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ABSTRACT
Objectives To evaluate the relationship among 
dysnatraemia at hospital presentation and duration of 
admission, risk of intensive care unit (ICU) admission 
and all- cause mortality and to assess the underlying 
pathophysiological mechanism of hyponatraemia in 
patients with COVID- 19. Our hypothesis is that both 
hyponatraemia and hypernatraemia at presentation are 
associated with adverse outcomes.
Design Observational study.
Setting Secondary care; 11 Dutch hospitals (2 university 
and 9 general hospitals).
Participants An analysis was performed within the 
retrospective multicentre cohort study COVIDPredict. 
7811 patients were included (60% men, 40% women) 
between 24 February 2020 and 9 August 2022. Patients 
who were ≥18 years with PCR- confirmed COVID- 19 or CT 
with COVID- 19 reporting and data system score≥4 and 
alternative diagnosis were included. Patients were 
excluded when serum sodium levels at presentation were 
not registered in the database or when they had been 
transferred from another participating hospital.
Outcome measures We studied demographics, medical 
history, symptoms and outcomes. Patients were stratified 
according to serum sodium concentration and urinary 
sodium excretion.
Results Hyponatraemia was present in 2677 (34.2%) 
patients and hypernatraemia in 126 (1.6%) patients. 
Patients with hyponatraemia presented more frequently 
with diarrhoea, lower blood pressure and tachycardia. 
Hyponatraemia was, despite a higher risk for ICU 
admission (OR 1.27 (1.11–1.46; p<0.001)), not associated 
with mortality or the risk for intubation. Patients with 
hypernatraemia had higher mortality rates (OR 2.25 (1.49–
3.41; p<0.001)) and were at risk for ICU admission (OR 
2.89 (1.83–4.58)) and intubation (OR 2.95 (1.83–4.74)).

Conclusions Hypernatraemia at presentation was 
associated with adverse outcomes in patients with 
COVID- 19. Hypovolaemic hyponatraemia was found 
to be the most common aetiology of hyponatraemia. 
Hyponatraemia of unknown aetiology was associated with 
a higher risk for ICU admission and intubation and longer 
duration of admission.

INTRODUCTION
SARS- CoV- 2, a strain of the coronavirus 
family, has caused a global pandemic since 
February 2020. By 19 October 2022, there 
had been over 621 million reported cases 
and 2.9 million deaths attributed to COVID- 
19, which is caused by SARS- CoV- 2 infec-
tion. Respiratory failure resulting from acute 
respiratory distress syndrome is the leading 
cause of death associated with SARS- CoV- 2 
infection.1–3

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study includes over 7000 patients from differ-
ent COVID- 19 waves and from multiple hospitals, 
resulting in a heterogenous patient population.

 ⇒ This study relates the different presumed aetiolo-
gies to clinical outcomes.

 ⇒ A relative low number of urinary samples was avail-
able for patients with hyponatraemia.

 ⇒ Different treatment options that became available 
for COVID- 19 during the ongoing pandemic were 
not taken into account in this study, which may have 
influenced the outcome of patients.
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Common signs and symptoms of COVID- 19 infection 
vary widely, but fever, cough and dyspnoea are frequently 
present. Other less frequent symptoms include anosmia, 
nausea, vomiting, diarrhoea and general illness.1 In 
addition to these clinical symptoms, certain laboratory 
markers can indicate COVID- 19. Elevated lactate dehy-
drogenase (LDH) levels and lymphopaenia are commonly 
observed.4 5 Furthermore, electrolyte imbalances such as 
hypocalcaemia, hypokalaemia and dysnatraemia (hypo-
natraemia or hypernatraemia) are often present in 
patients with COVID- 19 on hospital admission.4 6 Hypo-
natraemia, in particular, has been reported in 7%–64% 
of COVID- 19 cases,7–11 compared with 20%–30% in all 
hospitalised patients.12 It has been demonstrated that crit-
ically ill patients with COVID- 19 more frequently develop 
hyponatraemia during the first 72 hours of admission.13 
Hyponatraemia is also frequently present in other infec-
tious diseases, such as pneumonia, tuberculosis, menin-
gitis, HIV infection, malaria and leishmaniasis and has 
been linked to negative outcomes in these diseases and in 
COVID- 19.7 8 11 14–17 On the other hand, hypernatraemia 
is less common, occurring in less than 10% of the general 
population and in up to 38% of patients in intensive 
care units (ICUs). Hypernatraemia is also associated with 
adverse clinical outcomes.9 16 18–20

The aetiology of hyponatraemia in infectious diseases, 
including COVID- 19, can broadly be categorised into two 
groups based on urinary sodium excretion (USE). Low 
USE (<30 mmol/L) indicates an activation of the renin–
angiotensin system (RAAS), for example, due to hypovo-
laemia resulting from inadequate dietary intake, vomiting 
or diarrhoea. Conversely, high USE suggests RAAS inac-
tivation, which could occur in patients with syndrome of 
inappropriate antidiuretic hormone secretion (SIADH) 
and in patients with critical illness- related corticoid defi-
ciency, although diuretic usage can affect diagnostic 
accuracy.21 22 In other infectious diseases, antidiuretic 
hormone (ADH) release has been linked to secretion of 
inflammatory marker interleukin 6.23 Interleukin 6 is also 
enhanced in patients with COVID- 19 and is targeted by 
off- label administration of interleukin 6 inhibitors, such 
as tocilizumab and sarilumab.3 24 Both aetiologies (hypo-
volaemic hyponatraemia and inadequate ADH secretion) 
have been proposed to contribute to hyponatraemia in 
COVID- 19, although the exact mechanism is still unclear. 
Hypernatraemia primarily occurs due to insufficient 
water intake, often caused by hypothalamic thirst centre 
dysfunction or limited access to fluid intake. It can also 
result from diabetes insipidus, a condition characterised 
by ADH deficiency or resistance.25

Previous studies have associated both hyponatraemia 
and hypernatraemia with worse clinical outcomes in 
patients with COVID- 19 during the early stages of the 
pandemic.7 8 11 15 17 19 However, most of these studies 
were conducted before interleukin 6 inhibitors were 
administered and before the registration of SARS- 
CoV- 2 vaccines.3 7 11 19 26–29 Additionally, they lacked data 
on clinical parameters at presentation and how they 

differed between patients with or without dysnatraemia, 
making it difficult to determine the underlying cause 
of the hyponatraemia and to relate this cause to clinical 
outcomes.16 27 30–32

This study reports the incidence rates of hyponatraemia 
and hypernatraemia on admission in patients with 
COVID- 19 from a large multicentre cohort study in the 
Netherlands, encompassing multiple COVID- 19 waves. 
We hypothesise that both hyponatraemia and hyperna-
traemia can predict adverse outcomes, including ICU 
admission, the need for invasive ventilation and mortality 
rates among hospitalised patients with COVID- 19. 
Furthermore, we seek to investigate potential pathophys-
iological mechanisms underlying these conditions based 
on clinical features and laboratory values at presentation.

