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Abstract 
A novel rapid spreading and changing virus called SARS-CoV-2 appeared in Wuhan city in December 2019. It was announced by 
the World Health Organization (WHO) as a pandemic disease in March 2020. It commonly presents with respiratory symptoms; 
however, it may be asymptomatic. Electrolyte abnormalities are not uncommon features of SARS-CoV-2 infection. Hyponatremia 
is one of these electrolyte disturbances among SARS-CoV-2 patients, and it may produce symptoms such as weakness and 
seizure as the initial presenting symptoms. The underlying mechanism(s) of hyponatremia due to SARS-CoV-2 infection is (are) 
not established.

The aim of this review is to evaluate the possible mechanism of hyponatremia in patients with COVID-19. Understanding and 
categorizing the hyponatremia in these patients will lead to better treatment and correction of the hyponatremia.

A review of the literature between December 2019 and March 2022 was conducted searching for the possible reported 
mechanism(s) of hyponatremia in SARS-CoV-2.

Although SIADH is the commonly reported cause of hyponatremia in SARS-CoV-2 infection, other causes such as diarrhea, 
vomiting, and kidney salt loss must be considered before SIADH.

Abbreviations:  ACE2 = angiotensin-converting enzyme 2, ACTH = adrenocorticotropic hormone, ADH = antidiarrhoeic 
hormone, AKI = acute kidney injury, ARDS = acute respiratory distress syndrome, CKD = chronic kidney disease, HF = heart 
failure, PCT = proximal convoluted tubules, RAAS = renin-angiotensin-aldosterone-system, SIADH = syndrome of inappropriate 
antidiuretic hormone secretion, WHO = World Health Organization.
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1. Introduction and Background

Coronavirus disease-2019 is caused by the SARS-CoV-2 virus, lead-
ing to severe acute respiratory syndrome. SARS-CoV-2 is a mem-
ber of the RNA beta-coronavirus family, which includes the virus 
that causes outbreaks of severe acute respiratory syndrome and 
Middle East respiratory syndrome during 2012 and 2013.[1] SARS-
CoV2 was labeled a pandemic by The World Health Organization 
(WHO) in March 2020, assembling it one of the most devastating 
pandemics in human history. There are more than 192 million peo-
ple infected by SARS-CoV-2 and more than 4 million confirmed 
deaths worldwide, and the number of newly infected patients and 
deaths are rising dramatically every day, especially with the new 
variants of SARS-CoV-2, such as delta-variant.[2]

SARS-CoV-2 pneumonia commonly manifests as fever, 
breathlessness, cough, and chest X-ray infiltrates.[3] Muscle pain, 
headache, tachypnea, difficulty breathing, sore throat, taste and 
smell loss, rhinorrhea, and abdominal pain associated with 

diarrhea and nausea/vomiting are commonly reported presen-
tations in SARS-CoV-2 patients.[4] Other manifestations include 
thrombotic complications, conjunctivitis, and varied skin lesions 
such as maculopapular, vesicular eruptions, or transitory livedo 
reticularis, have been reported in these patients.[3] Recently, a 
case report showed the activation of stable guttate psoriasis.[5] 
Acute respiratory distress syndrome (ARDS), respiratory failure, 
organ dysfunction, and death are all possible outcomes of severe 
SARS-CoV-2 infection.[6,7] The death rate was higher in patients 
with previous medical comorbidities.[8,9] In contrast, a signifi-
cant portion of SARS-CoV-2 individuals may be asymptomatic, 
making diagnosis more challenging,[3] causing delays in diagno-
sis and early treatment, increasing the rate of death.

Hyponatremia is the most prevalent electrolyte disturbance 
associated with a higher rate of death.[10] A sodium level of 135 
mmol/L in the serum is the lower cut-off point for normal-na-
tremia.[11] Hyponatremia is induced by different mechanisms 
in various situations.[12] Hypovolemic, normovolemic, and 
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hypervolemic hyponatremia are the 3 types of sodium distur-
bance; and each type of hyponatremia generally has a different 
therapeutic strategy.[13]

Body fluid and plasma fluid contents are the main determi-
nants of serum sodium levels. Interestingly, the serum sodium 
concentration is controlled mainly by the plasma water content 
rather than the sodium content. Both sodium and water bal-
ance are maintained by 2 different physiological mechanisms. 
Osmoregulation is the first mechanism regulating water excre-
tion and stimulation of thirst centers via antidiarrheic hormone 
(ADH) secretion via the hypothalamus. The second mechanism 
is via the effect of the renin-angiotensin-aldosterone system 
(RAAS) on the distal convoluted tubule.

