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ABSTRACT

Aim: Hyponatremia (serum sodium <135 mEq/L) portends a worse prognosis in patients with community-acquired
pneumonia. Data regarding the outcome of hyponatremia in hospitalized COVID-19 patients are insufficient and
controversial. The present study aimed to identify the predictors of hyponatremia and its impact on clinical outcome

measures in hospitalized COVID-19 patients.

Material and Method: We conducted a retrospective study on 787 adult patients with SARS-CoV-2 infection admitted to
a university hospital between March 10, 2020, and December 15, 2020, February. Demographic and laboratory features,
comorbid diseases, medications, radiology results, and clinical outcome measures of the patients were obtained retrospectively

from their medical records.

Findings: One hundred fifty-nine (20.2%) patients out of 787 had hyponatremia. Hyponatremia was mild (sodium: 130 -134
mEq/L) in majority of cases (n=124). The severity of pneumonia (p=0.013) and having diabetes (p < 0.001) were the independent
predictors of hyponatremia at the time of admission. The median length of hospital stay (LOS) was longer in patients with
hyponatremia than patients with normonatremia (10 days vs. 8 days, p < 0.001). In multivariate analysis, hyponatremia was
significantly associated with ICU admission or the need for mechanical ventilation (adjusted OR, 1.72; 95% confidence interval
[95% CI]J, 1.03 to 2.85; p=0.036). The severity of pneumonia, hemoglobin and lactate dehydrogenase levels, neutrophil-to-
lymphocyte ratio (NLR), and body temperature were also associated with ICU admission or the need for mechanical ventilation.
The oxygen saturation, male sex, serum albumin, NLR, and the ICU admission but not the hyponatremia on admission were

significantly related to mortality.

Conclusion: Hyponatremia on admission predicts ICU admission or mechanic ventilation need but not mortality in COVID-19

patients, and it should be considered in risk stratification.
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INTRODUCTION

Since it has been officially declared by World Health
Organization (WHO) at the beginning of 2020, the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pandemic has had a significant impact on health
and economy worldwide (1-5). Hyponatremia (serum
sodium <135 mEq/L), even when mild, was found to
be associated with mortality in a diverse spectrum of
diseases, including cancer (6-9). Hyponatremia was
linked to increased mortality and length of hospital
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stay in patients with community-acquired pneumonia
(10-12). Hyponatremia was related to intensive care
unit (ICU) admission and death in patients with SARS-
CoV-1 (13). Older age, obesity, comorbid diseases,
immunosuppressive use, and some laboratory variables
(Lymphocytes count, C-reactive protein, lactate
dehydrogenases, ferritin, vs.) have been associated
with mortality and a worse outcome in patients with
coronavirus disease 2019 (COVID-19) (4,5,14). Studies
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dealing with the impact of hyponatremia on outcomes
and mortality in COVID-19 patients revealed conflicting
results. The risk stratification is of supreme importance
during pandemic given the limited hospital resources;
whether hyponatremia at admission should be added
to risk stratification tools is unknown. In the present
study, conducted in a relatively large cohort of patients
hospitalized for COVID-19, we aimed to investigate the
association of hyponatremia with in-hospital mortality,
length of hospital stay, ICU admission, and the need
for mechanical ventilation. We also aimed to examine
the risk factors for the development of hyponatremia in
COVID-19 patients.

MATERIAL AND METHOD

The present study was designed retrospectively. This
study was approved by Ondokuz Mayis University
Clinical Researches Ethics Committee (Date: 26.08.2021,
Decision No: 2021/408). All procedures were carried out
in accordance with the ethical rules and the principles of
the Declaration of Helsinki.

Patients with real-time reverse transcription-polymerase
chain reaction (RT-PCR) confirmed SARS-CoV-2
infection who were hospitalized at Ondokuz Mayis
University Hospital between March 10, 2020, and
December 15, 2020, were enrolled in this study. Patients
under the age of 18 were excluded. Normonatremic
(serum sodium level 135-145 mEq/L) and hyponatremic
(serum sodium level < 135 mEq/L) patients were
included in the study. Hyponatremia was classified as
mild (Na 130-134 mEq/L) and moderate-severe (Na <
130 mEq/L). Since hypernatremia could affect mortality,
patients with hypernatremia (Na > 146 mEq/L) were
excluded. Patients with pseudo-hyponatremia due to
elevated serum glucose, triglycerides, or osmotic agents
were excluded from the statistical analysis.

