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Introduction
The coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
was declared as a pandemic by the World Health Organization 
(WHO) on March 11, 2020. Since its outbreak in December 
2019 in Wuhan city, Hubei province, China, about 
141 057 106 cases were reported, and over 3 million deaths 
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Abstract
Background: Hyponatremia (serum Na+ < 135 mmol/L) is the most common electrolyte abnormality detected in clinical 
practice and an important cause of mortality and morbidity in hospital settings. Hyponatremia in patients with pneumonia 
is usually mild but is associated with increased risk of intensive care unit (ICU) admission, prolonged hospital stays, and 
increased mortality rates. The purpose of this study is to understand the impact of varying degrees of hyponatremia and 
various other inflammatory markers on the severity and outcome of coronavirus disease-19 (COVID-19).
Objective: The main objective of this study is to evaluate the prevalence of hyponatremia in COVID-19 patients and to 
assess the correlation between hyponatremia and severity and outcome of COVID-19. The other objective is to evaluate 
the correlation between various inflammatory markers and outcome (ICU vs non-ICU admission, discharged vs deceased) in 
patients with COVID-19 pneumonia.
Methods: A total of 113 participants who have been diagnosed with COVID-19 infection by reverse transcriptase-
polymerase chain reaction test were included in the study. Epidemiological, demographic, clinical, investigative work-up, and 
outcome data were extracted from electronic health records using a standard data collection form. Based on serum sodium 
levels, patients were divided into two groups: normonatremic (serum Na+ ≥ 135 mEq/L) and hyponatremic (serum Na+ < 
135 mEq/L). Various clinical, laboratory, and outcome parameters were compared between the two groups.
Results: Hyponatremia was present in 50 out of 113 (44%) patients in our study, and it was generally mild. There were more 
male patients in hyponatremia group (P = .006), and hyponatremic patients were older than normonatremic patients (P = 
.001). Forty (35%) of the 113 patients were transferred to the ICU, and 17 (15%) needed mechanical ventilation during their 
hospitalization. Interleukin-6 (IL-6) levels were higher in the hyponatremic group (P = .022). Intensive care unit admissions 
and oxygen requirement were significantly higher in hyponatremic patients (P = .001 and .016, respectively). Ferritin, lactate 
dehydrogenase (LDH), IL-6, total leucocyte count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) levels 
were significantly elevated in those patients requiring ICU admission and those who died due to COVID-19.
Conclusions: Our study revealed that demography, clinical features, radiographic findings, complications like renal 
insufficiency, and inflammatory markers like IL-6 play a considerable role in hyponatremic COVID-19 patients. Hyponatremia 
patients required significantly higher rates of ICU admissions and oxygen support. Our results suggest that monitoring 
inflammatory markers such as ESR, CRP, total white blood cell (WBC) count, ferritin, LDH, and IL-6 may serve as an early 
warning system for progression to severe COVID-19.
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were reported globally since the start of the pandemic as of 
April 20, 2021.1 The clinical spectrum of the disease is highly 
variable, ranging from asymptomatic to respiratory failure 
and other potentially fatal complications.

Although most patients have mild disease and recover 
spontaneously without the need for hospitalization, few 
patients may rapidly and unpredictably progress to a criti-
cal disease requiring intensive care treatment.2 In this con-
text, clinical tools that help in accurately predicting the 
severity and mortality among hospitalized patients are 
invaluable in efficient utilization of hospital resources  
and improvement in patient outcomes. Various clinical  
and laboratory prognostic factors have been reported in 
COVID-19.

The host receptor for SARS-CoV-2 cell entry is an angio-
tensin-converting enzyme 2 (ACE2). SARS-CoV-2 binds to 
ACE2 through the receptor binding gene region of its spike 
protein. ACE2 is a membrane protein widely distributed in 
different tissues like epithelial cells of the lung, heart, small 
intestine, kidney, and vascular endothelium.3,4 ACE2 is the 
main anti-regulatory factor of the renin-angiotensin system, 
which is an essential factor in controlling blood pressure and 
electrolyte balance. The counteract of ACE2 is reduced by 
binding SARS-CoV-2, which results in hyponatremia and 
other electrolyte abnormalities.5