METHODS
Patient recruitment
We used data from the ongoing retrospective multicentre 
COVIDPredict Clinical Course Cohort, containing over 
10 000 patients with COVID- 19, recruited between 24 
February 2020 and 9 August 2022 in 11 Dutch hospitals 
(2 university and 9 general hospitals). Inclusion criteria 
for the database required patients to be 18 years or older 
and either had a positive PCR test for SARS- CoV- 2 or had 
a COVID- 19 reporting data system (CO- RADS) score of 4 
(indicating abnormalities suspicious for COVID- 19) or 5 
(indicating typical COVID- 19) on thoracic CT scan in the 
absence of an alternative diagnosis.33 A waiver for the use 
of hospital data was obtained from the medical ethical 
committees of the participating centres (Amsterdam 
UMC; 20.131) to use the hospital data. Patients were 
given the opportunity to opt- out. To avoid duplicate 
entries, patients transferred from one participating 
hospital to another were excluded, resulting in a total 297 
of exclusions.

Study design
The included patients were categorised into three groups 
based on their serum sodium concentration on admission 
to the participating hospital. The serum sodium concentra-
tion was adjusted for serum glucose concentration, when-
ever available, following the method described by Hillier et 
al.34 The sodium concentrations were stratified as follows: 
‘normonatremia’ (corrected serum sodium concentra-
tion (Na) 135–145 mmol/L), hyponatraemia (corrected 
serum sodium concentration (Na)≤134 mmol/L), further 
subcategorised as ‘mild’ (corrected serum sodium concen-
tration Na 131–134 mmol/L), ‘moderate’ (corrected 
serum sodium concentration Na 126–130 mmol/L) 
and ‘severe’ (corrected serum sodium concentration 
Na≤125 mmol/L) (online supplemental information). 
‘Hypernatraemia’ referred to corrected serum sodium 
concentration Na≥146 mmol/L. Throughout the text, 
serum sodium concentrations and sodium groups refer 
to the corrected sodium values unless otherwise specified.
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Demographic information such as ethnicity, sex at birth 
and age, as well as comorbidities categorised according 
to predetermined groups (additional information in the 
online supplemental information), home medication 
and presenting signs, and symptoms were compared 
between the groups and between normonatremia and 
different severity categories of hyponatraemia (online 
supplemental information). Serum concentrations of 
creatinine, urea, C reactive protein (CRP) and LDH were 
measured at the time of first presentation in the partici-
pating hospital. The estimated glomerular filtration rate 
(eGFR) was calculated using the 2021 Chronic Kidney 
Disease Epidemiology Collaboration formula based on 
serum creatinine levels.35 The Modified Early Warning 
Score (MEWS) and Quick Sequential Organ Failure 
Assessment (qSOFA) were calculated based on clinical 
values obtained at presentation.

The following clinical outcome measures were 
compared between the groups and across different 
severity categories: duration of hospitalisation, admission 
to ICU, invasive ventilation, duration of ICU admission, 
discharge alive, death and the administration of tocili-
zumab, sarilumab or anakinra. Additionally, the incidence 
of complications was compared between the groups.

Statistical analysis
All data were analysed using SPSS V.27. Comparisons were 
conducted among hypernatraemia, normonatremia and 
hyponatraemia (main text) and between the normona-
tremia, mild, moderate and severe hyponatraemia groups 
(online supplemental information). Baseline numerical 
data were presented as median and IQR, and the Kruskal- 
Wallis test was used for analysis when the data were not 
normally distributed. For normally distributed data, base-
line numerical data were presented as mean and SD, and 
one- way Analysis of Variance (ANOVA) was employed for 
analysis. Baseline categorical data were displayed as abso-
lute number and percentage of patients with the specific 
condition, and the χ2 test was used for analysis.

Outcome data (risk for ICU admission, intubation, 
mortality rates, use of tocilizumab, sarilumab, or anak-
inra, and complications) were assessed using a binary 
logistic regression model. The ORs were calculated and 
adjusted for age, sex assigned at birth (categorised as male 
or female based on genotype and internal and external 
anatomy at birth), a history of chronic kidney disease, 
and a history of hypertension. The duration of hospital 
and ICU admission was evaluated using a Kruskal- Wallis 
test. Survival analysis over a 6- week period from hospital 
admission was conducted using Cox proportional hazard 
regression analysis to estimate cumulative mortality 
rates and cumulative rates for being discharged alive for 
patients with and without dysnatraemia. The HRs were 
adjusted for age, sex assigned at birth, a history of chronic 
kidney disease and a history of hypertension.

A p value of ≤0.05 was considered statistically signifi-
cant for all statistical tests. Patients who did not have 

data available for the specific variable being tested were 
excluded from the corresponding analysis.

Patients and public involvement
This study was largely conducted during the first waves of 
the COVID- 19 pandemic. As a result, it was not feasible to 
directly involve patients in the design of the study. Patients 
received information about the CovidPredict database 
via pamphlets and verbal communication. Additionally, 
information was available on the websites of participating 
hospitals and through various media channels. Patients 
are referred to our website www. covidpredict. org for 
details regarding the study design and dissemination 
plans.

RESULTS
Incidence of dysnatraemia at presentation
At the time of 9 August 2022, the database contained a 
total of 11 382 records. Serum sodium concentrations at 
admission were available for 8278 (73%) admissions from 
7811 patients (170 duplicate entries due to readmission 
and 297 patients had been transferred from or previously 
admitted to another participating hospital and transfer 
records were therefore excluded). Patients were included 
based on two criteria: a positive result for SARS- CoV- 2 
PCR (6673 patients) and or a CO- RADS Score 4 or 5 in 
the absence of an alternative diagnosis (1138 patients). In 
cases where patients were readmitted, the admission with 
the abnormal sodium level at presentation (in case of 
hyponatraemia or hypernatraemia) or the first admission 
(in case sodium concentrations were normal for both 
presentations) was included in the analysis.

Of the 7811 included patients with COVID- 19, 2677 
(34.3%) presented with hyponatraemia (corrected 
blood serum Na≤134 mmol/L) and 126 (1.6%) 
presented with hypernatraemia (corrected blood serum 
Na≥146 mmol/L). Among the patients presenting with 
hyponatraemia, 1957 (25.1%) presented with blood 
serum Na ranging 131–134 mmol/L (considered ‘mild’), 
582 (7.5%) presented with blood serum Na ranging 
126–130 mmol/L (considered ‘moderate’) and 138 
(1.8%) with blood serum Na≤125 mmol/L (considered 
‘severe’) (see online supplemental figure 1). A total 
of 1888 patients were included after the start of the 
SARS- CoV- 19 vaccination campaign in the Netherlands 
on 6 January 2021, of whom 445 were vaccinated (319 
had received 2 or more doses). A total of 6186 patients 
(79.2%) started having symptoms prior to the 7th week 
of 2021, when the initial SARS- CoV- 2 variants were most 
prevalent. In total, 800 patients (10.2%) developed symp-
toms from 7th to 25th week of 2021, when Alpha variants 
dominated in the Netherlands. A total of 700 patients 
(9.0%) started having symptoms when Delta variants 
dominated (26th to 51st week of 2021) and 122 patients 
(1.6%) when the Omicron variants dominated (after the 
52nd week of 2021).36
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Patient characteristics of patients presenting with 
dysnatraemia
Table 1 shows the characteristics of patients with hypo-
natraemia and hypernatraemia compared with patients 
presenting with normal sodium concentrations at 
presentation. Both hyponatraemia and hypernatraemia 
occurred more often in men than in women (table 1), 
except for ‘severe’ hyponatraemia (online supplemental 
table 1). The mean age of patients with and without 
hyponatraemia differed slightly, with patients presenting 
with ‘moderate’ or ‘severe’ hyponatraemia being signifi-
cantly older (median age 68.1 and 70.6 years, respec-
tively). Patients with hypernatraemia were also older, with 

a mean age of 72.5 years. The body mass index (BMI) 
of patients presenting with hyponatraemia tended to be 
slightly lower compared with those with normal sodium 
levels and was also lower in patients presenting with 
hypernatraemia. Abnormal sodium levels at presentation 
were associated with chronic kidney disease. Patients with 
hyponatraemia, particularly those with severe hypona-
traemia, more frequently had a history of hypertension, 
but this difference was not statistically significant for the 
subgroup of patients who did not use diuretics (36.4% 
(normonatremia) versus 39.1% (hyponatraemia); 
p=0.003; determined by a χ2 test). The presence of hypo-
natraemia or hypernatraemia was not associated with a 