The demographic (age, sex) and laboratory features
(including serum sodium, potassium, blood urea
nitrogen  (BUN), creatinine, glucose, alanine
aminotransferase (ALT), lactate dehydrogenase (LDH),
troponin I, D-dimer, albumin, hemoglobin, white blood
cell and lymphocyte counts, mean platelet volume
(MPV), neutrophil-to-lymphocyte ratio (NLR), platelet
counts, C-reactive protein (CRP), procalcitonin); clinical
findings (volume status, fever, oxygen saturation)
comorbid diseases (diabetes mellitus (DM), hypertension,
previous or current malignancy, coronary artery disease
(CAD), heart failure, chronic kidney disease (CKD),
chronic obstructive pulmonary disease (COPD), any
chronic liver disease), all medications (including renin-
angiotensin-aldosterone system blockers and diuretics),
radiology results, and clinical outcome measures of the
patients (in-hospital mortality, length of hospital stay,
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ICU admission, or ventilator need) were obtained from
medical records of the patients. The presence and extent
of pneumonia were assessed by thoracic computerized
tomography (CT), which was performed at the time of
admission in all patients. The severity of pneumonia was
classified as none, unilateral or bilateral pneumonia. All
patients were treated according to the protocols released
by the Turkish Ministry of Health.

Statistical Analysis

Data were analysed by using IBM SPSS Statistics for
Windows, version 22 (IBM Corp., Armonk, N.Y., USA).
Kolmogorov-Smirnov test was used to determine whether
the variables showed a normal distribution or not.
Normally distributed numerical variables were specified
as meantstandard deviation, and the numerical variables
not showing normal distribution were expressed as
median (Interquartile range, IQR). Categorical data were
expressed as numbers and percentages (%). Student's t-test
or Mann-Whitney U-test was used to compare between-
group differences in numerical variables depending upon
normal distribution. The Chi-square test or Fisher's
Exact test was performed to assess categorical variables.
Multivariate logistic regression models were used to
explore the risk factors associated with mortality and the
need for ICU or mechanical ventilation. A p-value of less
than 0.05 was accepted as statistically significant.

RESULTS

A total of 787 patients were included in the study. One
hundred fifty-nine (20.2%) patients had hyponatremia.
One hundred twenty-four of hyponatremic individuals
(78%)hadamildhyponatremia. Themedianagewas61(22)
years and 427 patients (54.3%) were female. Hypertension
was the most common comorbid disease observed in
309 (39.3%) patients. Table 1 lists the demographic and
clinical features of the patients with hyponatremia and
normonatremia. In multivariable analysis, the severity of
pneumonia (adjusted OR, 1.66; 95% confidence interval
(95% CI), 1.11 to 2.48; p < 0.013) and having diabetes
(adjusted OR, 2.40; 95% confidence interval (95% CI),
1.49 to 3.86; p < 0.001) were significantly associated
with hyponatremia (Table 2). The median length of
hospital stay (LOS) was significantly longer in patients
with hyponatremia (10 days vs. 8 days, p < 0.001) than
patients with normonatremia (Table 3). Two hundred
twelve (26.9%) patients required either ICU admission
or mechanical ventilation. During follow-up, the need
for mechanical ventilation was more common in patients
with hyponatremia than patients with normonatremia
(45.3% vs. 22.3%; p < 0.001). In multivariate analysis,
hyponatremia was significantly associated with ICU
admission or the need for mechanical ventilation
(adjusted OR, 1.72; 95% confidence interval (95% CI),
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1.03 to 2.85; p=0.036). The median length of hospital stay,
the need for mechanical ventilation or ICU admission,
and the mortality rate did not differ significantly between
patients with mild hyponatremia and moderate to severe
hyponatremia (serum Na < 130). Other important factors
independently associated with ICU admission or need
for mechanical ventilation were severity of pneumonia,
hemoglobin and LDH levels, neutrophil-to-lymphocyte
ratio (NLR), and body temperature (Table 4). Overall,
102 of 787 (13%) patients died in hospital. The patients
with hyponatremia had a higher mortality rate compared
to patients with normonatremia (24.5% vs. 10%; p <
0.001). Nevertheless, in multivariate analyses, oxygen
saturation, male sex, serum albumin, NLR, and the ICU
admission but not the hyponatremia were significantly
associated with mortality (Table 5).