Inflammatory markers such as interleukin-6 (IL-6) appear to 
increase in SARS-CoV-2 infection, and its level is directly related to 
hyponatremia and the rate of mortality.[14] Other electrolyte distur-
bances have been reported as severe SARS-CoV-2 infections, includ-
ing hypokalemia and hypocalcemia[15]; however, serum sodium 
significantly affects the outcome of COVID-19 treatment.[16,17]

SARS-CoV-2 viral infection can inflict direct kidney injury; 
additionally, it can downregulate angiotensin-converting enzyme 
2 (ACE2) by activating type 1 angiotensin receptor and reduc-
ing angiotensin synthesis,[18] which worsens AKI. Chronic kidney 
disease (CKD) patients, especially diabetic patients with SARS-
CoV-2, are at a higher risk of AKI due to baseline upregulation 
of angiotensin-converting enzyme (ACE) and downregulation of 
ACE-2 protein. High salt intake has been reported to boost the 
glomerular ACE/ACE2 ratio, which promotes oxidative stress and 
progressive kidney damage.[19] All of these possible causes or fac-
tors underlying the hyponatremia in SARS-CoV-2 patients, and all 
of these possible mechanisms will be thoroughly reviewed.

2. Method
We looked for relevant research articles in PubMed form 
December 2019 to March 2022, using the key words hypo-
natremia combined with COVID-19/SARS-CoV-2. The search 
included case reports, reviews, and original articles. The search 
revealed 119 articles which were screened. Articles describing 
hyponatremia in adults above 18 years were included. Grey lit-
erature and nonEnglish articles were excluded.

Ethical approval was not required from the Medical research 
Centre in Doha, because it is a narrative review of the preexist-
ing published articles.

3. Review

3.1. COVID-19-associate hyponatremia epidemiology

The exact epidemiology of hyponatremia in SARS-CoV-2 infec-
tion has not been reported in certainty; all the reported hypo-
natraemia cases were either case reports or case series reports. 
Hyponatremia in SARS-CoV-2 infected cases is caused by differ-
ent factors.[12,20] During the 2003 SARS infection, hyponatremia 
was reported in 60% of patients.[21] In the SARS-CoV-2 pan-
demic, there are no precise data on the rate of hyponatremia 
in SARS-CoV-2 infection. Recently, Aggarwal et al reported a 
50% prevalence of hyponatremia in a small sample of SARS-
CoV-2 patients with hyponatremia.[22] Ho et al reported a case 
of COVID-19 with hyponatremia that initially presented with 
seizures.[23] A published case series of patients diagnosed with 
COVID-19 had hyponatremia-related SIADH.[24] In all reported 
patients in the series, hyponatremia was acute and severe, and 
hyponatremia was mostly due to SIADH.[25]

3.2. Mechanisms of COVID-19-associated hyponatremia

Other causes of hyponatremia, such as fluid overload, salt, and 
fluid loss through the kidney, gastrointestinal, and excessive 

sweating must be excluded before relating the hyponatremia 
to the SIADH. This needs a good history, including drug his-
tory, especially diuretics, clinical examination, assessment of 
fluid volume status, and urine electrolyte measurement. Before 
diagnosing SIADH as a cause of hyponatremia, it is necessary 
to satisfy the diagnostic criteria for SIADH and rule out other 
secondary causes of hyponatremia.

3.2.1. Endocrine-mediated mechanism. The etiology of 
hyponatremia in SARS-CoV-2 is unclear; an interplay of 
multiple organs was included. Although it had appeared that 
the kidney has no share in hyponatremia development in SARS-
CoV-2 infection previously, and most of the main mechanism of 
hyponatremia was SIADH.[25,26] Recently, it was reported that the 
kidneys are involved in SARS-CoV-2 -associated hyponatremia. 
Generally, it seems that there are 3 possible mechanisms that 
may lead to hyponatremia: excess ADH secretion either due to 
hypothalamic-pituitary-adrenal axis abnormality and/or ectopic 
ADH production due to SARS-CoV-2 pneumonia, and fluid plus 
sodium loss.

