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Abstract

Objective: Hyponatremia in COVID-19 is often due to the syndrome of inadequate 
antidiuresis (SIAD), possibly mediated by interleukin-6 (IL-6)-induced non-osmotic 
arginine vasopressin (AVP) secretion. We hypothesized an inverse association between 
IL-6 and plasma sodium concentration, stronger in COVID-19 compared to other 
respiratory infections.
Design: Secondary analysis of a prospective cohort study including patients with COVID-
19 suspicion admitted to the Emergency Department, University Hospital of Basel, 
Switzerland, between March and July 2020.
Methods: We included patients with PCR-confirmed COVID-19 and patients with similar 
symptoms, further subclassified into bacterial and other viral respiratory infections. The 
primary objective was to investigate the association between plasma sodium and IL-6 
levels.
Results: A total of 500 patients were included, 184 (37%) with COVID-19, 92 (18%) with 
bacterial respiratory infections, and 224 (45%) with other viral respiratory infections. In 
all groups, median (IQR) IL-6 levels were significantly higher in hyponatremic compared 
to normonatremic patients (COVID-19: 43.4 (28.4, 59.8) vs 9.2 (2.8, 32.7) pg/mL, P < 0.001; 
bacterial: 122.1 (63.0, 282.0) vs 67.1 (24.9, 252.0) pg/mL, P < 0.05; viral: 14.1 (6.9, 84.7) vs 
4.3 (2.1, 14.4) pg/mL, P < 0.05). IL-6 levels were negatively correlated with plasma sodium 
levels in COVID-19, whereas the correlation in bacterial and other viral infections was 
weaker (COVID-19: R = −0.48, P < 0.001; bacterial: R = −0.25, P = 0.05, viral: R = −0.27, 
P < 0.001).

-22-0171

Key Words

 f COVID-19

 f CRP

 f PCT

 f interleukin-6

 f hyponatremia

ID: 22-0171
11 10

220171

220171

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

https://doi.org/10.1530/EC-22-0171
https://ec.bioscientifica.com © 2022 The authors

Published by Bioscientifica Ltd

http://orcid.org/0000-0002-5442-7304
http://orcid.org/0000-0002-0179-7889
http://orcid.org/0000-0001-5771-8900
http://orcid.org/0000-0002-6336-0965
mailto:mirjam.christ-crain@usb.ch
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0171
https://ec.bioscientifica.com


C Atila, S Monnerat et al. e220171

PB–XX

11:10

Conclusions: IL-6 levels were inversely correlated with plasma sodium levels, with a 
stronger correlation in COVID-19 compared to bacterial and other viral infections. IL-6 
might stimulate AVP secretion and lead to higher rates of hyponatremia due to the SIAD in 
these patients.

Background

Hyponatremia, defined as a plasma sodium 
concentration < 135 mmol/L, is the most common 
electrolyte disorder in both in- and outpatient settings 
(1). It is indicative of disturbed water homeostasis that can 
occur secondary to a broad spectrum of diseases (e.g. heart 
failure, liver insufficiency, CNS disorders) (1), medications 
(e.g. diuretics, antiepileptics) (2), or in stress situation such 
as in the postoperative period (3) or after extreme sport 
performances (4). The awareness by physicians tends to be 
low (5) although hyponatremia is associated with increased 
mortality and morbidity (6) such as gait instability (7, 8), 
falls (7), osteoporosis (9, 10), fractures (9, 10), and attention 
deficit (7, 8, 11). More specifically, hyponatremia is highly 
relevant in patients with respiratory tract infections 
because of its high prevalence (8.1–44.4%) and its 
prognostic significance (12, 13, 14, 15, 16, 17), especially in 
patients with COVID-19 (18).

We recently showed a higher prevalence of 
hyponatremia in patients with COVID-19 in comparison 
to patients with clinical COVID-19 suspicion but negative 
PCR testing (29% vs 17%; vs 19.5% in the whole cohort) on 
hospital admission (19). Hyponatremia on admission was 
associated with higher 30-day overall mortality and 30-day 
rehospitalization rates. In both community-acquired 
pneumonia and COVID-19, one of the main etiologies for 
hyponatremia is the syndrome of inadequate antidiuresis 
(SIAD) (18, 20, 21, 22) being characterized by an 
imbalanced arginine vasopressin (AVP) secretion (23). The 
exact pathophysiological mechanism leading to SIAD in 
these patients remains elusive, although the contribution 
of interleukin-6 (IL-6) is gaining credibility (18, 21, 24).