Table 2. Univariate and multivariate analysis of factors associated

with hyponatremia

Univariate Multivariate
Variable OR (95% CI) p OR(95%CI) p
Age (years) 1.02 (1.01-1.04) <0.001 1.01 (0.99-1.02) 0.589
Sex (male) 1.61 (1.13-2.31)  0.009 1.32(0.81-2.13) 0.263

Diabetes mellitus

2.60 (1.79-3.79) <0.001 2.40 (1.49-3.86) <0.001*

(yes)

CAD (yes) 1.80 (1.10-2.93)  0.018 1.07 (0.55-2.07) 0.840
CKD (yes) 191 (1.15-3.17)  0.013 1.4 (0.64-2.41) 0.532
Fever (yes) 1.44 (1.09-2.06)  0.045 1.29 (0.81-2.06) 0.283
Oxygen saturation  0.96 (0.94-0.98) <0.001 0.99 (0.96-1.02) 0.598

Pneumonia severity
classified as none,
unilateral, bilateral

1.77 (1.33-2.37) <0.001 1.66 (1.11-2.48) 0.013*

Albumin 0.44 (0.31-0.61) <0.001 0.76 (0.47-1.23) 0.256
Hemoglobin 0.94 (0.86-1.01)  0.106 1.06 (0.94-1.20) 0.340
NLR 1.03 (1.02-1.05) <0.001 1.01 (0.99-1.03) 0.265
CRP 1.01 (1.00-1.01) <0.001 1.00 (1.00-1.01) 0.209
Procalcitonin 1.06 (1.02-1.11)  0.005 1.01 (0.97-1.05) 0.555
LDH 1.00 (1.00-1.00)  0.003 1.00 (0.99-1.00) 0.752
D-dimer 1.25 (1.00-1.00)  0.248 1.00 (1.00-1.00) 0.166

CAD: Coronary artery disease; CKD: Chronic kidney disease; NLR: Neutrophil to
lymphocyte ratio; CRP: C-reactive protein; LDH: Lactate dehydrogenase; OR: Odds
ratio; (95% CI): 95% Confidential interval; *p<0.05: Statistically significant parameters

Table 4. Risk factors for intensive care unit admission or

mechanical ventilation need in COVID-19 patients

ICU admission or mechanical ventilation need
Variable Univariate Multivariate

OR(95%CI) p OR(95%CI) p
Hyponatremia 2.80(1.90-4.13)  <0.001  1.72(1.04-2.86) 0.036*
Procalcitonin 1.08 (1.03-1.13)  0.003 0.98 (0.94-1.01)  0.134
CRP 1.01 (1.01-1.01)  <0.001  1.00 (1.00-1.01) 0.051*
NLR 1.07 (1.05-1.09)  <0.001  1.03 (1.00-1.05)  0.035*
S 3.80 (2.31-626)  <0.001  1.66 (1.09-2.45) 0.018*
severity
Body 2.03 (1.40-2.89) <0.001  1.55(1.17-2.06) 0.002%
temper ature
LDH 1.00 (1.00-1.00)  <0.001  1.00 (1.00-1.00)  0.006*
Hemoglobin 0.76 (0.70-0.83)  <0.001  0.84 (0.75-0.95)  0.005*
ICU: Intensive care unit; CRP: C-reactive protein; NLR: Neutrophil to lymphocyte
ratio; LDH: Lactate dehydrogenase; OR: Odds ratio; (95% CI): 95% Confidential
interval. *p<0.05: Statistically significant parameters

