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ABSTRACT

Background. The coronavirus disease 2019 (COVID-19) pandemic has had a profound impact on the general population and
the burden of pre-existing comorbidities has heavily affected the outcome of the infection. Hyponatraemia has been
frequently described. Conversely, hypernatraemia has rarely been described in COVID-19.

Methods. The studied cohort encompasses all COVID-19 patients consecutively admitted to the Messina Hospital, Italy,
during the first wave of the epidemic. Since healthcare structures were not overwhelmed at that time, indications for
hospitalization were homogeneous throughout the study period. Serum sodium levels, kidney function [estimated
glomerular filtration rate (eGFR)], demographic and clinical characteristics were recorded at admission. Correlation between
mortality, sodium and eGFR was evaluated by survival curves and univariate and multivariate regression models.

Results. Baseline biochemical and clinical data at the time of admission were available for 115 COVID-19-confirmed patients.
The median age at admission was 73 years (48% men), with a median Charlson Comorbidity Index of 4. A total of 23.5% of
patients presented with a sodium level �146 mmol/L, while 7.8% had sodium<135 mmol/L. Hypernatraemic patients were
older, with higher comorbidity. Age, hypernatraemia and reduced eGFR were associated with increased mortality in both
univariate and multivariate regression models (P<0.001). The combination of hypernatraemia and reduced renal function
at admission had an odds ratio of 47.67 (95% confidence interval 10.08–225.43) of dying compared with patients with an
eGFR�60 mL/min and sodium<145 mmol/L.
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Conclusions. Our study suggests that the association between hypernatraemia and reduced eGFR at referral is a highly
relevant prognostic marker for death during hospitalization. The role of this association should be further tested in larger,
multicentre cohorts.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has had a
major impact on fragile patients and, among them, patients
with chronic kidney disease (CKD), whether or not on dialysis
[1–3]. Furthermore, COVID-19 is associated with different kidney
function alterations, often characterized by tubular involve-
ment and electrolyte derangements.

Hyponatraemia has frequently been reported in COVID-19
patients and has been associated with poor outcomes [4–7]. In a
large series from New York, up to 30% of hospitalized COVID-19
patients developed hyponatraemia, which was associated with
mortality [7]. In a French multicentric study, hyponatraemia
was almost twice as prevalent in COVID-19 patients admitted to
the emergency department as in matched controls (20.4% ver-
sus 12.3%, respectively) and was associated with mortality [8].
Furthermore, hyponatraemia has been found to correlate with
the degree of pulmonary involvement in COVID-19 patients [9].

The pathogenesis of electrolyte unbalance is only partially
understood and several factors may contribute, thus explaining
the differences observed in various settings. For instance, there
have been reports associating hyponatraemia to the develop-
ment of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) with inappropriate secretion of antidiuretic
hormones [10, 11]. Proximal tubular necrosis or an incomplete
Fanconi syndrome could also contribute to electrolyte
alterations as a reflex of direct kidney injury by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), as viral
particles have been demonstrated in renal tubular cells [12, 13].

Conversely, hypernatraemia has less frequently been
reported in COVID-19 patients. In two large and recently pub-
lished series, the prevalence of hypernatraemia ranged between
3.7% and 7%, while hyponatraemia was reported in 20.5–44.6%
of patients [14, 15].

Both hypo- and hypernatraemia have been associated with
in-hospital mortality in COVID-19 patients [14]. Different hospi-
talization criteria, at least partly limited to the shortage
of healthcare resources, may account for some of the reported
epidemiological differences.

In this context, we report on our experience in the city of
Messina, in Sicily, where the peak of the epidemic occurred later
and at a lesser degree than in the north of Italy and the lower
number of infections did not lead to a rapid saturation of hospi-
tal beds. This particular context allowed us to analyse data
gathered in a cohort of patients affected by COVID-19 severe
enough to warrant hospitalization and selected in a relatively
homogeneous way.

While the onset of new variants, the use of vaccines and in-
creased medical expertise may have changed the natural his-
tory of the infection, the outbreak is not yet at its end, and
reflecting on some peculiar experiences may be of interest for
the future. With this aim, we report on the strong association
found in our setting between hypernatraemia, reduction of kid-
ney function and risk of death in patients hospitalized for
COVID-19.