Vasopressin hormone is produced by the hypothalamic supra-
optic and paraventricular nuclei and stores and releases nor-
mally from the posterior lobe of the pituitary gland. Vasopressin 
can also be produced from nonpituitary sources. Excess release 
of the hormone from the pituitary gland or other sites, and its 
ongoing impact on vasopressin receptors causes SIADH. In 
1967, Schwartz and Bartter reported for the first time a high 
ADH in 2 lung cancer patients. The essential criteria for SIADH 
diagnosis are low serum sodium in patients with either hyper-
volemia or euvolemia with high ADH levels.[27]

SIADH was suggested as a cause of hyponatremia in SARS-
CoV-2 pneumonia,[25] and in a case initially presented with 
seizure in SARS-CoV-2 patient with hyponatremia.[23] This pro-
active desmopressin-based mechanism was supported in these 
patients who showed drastic improvement following hypona-
tremia correction by intravenous double strength saline and 
fluid restriction for 4 days.[23,25] Last year, a published case series 
of SIADH-induced COVID-19 pneumonia reported that sudden 
very low serum sodium was noted,[28] and again the hyponatre-
mia improved with fluid restriction.

Another possibility of SIADH-related hyponatremia in 
SARS-CoV-2 infection is due to a nonsuppressible vasopressin 
secretion even in the hypotonic state, stimulating kidney water 
reabsorption, mostly due to the central IL-6 effect, despite the 
low serum cortisol level and normal RAAS activity.[29]

It was noted that the high interleukin-6 level impairs the 
osmoregulatory mechanism of ADH in the brain, causing hypo-
natremia.[30] Increased serum IL-6 concentration mediates the 
release of central vasopressin hormone.[31] It was reported that 
17 out of 29 patients with hyponatremia who were confirmed to 
have SARS-CoV-2 infection, their serum IL-6 level was typically 
high and inversely related to the serum sodium concentration, 
whereas the level of serum sodium was directly related to PaO2/
FiO2.

[14]

Although there is no strong evidence supporting the impair-
ment of hypothalamic-pituitary stimulation, causing less adre-
nocorticotropic hormone release by the hypothalamus and 
pituitary adrenocorticotropic hormone (ACTH) secretion. 
Low ATCH impairs cortisol formation and its release from the 
suprarenal gland in SARS-CoV-2 infected patients. There was a 
reported case of hyponatremia and pituitary macroadenoma in a 
SARS-CoV-2 -infected patient, and the hyponatremia was unex-
plainable by either thiazide diuretics or vomiting,[32] and SIADH 
was thought to be the underlying cause of hyponatremia.

Forty percent of 61 SARS-CoV-2 patients were followed after 
recovery; they showed evidence of centrally induced hypocor-
tisolism.[33] This central hypocortisolism guided the authors to 
suggest the probability of coronavirus infection-induced revers-
ible hypophysitis, or direct hypothalamic damage by the SARS 
virus, causing hypothalamic and/or pituitary malfunction.[34] 
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Other factors that may cause SARS-CoV-2 -induced hyponatre-
mia include secondary hypothyroidism, which can occur follow-
ing SARS-CoV-2 hypophysitis (Fig. 1). Moreover, SARS-CoV-2 
infection can causes stress which can cause hyperglycemia and 
cause functional hyponatremia.[35]

3.2.2. Kidney damage. Kidney damage can be caused by 
hemodynamic disturbances and/or insufficient immunological 
response to SARS-CoV-2 infection.[13] According to a study that 
showed the presence of viral particles in the proximal convoluted 
tubule (PCT) and podocytes indicates, to some extent, direct 
renal cell damage by SARS-CoV-2 virus infection.[36] Damage to 
the kidneys by SARS-CoV-2 infection usually causes proteinuria 
and hematuria, and sometimes, acute kidney impairment and 
failure. Moreover, acute inflammatory cytokine (IL-6) release in 
COVID-19 patients is known to precipitate acute kidney injury 
(AKI), glomerular pathology,[37] acute tubular necrosis, leading 
to PCT damage,[36] and electrolyte abnormalities.