Table 1. Comorbidities, demographic and clinical characteristics of hypo-

and normonatremic patients

Hyponatremia Normonatremia P
(n=159) (n=628)
n (%)
Sex (male) 101 (63.5) 326 (76.3) 0.009*
Diabetes mellitus 61 (38.4) 121 (19.3) <0.001*
Hypertension 69 (43.4) 240 (38.2) 0.232
Malignancy 19 (11.9) 49 (7.8) 0.096
CAD 27 (17) 64 (10.2) 0.017*
Heart failure 12 (7.5) 26 (4.1) 0.073
CKD 25 (15.7) 56 (8.9) 0.012*
COPD 13 (8.2) 58 (9.2) 0.677
RAAS blocker 51 (32.1) 170 (27.0) 0.210
Diuretic use 47 (29.6) 141 (22.4)
Thiazide 27 (17) 93 (14.8)
Furosemide 22(13.8) 61 (9.7) 0.098
Spironolactone 6(3.8) 12 (1.9)
Pneumonia on CT <0.001*
None 14 (8.8) 137 (21.8)
Unilateral 4 (2.5) 35 (5.6)
Bilateral 141 (88.7) 457 (72.7)
Median (IQR)
Age, years 60 (22) 64 (21) <0.001*
Fever# (%) 66 (41.5) 208 (33.1) 0.047*
Hemoglobin, gr/dL 12 (2.6) 12.7 (2.9) 0.029*
Yg?/ﬁn'jﬂ""d &l 7.2(5.5) 6.3 (3.7) 0.001*
Lymphocyte, 10°/mm? 0.98 (0.87) 1.20 (0.82) 0.007*
MPV, fL 10.1 (1.4) 10.2 (1.1) 0.919
NLR 6.73 (10.18) 3.59 (5.74) <0.001*
Platelet, 10>/mm? 225 (110) 204 (111) 0.397
Oxygene saturation, % 94 (8) 96 (5.0) <0.001*
CRP, mg/dL 89.1(117.3) 34.8 (89.2) <0.001*
Procalcitonin, ng/mL 0.22 (0.35) 0.08 (0.11) <0.001*
LDH, IU/L 347 (233) 275 (170) <0.001*
D-dimer, ng/mL 1109 (1917) 568 (869) <0.001*
Troponin I, ng/mL .1 (0.0) .1 (0.0) 0.301
Glucose, mg/dL 128 (81) 123 (68) 0.371
BUN, mg/dL 17.7 (16.2) 16.9 (14.7) 0.090
Creatinine, mg/dL 0.95 (0.55) 0.97 (0.48) 0.629
Sodium, mEq/L 132 (3) 139 (4) <0.001*
Potassium, mEq/L 4.3 (0.8) 4.3 (0.7) 0.676
ALT, IU/L 25 (26) 22 (25) 0.053
Mean+SD
Albumin, gr/dL 3.3+£0.6 3.6+0.6 <0.001*
IQR: Interquartile range; SD: Standard deviation, CAD: Coronary artery disease;
CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease;
RAAS: Renin-angiotensin-aldosterone system; MPV: Mean platelet volume; NLR:
Neutrophil to lymphocyte ratio; LDH: Lactate dehydrogenase; CRP: C-reactive
protein; BUN: Blood urea nitrogen; ALT: Alanine aminotransferase; Fever$>37.5 °C;
CT: Computerized tomography; *p<0.05: Statistically significant parameters
Hyponatremia Normonatremia

(n=159) (n=628)
gg;gé};;f hospital 10 (9) 8(8) <0.001*
ifgi‘f‘ir;l;s:;g)‘;f(% 72053 140 (22.3)  <0.001*
Death, n (%) 39 (24.5) 63 (10.0) <0.001*
ICU: Intensive care unit; *p<0.05: Statistically significant parameters
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Table 5. Risk factors for mortality in COVID-19 patients

Mortality

Variable Univariate Multivariate

OR (95% CI) p OR (95% CI) p
Sex (male) 1.36 (0.89-2.08) 0.157  2.30(1.07-4.96)  0.034*
Hyponatremia  2.92 (1.87-4.55)  <0.001  1.45 (0.75-2.80) 0.268
Procalcitonin 1.11 (1.05-1.18)  <0.001  1.05(0.99-1.12) 0.084
CRP 1.01 (1.01-1.01)  <0.001  1.00 (1.00-1.01) 0.135
NLR 1.06 (1.04-1.09)  <0.001  1.03 (1.00-1.06)  0.035*
Albumin 0.15(0.10-0.24)  <0.001  0.34 (0.17-0.71)  0.004*
gﬁ?:t?on 0.90 (0.87-0.92)  <0.001 0.95(0.91-0.99)  0.017*
LDH 1.00 (1.00-1.00)  <0.001  1.00 (1.00-1.00) 0.637
Hemoglobin 0.79 (0.72-0.87)  <0.001  0.88 (0.76-1.03) 0.122
;Srliission 14.88 (9.24-23.85) <0.001 8.08 (3.65-17.87) <0.001*
CRP: C-reactive protein; NLR: Neutrophil to lymphocyte ratio; LDH: Lactate
dehydrogenase; ICU: Intensive care unit; OR: Odds ratio; (95% CI): 95% Confidential
interval. *p<0.05: Statistically significant parameters

DISCUSSION

In the present study, we examined the predictors of
hyponatremia on admission and its outcome in patients
hospitalized for COVID-19. Our findings showed that
diabetes mellitus and the severity of pneumonia were
the independent predictors of the development of
hyponatremia at the time of admission. Additionally,
although we have not found a correlation between
increased mortality and hyponatremia, we have
documented that hyponatremia was associated with
longer in-hospital stay and a higher incidence of ICU
admission or ventilator need.