Table 1 Comparison of patient characteristics between COVID- 19 patients with hyponatraemia, normonatremia and 
hypernatraemia

Hyponatraemia
Na≤134 mmol/L
N=2677

Normonatremia
Na 136–145 mmol/L
N=5008

Hypernatraemia
Na≥146 mmol/L
N=126

Sex assigned at birth (N (%)) Male 1673 (62.5%)
Female 1003 (37.5%)
P=0.002

Male 2946 (58.8%)
Female 2060 (41.2%)

Male 84 (66.7%)
Female 42 (33.3%)

Age (median age in years (IQR)) N=2675
67.0 (58.0–77.0)
P<0.001

N=5008
66.1 (55.0–76.0)

N=126
72.5 (62.8–80.3)
P<0.001

BMI (median BMI in kg/m2 (IQR)) N=1740
27.2 (24.2–31.1)
P=0.009

N=3374
27.7 (24.6–31.6)

N=91
25.0 (22.2–29.1)
P<0.001

Order ‘do not intubate’ (N (%)) 440/1442 (30.5%) 796/2469 (32.2%) 39/77 (50.6%)
P=0.004

Chronic cardiac disease (N (%)) 760/2666 (28.5%)
P=0.07

1334/4982 (26.8%) 42/123 (34.1%)
P=0.07

Hypertension (N (%)) 1055/2374 (44.4%)
P=0.002

1889/4586 (41.2%) 64/120 (53.3%)

Chronic pulmonary disease (N (%)) 466/2662 (17.5%)
P=0.75

844/4979 (17.0%) 19/122 (15.6%)
P=0.75

Chronic kidney disease (N (%)) 329/2379 (13.8%)
P<0.001

491/4587 (10.7%) 26/121 (21.5%)
P<0.001

Moderate to severe liver disease (N (%)) 30/2662 (1.1%)
P=0.46

50/4972 (1.0%) 0/123 (0.0%)
P=0.46

Diabetes (N (%)) 664/2662 (24.9%)
P=0.39

1261/4972 (25.4%) 38/125 (30.4%)
P=0.39

Immunosuppressives (N (%)) 192/2283 (8.4%)
P=0.002

295/4445 (6.6%) 2/118 (1.7%)

Thiazide diuretics (N (%)) 258/2671 (9.7%)
P=0.015

394/4994 (7.9%) 7/125 (5.6%)

Loop diuretics (N (%)) 187/2671 (7.0%)
P=0.22

389/4994 (7.8%) 13/125 (10.4%)
P=0.22

SSRIs/SNRIs (N (%)) 78/2671 (2.9%)
P=0.69

164/4994 (3.3%) 4/125 (3.2%)
P=0.69

Significance was assessed using a Kruskal- Wallis test with post hoc correction (for numerical data; non- normally distributed) or χ2 test (for 
categorical data). P values for all groups indicate the adjusted significance after post hoc correction when compared with the normonatremia 
group. When no p value was provided, there was no significant difference compared with the normonatremia group. Subgroup analyses for 
hyponatraemia are provided in the online supplemental information.
%, percentage of patients in this group with indicated characteristic; BMI, body mass index; SNRI, selective serotonin and noradrenalin 
reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
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history of chronic heart, pulmonary or liver disease (refer 
to online supplemental table 2 for definitions). Regarding 
medication use, the use of thiazide diuretics was higher 
in patients with hyponatraemia (table 1), but the overall 
use of diuretics or the use of loop diuretics did not differ 
between the groups. Similarly, the use of selective sero-
tonin (and noradrenalin) reuptake inhibitors did not 
show significant differences between the groups. The use 
of immunosuppressives was more common in patients 
presenting with hyponatraemia as compared with those 
with normal sodium concentration at presentation.

Signs and symptoms of patients presenting with 
dysnatraemia
Patients with hyponatraemia more frequently presented 
with diarrhoea and anosmia compared with patients 
without hyponatraemia (table 2 and online supplemental 
table 2). The presence of vomiting or nausea as presenting 
symptoms was not associated with hyponatraemia. In the 
hypernatraemia group, confusion was more frequently 
observed compared with patients with normal sodium 
levels. A prolonged capillary refill time of ≥3 s, which 
may indicate dehydration, was more often present in the 
hypernatraemia group. Patients with hypernatraemia 
also had a slightly higher heart rate. Hyponatraemia was 
associated with a slightly higher heart rate and a slightly 
lower systolic blood pressure, although these differences 
were not clinically significant. Both patients with hyper-
natraemia and hyponatraemia had a lower eGFR, with a 
more pronounced effect observed in the hypernatraemia 
group (table 2). A lower eGFR was associated with slightly 
higher mortality rates (unadjusted HR 1.008, 95% CI 
1.007 to 1.008; p=0.001, analysed using a Cox propor-
tional hazard regression analysis), regardless of sodium 
levels at presentation or exclusion of patients with chronic 
kidney disease. Enhanced blood urea concentration was 
only associated with hypernatraemia.

Patients with hyponatraemia had higher blood CRP 
and LDH concentrations compared with those with 
normal sodium levels (table 2). However, the fraction of 
supplemented oxygen (FiO2) and CT severity scores did 
not differ significantly between the groups. The clinical 
score systems MEWS and qSOFA37 (table 2) also showed 
significant differences between the groups, but these 
differences were not clinically relevant.

Furthermore, patients with hyponatraemia had a 
slightly longer duration of complaints compared with 
those with normonatremia (8.8 days for hyponatraemia 
vs 8.6 days for normonatremia; p=0.010; assessed using a 
Kruskal- Wallis test), although this difference was not clin-
ically relevant.

Clinical outcomes in patients presenting with dysnatraemia
Hypernatraemia was associated with higher mortality rates 
or palliative discharge rates compared with the normon-
atremia and hyponatraemia groups (table 3, figure 1, 
and online supplemental figure 2). Additionally, patients 
with hypernatraemia had a higher risk of ICU admission 

and invasive ventilation. However, hyponatraemia was 
not associated with increased mortality or palliative 
discharge rates (table 3). Although there was a trend 
towards increased mortality in patients with severe hypo-
natraemia, these results did not reach statistical signifi-
cance due to the low number of patients that presented 
with sodium levels ≤125 mmol/L (online supplemental 
table 4). After excluding patients with a ‘do not intubate’ 
order, hyponatraemia was associated with a higher likeli-
hood of ICU admission, but not with the need for inva-
sive ventilation. Of all hyponatraemic patients admitted 
to the ICU (n=486), 62 (12.8%) did not receive any form 
of ventilatory support ((non- )invasive ventilation or high 
flow nasal therapy). This percentage was similar (10.5%; 
p=0.403) among patients with normonatremia admitted 
to the ICU. The duration of ICU admission was similar 
for patients with hyponatraemia, normonatremia and 
hypernatraemia (table 3). Based on the additional details 
provided in online supplemental table 5, patients with 
the order ‘do not intubate’ are considered frailer and 
thus had limited life expectancy.