The angiotensin-converting enzyme 2 (ACE2), a receptor that 
mediates SARS-CoV-2 entry into cells, is extensively expressed in 
the PCT and glomeruli cells, increasing the incidence of kidney 
injury in SARS-CoV-2 infection. ACE2 expresses receptors and 
enzymes that viruses employ as gateways.[24,36] ACE2 enzymes 
and receptors are also present in the lungs, heart muscles, and 
bowel, causing damage to these organs in COVID-19 patients.[14]

Another mechanism that may be involved in the renal impair-
ment of SARS-CoV-2 is cytokine-mediated inflammation. It is 
recognized that cytokine cascade activation can lead to several 
renal pathological changes, such as tubular necrosis, PCT mal-
function, glomerulopathy, acute renal function impairment, and 
electrolyte derangement.[38]

Specific features of PCT malfunction in individuals with 
COVID-19 have been reported. A cohort study showed evi-
dence of PCT dysfunction,[38] manifesting as low molecular pro-
teinuria (70 %–80%), aminoaciduria (46%), and mishandling 
of uric acid (46%) and/or phosphate in 19% of the enrolled 
patients. Selective damage to some function of PCT is evident 
in those enrolled patients who had no glucosuria when their 
blood sugar was normal, despite the occurrence of other fea-
tures of PCT damage.[38] The kidney histopathology of infected 
SARS-CoV-2 patients showed clear PCT injuries, loss of the 
brush border with a marked reduction in megalin expression, 
and intraluminal debris deposition. Coronaviruse-like parti-
cles were detected in the endoplasmic reticulum vacuoles and 
cisternae of PCT in these patients. Interestingly, hypouricemia 
and uricosuria were independently linked with disease sever-
ity, and these patients required mechanical ventilation because 
of the associated high risk of respiratory failure reported by 
the same study. SARS-CoV-2 appears to cause distinct mani-
festations due to abnormal PCT function, which may provide 
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Figure 1. The figure shows the pathogenesis of hyponatremia in COVID 19 patient.
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novel insights into COVID-19 severity and outcome.[36] Hence, 
both direct and indirect PCT damage by SARS-CoV-2 appears 
to have a significant role in hyponatremia, which is associated 
with SARS-CoV-2 infection.

3.2.3. Inflammation-mediated mechanism. Interleukin-6 (IL-
6) is a cytokine produced by monocytes and macrophages that 
plays a key role in the development of hyponatremia by causing 
nonosmotic vasopressin release and secondary electrolyte 
abnormalities and PCT dysfunction.[38,39] The alleviation of 
hyponatremia with the administration of tocilizumab,[40] 
which is a humanized monoclonal antibody against the IL-6 
receptor, suggesting that IL-6 is implicated in the pathogenesis 
of hyponatremia-associated SARS-CoV-2 infection.[14,28] Volume 
depletion accompanying SARS-CoV-2 infection due to excessive 
fluid loss may also lead to an increase in ADH release. This 
causes water retention and increases hyponatremia.

Although ARDS is the major cause of mortality in COVID-19 
patients, the intense inflammation that occurs with SARS-CoV-2 
infection is characterized by increased cytokine release and numer-
ous organ failures, all of which contribute to poor outcomes.[14] In 
a retrospective study of Italian patients diagnosed with COVID-
19, the clinical impact of hyponatremia and its association with 
IL-6 levels was investigated.[14] Upon admission, over 50% of the 
patients had low serum sodium concentrations. Furthermore, the 
same study demonstrated that patients with hyponatremia had 
worse outcomes than those without hyponatremia.[14]

3.2.4. Heart damage by SARS-CoV-2 infection and 
hyponatremia. Cardiac muscle damage with high serum 
troponin levels has been reported.[41] The most likely mechanisms 
for heart injury appear due to direct myocardial damage caused 
by SARS-CoV-2 cardiomyocyte invasion, in addition to the 
systemic inflammation effects on the heart,[42] leading to muscle 
hypofunction and heart failure.[43] Heart failure can cause 
hypervolemia and hyponatremia.

Myocytes have ACE2 on the cell member, acting as a viral 
gateway and facilitating SARS-CoV-2 entrance into the myo-
cytes, manifesting with different cardiac events.[44] This study 
adds to the growing evidence linking hyponatremia and SIADH 
in COVID-19 patients. According to the authors, nonosmotic 
stimulation of ADH secretion and SIADH development could 
be caused by steroids, positive pressure breathing, and antibiotic 
use.[44]

3.2.5. Lung damage. Hyponatremia was identified in almost 
35% of patients with pneumonia.[13] Hyponatremia in patients 
with pneumonia has been linked with a higher mortality 
rate, signifying the need for prompt diagnosis and suitable 
management to improve the outcome.[13] Infection with COVID-
19 causes various degrees of lung involvement, ranging from 
mild to severe lung damage. The necessity for oxygen, steroids, 
and the likelihood of employing mechanical ventilation increases 
as lung involvement becomes more severe. This increases the 
risk of hyponatremia in COVID-19 by causing more lung injury, 
producing more ADH, and inducing SIADH.

