040) 0.0151 1.002 (0.987-1.017) 0.8156
¢GFR (ml/min/1.73 m?) 0.993 (0.989-0.997) 0.0005 0.993 (0.990-0.997) 0.0003
C-Reactive protein (mg/L) 1.004 (1.003-1.005) <0.0001 1.004 (1.003-1.005) <0.0001

Complete cases excluded patients with at least one missing datum among history of stroke, platelets, lymphocytes, eGFR and C-Reactive protein

HR hazard ratio, CI confidence interval, K Potassium, Na Sodium, eGFR estimated glomerular filtration rate

cumulative incidence of death was higher in patients with
urea> 5 mmol/L (log-rank test p <0.001, eFigure 3).

In 2384 patients it was possible to collect information
on acute kidney injury (AKI) onset during hospitalization
(n=318, 13.3%). When incident AKI was added to the
final survival models, the main results did not change, but
AKI was independently associated with mortality both in
the model in which K and Na were included as categori-
cal variables (HR 2.448, 95% CI 1.901-3.153) and in the
model in which they were included as continuous variables
(HR 2.496, 95% CI 1.937-3.215) (eTable 5 and eTable 6).

Three hundred forty-five (10.1%) patients were admitted
to the ICU during their hospitalization. The patients with
hyponatremia were more likely to experience ICU admis-
sion than those with normal sNa values [58/352 (16.5%) vs
271/2917 (9.3%), p <0.001]. Hypokalemia was negatively
(HR 0.454 95% CI 0.266-0.773), whereas hyponatremia
was positively (HR 1.884, 95% CI 1.389-2.556) associated
with the hazard of ICU admission (eTable 7, Model A).
Markers of greater severity of COVID-19 [lower platelet
count (HR 0.999, 95% CI 0.997-1.000), higher lympho-
cyte count (HR 1.023, 95% CI 1.011-1.034), and higher
CRP values (HR 1.008, 95% CI 1.007-1.010)] were posi-
tively, while older age (HR 0.977, 95% CI 0.969-0.985)
and cancer (HR 0.574, 95% CI 0.333-0.987) were nega-
tively associated with ICU admission (eTable 7, Model
A). When sK and sNa values were entered into the model
as continuous variables, a negative association was con-
firmed between sNa concentration and the hazard of ICU
admission (HR 0.953, 95% CI 0.925-0.983), and a direct
association emerged between sK level and ICU admission
(HR 1.275,95% CI 1.031-1.578) (eTable 7, Model B).
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In 1,633 patients it was possible to collect information on
AKI onset prior to ICU admission (n=169, 10.4%). When
incident AKI was added to the cause-specific Cox regression
models on admission to ICU, main results were unchanged
and AKI was not independently associated with this out-
come (eTable 8).

The main finding of this study is that hyperkalemia and
hypernatremia were strongly associated with an increased
risk of death in a large population of patients hospitalized
for COVID-19. This association remained significant even
after adjusting for new-onset AKI during hospital stay, a
factor independently associated with mortality both in the
general hospitalized population and in patients admitted for
COVID-19 [5].

The negative prognostic impact of hyperkalemia is well
known in non-COVID-19 populations [3], particularly
because of the high risk of ventricular arrhythmias and car-
diovascular mortality. A direct pathogenetic role of hyper-
kalemia in increasing the risk of death can be hypothesized
also in COVID-19 patients; however, it should be under-
scored that, compared to patients with normal sK values,
hyperkalemic patients in our population were significantly
older and had a higher prevalence of comorbidities. There-
fore, because of the retrospective design of this study, we
cannot exclude that hyperkalemia may rather represent a
marker of increased cardiovascular risk in our population.

A significant association between hypernatremia and
mortality has been reported in both non-COVID-19 and
COVID-19 patients [6, 7]. Hypernatremia may increase
the risk of death through different mechanisms, includ-
ing decreased brain volume, vascular rupture, cerebral
demyelination and permanent neurologic deficits. In our
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population, hypernatremia at admission more than doubled
the hazard of death compared with the presence of normal
sNa levels. However, due to the retrospective design of our
study, hypernatremia at admission may have been rather
a marker of the severity of clinical conditions or patient
frailty than a causal factor for the risk of death.

In our cohort hyponatremia was associated with a
greater burden of comorbidities, as well as with a lower
lymphocyte count and higher CRP values and with the haz-
ard of ICU admission, reinforcing the hypothesis that in
the COVID-19 population hyponatremia may be regarded
as a marker of the severity of clinical conditions in surviv-
ing patients. In addition, plasma urea values greater than
5 mmol/L were associated with a higher cumulative inci-
dence of death, suggesting that patients with hypovolemic
hyponatremia might have a worse prognosis, as previously
suggested [4].

Because electrolyte measurements were performed only
at hospital admission, we cannot exclude that derange-
ments in plasma potassium and/or sodium levels may have
preceded the development of COVID-19 severe enough to
require hospitalization, and may have affected the severity
or lethality of the disease. Indeed, in a large retrospec-
tive study on electronic health records of patients with
COVID-19, non-survivors were significantly more likely
to have high plasma potassium or sodium levels in the
thirty days following COVID-19 onset than survivors [8].
Alternatively, the viral infection per se may have induced
the development of dysnatremia and/or dyskalemia. Inter-
estingly renal damage and hyperkalemia were found in
fatal cases of critically ill patients affected by another
zoonotic Coronavirus, MERS-CoV [9].

Our study has some limitations. Thrombocytosis can
be associated with pseudo-hyperkalemia. However, given
the observed baseline platelet counts, virtually no cases
of thrombocytosis were observed in our population.
Moreover, in the study by Hirsch et al. [7] the association
between hyponatremia and mortality was no longer signifi-
cant after correction for serum glucose values. This may
imply that hyponatremia in patients with severe hyper-
glycemia may have been rather a proxy for more severe
clinical conditions. Unfortunately, plasma glucose values
were not collected in our database, and thus we could not
correct serum sodium for glucose values.

In conclusion, our data support the hypothesis that
hyperkalemia and hypernatremia at hospital admission
may be associated with a higher risk of death in non-crit-
ically ill COVID-19 patients. Conversely, hyponatremia
may be associated with a higher risk of ICU admission.
Attention to detect electrolyte disorders at the time of
admission in COVID-19 patients may help in the early
identification of those at higher risk of adverse outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40620-022-01429-3.
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