IL-6 is a key component of the ‘cytokine storm’ and 
subsequent multiorgan failure in patients with COVID-
19 (25). IL-6 is also involved in the ‘immunoendocrine 
interface’, where it stimulates the secretion of 
adrenocorticotropic hormone from the anterior pituitary 
(26, 27) and AVP from the posterior pituitary (27, 28). 
Exogenous IL-6 administration in rats and humans leads to 
an acute increase of AVP (27, 28). Recently, previous works 
showed an inverse relationship between IL-6 and plasma 
sodium levels in patients with COVID-19 (21, 24, 29, 30); 
interestingly, an increase in sodium levels was observed in 

eight patients whose IL-6 levels decreased after treatment 
with the anti-IL-6 antibody tocilizumab (24). However, this 
was only demonstrated in patients with COVID-19 without 
a control group, i.e. bacterial pneumonia or other viral 
respiratory infections for which the relationship between 
IL-6 and sodium levels has never been investigated, and 
without comparison to other inflammatory markers.

This study aimed to investigate the relation between 
the pro-inflammatory cytokine IL-6 and plasma sodium 
levels in patients with confirmed COVID-19 in direct 
comparison to patients with other acute viral respiratory 
infections and bacterial respiratory infections. We 
hypothesized a negative association between IL-6 
levels and sodium levels on admission with a stronger 
association in COVID-19 compared to other viral and 
bacterial respiratory infections.

Methods

Study design and participants

This prospective, observational cohort study included 
consecutively enrolled patients aged 18 years and older 
presenting with clinically suspected or confirmed SARS-
CoV-2 infection to the Emergency Department (ED) of the 
University Hospital in Basel, Switzerland, during the first 
wave of the COVID-19 pandemic between March and July 
2020. A detailed description of the study has been published 
elsewhere (19). All patients underwent nasopharyngeal 
SARS-CoV-2 PCR swab tests. Patients were considered 
COVID-19 positive if at least one SARS-CoV-2 PCR swab 
test performed on the day of ED presentation or within 
14 days prior to or post-ED presentation was positive in 
combination with clinical signs and symptoms of COVID-
19 infection, even in case of bacterial superinfection. The 
diagnosis of patients with negative SARS-CoV-2 PCR swab 
test was retrospectively chosen out of a predefined diagnoses 
list by a pool of five trained physicians after reviewing all 
the available medical data (e.g. clinical examination and 
radiological findings), including 30-day post-discharge 
follow-up information. For this current analysis, we 
included patients with other viral respiratory infections 
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and bacterial respiratory infections. All participating 
patients or their legally authorized representatives 
consented by signing a local general consent form. The 
study was registered on ClinicalTrials.gov (NCT04366765), 
conducted according to the principles of the Declaration 
of Helsinki, and approved by the Ethical Committee 
Northwest and Central Switzerland. The authors designed 
the studies, gathered and analyzed the data, vouched for 
the data and analysis, wrote the paper, and decided to 
submit it for publication.

The full data set included 1081 patients. Twenty-two 
patients were excluded due to missing sodium levels and 559 
patients were excluded due to another diagnosis than acute 
respiratory tract infections, i.e. cardiovascular disease (e.g. 
pulmonary embolism) or other pulmonary noninfectious 
diseases (e.g. bronchial asthma) (Fig. 1). According to 
sodium levels on admission, patients were subclassified into 
normonatremic (135–145 mmol/L), hyponatremic (<135 
mmol/L), and hypernatremic (>145 mmol/L).

Blood sampling

Blood samples were routinely drawn from every patient 
at the time of ED presentation. Routine laboratory 
parameters, e.g. plasma sodium and C-reactive protein 
(CRP), were determined in every patient as part of the local 
standard operating procedure by COVID-19 suspicion. 
Timing and type of subsequent laboratory measurements 

during hospital stay were left to the discretion of the 
treating physicians and were not part of this study protocol. 
In addition to the routine laboratory measurements, serum 
samples were collected at the time of ED presentation 
and stored at −80°C. IL-6 and procalcitonin (PCT) were 
measured in frozen serum samples in a dedicated external 
laboratory (Roche Diagnostics) on an Elecsys® analyzer. 
Treating physicians were blinded for IL-6 and PCT but not 
the remaining investigational inflammatory biomarkers 
such as leucocytes or CRP.