In HIV, hyponatremia might be due to SIADH, volume deple-
tion due to cortisol deficiency, or gastrointestinal fluid loss. 
Pneumocystis carinii, or other organisms infecting the lungs and/
or CNS opportunistic infections, which also cause SIADH,[45] 
by increasing ADH or ADH-like protein production. The same 
approach can be applied to COVID-19.

3.2.6. Intestine damage. A report noted that approximately 
60% of patients with COVID-19 who developed watery diarrhea 
had moderately low serum sodium levels. It has been claimed 
that hyponatremia may be secondary to viral replication in 
intestinal epithelial cells.[21] Patients with a serum sodium level 
of 120 mmol/L were reported to have a positive SARS-CoV-2 
infection. Although the underlying hyponatremia mechanism 
was not clear, the reporters linked the cause of hyponatremia to 
SIADH and sodium loss in the watery stool.[24]

Figure 2. The figure shows the pathogenesis of hyponatremia in COVID 19 patient.
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3.3. Hyponatremia versus hypernatremia in SARS-CoV-2 
infection

Hyponatremia is linked with a higher proclivity of fever and 
nausea in SARS-CoV-2 infected individuals, with leukocy-
tosis, neutrophilia, and increased C-reactive protein levels. 
Hypernatremia was less common in COVID-19 patients than 
in hyponatremia (2.4% vs 9.9%).[43] Clinical diseases and bio-
logical anomalies were the only disparities between patients 
with hypernatremia and those with normal serum sodium lev-
els.[40] There was no significant difference in the length of hos-
pitalization between the hypernatremia and normal-natremia 
groups, but patients with hyponatremia required prolonged 
hospital stay.[43] It was observed that hyponatremia might be 
a factor that indicates a poor prognosis in a study of 323 
patients with COVID-19 and longer hospital stay compared 
with normal serum sodium COVID-19 patients (34% vs 
14%.[46,47]

3.4. Presentation and clinical evaluation of COVID-19 
patients

The clinical presentation of COVID-19 patients varies and 
is commonly unpredictable, and these patients may have no 
symptoms or may present with severe complications. In addi-
tion to the usual prodromal presentations of viral infections, 
COVID-19 patients may present with ARDS and embolic man-
ifestations, such as pulmonary embolism. Cardiac involvement 
manifests with different cardiac arrhythmias, acute pericar-
ditis, myocarditis, cardiomyopathy, heart failure, and shock. 
Brain involvement is not uncommon; acute encephalomyelitis, 
acute hemorrhagic necrotizing encephalopathy, myoclonic sei-
zures, acute encephalopathy, generalized myoclonus, Guillain-
Barré syndrome, meningoencephalitis, and posterior reversible 
encephalopathy syndrome occur.[48] Inflammatory auto-anti-
body-mediated manifestations such as Kawasaki disease, toxic 
shock syndrome, and secondary bacterial/fungal coinfections 
are common in COVID-19.

Diagnosis and illustration of hyponatremia etiology can 
be demonstrated by careful history and clinical examination. 
However, serum and urine sodium, serum and urine osmolality, 
thyroid function, and serum cortisol must be checked to exclude 
other secondary causes of low serum sodium.[11] SIADH can 
be caused by infectious and noninfectious inflammatory disor-
ders, malignancies, cardiovascular or hepatic diseases, ARDS, 
etc,[39,49] which need to be excluded first.

Chest radiography is mostly performed in patients present-
ing with respiratory system complaints, including COVID-19 
patients. Although there is a computed tomography scan grad-
ing system for lung involvement, and some studies related these 
grades to the degree of hyponatremia, there is no reported 
research to assess the relationship between chest X-ray changes 
and hyponatremia severity, and the correlation of these X-ray 
abnormalities with the outcome of COVID-19 patients. Future 
research projects are required to investigate these issues further.