Hyponatremia is the most common electrolyte
abnormality in hospitalized patients. It is identified in
30% of patients with community-acquired pneumonia
(11,15). Although previous smaller studies had reported
a higher incidence of hyponatremia in patients with
COVID-19, more recent and more extensive studies had
revealed a lower incidence that ranges from 20% to 45%
(16-21). Leong et al. (13) have documented a similar
incidence of hyponatremia (29%) in previous SARS
epidemic in Hong Kong. We have found hyponatremia
in 159 patients (20.2%), most of whom had mild
hyponatremia in line with the previous reports.

The pathogenic mechanisms for the development of
hyponatremia in patients with community-acquired
pneumonia remain uncertain. Inappropriate ADH
secretion stimulated by pain, hypovolemia, nausea, and
certain medications has been postulated causative factors.
The International Health Outcome Predictive Evaluation
for COVID-19 (HOPE-COVID-19) registry found that
chronic kidney disease, bilateral pneumonia, tachypnea,
male sex, and at age > 70 years were associated with
hyponatremia (17). Similar to our findings, a French
study revealed that pulmonary lesions on the thoracic
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CT-scan performed during admission were significantly
more extensive in the hyponatremic patients with
COVID-19 compared to the normonatremic group (22).
Inflammation and increased IL-6 levels have been linked
with non-osmotic ADH secretion (23). Bernie et al. (24,25)
documented an inverse relationship between IL-6 levels
and serum Na. IL-6 levels were available only for a limited
number of patients in our study, so we did not include them
in statistical analysis. Although we have found significantly
higher serum levels of inflammatory markers including
CRP, procalcitonin, and NLR in patients with hyponatremia
than the normonatremic group, these markers were not
associated with hyponatremia in multivariate analysis.

In the present study, we noted that the patient group with
hyponatremia had a longer length of hospital stay than
the normonatremic group. The former group needed ICU
admission and mechanical ventilation more frequently.
In a longitudinal retrospective cohort study, Tzoulis et
al. (18) documented that hyponatremia at admission
was linked with a 2.2-fold increase in the likelihood of
needing ventilator support but not associated with length
of hospital stay in patients with COVID-19. Similar to
our findings, Atilla et al. (19) found that hyponatremia
was associated with length of hospital stay, need for
mechanical ventilation, and ICU admission in COVID-19
patients. In a retrospective, multicenter, observational
cohort study of 4645 COVID-19 patients from New
York, investigators concluded that hyponatremia was
associated with increased risk of encephalopathy and
mechanical ventilation. Comorbid diseases, serum
creatinine, D-dimer, procalcitonin, ferritin, IL-6 levels,
lymphocyte, and neutrophil numbers have been linked
with the severity and the prognosis of COVID-19
infection (3,26-30). We believe that risk stratification is
essential in the efficient use of hospital resources during
the pandemic. We suggest that hyponatremia at the time
of admission could be added to risk stratification tools
for predicting clinical outcomes in COVID-19 patients.

We have found a relatively high in-hospital mortality
(13%) rate for the entire cohort. The data considering
the association of increased mortality and hyponatremia
in COVID-19 patients are controversial (17-21). Our
results revealed a higher mortality rate in patients with
hyponatremia than patients with normonatremia.
However, hyponatremia was not found to be an
independent predictor of mortality in multivariate
analysis. Nevertheless, most of our patients had mild
hyponatremia, and our results regarding mortality and
hyponatremia relationship in COVID-19 patients should
be interpreted in the appropriate context.

Although we included a relatively large number of
patients from a single center in our study and analyzed
the effect of multiple factors besides hyponatremia
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on clinical outcome measures, several limitations of
our study deserve mention. First, the study design was
retrospective. Second, we did not include the patients
in the hyponatremia group if they were normonatremic
at admission but developed hyponatremia during
hospitalization. Third, we could only document volume
status and the exact cause of hyponatremia in a minority
of cases, given the study's retrospective nature and the lack
of urine studies and serum osmolality. Finally, follow-up
serum Na levels were not included in the analysis.

CONCLUSION

Our results indicated that hyponatremia is quite common
among hospitalized patients with COVID-19. We have
shown that hyponatremia was associated with more
extended in-hospital stay and a higher incidence of ICU
admission or ventilator need. Diabetes and the severity of
pneumonia were found to be the independent predictors
of hyponatremia in COVID-19 patients. We suggest that
hyponatremia at the time of admission could be added
to risk stratification tools in patients hospitalized for
COVID-19.
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