MATERIALS AND METHODS
Setting of the study

This observational study was performed in the A.O.U.
Policlinico ‘G. Martino’ Hospital in Messina, a city of ~300 000
inhabitants. Inclusion criteria were being admitted to the
COVID Unit (105 patients) or to the intensive care unit (ICU) (18
patients) because of SARS-CoV-2 infection between 8 March and
27 April 2020 and availability of plasma sodium levels at admis-
sion (115 patients). COVID-19 diagnosis was confirmed accord-
ing to the World Health Organization recommendations by
means of a nasopharyngeal swab positive for SARS-CoV-2,
detected by reverse transcription polymerase chain reaction
(RT-PCR) [16].

Data collection

The following data were gathered. Clinical data included sex,
age, Charlson Comorbidity Index (CCI) and comorbidities at ad-
mission [arterial hypertension, diabetes mellitus, chronic ob-
structive pulmonary disease (COPD), CKD, cardiovascular
disease and neoplasia], development of acute kidney injury
[AKI, defined as per Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines] [17], need for invasive ventilation
and death during hospitalization. Biochemical data at admis-
sion included serum white blood cell (WBC) count, serum hae-
moglobin, serum platelet, serum D-dimer, serum creatinine,
serum urea, serum lactate dehydrogenase (LDH), serum creati-
nine, estimated glomerular filtration rate (eGFR) calculated
according to the Chronic Kidney Disease Epidemiology
Collaboration equation [18], creatinine phosphokinase (CPK), se-
rum myoglobin, serum sodium, serum potassium and serum C-
reactive protein (CRP).

Statistical analysis

We stratified patients according to their serum sodium levels at
admission into three groups: hyponatraemia (<135 mmol/L, 9
patients), normal (135–145 mmol/L, 79 patients) and hyperna-
traemia (�146 mmol/L, 27 patients) (the baseline sodium level
was not available for 8 patients).

Statistical analysis was performed with SPSS version14
(SPSS, Chicago, IL, USA) and JASP version 0.11.1 (JASP Team,
Amsterdam, The Netherlands).

Descriptive analysis. The Shapiro–Wilk test was used to verify
the normal distribution of the data and the Leven test was used
to verify homoscedasticity. Discrete variables are presented as
percentages while continuous variables are reported as median
(minimum–maximum). Differences were compared with the
chi-squared test or Fisher’s exact test, as appropriate, and the
Mann–Whitney test. The analysis of variance test was used to
compare the three groups (hyponatraemia, normal sodium and
hypernatraemia).

Kaplan–Maier curves were used to evaluate and compare
mortality.
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The area under the curve (AUC) of the receiver operator
characteristics (ROC) curve was computed to determine the
optimal cut-off points of sodium and eGFR to predict mortality
by means of Youden’s index.

All previously mentioned biochemical variables were tested
for correlation with death in univariate analysis. All the significant
variables in the univariate analysis were considered for the multi-
variate analysis. Since WBC count, CRP, LDH, CPK, myoglobin and
D-dimer were mutually correlated and all were also correlated
with eGFR (as assessed by the Pearson correlation test;
Supplementary data, Table S1), we chose to include only CRP in
the multivariable model as a marker of disease severity, because
of its lower correlation with eGFR (Supplementary data, Table S1).

Multivariate logistic regression was used to determine the
association of hypernatraemia and eGFR with death adjusted
for sex, age and CRP. Due to collinearity between serum sodium
and eGFR and the collinearity of eGFR and age, we designed two
different models: one considering age, sex, serum sodium and
CRP and the second one considering sex, eGFR and CRP as
continuous variables (Table 2). The choice of the covariates was
clinical, after exclusion for collinearity. The absence of signifi-
cant collinearity was further tested a posteriori with the variance
inflation factor (VIF). Focused principal component analysis [19]
was used to determine the association of both serum sodium
and eGFR and the other variables with death (Figure 3).

A two-tailed a risk at 5% was considered statistically
significant.

Ethical issues

The study was conducted in accordance with the Declaration
of Helsinki.