3.5. COVID-19-associate hyponatremia management

There are no clear clinically universal guidelines for the man-
agement of hyponatremia in COVID-19. The treatment of elec-
trolyte abnormalities and body fluid disturbances is guided by 
etiology, patient volume status, and associated comorbidities. 
The rate of corrected serum sodium of <10 mmol/day is almost 
certainly the best rate of correction for most hyponatremia-re-
lated SIADH patients.[50]

When the patient is overloaded, fluid restriction and electro-
lyte management at a slow controlled rate is an advisable primer 
therapy. Broadly, the available guidelines command the initiation 
of electrolyte correction therapy in hypovolemic hyponatremia, 

especially in gastrointestinal fluid loss, low salt intake, excessive 
fluid intake, and vigorous diuretic therapy.[13] In SIADH syn-
drome, fluid restriction is mandatory, and some patients may 
need hypertonic saline infusion when they have severe neuro-
logical symptoms or signs. These treatment regimens must be 
conducted carefully to prevent iatrogenic pulmonary edema and 
lung injury aggravation due to SARS-CoV-2 infection.[13]

4. Conclusions
SARS-COV-2 patients may present with symptomatic or asymp-
tomatic hyponatremia. In moderate to severe hyponatremia 
there might be neurological features, making early detection of 
COVID-19 infection difficult; so physician should be aware of 
the atypical presentations. There are several causes of hypona-
tremia during the recent COVID-19 epidemic, and the under-
lying mechanisms are not well established. Therefore, the 
management plan for hyponatremia should be individualized. 
The crucial point is that other Before diagnosing SAIDH as the 
cause of hyponatremia in COVID-19, alternative sources of 
hyponatremia should looked.

Acknowledgments
I wish to express my gratitude to the Internal Medicine Residency 
Program and the Qatar National Library for scientific support.

Authors contributions
Aml Habas: writing editing final approval
Elrazi Ali: writing editing final approval
Elmukhtar Habas: writing editing final approval
Amnna Rayani: writing editing final approval
Hafedh Ghazouani: writing editing final approval
Fahmi Khan: writing editing final approval
Khalifa Farfar: writing editing final approval
Abdel-Nasser Elzouki: writing editing final approval

References
 [1] Kabir MT, Uddin MS, Hossain MF,et al. nCOVID-19 pandemic: from 

molecular pathogenesis to potential investigational therapeutics. Front 
Cell Dev Biol. 2020;8:616.

 [2] Brown CM. Outbreak of SARS-CoV-2 infections, including COVID-
19 vaccine breakthrough infections, associated with large public gath-
erings—barnstable county, Massachusetts, July 2021. MMWR Morb 
Mortal Wkly Rep. 2021;70:1059–62.

 [3] McIntosh K. Coronavirus Disease 2019 (COVID-19): Clinical 
Features. 2021. Available at: https://www.uptodate.com/contents/coro-
navirus-disease-2019-covid-19-clinical-features? [Access date June 9, 
2021].

 [4] Stokes EK, Zambrano LD, Anderson KN, et al. Coronavirus disease 
2019 case surveillance – United States, January 22–May 30, 2020. 
MMWR Morb Mortal Wkly Rep. 2020;69:759–65.

 [5] Ali E, Mohamed A, Abuodeh J, et al. SARS-CoV-2 and guttate psoriasis: 
a case report and review of literature. Clin Case Rep. 2021;9:e04568.

 [6] Ali E, Ziglam H, Kohla S, et al. A case of fulminant liver failure in 
a 24-year-old man with coinfection with hepatitis B virus and SARS-
CoV-2. Am J Med Case Rep 2020;21:e925932–1.

 [7] Ali E, Badawi M, Ahmed A, et al. Severe SARS-CoV-2 infection pre-
senting with acute kidney injury and diabetic ketoacidosis complicated 
by pancreatitis in a 53-year man with hypertension. Clin Case Rep. 
2021;9:1202–6.

 [8] Iqbal F, Soliman A, De Sanctis V, et al. Prevalence, clinical manifes-
tations, and biochemical data of hypertensive versus normotensive 
symptomatic patients with COVID-19: a comparative study. Acta Bio 
Medica: Atenei Parmensis. 2020;91:e2020164.

 [9] Soliman A, Nair AP, Al Masalamani MS, et al. Prevalence, clinical man-
ifestations, and biochemical data of type 2 diabetes mellitus versus non-
diabetic symptomatic patients with COVID-19: a comparative study. 
Acta Bio Medica: Atenei Parmensis. 2020;91:e2020010.

https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-clinical-features?
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-clinical-features?


6

Habas et al. • Medicine (2022) 101:32 Medicine

 [10] Corona G, Giuliani C, Parenti G, et al. Moderate hyponatremia is asso-
ciated with increased risk of mortality: evidence from a meta-analysis. 
PLoS One. 2013;8:e80451.

 [11] Decaux G, Musch W. Clinical laboratory evaluation of the Syndrome 
of inappropriate secretion of antidiuretic hormone. Clin J Am Soc 
Nephrol. 2008;3:1175–84.