Study outcomes

The primary outcome was the association between 
admission plasma sodium levels with serum IL-6 levels 
in patients with COVID-19, bacterial, and other viral 
respiratory infections on hospital admission.

Secondary outcomes were the associations between 
admission plasma sodium levels and other inflammatory 
markers (i.e. CRP and PCT) in patients with COVID-19, 
other viral respiratory infections, and bacterial respiratory 
infections, as well as the determination of inflammatory 
markers cut-offs for increased likelihood of hyponatremia 
and the association between each inflammatory marker 
and hyponatremia with a composite unfavorable outcome 
(30-day all-cause mortality or intensive care unit (ICU) 
admission).

Figure 1
Study flowchart. Flowchart showing patient enrolment. The total data set included 1081 patients; 22 patients were excluded for the absence of sodium 
levels measured, and 559 patients were subclassified with another diagnosis than respiratory tract infections, e.g. cardiovascular or other pulmonary 
noninfectious diseases. In total, 500 patients with COVID-19, other viral respiratory infections, and bacterial respiratory infections were analyzed. COVIVA, 
coronavirus survival study; ER, emergency room; IL-6, interleukin-6; PCT, procalcitonin; CRP, C-reactive protein.
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Statistical analysis

Baseline characteristics are summarized using descriptive 
statistics. Discrete variables are expressed as frequencies 
(percentage (%) and number of patients (n)). Continuous 
variables are expressed as median and interquartile range 
(IQR, 25th to 75th percentiles).

The primary endpoint was the association of plasma 
sodium levels (mmol/L) and serum IL-6 levels (pg/mL) by 
fitting a univariable and a multivariable linear regression 
model with the assumption of direct influence of IL-6 
levels on sodium levels – the predictor variable was log-
transformed to achieve a near normal distribution. 
Adjusting covariates included age, sex, severity of 
disease measured with the National Early Warning Score 
2 (NEWS2) (31) on admission, and the total number 
of comorbidities. The sum in numbers of predefined 
comorbidities per patient was used for adjustment, ranging 
from 0 to 12. Model selection was based on the smallest 
Akaike’s information criterion (AIC). The associations are 
visualized with scatterplots.

Secondary endpoints included the association between 
plasma sodium levels (mmol/L) and other inflammatory 
markers, i.e. CRP (mg/L) and PCT (ng/mL), using a similar 
method as for IL-6 levels. Assuming pure correlation and 
in order to compare our results to the available literature, 
we also calculated Pearson correlation coefficients between 
inflammatory parameters and sodium levels for the 
respective groups. Furthermore, IL-6, CRP, and PCT levels 
between hyponatremic and normonatremic patients of 
each etiology were assessed using a Mann–Whitney U 
test and presented visually by boxplots. The best cut-off 
for IL-6, CRP, and PCT for predicting first, hyponatremia, 
and second an unfavorable outcome (composite outcome 
of admission to the ICU and 30-day all-cause mortality) 
was determined using the Youden index (32); the optimal 
cut-point being defined as the point closest to the upper 
left corner, i.e. 100% sensitivity and 100% specificity, on 
the receiver-operating characteristic area under the curve 
(AUC). The AUCs were compared using the DeLong test 
(33). Patients were classified according to the best cut-
off in below-threshold and above-threshold for each 
inflammatory marker. Both groups (below- vs above-
threshold) were compared for hyponatremia risk or 
unfavorable outcome, respectively, using a univariable 
and a multivariable (adjusted for age, sex, severity of 
disease measured with the NEWS2 on admission, and the 
total number of comorbidities) logistic regression models. 
Statistical models for each inflammatory marker were 
compared based on AIC.

We investigated the association between both IL-6 (as 
continuous predictor) and hyponatremia on mortality in a 
multivariable logistic regression model. All analyses were 
performed using the statistical program R (version 4.0.5 or 
higher). A two-sided significance level of 0.05 was used for 
every analysis.