At admission to A.O.U. Policlinico ‘G. Martino’ Hospital, all
patients had the opportunity to decide whether or not to give
consent to use their clinical data, in anonymous form, for scien-
tific purposes. Due to the non-interventional, observational and
retrospective nature of this study, according to Italian regula-
tions, approval by an ethics committee was not needed.

RESULTS
Overall data

From the start of the epidemic, >500 patients with suspected
COVID-19 were evaluated in the hospital emergency room; be-
tween 8 March and 27 April 2020, 123 COVID-19 patients were
hospitalized, 105 in the COVID Unit and 18 in the ICU. The me-
dian age of hospitalized patients was 73 years (range 18–100)
with a median CCI of 4 (range 0–11). Of these, 18 patients
(15.65%) had a history of CKD, 55 (47.83%) of hypertension, 30
(26.09%) of diabetes and 29 (25.22%) of ischaemic heart disease.
During hospitalization, 44 patients (38.26%) developed AKI (de-
fined by the KDIGO guidelines), 17 patients (14.78%) needed in-
vasive ventilation and 28 patients (24.35%) died (Table 1).

Distribution of sodium levels

Table 1 reports the characteristics of the hospitalized COVID-19
patients divided according to sodium level at admission: hypo-
natraemia (<135 mmol/L, 9 patients), normal (135–145 mmol/L,
79 patients) and hypernatraemia (�146 mmol/L, 27 patients).
The sodium level at admission was not available for eight
patients.

Patients with hypernatraemia had a higher CCI (P¼ 0.01),
higher creatinine and lower eGFR at admission and were more

frequently affected by CKD (P¼ 0.01). They also had a greater need
for invasive ventilation (P¼ 0.004) and displayed a higher inci-
dence of AKI during hospitalization (P< 0.001). D-Dimer, myoglo-
bin, WBC count and CRP were also higher in patients with
hypernatraemia (Table 1). Conversely, no significant difference
was found in chronic therapy recorded at admission
(Supplementary data, Table S2).

Analysis of survival

Overall mortality was 24.35%. Mortality was the highest in
patients with hypernatraemia (62.96%); no deaths were
recorded in the hyponatraemia group, while 13.93% of patients
with a normal sodium level at hospitalization died. Kaplan–
Meier analysis confirms the increased mortality in the hyperna-
traemia group (P< 0.001) (Figure 1) and, within the limits of a
small series, the severity of hypernatraemia was further corre-
lated with mortality (Supplementary data, Figure S1).

Based on the correlation between sodium levels and eGFR at
admission and of both with survival, we used ROC curves to
identify the best cut-points of eGFR and sodium level. Youden’s
index was at 59.6 mL/min for eGFR (AUC 0.749; Supplementary
data, Figure S2) and at 143.5 mmol/L for sodium (AUC 0.782;
Supplementary data, Figure S3). Figure 2 illustrates the com-
bined effect of these two variables on mortality. Death risk
was significantly increased in cases in which there was both a
low eGFR and a high sodium level. Patients with hypernatraemia
had an odds of death 10.25-fold [95% confidence interval (CI)
3.88–27.09] higher than patients with serum sodium
<143.5 mmol/L; patients with reduced eGFR had an odds of death
6.56-fold (95% CI 2.55–16.89) higher than patients with normal re-
nal function. Hypernatraemic patients with an eGFR<59.6 mL/
min had a 47.67-fold (95% CI 10.08–225.43) higher odds of death
during hospitalization than patients with normal renal function
and serum sodium<143.5 mmol/L (P< 0.001).

Multivariate analysis

In Model 1, sodium was an independent mortality risk factor, as
well as eGFR in Model 2 (Table 2). The residual analysis con-
firmed the validity of the two models (Supplementary data,
Figures S4 and S5) while the VIF values suggest that the model
is not affected by collinearity between the variables chosen. To
better highlight the relative weight of each variable on the risk
of death, we performed a focused principal component analysis
(Figure 3) that suggested sodium and eGFR have a similar
weight on mortality (Figure 3).