Hyponatremia (serum Na+ < 135 mmol/L) is the most 
common electrolyte abnormality detected in clinical practice 
and an important cause of mortality and morbidity in hospital 
settings. The prevalence of hyponatremia in in-patient set-
tings is about 20% to 30%, while it is up to 42% for intensive 
care patients.6,7 Hyponatremia in hospital settings may occur 
due to infectious agents; endocrine, cardiovascular, renal, 
and liver pathologies; as well as nutritional and metabolic 
causes.8

In 1962, Stormont and Waterhouse,9 for the first time, 
described the association between pneumonia and hypona-
tremia. Most common infectious diseases associated with 
hyponatremia include bacterial infections like community-
acquired pneumonia (CAP; mainly Legionella), spontane-
ous bacterial peritonitis, tuberculosis, murine typhus, 
sepsis, meningitis, skin infections, and soft tissue infec-
tions. Influenza virus and other respiratory viruses, human 
immunodeficiency virus, human herpes virus-6, hantavi-
rus, severe fever with thrombocytopenia syndrome virus, 
Ebola virus, fungal infections like cryptococcosis, and pro-
tozoan infections like malaria are other infectious agents 
commonly associated with hyponatremia.8 Recent studies 
have shown association of hyponatremia with 
COVID-19.10

Previous studies have reported that 8% to 28% of the 
pneumonia patients had hyponatremia at admission.11,12 It is 
more common with some infectious agents like Legionella 
pneumophila, in which hyponatremia was reported in 44% to 
46% of the patients while it is 8% to 14% of patients with 
other causes of CAP.13,14

Hyponatremia in patients with CAP is usually mild but is 
associated with increased risk of intensive care unit (ICU) 
admission, prolonged hospital stays, and increased mortality 
rates. However, there is very limited data on the prevalence 
and impact of hyponatremia in COVID-19. The purpose of 
this study is for understanding the impact of varying degrees 
of hyponatremia and other inflammatory markers (interleu-
kin-6 [IL-6], ferritin, lactate dehydrogenase [LDH]) on the 
severity and outcome of COVID-19. Although a few cases 
were reported, to the best of our knowledge, this is one of the 
few studies on the prevalence and impact of hyponatremia in 
COVID-19 patients in India.

Methods

The main objective of this study is to evaluate the prevalence 
of hyponatremia in COVID-19 patients and to assess the cor-
relation between hyponatremia and severity and outcome of 
COVID-19. The other objective is to evaluate the correlation 
between various inflammatory markers and outcome (ICU 
vs non-ICU admission, discharged vs deceased) in patients 
diagnosed with COVID-19 pneumonia.

Both male and female patients aged above 18 years who 
have been diagnosed with COVID-19 infection by reverse 
transcriptase-polymerase chain reaction (RT-PCR) test 
between June 2020 and September 2020 (4 months) at Apollo 
Hospitals, Chennai, were included in the study. The test was 
performed using the CoviPath COVID-19 RT-PCR kit from 
Thermo Fisher Scientific that is intended for the qualitative 
detection of ORF1ab and N genes of the SARS-CoV-2 
genome by real time RT-PCR. As per the stated manufactur-
er’s performance, the sensitivity and specificity are 100%. 
Both male and female patients less than 18 years of age and 
those patients who were admitted elsewhere and received 
intravenous fluids prior to presentation to our hospital were 
excluded from the study.

The Institutional Ethics Committee approved the study 
protocol. Informed consent was waived due to the nature of 
the retrospective study. All patients with a diagnosis of 
COVID-19 were evaluated as per the proforma. 
Epidemiological, demographic, clinical, investigative work-
up, and outcome data were extracted from electronic health 
records using a standard data collection form. Extracted data 
include demographic data of the patients with COVID-19, 
the time between symptoms onset and hospital admission, 
comorbidities, and presenting symptoms. Vital parameters 
like temperature, systolic and diastolic blood pressure, respi-
ratory rate, oxygen saturation, and oxygen flow rate recorded 
at the time of admission were collected. Laboratory investi-
gations including complete blood count, serum creatinine, 
serum sodium, alanine transaminase (ALT), aspartate trans-
aminase (AST), IL-6, ferritin, and LDH levels performed 
during the first 24 h were extracted. Computed tomography 
(CT) scan of the chest performed during the hospitalization, 
focusing on the extension of COVID-19 lesions, was also 
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extracted. Serum sodium was measured by using ion selec-
tive electrode-indirect method. All data were entered into the 
computerized database for further statistical analyses. 
Hyponatremia is defined by serum sodium levels below 135 
mEq/L. Based on serum sodium levels, patients were divided 
into two groups: normonatremic (serum Na+ ≥ 135 mEq/L) 
and hyponatremic (serum Na+ < 135 mEq/L).