Hyponatraemia corrected for glucose was used for all 
statistical testing. However, as some other studies used 
uncorrected hyponatraemia,30 38 we also examined the 
association of uncorrected hyponatraemia with different 
outcomes. Without correction for serum glucose concen-
tration, hyponatraemia was still associated with a slightly 
higher rate of ICU admission (adjusted OR (AOR) 1.40 
(1.23–1.60); p<0.001) and with the need for intubation 
(AOR 1.26 (1.10–1.46); p=0.001), but not with death or 
palliative discharge rates (AOR 1.11 (0.97–1.28); p=0.13).

Despite the correlation with ICU admission in patients 
with hyponatraemia, the duration of admission was not 
significantly longer in this group. Similar outcomes were 
observed for patients with confirmed COVID- 19 (SARS- 
CoV- 2 PCR positive; 6673 patients) only, although in 
this subgroup, the higher risk for ICU admission for 
patients with hyponatraemia no longer reached statistical 
significance.

As the COVID- 19 pandemic progressed, the incidence 
of adverse outcomes was significantly higher for patients 
with normonatremia and hyponatraemia at presentation 
that started having complaints when Delta variants domi-
nated as compared with those admitted during the earlier 
COVID- 19 waves when the initial variants dominated 
(figure 2). The use of tocilizumab, sarilumab (inter-
leukin 6 receptor agonists) and anakinra (interleukin 1 
receptor agonist) did not differ between the groups. The 
administration of COVID- 19 vaccination was not reported 
frequently enough to draw conclusions about its possible 
effects on outcome measures.

Complications associated with hyponatraemia on admission
After adjusting for sex assigned at birth, age, a history of 
chronic kidney disease and hypertension, the course of 
disease of patients with hyponatraemia was more often 
complicated by an aspergillosis pneumonia (almost 
exclusively in patients that needed invasive ventilation 
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Table 2 Comparison of signs and symptoms at presentation between COVID- 19 patients with hyponatraemia, normonatremia 
and hypernatraemia

Signs and symptoms

Hyponatraemia
Na≤134 mmol/L
N=2677

Normonatremia
Na 136–145 mmol/L
N=5008

Hypernatraemia
Na≥146 mmol/L
N=126

Nausea/vomiting (N (%)) 679/2273 (29.9%)
P=0.04

1150/4129 (27.9%) 16/83 (19.3%)
P=0.04

Diarrhoea (N (%)) 804/2298 (35.0%)
P<0.001

1146/4157 (27.6%) 15/82 (18.3%)

Anosmia (N (%)) 244/1904 (12.8%)
P=0.002

352/3330 (10.6%) 1/66 (1.5%)

Confusion (N (%)) 311/2319 (13.4%) 651/4381 (14.9%) 45/105 (42.9%)
P<0.001

Seizures (N (%)) 10/1977 (0.5%)
P=0.20

31/3452 (0.9%) 0/80 (0.0%)
P=0.20

FiO2 (median fraction (IQR)) N=1159
0.36 (0.28–0.50)
P=0.05

N=2084
0.36 (0.28–0.50)

N=67
0.44 (0.30–0.80)
P=0.05

SBP (mean SBP in mm Hg (SD)) N=2648
132 (± 22)
P<0.001

N=4971
135 (±23)

N=120
135 (± 25)
P=1.00

HR (mean HR in BPM (SD)) N=2661
92 (±18)
P=0.003

N=4965
91 (±20)

N=123
95 (±25)
P=0.034

Capillary refill≥3 s (N (%)) 81/863 (9.4%) 93/1369 (6.8%) 6/33 (18.2%)
P=0.008

Blood urea level (median level n mmol/L (IQR)) N=2549
6.3 (4.5–9.3)
P=0.87

N=4776
6.2 (4.5–9.2)

N=115
12.6 (7.9–25.3)
P<0.001

eGFR rate using 2021 CKD- epi creatinine equation in 
(median clearance in mL/min/1.73 m3 (IQR))

N=2656
64 (45–90)
P<0.001

N=4983
68 (46–94)

N=125
41 (24–71)
P<0.001

CT severity score (mean score (SD)) N=909
12.4 (±5.5)
P=0.58

N=1401
12.1 (±5.6)

N=30
14.5 (±7.2)
P=0.06

Blood CRP level (median level in mg/L (IQR)) N=2646
93.1 (49.0–154)
P<0.001

N=4939
70.8 (28.0–131)

N=123
75.0 (29.0–148)
P=1.00

Blood LDH level (median level in U/L (IQR)) N=2238
349 (268–471)
P<0.001

N=4226
323 (247–426)

N=89
363 (255–447)
P=0.52

MEWS (median score (IQR)) N=2337
3.0 (2.0–4.0)
P<0.001

N=4055
3.0 (2.0–4.0)

N=103
4.0 (2.0–5.0)
P<0.001

qSOFA (median score (IQR)) N=2373
1.0 (0.0–1.0)
P=1.00

N=4131
1.0 (0.0–1.0)

N=104
1.0 (1.0–1.0)
P<0.001

Significance was assessed using a Kruskal- Wallis test with post hoc correction (for numerical data; non- normally distributed), one- way 
ANOVA (for numerical data; normally distributed) or χ2 test (for categorical data). P values for all groups indicate significance when compared 
with the normonatremia group. When no p value was provided, there was no significant difference to the normonatremia group. Subgroup 
analyses for hyponatraemia are provided in the online supplemental information.
%, percentage of patients in this group with indicated characteristic; BPM, beats per minute; CKD- epi, Chronic Kidney Disease Epidemiology 
Collaboration; CRP, C reactive protein; eGFR, estimated glomerular filtration rate; HR, heart rate; LDH, lactate dehydrogenase; MEWS, 
Modified Early Warning Score; qSOFA, Quick Sequential Organ Failure Assessment; SBP, systolic blood pressure.

https://dx.doi.org/10.1136/bmjopen-2023-075232
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Table 3 Comparison of clinical outcomes between COVID- 19 patients with hyponatraemia, normonatremia and 
hypernatraemia

Outcome

Hyponatraemia
Na≤134 mmol/L
N=2677

Normonatremia
Na 136–145 mmol/L
N=5008

Hypernatraemia
Na≥146 mmol/L
N=126

Duration of admission (median days 
(IQR))

N=2372
7 (4–16)
P<0.001

N=4116
7 (3–14)

N=103
8 (4–15)
P=0.998

Death or palliative discharge (N (%)) 405/2360 (17.2%)
AOR 1.04 (0.91–1.20)
P=0.56

729/4568 (16.0%) 42/119 (35.3%)
AOR 2.25 (1.49–3.41)
P<0.001

ICU admission (N (%)),
‘do not intubate’ excluded

439/1923 (22.8%)
AOR 1.27 (1.11–1.46)
P<0.001

710/3778 (18.8%) 32/80 (40.0%)
AOR 2.89 (1.83–4.58)
P<0.001

Duration of ICU admission (days (IQR))
‘do not intubate’ excluded

N=299
8 (3–19)
P=0.356

N=437
10 (4–19)