DISCUSSION

Derangements in electrolyte levels have been extensively de-
scribed in acute and chronic diseases, have an overall negative
weight on prognosis and are particularly common in COVID-19.
Attention to the importance of sodium derangements in
COVID-19 has been drawn by several studies [8, 20, 21]. The rela-
tionship between electrolyte derangements and AKI in COVID-
19 has also been underlined [22–24].

The reported prevalence of hyper- and hypernatraemia in
patients affected by COVID-19 is very variable and ranges from
<5% to 9% and <10% to >30%, respectively. Differences in ge-
netic background, food habits, indications for tests (outpatients,
at referral, during hospitalization in the ICU and in hospitaliza-
tion wards), definitions of hypo- and hypernatraemia and the
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prevalence of comorbidities may explain these differences, but
the picture is not yet fully elucidated.

In this context, the main finding of our study is to describe a
particularly ominous association, the simultaneous presence of
reduced eGFR and hypernatraemia at hospitalization (Figure 2).

In the context of an overall mortality rate of 24% during hos-
pitalization, comparable to what is reported in several European
settings [25–27] and in the USA [28], the presence of reduced
eGFR at admission was associated with significantly higher
odds of death during hospitalization (6.56 times higher than
patients with an eGFR�59.6 mL/min) and with the presence of

hypernatraemia (10.25 times higher than patients with serum
sodium <143.5 mmol/L). However, it was the combination of the
two (hypernatraemia and low eGFR) that bore the highest
odds of death during hospitalization (47.67 times higher than
patients with eGFR�59.6 mL/min and serum sodium
<143.5 mmol/L; P< 0.001) (Figure 2). The prognostic value of this
association has, to our knowledge, not been reported and its
high statistical significance warrants attention.

Hypernatraemia is a well-known prognostic marker in criti-
cally ill patients in ICUs [29, 30]. It is therefore not surprising
that this association was also found in our cohort, composed of

Table 2. Multivariable logistic regression

CI 95%

Variables OR Lower Higher P-value VIF

Model 1 for death risk
Age 1.056 1.014 1.100 0.009 1.11
Sex (male versus female) 0.745 0.247 2.250 0.602 1.14
Serum sodium concentration 1.143 1.054 1.240 0.001 1.04
CRP 1.062 1.001 1.126 0.048 1.16

Model 2 for death risk
Sex (male versus female) 0.766 0.293 2.002 0.587 1.05
eGFR 0.972 0.956 0.988 0.001 1.00
CRP 1.052 0.996 1.111 0.070 1.06

Table 1. Baseline characteristics of the population

Groups according to sodium value at hospitalization

Characteristics All cases Hyponatraemia Normonatraemia Hypernatraemia P-value

Sodium (mmol/L), median (min–max) 141 (128–173) <135 �135–�145 >145
Patients, n 115 9 79 27
Sex (male), n (%) 55 (47.83) 4 (44.44) 37 (46.84) 14 (51.85) 0.884
Age (years), median (min–max) 73 (18–100) 71 (41–86) 70 (18–100) 81 (39–92) 0.062
CKD, n (%) 18 (15.65) 0 9 (11.39) 9 (33.33) 0.010
Hypertension, n (%) 55 (47.83) 5 (55.56) 33 (41.77) 17 (62.96) 0.146
Diabetes, n (%) 30 (26.09) 3 (33.33) 17 (21.52) 10 (37.04) 0.249
Chronic obstructive lung disease, n (%) 10 (8.70) 1 (11.11) 6 (7.59) 3 (11.11) 0.825
Cardiopathy, n (%) 29 (25.22) 3 (33.33) 18 (22.78) 8 (29.63) 0.657
Neoplasia, n (%) 6 (5.22) 1 (11.11) 3 (3.80) 2 (7.41) 0.544
CCI, median (min–max) 4 (0–11) 3 (0–6) 3 (0–11) 5 (0–10) 0.010
AKI, n (%) 44 (38.26) 2 (22.22) 23 (29.11) 19 (70.37) <0.001
Invasive ventilation, n (%) 17 (14.78) 2 (22.22) 6 (7.59) 9 (33.33) 0.004
Death, n (%) 28 (24.35) 0 11 (13.92) 17 (62.96) <0.001
Haemoglobin (g%), median (min–max) 12.7 (7.4–16.9) 11.75 (9.4–14.5) 13.00 (8.8–16.6) 11.50 (7.4–16.9) 0.022
White blood cell count (�103/mm3), median