All continuous variables were tested for normality using 
Shapiro-Wilk’s test. Normally distributed continuous vari-
ables were represented by mean ± SD. Non-normally distrib-
uted continuous variables were expressed as median 
(interquartile range [IQR]). Categorical variables were men-
tioned as percentage. Comparison of normally distributed 
continuous variables were done by independent t test. Non-
normally distributed continuous variables were compared by 
Mann-Whitney U test. Comparison of categorical variables 
was done by Chi-square test. Univariate analysis was carried 
out to find the best predictors of the outcome. Only those uni-
variately significant predictors were considered for multivari-
ate analysis. Data entry was done by using Microsoft Excel 
2007. Data validation and analysis was carried out by IBM 
SPSS statistics for Windows, Armonk, NY; Version 25.0. All 
P values <.05 were considered as statistically significant.

Results

A total of 113 hospitalized patients with COVID-19, con-
firmed by RT-PCR test, were included in the study. In the 
COVID-19 cohort, 75 (66.4%) of the patients were males 
and 38 (33.6%) were females, with a mean age of 57.39 ± 
12.8 years. The most frequent presenting symptoms were 
fever (82.3%), shortness of breath (56.6%), cough (50.4%), 
and myalgia (37.2%), and the gastrointestinal symptoms 

were seen in 26.5% of the patients and 5.3% of patients pre-
sented with neurological symptoms (Figure 1).

In all, 86 (76.1%) of the patients had at least one comor-
bidity, and the most frequent comorbidities were diabetes 
mellitus (54%), hypertension (43.4%), and coronary arterial 
diseases (15.9%). Forty (35.4%) of the patients were trans-
ferred to the ICU, and 17 (15%) needed mechanical ventila-
tion during their hospitalization. Furthermore, 17 (15%) of 
the 113 patients in our study died.

Hyponatremia was present in 50 out of 113 (44.2%) 
patients in our study. According to serum sodium levels at 
the time of admission, patients were divided into two groups: 
hyponatremic (natremia < 135 mEq/L, n = 50, 44.2% of the 
cohort) and normonatremic (natremia ≥ 135 mEq/L, n = 63, 
55.8% of the cohort) patients. Hyponatremia was generally 
mild (32 [28.3%]), while 13 (11.5%) patients had moderate 
hyponatremia. Only four (3.5%) patients had serum sodium 
levels less than 120 mEq/L.

Hyponatremic patients were much older than normona-
tremic patients (62.0 ± 12.4 vs 53.6 ± 11.9 years old; P = 
.001). There were significantly more male patients in the 
hyponatremic group (P = .006). Males had more severe 
hyponatremia compared with females (P = .027).

Hyponatremic patients had significantly higher respira-
tory rate and lowered oxygen saturation levels (P = .0001 
and P = .006, respectively). In addition, patients with gastro-
intestinal symptoms had more severe hyponatremia (P = 
.028). Patients in the hyponatremia group exhibited lower 
median lymphocyte counts, and all the patients with severe 
hyponatremia had lymphopenia (Figure 2). The mean total 
white blood cell (WBC) count was higher in hyponatremia 
group (10 222 ± 5770) than normonatremia group (9511.7 ± 
5464), but there was no statistical significance.

Figure 1.  A bar diagram showing most frequent symptoms in our cohort.
Note. GI = gastrointestinal; SOB = shortness of breath.
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Patients in the hyponatremia group had significantly 
lower serum uric acid, higher creatinine levels, and signifi-
cantly higher C-reactive protein (CRP) levels than normona-
tremic patients (Table 1). Interleukin-6 was significantly 
higher in the hyponatremia group (P = .022; Figure 3). We 
compared pulmonary lesions between hyponatremic and 
normonatremic groups, and hyponatremia was significantly 
higher in patients with consolidation on CT scan of the chest 
(P = .012). 