N=25
11 (3.5–19)
P=0.356

Invasive ventilation (N (%)),
‘do not intubate’ excluded

352/1889 (18.6%)
AOR 1.12 (0.97–1.30)
P=0.121

623/3706 (16.8%) 29/77 (37.7%)
AOR 2.95 (1.83–4.74)
P<0.001

Discharge alive within 42 days; N 
indicating the number of non- censored 
cases

N=1527
AHR 0.96 (0.90–1.02)
P=0.15

N=2747 N=52
AHR 0.78 (0.59–1.03)
P=0.08

Use of tocilizumab, sarilumab or 
anakinra (N (%))

134/688 (19.5%)
AOR 1.256 (0.984–1.604)
P=0.068

199/1245 (16.0%) 3/34 (8.8%)
AOR 0.550 (0.165–1.830)
P=0.330

Complications Na≤134 mmol/L
N=2677

Na 136–145 mmol/L
N=5008

Na≥146 mmol/L
N=126

Bacterial pneumonia (N (%)) 289/2212 (13.1%)
AOR 1.12 (0.96–1.31)
P=0.14

501/4307 (11.6%) 18/109 (16.5%)
AOR 1.44 (0.85–2.40)
P=0.17

Aspergillosis pneumonia (N (%)) 67/1915 (3.5%)
AOR 1.44 (1.03–1.99)
P=0.031

83/3442 (2.4%) 5/90 (5.6%)
AOR 2.26 (0.89–5.74)
P=0.084

ARDS (N (%)) 224/2223 (10.1%)
AOR 1.08 (0.91–1.29)
P=0.377

404/4323 (9.3%) 17/110 (15.5%)
AOR 1.78 (1.05–3.04)
P=0.033

Treatment for septic shock (N (%))* 94/2153 (4.4%)
AOR 1.33 (1.01–1.74)
P=0.04

135/4175 (3.2%) 12/109 (11.0%)
AOR 3.37 (1.80–6.33)
P<0.001

Congestive heart failure (N (%)) 64/2235 (2.9%)
AOR 0.95 (0.70–1.29)
P=0.73

125/4352 (2.9%) 2/111 (1.8%)
AOR 0.48 (0.12–1.96)
P=0.31

Physical decline (N (%)) 576/2116 (27.2%)
AOR 1.22 (1.08–1.38)
P<0.001

950/4126 (23.0%) 30/106 (28.3%)
AOR 1.18 (0.77–1.82)
P=0.44

Delirium (N (%)) 237/2136 (11.1%)
AOR 0.99 (0.83–1.17)
P=0.88

451/4146 (10.5%) 27/107 (25.7%)
AOR 2.25 (1.42–3.56)
P<0.001

Significance was assessed using a Cox proportional hazard model at the mean of the covariates (discharge alive) or logistic regression (all 
other values). P values for all groups indicate significance when compared with the normonatremia group.
*Treatment for septic shock was defined as the need for vasopressors in order to maintain mean arterial blood pressure>65 mm Hg and blood 
lactate level <2 mmol/L, in the absence of other causes including hypovolaemia.
AHR, adjusted HR; HR adjusted for sex assigned at birth, age, a history of chronic kidney disease and a history of hypertension; AOR, 
adjusted OR; OR adjusted for sex assigned at birth, age, a history of chronic kidney disease and a history of hypertension; ARDS, acute 
respiratory distress syndrome; ICU, intensive care unit.
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C. Cox regression survival curve at mean of covariates

adjusted for age, sex assigned at birth, chronic kidney disease,

and hypertension

B. Cox regression survival curve at mean of covariatesA. Hazard ratio of cox regression survival curve for each

sodium value

Covariate         Hazard ratio (95% CI) p - value

Male sex assigned at birth    1.241 (1.094 - 1.407)  < 0.001

Age (years)         1.062 (1.056 - 1.068)  < 0.001

History of hypertension     1.116 (0.988 - 1.260)  0.077

History of chronic kidney disease 1.372 (1.182 - 1.592)  < 0.001

Sodium (mmol/L)      1.020 (1.008 - 1.032)  0.001

Normonatremia (blood sodium level 135-145 mmol/L)
Hyponatremia (blood sodium level ≤ 134 mmol/L)
Hypernatremia (blood sodium level ≥ 146 mmol/L)

105  115  125  135  145  155  165  175  185
0.1

1

10

** 

D. Cox regression survival curve at mean of covariates

separated by etiology

Normonatremia
Unknown etiology (45.2%)
History of nausea, vomiting and/or diarrhea (36.7%)
Use of diuretics (10.1%)
Complied to deenition of SIADH (0.2%)
History of nausea, vomiting and/or diarrhea AND use of diuretics (7.5%)
History of nausea, vomiting and/or diarrhea AND complied to the deenition of SIADH (0.3%)History of nausea, vomiting and/or diarrhea AND complied to the deenition of SIADH (0.3%)

 

Time till outcome [days]

Figure 1 HRs of Cox proportional survival curves for survival probability for each sodium value adjusted for age, sex 
assigned at birth, a history of chronic kidney disease and a history of hypertension. The grey area indicates the normonatremia. 
Table shows HRs for covariates and sodium as a continuous variable (A). Cox proportional survival curves at the mean of 
covariates for (B) unadjusted 6- week mortality stratified by normonatremia, hyponatraemia and hypernatraemia, (C) 6- week 
mortality adjusted for age, sex assigned at birth, a history of chronic kidney disease and a history of hypertension stratified in 
normonatremia, hyponatraemia and hypernatraemia, (D) unadjusted 6- week mortality stratified by aetiology. **Indicates a p 
value<0.01. ***Indicates a p value<0.001.
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and more frequently in patients treated with dexameth-
asone, antibiotics, tocilizumab, sarilumab or anakinra) 
and physical decline (the latter was scored when explicitly 
documented in the patients’ medical records, when the 
patient suffered from ‘ICU acquired weakness’ or when 
the patient was referred for medical rehabilitation).

Patients with hypernatraemia, on the other hand, 
were more likely to experience acute respiratory distress 
syndrome and receive treatment for septic shock 
(defined as the need for vasopressors in order to main-
tain mean arterial blood pressure>65 mm Hg and blood 
lactate level>2 mmol/L, in the absence of other causes 
including hypovolaemia). They also had a higher inci-
dence of delirium. It should be noted that excessive fluid 

resuscitation for the management of hyponatraemia or 
hypernatraemia could potentially lead to congestive 
heart failure, but the occurrence of this complication was 
rare and did not occur more frequently in patients with 
abnormal sodium values at presentation.

USE related to patients’ characteristics and outcomes
USE was measured in 185 (6.9%) patients with hypo-
natraemia of whom 145 (78%) did not use diuretics. 
Among these patients, there were 48 with ‘mild’, 67 with 
‘moderate’ and 30 with ‘severe’ hyponatraemia. The 
range of USE was 5.0–239 mmol/L, with a median of 
30.0 mmol/L. Urinary osmolarity (UOL) was measured 
in 81 (3.0%) patients who did not use diuretics, including 

Figure 2 OR for adverse outcomes (death/palliative discharge (A), intensive care unit admission (B), invasive ventilation (C)) 
for each SARS- CoV- 2 variant compared with patients in that started having symptoms when the initial variants for patients 
with hyponatraemia, hypernatraemia or normonatremia at admission. ***Indicates a p value<0.001 for the OR as calculated by 
binary logistic regression. (D) Incidence of hyponatraemia, normonatremia and hypernatraemia for each variant, *Indicates a p 
value<0.05 as compared with the first quartile for the χ2 statistic with Bonferroni post hoc correction.
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26 with ‘mild’, 37 with ‘moderate’ and 18 with ‘severe’ 
hyponatraemia. The range of UOL values was 8–1007 
mOsmol/kg, with a median of 496 mOsmol/kg. Among 
patients in whom both USE and UOL were measured, 12 
patients (15% of the total) met the definition of SIADH 
(USE≥30 mmol/L and UOL≥100 mOsmol/kg in the 
absence of diuretic use and signs of hypovolaemia (systolic 
blood pressure<90 mm Hg or heart rate≥100 beats per 
minute)).