(min–max)
6.3 (1.9–21.2) 6.9 (2.7–15.2) 5.7 (2.6–21.2) 8.9 (1.9–20.6) 0.002

Lymphocytes (cells/mm3) median
(min–max)

1289 (274–5200) 1092 (690–2107) 1306 (274–5200) 1261 (418–2060) 0.238

Lymphocytes (%), median (min–max) 23.0 (2.0–60.0) 17.0 (10.0–43.0) 27.0 (2.0–60.0) 11.0 (4.0–38.0) <0.001
Platelet (�104/mm3), median (min–max) 18.5 (3.0–44.3) 23.5 (11.8–36.0) 18.1 (3–44.3) 18.7 (3.8–40.5) 0.386
D-Dimer (mg/mL), median (min–max) 1.08 (0.27–4.01) 1.65 (0.320–4.01) 0.72 (0.270–4.01) 2.02 (0.34–4.01) <0.001
Creatinine (mg/dL), median (min–max) 0.9 (0.3–10.9) 0.9 (0.3–1.9) 0.9 (0.3–2.9) 1.5 (0.4–10.9) <0.001
eGFR (mL/min), median (min–max) 72.1 (2.8–152.1) 80.9 (50–130.7) 74.1 (18–152) 40.1 (2.8–137) 0.009
Urea (mg/dL), median (min–max) 40 (10–341) 29 (10–112) 38 (11–178) 76 (15–341) <0.001
LDH (U/L), median (min–max) 430 (222–3317) 630 (224–1109) 357 (222–1209) 623 (226–3317) <0.001
CPK (U/L), median (min–max) 67.5 (10–5450) 228 (10–863) 54 (13–5450) 149 (24–4296) 0.136
Potassium (mmol/L), median (min–max) 4.3 (2.7–6.7) 3.9 (3–4.3) 4.3 (3–5.3) 4.2 (2.7–6.7) 0.109
Myoglobin (ng/mL), median (min–max) 60 (21–15 000) 123.0 (21–865) 43.0 (21–1604) 273.5 (30–15 000) 0.001
CRP (mg/dL), median (min–max) 2.86 (0.05–49.6) 7.20 (0.13–23.65) 1.60 (0.05–49.6) 7.88 (0.10–34.7) <0.001

min: minimum; max: maximum.

P-values refer to the comparison of the three groups, i.e. hypo-, normo- and hypernatraemia. Statistically significant values are in bold.
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hospitalized patients [14, 31, 32]. However, it is difficult to inter-
pret the role hypernatraemia and low eGFR play in our context,
as our study presents some peculiarities.

First, hypernatraemia was more frequent in our cohort than
in previously published reports and its prevalence was higher
than the prevalence of hyponatraemia, which, in contrast, is
usually reported as more common. The reasons for this differ-
ence in the prevalence of sodium derangements are not clear.
Sicily is an island, and thus the genetic background may be dif-
ferent when compared with mainland Italy and Europe. Also,
the local cuisine is spicy and salty. Both issues may have played
a role in this finding. However, probably most importantly, the

population hospitalized was relatively old (median age
73 years), older overall than the population described in most of
the previous large reports, and hypernatraemia was more fre-
quent in our older patients (median age 81 years), in keeping
with a higher risk of dehydration in older individuals, in partic-
ular in the presence of an underlying CKD. Interestingly, further
in keeping with our data, in the recent reports from the USA
and Spain, which overall have younger populations (median age
65–69 years), the median age of patients with hypernatraemia
was �80 years [14, 15].

While the studies mentioned above reported on an associa-
tion between high sodium levels and mortality, ours is the first
to highlight how mortality was higher in patients with hyperna-
traemia and low eGFR at referral.