Ferritin, LDH, erythrocyte sedimentation rate (ESR), 
CRP, total WBC count, and IL-6 were significantly higher in 
patients requiring ICU admission (Table 2). ICU admissions 
were significantly higher in hyponatremic than normona-
tremic patients (52% vs 22.2%; P = .001). Depending on 
oxygen requirement, patients were divided into three groups 

(none, <6 L/min, and >6 L/min). A significant number of 
patients in the hyponatremia group required more than 6 L of 
oxygen support (P = .016). Most of the patients requiring 
>6 L oxygen had moderate hyponatremia, more commonly.

Ferritin, LDH, IL-6, total WBC count, ESR, and CRP lev-
els were significantly elevated in those patients who died due 
to COVID-19 (Figures 4 and 5; Table 3). In multivariate 
regression analysis, high CRP was found to be an independent 
predictor for ICU admission (P = .029), lymphopenia count 
was found to be associated with hyponatremia (P = .023), and 
elevated ESR was associated with poor outcome (P = .002).

Hyponatremia was more prevalent in patients who died 
than in survivors (10 out of 17, 58.8% vs 40 out of 96, 41.7%, 
respectively), but there was no statistically significant differ-
ence. Although our data confirmed an elevated prevalence of 

Figure 2.  Box-plot showing the comparison of lymphocyte counts (cells/mm3) between hyponatremic and normonatremic patients.
Note. ALC = absolute lymphocyte count.

Table 1.  Correlation of Clinical and Laboratory Parameters Between Hyponatremic and Normonatremic COVID-19 Patients.

Blood parameter

Hyponatremia group Normonatremia group

Mean
95% confidence 

interval Mean
95% confidence 

interval P value

CRP (mg/L) (N = 81; 39 vs 42) 114.2 95.5-132.8 70.9 50.1-91.6 .0001
Serum creatinine (mg/dL) 1.1 0.4-1.8 0.8 0.5-1.1 .016
Lymphocyte count (cells/mm3) 989.3 449.4-1529.2 1434.2 591.1-2277.3 .002
Serum uric acid levels (mg/dL) 3.9 2.2-5.6 4.7 3-6.4 .033
Respiratory rate (per minute) 27.6 21-34.2 22.7 17-28.4 .0001
SpO2 levels (%) 89 83.5-94.5 91.5 87.3-95.7 .006

Note. CRP = C-reactive protein.
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hyponatremia in COVID-19 patients during their hospital-
ization and increased need for ICU admission and higher 
oxygen requirement in the hyponatremic group, we were 
unable to specifically relate hyponatremia state to patient 
outcome.

Discussion

Hyponatremia reported in patients with lower respiratory 
tract infections may be due to different underlying patho-
physiological mechanisms. Recent studies have reported 
hyponatremia in association with COVID-19. The causes of 
hyponatremia in COVID-19 are multifactorial. It may be due 

to increased gastrointestinal loss (diarrhea, vomiting), 
decreased oral intake, or syndrome of inappropriate antidi-
uretic hormone secretion (SIADH). It can be hypervolemic, 
euvolemic, or hypovolemic hyponatremia.5 Aggarwal et al10 
reported hyponatremia in 50% of the hospitalized COVID-
19 patients in the United States, which is in concordance 
with our study (44.2%). This is similar to the incidence of 
hyponatremia seen in association with Legionella where it is 
much higher compared with other causes of CAP.13,14

It is important to establish the cause of hyponatremia early 
in the course of the disease to guide initial management. We 
analyzed the relevant clinical and laboratory parameters to 
evaluate the possible etiopathogenetic mechanism underlying 

Figure 3.  Scatter diagram showing the association between Na+ (mEq/L) and IL-6 (pg/mL).
Note. IL-6 = interleukin-6.

Table 2.  Inflammatory Markers in ICU Versus Non-ICU Admissions.