Results

Baseline characteristics

Overall, 500 patients were included, of whom 184 (37%) 
were diagnosed with COVID-19, 224 (45%) with other 
viral respiratory infections, and 92 (18%) with bacterial 
respiratory infections. The median (IQR) age was 57 years 
(43, 70), and 280 (56%) were female. Hyponatremia 
prevalence was 21% in the pooled group, 28% in patients 
with COVID-19, 12% in other viral respiratory infections, 
and 30% in bacterial respiratory infections. Detailed 
baseline characteristics can be found in Table 1.

IL-6 and sodium levels on admission

IL-6 levels on admission were available in 424 of 500 
patients. In the pooled data set, the median (IQR) IL-6 level 
was significantly higher in hyponatremic compared to 
normonatremic patients on admission (48.9 (21.6, 90.1) vs 
8.3 (2.5, 36.3) pg/mL; P < 0.001) (Fig. 2 and Table 2). This was 
also true for hyponatremic compared to normonatremic 
patients in all three individual groups (COVID-19: 43.4 
(28.4, 59.8) vs 9.2 (2.8, 32.7) pg/mL, P < 0.001; other viral 
respiratory infections: 14.1 (6.9, 84.7) vs 4.3 (2.1, 14.4) pg/
mL, P < 0.05; bacterial respiratory infections: 122.1 (63.0, 
282.0) vs 67.1 (24.9, 252.0) pg/mL, P < 0.05) (Fig. 2 and 
Table 2). IL-6 levels were negatively correlated with plasma 
sodium levels in all three groups, whereas the correlation 
in bacterial and other viral infections was weaker than in 
COVID-19 (COVID-19: R = −0.48, P < 0.001; viral: R = −0.27, 
P < 0.001; bacterial: R = −0.25, P = 0.05) (Fig. 3). In the 
multivariable regression models, a doubling (i.e. 100% 
increase) in IL-6 levels leads to a decrease in sodium levels 
by −0.62 mmol/L (95% CI (−0.83, −0.42); P < 0.01) in the 
pooled data; more specifically, a decrease of −0.97 mmol/L 
(95% CI (−1.46, −0.49); P < 0.01) in patients with COVID-
19, −0.35 mmol/L (95% CI (−0.69, −0.07); P < 0.05) in other 
viral respiratory infections, and −0.69 mmol/L (95% CI 
(−1.32, −0.07); P < 0.05) in bacterial respiratory infections 
(Supplementary Table 6, see section on supplementary 
materials given at the end of this article).
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CRP and sodium levels on admission

CRP levels on admission were available in 498 of 500 
patients. In the pooled data set, the median (IQR) CRP 
level was significantly higher in hyponatremic compared 
to normonatremic patients on admission (60.2 (23.9, 
125.0) vs 6.6 (1.2, 34.9) mg/L; P < 0.001) (Table 2 and 
Supplementary Fig. 1). This was also true for hyponatremic 
compared to normonatremic patients in all three groups 
(COVID-19: 49.4 (26.0, 103.3) vs 11.2 (1.4, 50.7) mg/L, 
P < 0.001; other viral respiratory infections: 36.3 (7.0, 77.2) 
vs 2.8 (0.9, 12.2) mg/L, P < 0.001; bacterial respiratory 
infections: 110.4 (58.3, 185.5) vs 49.1 (10.3, 113.8) mg/L, 
P < 0.01) (Table 2 and Supplementary Fig. 1). CRP levels 
were negatively correlated with plasma sodium levels in 
all three groups, whereas the correlation in bacterial and 
other viral infections was slightly weaker than in COVID-19 
(COVID-19: R = −0.36, P < 0.001; viral: R = −0.37, P < 0.001; 
bacterial: R = −0.27, P = 0.01) (Supplementary Fig. 2). In 
the multivariable regression models, a doubling (i.e. 100% 
increase) in CRP levels leads to a decrease in sodium levels 
by −0.69 mmol/L (95% CI (−0.83, −0.49); P < 0.01) in the 
pooled data; more specifically, a decrease of −0.55 mmol/L 
(95% CI (−0.90, 0.07); P < 0.05) in patients with COVID-19, 
−0.55 mmol/L (95% CI (−0.83, −0.35); P < 0.01) in other 
viral respiratory infections, and −0.76 mmol/L (95% CI 
(−1.32, −0.21); P < 0.01) in bacterial respiratory infections 
(Supplementary Table 7).