As expected in a real-life observational study, we found mul-
tiple correlations between the different factors (age and lower
eGFR; age, lower eGFR and hypernatraemia; age and mortality),
and in such a setting, disentangling the effects of each element
is difficult if not impossible, as visually depicted in the principal
component analysis (Figure 3). Within these limits, we built two
different multivariate models, entering alternatively sodium
and eGFR (Table 2). The models, whose validity is supported by
the residual analysis (Supplementary data, Figures S4 and S5)
and VIF values, suggest that each factor is similarly affecting
the outcomes, and in this context, we preferred simply describ-
ing their combination in Figure 2.

A lack of data on urinary osmolarity at hospitalization does
not allow us to go beyond a simple description of this associa-
tion. Different non-specific mechanisms, including dehydra-
tion, which is relatively frequent in elderly patients, in
particular with fever, or multifactorial tubular damage, could be
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responsible for hypernatraemia and an increased incidence of
AKI [33], but the role of SARS-CoV-2, possibly via the down-
regulation of angiotensin-converting enzyme 2 receptors, can-
not be ruled out [34].

The relatively small sample size and the multiple strict cor-
relations among variables of interest are major limits of this
work. However, within all the limits of a relatively small series
and the lack of urinary data and specific information on dehy-
dration at hospitalization, our study has the strength of being
gathered in a setting in which, due to the lack of saturation of
hospital resources, the indications for hospitalization can be
considered homogeneous and a systematic analysis of eGFR
and sodium levels was possible in the majority of the cases at a
fixed and consistent moment, i.e. hospitalization. This point
may be important, as the results may be clinically useful for an
initial prognostic evaluation and this may be a strength with re-
spect to other large series gathering sodium levels at variable
intervals during hospitalization [21, 29, 31].

Furthermore, the retrospective study design does not allow
establishing a clear cause–effect relationship between sodium,
eGFR and mortality. This limitation, shared by most observa-
tional studies, mainly regards the interpretation of the data
from a physiopathology point of view, but does not affect the
clinical interest of tagging patients with high sodium levels as-
sociated with reduced kidney function as a subset deserving
particular attention during hospitalization.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.

ACKNOWLEDGEMENTS

Thanks to Susan Finnel for her careful language editing.

FUNDING

No funding was received for this study. The Centre
Hospitalier Le Mans covered editing and publishing
expenses.

CONFLICT OF INTEREST STATEMENT

The authors have declared no conflicts of interest. The
results presented in this article have not been published
previously in whole or part, except in abstract format.

DATA AVAILABILITY STATEMENT

Data are available upon reasonable request.

REFERENCES
1. Seidel M, Holzer B, Appel H et al. Impact of renal disease and

comorbidities on mortality in hemodialysis patients with
COVID-19: a multicenter experience from Germany. J Nephrol
2020; 33: 871–874

2. Uribarri A, Nunez-Gil IJ, Aparisi A et al.Impact of renal func-
tion on admission in COVID-19 patients: an analysis of the
international HOPE COVID-19 (Health Outcome Predictive
Evaluation for COVID 19) Registry. J Nephrol 2020; 33: 737–745

3. Weiss S, Bhat P, Del Pilar Fernandez M et al. COVID-19 infec-
tion in ESKD: findings from a prospective disease surveil-
lance program at dialysis facilities in New York City and
Long Island. J Am Soc Nephrol 2020; 31: 2517–2521

4. Lippi G, South AM, Henry BM. Electrolyte imbalances in
patients with severe coronavirus disease 2019 (COVID-19).
Ann Clin Biochem 2020; 57: 262–265

5. Post A, Dullaart RPF, Bakker SJL. Is low sodium intake a risk
factor for severe and fatal COVID-19 infection? Eur J Intern
Med 2020; 75: 109

6. Post A, Dullaart RPF, Bakker SJL et al. Sodium status and kid-
ney involvement during COVID-19 infection. Virus Res 2020;
286: 198034

7. Frontera JA, Valdes E, Huang J. Prevalence and impact of
hyponatremia in patients with coronavirus disease 2019 in
New York City. Crit Care Med 2020; 48: e1211–e1217

8. De Carvalho H, Richard MC, Chouihed T et al. Electrolyte im-
balance in COVID-19 patients admitted to the Emergency
Department: a case-control study. Intern Emerg Med 2021;
doi: 10.1007/s11739-021-02632-z