 [12] Elkind MSV, Cucchiara BL, Koralnik IJ. Coronavirus Disease 2019 
(COVID-19): Neurologic Complications and Management of Neurologic 
Conditions. 2020. Available at: https://www.uptodate.com/contents/
coronavirus-disease-2019-covid-19-neurologic-complications-and-man-
agement-of-neurologic-conditions? [Access date July 15, 2021].

 [13] Carlos de la Flor Merino JC, Amado FV, Rodil BB,et al. Hyponatremia 
in COVID-19 infection: possible causal factors and management. J 
Allergy Infect Dis. 2020;1:53–6.

 [14] Berni A, Malandrino D, Parenti G, et al. Hyponatremia, IL-6, and 
SARS-CoV-2 (COVID-19) infection: may all fit together? J Endocrinol 
Invest. 2020;43:1137–9.

 [15] Lippi G, South AM, Henry BM. Electrolyte imbalances in patients 
with severe coronavirus disease 2019 (COVID-19). Ann Clin Biochem. 
2020;57:262–5.

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

 [17] Ruiz-Sánchez JG, Núñez-Gil IJ, Cuesta M, et al. Prognostic impact of 
hyponatremia and hypernatremia in COVID-19 pneumonia. A HOPE-
COVID-19 (Health Outcome Predictive Evaluation for COVID-19) 
registry analysis. Front Endocrinol. 2020;11.

 [18] Chen G, Wu D, Guo W, et al. Clinical and immunological features 
of severe and moderate coronavirus disease 2019. J Clin Invest. 
2020;130:2620–9.

 [19] Bernardi S, Toffol B, Zennaro C, et al. High-salt diet increases glomer-
ular ACE/ACE2 ratio leading to oxidative stress and kidney damage. 
Nephrol Dial Transplant. 2012;27:1793–800.

 [20] Sterns RH. Diagnostic Evaluation of Adults with Hyponatremia. 2020. 
Available at: https://www.uptodate.com/contents/diagnostic-evalua-
tion-of-adults-with-hyponatremia? [Access date July 15, 2021].

 [21] Choi KW, Chau TN, Tsang O, et al.; Princess Margaret Hospital SARS Study 
Group. Outcomes and prognostic factors in 267 patients with severe acute 
respiratory Syndrome in Hong Kong. Ann Intern Med. 2003;139:715–23.

 [22] Aggarwal S, Garcia-Telles N, Aggarwal G, et al. Clinical features, labo-
ratory characteristics, and outcomes of patients hospitalized with coro-
navirus disease 2019 (COVID-19): early report from the United States. 
Diagnosis (Berl). 2020;7:91–6.

 [23] Ho KS, Narasimhan B, Kumar A, et al. Syndrome of inappropriate 
antidiuretic hormone as the initial presentation of COVID-19: a novel 
case report. Nefrologia (Engl Ed). 2021;41:219–20.

 [24] Ata F, Almasri H, Sajid J, et al. COVID-19 presenting with diarrhoea 
and hyponatraemia. BMJ Case Rep. 2020;13:e235456.

 [25] Ravioli S, Niebuhr N, Ruchti C, et al. The syndrome of inappropriate 
antidiuresis in COVID-19 pneumonia: report of two cases. Clin Kidney 
J. 2020;13:461–2.

 [26] Martínez-Castelao A, Górriz JL, Bover J, et al. Documento de consenso 
para la detección y manejo de la enfermedad renal crónica [Consensus 
document for the detection and management of chronic kidney dis-
ease]. Aten Primaria. 2014;46:501–19.

 [27] Lockett J, Berkman KE, Dimeski G, et al. Urea treatment in fluid restric-
tion-refractory hyponatraemia. Clin Endocrinol (Oxf). 2019;90:630–6.

 [28] Yousaf Z, Al-Shokri SD, Al-Soub H, et al. COVID-19-associated 
SIADH: a clue in the times of pandemic! Am J Physiol Endocrinol 
Metab. 2020;318:E882–5.

 [29] Reynolds RM, Seckl JR. Hyponatraemia for the clinical endocrinolo-
gist. Clin Endocrinol (Oxf). 2005;63:366–74.

 [30] Swart RM, Hoorn EJ, Betjes MG, et al. Hyponatremia and inflamma-
tion: the emerging role of interleukin-6 in osmoregulation. Nephron 
Physiol. 2011;118:45–51.