Patients were divided into two groups based on USE. 
Out of urinary sodium measurements, 72 patients 
(49.7%) had low USE (<30 mmol/L), indicating activa-
tion of the RAAS, while 73 patients (50.3%) had high 
USE (≥30 mmol/L), indicating inactivation of the RAAS 
(online supplemental table 6). A low USE was associated 
with higher levels of CRP (111 (52.5–163) mmol/L vs 70 
(35.0–154) mmol/L; p=0.028) and LDH (351 (270–491) 
U/L vs 273 (227- 434) U/L; p=0.021) at presentation 
(online supplemental table 6), but was not associated 
with symptoms such as nausea/vomiting or clinical 
signs of hypovolaemia, such as tachycardia or hypoten-
sion. There were no significant differences in outcome 
measures, such as duration of admission, ICU admission 
or death/palliative discharge, between patients with a low 
and high USE.

Aetiology related to outcomes
Among the patients who presented with hyponatraemia, 
983 patients (36.7%) reported a history of gastrointestinal 
symptoms, such as nausea, vomiting or diarrhoea, and did 
not use diuretics or met the criteria for SIADH. The prev-
alence of gastrointestinal symptoms was highest when 
Alpha variants dominated (online supplemental table 
7). A total of 271 patients (10.1%) used diuretics in the 
absence of gastrointestinal symptoms and this percentage 
was higher for patients that started having symptoms 
during the Omicron wave (online supplemental table 
7). In total, 12 (0.5%) patients who did not use diuretics 
complied to the definition of SIADH, of whom 5 also had 
gastrointestinal symptoms. All patients who complied to 
the definition of SIADH started having symptoms when 
the initial COVID- 19 variants dominated (online supple-
mental table 7). Another group of 201 patients (7.5%) 
had a history of nausea, vomiting or diarrhoea and used 
diuretics. However, the largest portion of patients (1210 
patients, 45.2%) had an unknown aetiology for hypona-
traemia, as they did not have a history of gastrointestinal 
symptoms, did not use diuretics and did not meet the 
criteria for SIADH.

Figure 1D illustrates a Cox proportional hazard curve, 
with separate lines representing each proposed aetiology. 
It was observed that patients with a history of gastrointes-
tinal symptoms had lower mortality rates compared with 
those with normal sodium levels (unadjusted HR 0.739, 
95% CI 0.611 to 0.894; p=0.002), despite higher CRP 
(mean 95 mg/L, IQR 47.5–151) and LDH levels (mean 
350 U/L, IQR 271–470) compared with normonatremia 
(p<0.001; assessed using a Kruskal- Wallis test). Patients 

with hyponatraemia of unknown aetiology had a higher 
risk of ICU admission (unadjusted OR 1.299, 95% CI 1.091 
to 1.549; p=0.003; linear regression) and were at risk for 
intubation (unadjusted OR 1.313, 95% CI 1.109 to 1.554; 
p=0.002; linear regression), which was in line with higher 
CRP levels (mean 98 mg/L, IQR 53–166) and LDH levels 
(mean 353 U/L, IQR 270–479) in this group compared 
with normonatremia (p<0.001; assessed using a Kruskal- 
Wallis test). However, the duration of ICU admission did 
not differ significantly among the different groups. It was 
found that patients with hyponatraemia of unknown aeti-
ology had a slightly longer duration of hospital admission 
(8 days, IQR 4–17) compared with other groups (p=0.005; 
assessed using the Kruskal- Wallis test).

DISCUSSION
This large multicentre observational cohort study exam-
ined 7811 patients with COVID- 19 over an extended 
period and multiple phases of the COVID- pandemic. 
We found that hyponatraemia was highly prevalent but 
not associated with higher mortality rates. Although less 
prevalent, hypernatraemia was associated with a threefold 
to fourfold increased risk of worse outcomes, including 
increased risk of ICU admission, intubation and mortality. 
Hyponatraemia was also associated with a higher risk for 
ICU admission, but not for intubation.

Patients with hyponatraemia experienced more compli-
cations such as aspergillosis pneumonia and physical 
decline, while those with hypernatraemia were more 
prone to sepsis and delirium. Similar to previous studies, 
hyponatraemia and hypernatraemia were more prevalent 
in men than in women, in elderly patients, those with 
chronic kidney disease and a lower BMI.9 15 17 26 28–30 38 In 
contrast to others, we did not find an association between 
hyponatraemia and diabetes, which possibly relates 
to the fact that we corrected sodium levels for serum 
glucose.9 15 17 26 30 Among patients with COVID- 19, hypona-
traemia appeared to have multiple aetiologies, but hypo-
volaemic hyponatraemia was found to be predominant.

The incidence of hyponatraemia among patients with 
COVID- 19 in this study was 34.3%, which is higher than the 
pooled prevalence of hyponatraemia in previous system-
atic reviews which included studies conducted during 
the earlier COVID- 19 waves, which was 24%–25.8%.7 11 
However, it aligns with Tezcan et al,32 Voets et al39 and 
Sarvazad et al31 who reported rates of 34%, 35.8% and 
38%, respectively (the latter study included only patients 
without underlying disease), although even higher inci-
dences have been reported.10 28 40–42 The incidence of 
hyponatraemia in COVID- 19 was also found to be higher 
compared with hyponatraemia in other types of pneu-
monia: 5.4%–28%.9 13 14 39 43 Hyponatraemia is most 
common in pneumonias caused by viral pathogens (eg, 
rhinovirus, respiratory syncytial virus, (para)influenza 
virus and adenovirus) with an incidence reported of 
17.6%, as compared with 13.8% in patients with bacterial 
pneumonias.43 Patients presenting with hyponatraemia in 

https://dx.doi.org/10.1136/bmjopen-2023-075232
https://dx.doi.org/10.1136/bmjopen-2023-075232
https://dx.doi.org/10.1136/bmjopen-2023-075232
https://dx.doi.org/10.1136/bmjopen-2023-075232
https://dx.doi.org/10.1136/bmjopen-2023-075232
https://dx.doi.org/10.1136/bmjopen-2023-075232
https://dx.doi.org/10.1136/bmjopen-2023-075232
https://dx.doi.org/10.1136/bmjopen-2023-075232
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this study were significantly older compared with patients 
with normonatremia, potentially due to age- related 
tubular atrophy and subsequent decreased urine concen-
trating capacity and sodium reabsorption.44 The fact that 
previous studies have identified various other underlying 
conditions as risk factors for hyponatraemia, including 
cardiac,17 pulmonary17 and liver diseases17 possibly relates 
to the older age of patients with hyponatraemia included 
(median age was 67 years in our study vs a mean age of 
74.3 years in Chan et al17 and a median age of 70 years in 
Ruiz- Sánchez et al.38).