PCT and sodium levels on admission

PCT levels on admission were available in 421 of 500 
patients. In the pooled data set, the median (IQR) PCT 
level was significantly higher in hyponatremic compared 
to normonatremic patients on admission (0.14 (0.05, 
0.26) vs 0.04 (0.02, 0.07) ng/mL; P < 0.001) (Table 2 and 
Supplementary Fig. 3). This was also true for hyponatremic 
compared to normonatremic patients in all three groups 
(COVID-19: 0.13 (0.06, 0.23) vs 0.04 (0.02, 0.06) ng/
mL, P < 0.001; other viral respiratory infections: 0.06 
(0.02, 0.15) vs 0.03 (0.01, 0.05) ng/mL, P < 0.05; bacterial 
respiratory infections: 0.23 (0.14, 0.69) vs 0.09 (0.04, 0.30) 
ng/mL, P < 0.05) (Table 2 and Supplementary Fig. 3). PCT 
levels were negatively correlated with plasma sodium levels 
in all three groups, whereas the correlation in bacterial 
and other viral infections was weaker than in COVID-19 
(COVID-19: R = −0.36, P < 0.001; viral: R = −0.27, P < 0.001; 
bacterial: R = −0.14, P = 0.248) (Supplementary Fig. 4). In 
the multivariable regression models, a doubling (i.e. 100% 
increase) in PCT levels leads to a decrease in sodium levels 
by −2.1 mmol/L (95% CI (−3.33, −0.69); P < 0.01) in the 
pooled data; more specifically, a decrease of −4.51 mmol/L 
(95% CI (−6.52, −2.5); P < 0.01) in patients with COVID-19, 
−7.35 mmol/L (95% CI (−12.48, −2.23); P < 0.01) in other 
viral respiratory infections, and −1.52 mmol/L (95% CI 
(−4.02, −0.9); P = 0.21) in bacterial respiratory infections 
(Supplementary Table 8).

Table 1 Baseline characteristics. Data from 500 patients; 184 patients with COVID-19, 224 patients with other viral respiratory 
infections, and 92 patients with bacterial respiratory infections. Data are presented as numbers (%) and median (IQR: 25th–75th).

Overall COVID-19 Viral controls Bacterial controls

Number of patients 500 184 224 92
Age (years) 57 (43, 70) 57 (44, 69) 52 (36, 64) 72 (57, 79)
Sex female, n (%) 220 (44) 81 (44) 104 (46) 35 (38)
Length of hospital stay (days) (IQR) 0 (0, 6) 3 (0, 8) 0 (0, 1) 5 (0, 10)
Number of comorbidities, n (%) 2 (0, 3) 1 (0, 3) 1 (0, 3) 3 (2, 4)
NEWS total, n (IQR) 2 (0, 4) 3 (1, 5) 1 (0, 3) 5 (3, 7)
Respiratory rate (/min) (IQR) 20 (16, 23) 20 (16, 24) 18 (15, 21) 22 (19, 27)
Temperature (°C) (IQR) 37.0 (36.6, 37.7) 37.1 (36.8, 38.0) 36.9 (36.5, 37.3) 37.3 (37.0, 38.2)
Blood pressure systolic (mmHg) (IQR) 137 (122, 154) 135 (122, 149) 142 (125, 156) 133 (120, 153)
Blood pressure diastolic (mmHg) (IQR) 82 (72, 89) 82 (72, 90) 82 (74, 89) 80 (70, 86)
Heart rate (/min) (IQR) 90 (78, 103) 89 (80, 103) 88 (76, 101) 96 (82, 110)
IL-6 admission (pg/mL) (IQR) 13.1 (2.9, 51.2) 20.6 (4.5, 45.5) 4.6 (2.1, 17.0) 80.7 (33.2, 282.0)
CRP admission (mg/L) (IQR) 11.6 (1.6, 58.3) 28.9 (2.7, 72.8) 3.3 (0.9, 14.9) 73.3 (14.8, 133.8)
PCT admission (ng/mL) (IQR) 0.04 (0.02, 0.10) 0.05 (0.02, 0.11) 0.03 (0.01, 0.06) 0.14 (0.05, 0.48)
Sodium admission (mmol/L) (IQR) 138 (135, 141) 137 (134, 140) 139 (137, 141) 137 (134, 140)
Normonatremia, n (%) 382 (76) 127 (69) 193 (86) 62 (67)
Hyponatremia, n (%) 106 (21) 52 (28) 26 (12) 28 (30)
Hypernatremia, n (%) 12 (2) 5 (3) 5 (2) 2 (2)