9. De Carvalho H, Letellier T, Karakachoff M et al.
Hyponatremia is associated with poor outcome in COVID-
19. J Nephrol 2021; doi: 10.1007/s40620-021-01036-8

10. Sherazi A, Bedi P, Udevbulu E et al. Hyponatremia and en-
cephalopathy in a 55-year-old woman with syndrome of in-
appropriate antidiuretic hormone secretion as an isolated
presentation of SARS-CoV-2 infection. Am J Case Rep 2021; 22:
e930135

11. Kleybolte J, Storek B, Hegner B. SARS-CoV-2-induced SIADH:
a novel cause of hyponatremia. Z Gerontol Geriatr 2021; 54:
301–304

12. Su H, Yang M, Wan C et al. Renal histopathological analysis
of 26 postmortem findings of patients with COVID-19 in
China. Kidney Int 2020; 98: 219–227

13. Kormann R, Jacquot A, Alla A et al. Coronavirus disease 2019:
acute Fanconi syndrome precedes acute kidney injury. Clin
Kidney J 2020; 13: 362–370

14. Ruiz-Sanchez JG, Nunez-Gil IJ, Cuesta M et al. Prognostic im-
pact of hyponatremia and hypernatremia in COVID-19
pneumonia. A HOPE-COVID-19 (Health Outcome Predictive
Evaluation for COVID-19) Registry analysis. Front Endocrinol
(Lausanne) 2020; 11: 599255

15. Hirsch JS, Uppal NN, Sharma P et al. Prevalence and out-
comes of hyponatremia and hypernatremia in patients hos-
pitalized with COVID-19. Nephrol Dial Transplant 2021; 36:
1135–1138

16. World Health Organization. Diagnostic testing for SARS-
CoV-2. https://www.who.int/publications/i/item/diagnostic-
testing-for-sars-cov-2 (last accessed 15 November 2020)

17. Kidney Disease: Improving Global Outcomes Acute Kidney
Injury Work Group. KDIGO clinical practice guideline for
acute kidney injury. Kidney Int Suppl 2012; 2: 1–138

18. Levey AS, Stevens LA, Schmid CH et al.A new equation to es-
timate glomerular filtration rate. Ann Intern Med 2009; 150:
604–612

19. Falissard B. Focused principal component analysis: looking
at a correlation matrix with a particular interest in a given
variable. J Comput Graph Stat 1999; 8: 906–912

20. Atila C, Sailer CO, Bassetti S et al. Prevalence and outcome of
dysnatremia in patients with COVID-19 compared to con-
trols. Eur J Endocrinol 2021; 184: 413–422

6 | E. Longhitano et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/advance-article/doi/10.1093/ckj/sfab122/6316263 by M

anuela C
eccarelli on 28 August 2021

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfab122#supplementary-data
https://www.who.int/publications/i/item/diagnostic-testing-for-sars-cov-2
https://www.who.int/publications/i/item/diagnostic-testing-for-sars-cov-2
https://www.who.int/publications/i/item/diagnostic-testing-for-sars-cov-2


21. Tzoulis P, Waung JA, Bagkeris E et al. Dysnatremia is a pre-
dictor for morbidity and mortality in hospitalized patients
with COVID-19. J Clin Endocrinol Metab 2021; 106: 1637–1648

22. Wang D, Hu B, Hu C et al. Clinical characteristics of 138 hos-
pitalized patients with 2019 novel coronavirus-infected
pneumonia in Wuhan, China. JAMA 2020; 323: 1061–1069

23. Pei G, Zhang Z, Peng J et al. Renal involvement and early
prognosis in patients with COVID-19 pneumonia. J Am Soc
Nephrol 2020; 31: 1157–1165

24. Mabillard H, Sayer JA. Electrolyte disturbances in SARS-CoV-
2 infection. F1000Res 2020; 9: 587

25. Piroth L, Cottenet J, Mariet AS et al. Comparison of the char-
acteristics, morbidity, and mortality of COVID-19 and sea-
sonal influenza: a nationwide, population-based
retrospective cohort study. Lancet Respir Med 2021; 9: 251–259
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