Hypernatraemia is less common among patients with 
COVID- 19 compared with other pneumonias. We found 
an incidence of 1.6% among patients with COVID- 19. 
This number is lower than the incidences reported in 
previous studies (2.9%–38%)16 39 and lower than the inci-
dence of hypernatraemia (5.3%) reported in patients 
with a community acquired pneumonia.45 Patients with 
hypernatraemia were found to be older than patients with 
normonatremia or hyponatraemia. These age differences 
were in line with the expected age- related impairment of 
the thirst mechanism and potential barriers to accessible 
fluids (eg, due to immobilisation or dementia), which 
could contribute to inadequate fluid intake with subse-
quent development of hypernatraemia.25

Hyponatraemia in infectious diseases can have multiple 
aetiologies, of which SIADH, hypovolaemia and the use 
of diuretics are the most common, but critical illness- 
related corticoid insufficiency is also reported.14 22 In 
this study, we showed that multiple aetiologies seem to 
play a role in patients with COVID- 19. Among patients 
with hyponatraemia, a higher incidence of diarrhoea and 
anosmia was observed. These symptoms could contribute 
to decreased appetite and subsequently lower dietary 
intake. Clinical investigations revealed an increased heart 
rate and slightly decreased systolic blood pressure, which 
suggests a possible hypovolaemic state as an underlying 
cause for hyponatraemia. Correspondingly, eGFR was 
lower in this group, despite comparable blood urea levels, 
which have been employed by others as measure to differ-
entiate euvolaemic from hypovolaemic hyponatraemia.29 
This hypovolaemia could result from both reduced 
dietary intake and dehydration due to diarrhoea. The low 
median USE (30 mmol/L) in a proportion of patients 
also points to extrarenal sodium loss and a hypovolaemic 
status.46 However, due to the limited number of patients 
with USE measurements, these findings should be inter-
preted as supportive rather than definitive evidence.

Moreover, patients presenting with hyponatraemia had 
higher serum concentrations of LDH and CRP. A relation-
ship between serum CRP and sodium concentration has 
been observed in other infectious diseases and has also 
been demonstrated in patients with COVID- 19.17 28 41 This 
phenomenon has been attributed to release of cytokines 
such as interleukin 6 and interleukin 1β,47 which can 
affect the secretion of ADH and potentially contribute to 
the development of SIADH.23 48 In patients with COVID- 
19, elevated levels of interleukin 6 and interleukin 1β 

have been noted.30 49 50 Furthermore, a negative correla-
tion between interleukin 6 and sodium levels has been 
demonstrated, implying a similar mechanism in the 
development of hyponatraemia.3 29 It is important to note 
that although administration of interleukin 6 receptor 
antagonists (tocilizumab and sarilumab) and interleukin 
1 receptor antagonist (anakinra) was similar between 
groups, this observation does not undermine the afore- 
mentioned hypothesis, as these agents were administered 
based on indirect markers of interleukin release such as 
disease severity and CRP levels. Additionally, most patients 
in the study were included before registration of these 
agents for COVID- 19 treatment, and the sample sizes of 
the groups might have been too small to draw definitive 
conclusions on the relationship between cytokine levels 
and hyponatraemia in patients with COVID- 19.

Contrary to previous studies and in contrast to 
patients with community acquired pneumonia, we did 
not find SIADH as a frequent cause of hyponatraemia 
in patients with COVID- 19.8 11 30 51 In our study, only a 
small proportion of USE+UOL samples complied with 
the definition of SIADH, and a correlation between low 
USE and serum CRP concentration was found, which 
is in contrast to the theory that interleukin 6 induces 
ADH release (online supplemental table 6). The overall 
incidence of SIADH in our study suggests that SIADH is 
a less frequent cause of hyponatraemia among patients 
with COVID- 19, compared with hyponatraemia in 
patients with other pneumonias. This is possibly because 
COVID- 19 more often causes diarrhoea, thereby also 
leading to other causes of hyponatraemia. Frontera et 
al30 reported a prevalence of 36% of SIADH among 
patients with COVID- 19 that presented with a serum 
sodium level≤120 mmol/L. However, in our study popu-
lation, less than 1% presented with a sodium level this 
low, and mild and severe hyponatraemia differ in patho-
physiology. Previous studies that identified SIADH as a 
frequent underlying mechanism of hyponatraemia in 
patients with COVID- 19 based their information mostly 
on case reports, which likely focused on more severe 
cases.11 The fact that in our study, urinary investigation 
was not performed in all patients with hyponatraemia 
may suggest that hyponatraemia was not persistent or 
was otherwise not found to be severe enough to do so. 
This could also contribute to the lower incidence of 
confirmed SIADH cases in our study.

The association between thiazide diuretics and hypona-
traemia is well- established. Thiazide diuretics are known 
to increase the risk of developing hyponatraemia due 
to their effects on renal sodium and water excretion.52 
Therefore, it is not surprising that patients with hypona-
traemia more frequently used thiazide diuretics. The use 
of immunosuppressive medications, such as glucocorti-
coids, was also related to hyponatraemia. Glucocorticoids 
can potentially affect the body’s water and electrolyte 
imbalance, including sodium levels. The development 
of iatrogenic adrenal insufficiency, resulting from the 
(prior) prescription of steroids, can contribute to relative 

https://dx.doi.org/10.1136/bmjopen-2023-075232
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glucocorticoid efficiency and potentially lead to hypona-
traemia.53 54

We did not find a significant association between 
hyponatraemia and the risk of mortality or intubation, 
although ICU admission rates were higher in the hypo-
natraemia group. These results are in line with Machi-
raju et al,41 who also demonstrated a higher need for ICU 
admission in patients with COVID- 19 presenting with 
hyponatraemia but could not relate hyponatraemia to 
mortality nor the length of hospital stay. Consistent with 
our results, Tzoulis et al29 found no significant associa-
tion between hyponatraemia and mortality but did relate 
hyponatraemia to invasive ventilation and the length of 
hospital admission. The higher serum CRP and LDH 
concentrations in hyponatraemic patients in our study 
indicate that these patients might be more ill compared 
with those with normal sodium levels, which is not in 
line with the similar mortality rates.55 56 Moreover, 13% 
of all patients admitted to the ICU did not receive any 
form of ventilatory support, suggesting that there were 
reasons other than respiratory failure for ICU admission. 
The fact that this percentage was similar among patients 
with normonatremia suggests that hyponatraemia was not 
a frequent reason for ICU admission. We speculate that 
dehydration accompanied by hyponatraemia, along with 
elevated LDH and CRP levels were reasons for hospital 
admission. However, other pathophysiologic mechanisms 
leading to worse outcomes were absent in these patients, 
favouring a relatively good outcome.

Our findings are in contrast with previous studies, in 
which the presence of hyponatraemia at presentation 
was independently associated with disease severity and 
prolonged hospital stay17 43 and was thought to be an inde-
pendent predictor of hospital mortality.7 8 11 15 17 These 
studies suggest that hyponatraemia, especially when not 
corrected for serum glucose concentration,57 is a signifi-
cant factor in determining the prognosis of patients. The 
observed trend towards increased mortality in patients 
with severe hyponatraemia was also demonstrated by Ruiz- 
Sánchez et al.,38 Chan et al17 and Frontera et al.30 However, 
the latter study obtained statistically significant results 
with a lower number of patients (36 out of 4645, repre-
senting 1% of the population, stratified as having severe 
hyponatraemia based on sodium levels≤120 mmol/L) 
compared with 1.8% in our study.