CRP, C-reactive protein; IL-6, interleukin-6; IQR, interquartile range; mmHg, millimeters of mercury; NEWS, National Early Warning Score; n, number; PCT, 
procalcitonin.
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Prediction of hyponatremia with 
inflammatory markers

For IL-6, the AUC was 75% (95% CI (69, 81)) with the best 
cut-off at 11.0 pg/mL (specificity 58.0%, sensitivity 86.5%) 
(Fig. 4). For CRP, the AUC was 79% (95% CI (74, 84)) with 
the best cut-off at 15.3 mg/L (specificity 66.7%, sensitivity 
83.8%). For PCT, the AUC was 77% (95% CI (71, 83)) with 
the best cut-off at 0.1 ng/mL (specificity 81.2%, sensitivity 
64.9%) The AUCs between CRP and IL-6 (P = 0.03) were 
significantly different, while no difference between CRP 
and PCT (P = 0.49) or IL-6 and PCT (P = 0.49) could be seen. 
For IL-6, patients above-threshold showed a higher risk 

for hyponatremia compared to those below-threshold 
(unadjusted OR: 8.8; 95% CI (4.6, 18.9); P < 0.01 and adjusted 
OR 7.4; 95% CI (3.5, 17.4); P < 0.01). For CRP, patients 
above-threshold showed a higher risk for hyponatremia 
compared to those below-threshold (unadjusted OR: 10.3; 
95% CI (5.5, 20.9); P < 0.01 and adjusted OR: 8.0; 95% CI 
(4.0, 17.1); P < 0.01). For PCT, patients above-threshold 
showed a higher risk for hyponatremia compared to those 
below-threshold (unadjusted OR: 7.3; 95% CI (4.2, 12.8); 
P < 0.01 and adjusted OR: 6.4; 95% CI (3.4, 12.3); P < 0.01). 
According to Akaike’s information, the adjusted CRP 
model provided the best fit (Supplementary Table 9).

Figure 2
Interleukin-6 levels on admission. Interleukin-6 levels were visualized in boxplots for the pooled data set (A), patients with COVID-19 (B), patients with 
other viral respiratory infections (C), and patients with bacterial respiratory infections (D) subgrouped in plasma sodium level category on admission. The 
Mann–Whitney U test was applied to assess differences between the subgroups. In the pooled group and in each etiology, hyponatremic patients showed 
significant higher IL-6 levels in comparison to normonatremic patients.
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Prediction of worse outcome with inflammatory 
markers and hyponatremia

The outcome was defined as the composite of ICU 
admission or 30-day all-cause mortality. For IL-6, the AUC 
was 80% (95% CI (73, 86)) with the best cut-off at 14.6 pg/
mL (specificity 57.4%, sensitivity 90.9%) (Fig. 4). For CRP, 
the AUC was 82% (95% CI (76%, 87%)) with the best cut-
off at 28.6 mg/L (specificity 69.5%, sensitivity 87.9%). 
For PCT, the AUC was 75% (95% CI (67%, 84%)) with the 
best cut-off at 0.1 ng/mL (specificity 70.4%, sensitivity 
75.8%). The AUCs compared with the DeLong test (33) 
showed no significant difference between CRP, IL-6, and 
PCT. For IL-6, patients above-threshold showed a higher 
risk for the composite outcome compared to those below-
threshold (unadjusted OR: 13.5; 95% CI (4.7, 57.0); P < 0.01 
and adjusted OR: 3.5; 95% CI (1.0, 16.4); P = 0.06). For CRP, 
patients above-threshold showed a higher risk for the 
composite outcome compared to those below-threshold 
(unadjusted OR: 9.9; 95% CI (4.2, 27.1); P < 0.01 and adjusted 
OR: 4.1; 95% CI (1.6, 12.2); P < 0.01). For PCT, patients 
above-threshold showed a higher risk for the composite 
outcome compared to those below-threshold (unadjusted 
OR 4.5; 95% CI (2.2, 9.4); P < 0.01 and adjusted OR: 1.9; 95% 
CI (0.7, 4.6); P = 0.18). According to Akaike’s information, 
the adjusted CRP model was considered significantly better 
compared to the other models (Supplementary Table 10).