Blood parameter

ICU admission Non-ICU admission

Median Range Median Range P value

Ferritin (ng/mL) (N = 88; 36 vs 52) 687 405-1061.2 288.2 142.8-618.6 .001
LDH (U/L) (N = 100; 37 vs 63) 499 407-590 358.5 305-463 .0001
IL-6 (pg/mL) (N = 88; 34 vs 54) 124 62.8-306.2 41.5 78.8-99.2 .0001
Total white blood cells count (cells/mm3) 

(N = 113; 40 vs 73)
6800 4160-11 700 5435 4800-7265 .001

ESR (mm/h) (N = 81; 37 vs 44) 33 14.4-51 10.5 7-26 .0001
CRP (mg/L) (N = 81; 37 vs 44) 79.3 12.5-122 12.3 5-59.9 .0001

Note. ICU = intensive care unit; LDH = lactate dehydrogenase; IL-6 = interleukin-6; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
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hyponatremia in our COVID-19 patients. Various studies 
done earlier have shown that gastrointestinal loss and renal 
insufficiency are the most notable causes of sodium 
disorders.15,16

The consensus report of the 25th Acute Disease Quality 
Initiative (ADQI) Workgroup, after analyzing various stud-
ies, stated that COVID-19-associated acute kidney injury 
likely affects >20% of hospitalized patients and >50% of 
patients in the ICU.17 Similar to these findings, in our study, 
patients with hyponatremia had higher levels of serum cre-
atinine levels, and patients with gastrointestinal symptoms 
had more severe hyponatremia. Moreover, hyponatremic 
patients were much older, and 76.1% of our population had 
at least one comorbidity; this might have resulted in reduced 
renal reserve function and reduced the kidney’s ability to 
maintain electrolyte balance.

The total body water is more than the total body sodium 
ion that occurs in hypervolemic hyponatremia, which is seen 
in association with congestive cardiac failure, cirrhosis, and 
nephrotic syndrome. In a study by Hu et al,5 there was a sig-
nificant association between hyponatremia and hypertension 
and coronary artery disease. In our study, even though albu-
min levels were lower in the hyponatremic group, they were 
within the normal range in both groups, and there was no 
association between hyponatremia and hypertension or any 
other cardiac disease.

Bartter and Schwartz first described SIADH as a common 
complication of a wide range of clinical disorders. Viral 
pneumonia is one of the common causes of SIADH that can 
be broadly due to infections, tumors, pulmonary or central 
nervous system disorders, medications, or other causes such 
as inflammation and the post-operative state. A few case 
reports of COVID-19-associated SIADH have been 
documented.18

SIADH in the setting of COVID-19 may be due to physi-
cal or psychological distress induced by disease, and it may 
be secondary to cytokine storm/IL-6-mediated non-osmotic 
release of antidiuretic hormone (ADH) secretion.19 Berni 
et al20 reported an inverse relation between sodium and IL-6 
levels, and similarly, hyponatremia patients in our study had 
significantly higher levels of IL-6. The presence of hypouri-
cemia with an elevated fractional excretion of urate can aid 
in the diagnosis.21 In our patient series, the hyponatremic 
group had significantly lower uric acid levels than the nor-
monatremic group.

The presence of tachypnea was independently associated 
with hyponatremia. Tachypnea increases insensible body 
fluid loss. In addition, difficulty in solid food and fluid 
intake increases due to tachypnea, which may be further 
worsened by the reduction in oral intake secondary to the 
anorexia described in few patients with COVID-19. This 
may explain the increased incidence of hyponatremia in 

Figure 4.  Error bar showing the comparison between IL-6 (pg/mL), ferritin (ng/mL), and LDH (U/L) in hyponatremic and 
normonatremic patients.
Note. IL-6 = interleukin-6; LDH = lactate dehydrogenase; CI = confidence interval.
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COVID-19 patients.22 In patients with COVID-19, both 
hyponatremia and acute kidney injury may be secondary to 
febrile illness and poor oral liquid intake. The intravascular 
volume loss in these patients further contributes to 

hyponatremia via two mechanisms—an increase in ADH 
secretion and elevated levels of angiotensin II which pro-
motes thirst and the action of aquaporin-2 channel-mediated 
water retention.

Figure 5.  Box-plots showing total white blood cells count (cells/mm3), ESR (mm/h), and CRP (mg/L) versus outcome, respectively.
Note. ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; TC = total leucocyte count.