 [31] Benrick A, Schéle E, Pinnock SB, et al. Interleukin-6 gene knock-
out influences energy balance regulating peptides in the hypotha-
lamic paraventricular and supraoptic nuclei. J Neuroendocrinol. 
2009;21:620–8.

 [32] Nawal CL, Chejara RS, Meena PD, et al. Severe hyponatremia as an 
uncommon presenting feature of pituitary macroadenoma. J Assoc 
Physicians India. 2018;66:96–8.

 [33] Leow MK, Kwek DS, Ng AW, et al. Hypocortisolism in survivors of 
severe acute respiratory syndrome (SARS). Clin Endocrinol (Oxf). 
2005;63:197–202.

 [34] Gu J, Gong E, Zhang B, et al. Multiple organ infection and the patho-
genesis of SARS. J Exp Med. 2005;202:415–24.

 [35] Katz MA. Hyperglycemia-induced hyponatremia—calculation of 
expected serum sodium depression. N Engl J Med. 1973;289:843–4.

 [36] Batlle D, Soler MJ, Sparks MA, et al.; COVID-19 and ACE2 in 
Cardiovascular, Lung, and Kidney Working Group. Acute kidney injury 
in COVID-19: emerging evidence of a distinct pathophysiology. J Am 
Soc Nephrol. 2020;31:1380–3.

 [37] Sanz AB, Sanchez-Niño MD, Ortiz A. TWEAK, a multifunctional cyto-
kine in kidney injury. Kidney Int. 2011;80:708–18.

 [38] Werion A, Belkhir L, Perrot M, et al.; on behalf of the COVID-19 and 
ACE2 in Cardiovascular, Lung, and Kidney Working Group. Acute kid-
ney injury in COVID-19: emerging evidence of a distinct pathophysiol-
ogy. Kidney Int. 2020;98:1296–307.

 [39] Cuesta M, Thompson CJ. The syndrome of inappropriate antidiuresis 
(SIAD). Best Pract Res Clin Endocrinol Metab. 2016;30:175–87.

 [40] Luo P, Liu Y, Qiu L, et al. Tocilizumab treatment in COVID-19: a single 
center experience. J Med Virol. 2020;92:814–8.

 [41] Abbasi J. Researchers investigate what COVID-19 does to the heart. 
JAMA. 2021;325:808–11.

 [42] Bansal M. Cardiovascular disease and COVID-19. Diabetes Metab 
Syndr. 2020;14:247–50.

 [43] Bader F, Manla Y, Atallah B, et al. Heart failure and COVID-19. Heart 
Fail Rev. 2021;26:1–10.

 [44] Hu W, Lv X, Li C, et al. Disorders of sodium balance and its clinical 
implications in COVID-19 patients: a multicenter retrospective study. 
Intern Emerg Med. 2021;16:853–62.

 [45] Vitting KE, Gardenswartz MH, Zabetakis PM, et al. Frequency of 
hyponatremia and nonosmolar vasopressin release in the acquired 
immunodeficiency syndrome. JAMA. 1990;263:973–8.

 [46] De Carvalho H, Letellier T, Karakachoff M, et al. Hyponatremia 
is associated with poor outcome in COVID-19. J Nephrol. 
2021;34:1–8.

 [47] Akbar MR, Pranata R, Wibowo A, et al. The prognostic value of hypo-
natremia for predicting poor outcome in patients with COVID-19: a 
systematic review and meta-analysis. Front Med. 2021;8:805.

 [48] Rana S, Lima AA, Chandra R, et al. Novel coronavirus (COVID-19)-
associated Guillain-Barré syndrome: case report. J Clin Neuromuscul 
Dis. 2020;21:240–2.

 [49] Ellison DH, Berl T. Clinical practice. The syndrome of inappropriate 
antidiuresis. N Engl J Med. 2007;356:2064–72.

 [50] Saeed BO, Beaumont D, Handley GH, et al. Severe hyponatraemia: 
investigation and management in a district general hospital. J Clin 
Pathol. 2002;55:893–6.

https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-neurologic-complications-and-management-of-neurologic-conditions?
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-neurologic-complications-and-management-of-neurologic-conditions?
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-neurologic-complications-and-management-of-neurologic-conditions?
https://www.uptodate.com/contents/diagnostic-evaluation-of-adults-with-hyponatremia?
https://www.uptodate.com/contents/diagnostic-evaluation-of-adults-with-hyponatremia?