In a bivariable logistic regression model, IL-6 levels 
above-threshold was independently associated with the 
composite outcome (OR 16.2; 95% CI (5.6, 69.2), P < 0.001), 
whereas the presence of hyponatremia was not (OR 1.3; 95% 
CI (0.6, 2.7), P = 0.46). After adjusting for further covariables, 
IL-6 levels above-threshold remained significant (OR 3.9; 
95% CI (1.1, 18.2); P = 0.05; Supplementary Table 11).

Discussion

Our study has three main findings. First, inflammatory 
parameters are significantly higher in hyponatremic 
compared to normonatremic patients with respiratory 
tract infections on hospital admission; second, plasma 
sodium levels were inversely associated with inflammatory 
markers; and finally, IL-6 is independently associated with 
an unfavorable outcome. To our knowledge, we provide, 
for the first time, data on the relationship between sodium 
and IL-6 in patients with respiratory tract infections other 
than COVID-19.

We hereby confirm the previously described inverse 
relationship between plasma sodium levels and IL-6 
levels in patients with COVID-19 and, in addition, show a Ta
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stronger association in patients with COVID-19 compared 
to other viral or bacterial respiratory infections. Berni 
et  al. recently showed a negative association (29) and a 
strong negative correlation between plasma sodium levels 
and IL-6 levels, with a correlation coefficient (R = −0.60, 
P = 0.0006) similar to ours (R = −0.48, P < 0.001) (24). 
Furthermore, we were able to define a cut-off at 11.0 pg/
mL above which the risk for hyponatremia increases by 
7.4-fold when adjusted for confounders. In addition, IL-6 
values above 14.6 pg/mL were associated with increased 
odds for an unfavorable composite, i.e. 30-day all-cause 
mortality or ICU admission. Berni et  al. used a similar 
cut-off at 10 pg/mL and showed a lower mean sodium 
concentration at higher IL-6 levels as well as a lower 

mean index of respiratory performance (PaO2/FiO2 ratio) 
(24). Using this cut-off, they further showed an increased  
risk for death (IL-6 > 10 pg/mL: HR 10.7) (24) comparable 
to the odds for the composite unfavorable outcome in  
this study.

We observed the highest IL-6 levels in bacterial 
respiratory infections but with a similar hyponatremia 
prevalence as in COVID-19. Reasons for this finding 
can only be speculated. There might be a higher central 
sensitivity to IL-6 in COVID-19 or, in parallel to IL-6, other 
molecules such as angiotensin II, which is upregulated in 
COVID-19 (34) and increases central osmosensitivity (35), 
that could stimulate AVP release as well. Angiotensin-
converting enzyme 2 downregulation in COVID-19 

Figure 3
Relation between sodium and interleukin-6 levels. The relation between sodium and interleukin-6 levels is visualized in scatterplots for the pooled 
dataset (A), patients with COVID-19 (B), other viral respiratory infections (C), and bacterial respiratory infections (D). The linear regression equation and 
Pearson correlation coefficient are given for the pooled data set and all three groups individually. In the pooled group and in each etiology, a significant 
negative relation between sodium and interleukin-6 levels was observed. The predictor variable was logarithmically (log(x+1)) transformed.

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

https://doi.org/10.1530/EC-22-0171
https://ec.bioscientifica.com © 2022 The authors

Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1530/EC-22-0171
https://ec.bioscientifica.com


C Atila, S Monnerat et al. e22017111:10

might lead to higher angiotensin II levels and acute 
respiratory distress syndrome (36). Alternatively, patients 
with bacterial infections might partially compensate 
hyponatremia development with free water loss through 
perspiratio insensibilis due to tachypnoea and high fever. 
This hypothesis is supported by the vital signs in our 
cohort (Table 1).