There are several potential explanations for the 
difference in outcomes between our study and previous 
studies. First, previous studies only included patients that 
were admitted during 2020 and the spring of 2021, the 
beginning of the COVID- 19 pandemic.7 8 11 15 16 In large 
previous studies, mortality rates between 22.6% and 28.9% 
have been reported.9 57 In contrast, our study included 
patients from the beginning of the COVID- 19 pandemic 
until August 2022 and the overall mortality in our study 
was 16.7% (despite an increased risk for ICU admission 
and intubation for hyponatraemic patients that started 
having complaints when the Delta variant dominated). 
These differences in outcomes are likely attributed to 

increased knowledge about the disease, the development 
of new treatments such as dexamethasone and tocili-
zumab and the commencement of widespread vaccina-
tion campaigns starting in January 2021. It is important 
to note that a study by Chan et al17 included patients 
from late 2021 and early 2022 and still found an associ-
ation between hyponatraemia and adverse outcomes. 
However, these results may not be directly comparable to 
our study due to potential differences in vaccine efficacy 
and COVID- 19 policies between Hong Kong and Western 
countries.58 These variations in patient cohorts and treat-
ment strategies could influence outcomes and thus could 
lead to different results as compared with other studies. 
We speculate that the absence of a higher risk of adverse 
outcomes in patients with COVID- 19 presenting with 
hyponatraemia, contrary to previous studies, could be 
partly attributed to the overall decrease in mortality as the 
pandemic progressed.

Second, previous studies examined uncorrected 
sodium concentration at presentation as a prognostic 
factor and found increased mortality rates in patients with 
hyponatraemia.10 11 15 26 28 30 32 38 59 However, other studies 
that corrected for serum glucose concentration when 
these exceeded 10 mmol/L, found no significant associ-
ation between hyponatraemia and mortality.29 Hirsch et 
al57 demonstrated that the association between hypona-
traemia and mortality was only evident prior to correc-
tion for serum glucose concentration, and the association 
disappeared after correcting for glucose levels. These 
findings are similar to studies conducted outside the 
context of COVID- 19.60 In our study, uncorrected hypona-
traemia was associated with an elevated risk of ICU admis-
sion and intubation, whereas corrected hyponatraemia 
did not show an association between hyponatraemia and 
intubation. This suggests that a similar effect related to 
the correction of sodium levels for glucose concentration 
could explain the discrepancies between our study and 
previous studies.30 38

The association between ICU admission and hypona-
traemia was most pronounced in patients with a hypona-
traemia of unknown aetiology. However, it is important to 
consider that this group may include mild presentations 
of SIADH due to the limited number of urinary samples 
available. These findings align with the higher CRP and 
LDH levels observed in this group. Patients who had a 
history of gastrointestinal symptoms had a lower risk of 
ICU admission, despite having higher levels of CRP and 
LDH levels. The higher CRP and LDH levels in this group 
could not be related to the SARS- CoV- 2 variants, as the 
highest CRP levels were observed in patients that devel-
oped symptoms during a period in which the Delta variant 
dominated. Notably, this group also had the lowest preva-
lence of gastrointestinal symptoms (data not shown). We 
suggest that the prevalence of SIADH in our study group 
was very low for two reasons. First, we included patients 
during later COVID- 19 waves (when Alpha, Delta and 
Omicron variants dominated), whereas patients with 
hyponatraemia due to SIADH that was severe enough 
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to perform urinary analysis presented mostly during 
the period where initial variants dominated. This could 
have resulted in a lower prevalence than studies that 
only included patients during the first COVID- 19 wave. 
Second, SIADH can only be diagnosed based on USE 
and UOL, but only a limited number of urinary samples 
were available, so we were not able to provide a precise 
estimate.

In contrast to the findings in patients with hypona-
traemia, our study revealed a significant association 
between hypernatraemia and adverse outcomes such 
as ICU admission, intubation and death. While there 
were no significant differences in serum CRP and LDH 
concentration, as well as CT severity scores at admission, 
between hypernatraemic and normonatremic patients, 
higher MEWS and qSOFA scores indicated that a greater 
extent of lung tissue in hypernatraemic patients. Further-
more, elevated serum urea concentration, lower eGFR 
and a prolonged capillary refill time suggested dehydra-
tion in this group of patients. These findings collectively 
point towards a more severely ill patient population, 
which could account for the worse clinical outcomes 
observed. The association between hypernatraemia and 
worse clinical outcomes has been previously documented 
in COVID- 1915 19 and other type of pneumonias.45

Our study on hyponatraemia in COVID- 19 is char-
acterised by its large size, including over 7000 patients 
from various hospitals across the Netherlands. A notable 
strength of our study lies in the inclusion of patients 
from different waves of the COVID- 19 and from multiple 
hospitals, both university and general. This approach 
resulted in a diverse patient population, making our find-
ings applicable to the current situation. Furthermore, our 
study benefitted from the availability of a large amount of 
clinical data being available for each patient. This allowed 
us to analyse the associations we discovered in conjunction 
with relevant patient background details. For instance, we 
had access to vital signs recorded at admission, providing 
us with a more comprehensive understanding of the 
patients’ condition on admission compared with previous 
studies.30 38 Consequently, we were able to offer more 
substantiated insights into the presumed underlying aeti-
ology and how the different aetiologies were related to 
clinical outcomes.

This study has several limitations that should be 
acknowledged. First, the availability of urinary samples 
of patients with hyponatraemia (185 out of the total) 
limits the generalisability of our findings. Additionally, 
information on the duration of hyponatraemia in partici-
pating patients was not provided. Exploring these aspects 
would have been valuable, as a previous study by de La 
Flor et al61 demonstrated that persistent hyponatraemia 
(72–96 hours after admission) was associated with higher 
mortality in patients with COVID- 19. Second, the vari-
ability in treatment protocols among the participating 
hospital may have influenced the outcome of patients in 
our study. Lastly, we were unable to study specific treat-
ment options for hyponatraemia in patients.

Our results suggest that while hyponatraemia is 
commonly observed among patients with COVID- 19, it 
is not associated with adverse clinical outcome. However, 
the presence of hypernatraemia should be of concern 
to clinicians, as it is indicative of a poorer prognosis. To 
enhance our understanding of the aetiology of hypo-
natraemia in COVID- 19, future studies should focus on 
monitoring the clinical course of hyponatraemia during 
hospitalisation, documenting the duration of hypona-
traemia and recording the treatment administered. 
It is crucial to obtain urinary samples from all patients 
presenting with COVID- 19 and hyponatraemia to further 
elucidate the underlying causes. Moreover, further 
research is warranted to investigate the incidence and 
potential mechanisms of SIADH in relation to disease 
severity and inflammation. More specifically, studies 
examining the relationship with interleukin 6 would be 
valuable, given that the interleukin 6 antagonist tocili-
zumab is used in the treatment of patients with moderate 
to severe COVID- 19.

Conclusion
Hyponatraemia is a common electrolyte disorder found 
in one third of patients hospitalised with COVID- 19. 
Several risk factors have been identified, including male 
sex assigned at birth, a slightly lower BMI, pre- existing 
conditions such as chronic kidney disease, hypertension, 
as well as the use of certain medications such as the use 
of thiazide diuretics and immunosuppressives. We found 
that hyponatraemia was not associated with a higher need 
for invasive ventilation nor with mortality. In contrast, 
hypernatraemia was associated with worse outcomes as 
compared with normonatremia. Regarding the under-
lying pathophysiological mechanisms, hypovolaemic 
hyponatraemia appeared to be the predominant mecha-
nism in patients with COVID- 19. Other causes of hypona-
traemia, such as SIADH, were less commonly observed in 
our study population.
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