Table 3.  Inflammatory Markers in Deceased Versus Discharged Patients.

Blood parameter

Deceased Discharged

Median Range Median Range P value

Ferritin (ng/mL) (N = 88; 17 vs 71) 924.6 683.5-1292.4 377 154.7-706.5 .002
LDH (U/L) (N = 100; 17 vs 83) 562 407-776 392 318.5-488.5 .005
IL-6 (pg/mL) (N = 88; 17 vs 71) 140 78-326.9 23 1-127 .009
Total white blood cells count (cells/

mm3) (N = 113; 17 vs 96)
10 950 6700-15 900 5340 4040-7135 .0001

ESR (mm/h) (N = 81; 17 vs 64) 41 26.6-60 12 8-34 .001
CRP (mg/L) (N = 81; 17 vs 64) 18.3 12.1-138 16.3 5.6-89.8 .028

Note. LDH = lactate dehydrogenase; IL-6 = interleukin-6; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
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From these findings, we propose that SIADH and hypo-
volemic hyponatremia may be most likely the mechanisms 
of hyponatremia in COVID-19 patients. Hypovolemic hypo-
natremia should be distinguished from SIADH as these con-
ditions require different management strategies, and urinary 
sodium, serum uric acid, and urine osmolality are needed to 
differentiate between these two.

Glatstein et al23 reported a strong correlation between the 
consolidation of lung and hyponatremia, and a similar find-
ing was reported by Natarajan et al24 in a prospective obser-
vational study conducted in the southern part of India. A 
similar correlation between the consolidation of the lung on 
CT Chest and the presence of hyponatremia was observed in 
our study. Hyponatremia was mostly mild (64%), and elderly 
and males were more commonly affected. In our study, hypo-
natremia appears to be associated with poor outcome (ICU 
admission, higher levels of oxygen requirement) in COVID-
19 patients. This is similar to previous studies regarding 
COVID-19.21,22

Khinda et al,25 in a meta-analysis, noted strong associa-
tions between markers of inflammation (IL-6, ferritin) and 
tissue damage (LDH), with severe and fatal diseases. Another 
meta-analysis by Ji et  al26 noted elevated levels of IL-6 in 
COVID-19 patients who died than in those who survived. A 
similar observation was noted in our study; patients requir-
ing ICU admission and patients with poor outcome had sig-
nificantly elevated ferritin, LDH, and IL-6 levels.

Other inflammatory markers like ESR, CRP, and leukocy-
tosis were significantly higher in those requiring ICU admis-
sion and in deceased patients. CRP was significantly higher 
in hyponatremic group. A meta-analysis of 56 studies involv-
ing 8719 COVID-19 patients showed higher levels of WBC, 
ESR, CRP, and IL-6, similar to the findings in our study.26

Assessment of these inflammatory markers at admission 
helps in both understanding of the disease mechanisms and 
predicting severe illness, thus helping us in the identification 
of patients who are likely to benefit from early interventions. 
A few of these pathways may likely also be ideal targets for 
therapy, such as the IL-6 inhibitor tocilizumab to target 
inflammation.26 Our results suggest that evaluation of sodium 
levels and inflammatory markers at the time of admission 
may serve as early warning signs for progression to severe 
COVID-19.

Limitations

Only hospitalized individuals were included in the study. 
Therefore, our data did not represent all COVID-19 patients. 
As the study was of a retrospective and observational design, 
we only examined sodium levels at the time of admission. 
We did not follow the results for the following days, so our 
findings are based on the initial lab results. Serum osmolal-
ity, urine electrolytes, and urine osmolality were not consis-
tently available in our patient data.

Conclusions

Our study revealed that demography, clinical features, radio-
graphic findings, complications like renal insufficiency, and 
inflammatory markers like IL-6 play a considerable role in 
hyponatremic COVID-19 patients. Hyponatremia patients 
required significantly higher rates of ICU admissions and 
oxygen support. Our results also suggest that monitoring 
inflammatory markers such as ESR, CRP, total WBC count, 
ferritin, LDH, and IL-6 may serve as an early warning sys-
tem for progression to severe COVID-19. In conclusion, 
serum sodium imbalance is a common finding associated 
with severe illness and increased hospitalization in COVID-
19 patients.
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