IL-6 antagonism could represent an unexploited 
treatment strategy for SIAD secondary to inflammatory 
disorders. This is supported by data from Berni et  al., 
who showed that sodium levels increased in patients 
with COVID-19 treated with the IL-6 receptor antagonist 
tocilizumab (24) and a case report of a child with systemic 
juvenile idiopathic arthritis (37). For this purpose, further 
research should first better identify the IL-6-dependent 
hyponatremia subtypes and then investigate the targeted 
use of IL-6 blockers in these patients. Alternatively, IL-6 
might just represent the strength of the inflammatory 
reaction, leading to a proportional increase in the capillary 
leak and to a relative hypovolemia that would trigger a 
non-osmotic AVP secretion.

IL-6 stimulates CRP synthesis in the liver. Although CRP 
increase might be delayed, we showed a negative relation 
with plasma sodium levels that was similar throughout 
all three subgroups. These findings agree with another 
prospective (38) an another retrospective study (42), which 
also reported higher CRP levels in hyponatremic patients. 
Of note, one of them found no correlation with IL-6 (39). 
One possible explanation could be that they used different 
time points of CRP and sodium values (at admission) and 
IL-6 values (highest levels during hospitalization). In 
our analysis, CRP stood out as the best marker to predict 
hyponatremia (AUC 79%) and the unfavorable outcome 
(AUC 82%). Based on our analyses and its broad availability, 
we propose CRP as the best of the three inflammatory 
markers to predict the likelihood of hyponatremia; 
however, our results only show a slight superiority of CRP 
compared to IL-6. We tend to believe that IL-6 causes both 
CRP synthesis in the liver and AVP release from the posterior 
pituitary and that CRP is to be considered as a surrogate 
marker of IL-6. The reason why CRP performs better might 
be a delay between IL-6 exposure and the subsequent CRP 
and AVP increases that would then better coincide with 
each other than with IL-6 itself.

PCT helps distinguishing viral from bacterial 
respiratory infections (40) and guides antibiotics in 
patients with lower respiratory tract infections (41). As 
expected, PCT was, therefore, lower in patients with 
COVID-19 and other viral respiratory infections as 

Figure 4
Predictive performance of inflammatory biomarkers regarding 
hyponatremia and the composite outcome. Receiver-operating 
characteristic areas under the curve (ROC) and best cut-offs for 
inflammatory markers for the risk of hyponatremia (A) and the risk of the 
composite outcome (B). The points and text indicate the optimal cut-off 
(specificity, sensitivity). Areas under the curve are displayed with 95% CIs.
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compared to patients with bacterial infections. There 
was a negative correlation between PCT and plasma 
sodium levels in patients with COVID-19 and other 
viral respiratory infections. However, the range of values 
observed in our cohort corresponded to a decrease in 
plasma sodium levels of less than 1 mmol/L, and the 
negative association only reached statistical significance 
for COVID-19. Furthermore, PCT production depends 
on endotoxins and diverse cytokines such as TNF, IL-1, 
IL-2, and IL-6 (42). However, PCT does not decrease 
after administration of tocilizumab (43); therefore, 
IL-6 is probably not the main cytokine triggering PCT 
synthesis. PCT reflects a more pronounced global 
inflammatory response (44) and might not be a causative 
trigger for hyponatremia. This is supported by the fact 
that hyponatremia prevalence is not higher in patients 
with bacterial respiratory infections in comparison 
with patients with COVID-19 despite much higher PCT 
levels. We do not recommend the use of PCT to predict 
hyponatremia because the calculated cut-off is very low 
(0.1 ng/mL), and its determination is quite costly.

Our study has limitations. First, we were not able to 
differentiate between hyponatremia subtypes. It would 
have been interesting to compare IL-6 levels in patients 
with SIAD and hypovolemic hyponatremia. Second, 
we did not examine the course of plasma sodium and 
inflammatory markers during hospitalization. Plasma 
sodium levels of hyponatremic patients often increase 
during hospitalization (39). This can be explained by the 
resolution of the SIAD by clinical improvement. Third, 
this is a cohort study and causality can therefore not be 
proven. The role of anti-IL-6 as a treatment of SIAD or of 
hyponatremia in guiding anti-IL-6 treatment should be 
investigated in further studies. 

Conclusion

IL-6 levels were inversely associated with plasma sodium 
levels, with a stronger relationship in patients with 
COVID-19 compared to patients with bacterial and other 
viral infections. This further supports the importance 
of IL-6 as a non-osmotic stimulus for AVP secretion and 
subsequent SIAD. 
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This is linked to the online version of the paper at https://doi.org/10.1530/
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