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Abstract

Objectives: Sodium disorders, the most common electrolyte disorders in hospitalized patients, are common in hos-
pitalized patients with pneumonia. Numerous studies have shown that sodium abnormalities are independent risk
factors for mortality, medical intensive care unit (ICU) admission, and prolonged hospital stay. The aim of the study was
to investigate the prevalence of dysnatremia and the effect of dysnatremia on prognosis and mortality in critically ill
COVID-19 patients.

Methods: This retrospective study was performed between June 1, 2021, and July 30, 2021, in COVID-19 ICUs. 149
critically ill, laboratory-confirmed COVID-19 patients admitted to the ICU were included in the study. The collected
data included demographic data, comorbidities, severity of iliness, and laboratory tests (serum C-reactive protein, lym-
phocyte, ferritin, sodium, chloride, and potassium levels). The prognosis was evaluated in terms of mortality, need for
mechanical ventilation, and length of ICU stay.

Results: At ICU admission, hyponatremia was present in 33 (22.1%) patients, whereas hypernatremia was detected
in 14 (9.5%) patients. 102 (68.4%) patients had normal sodium levels. The mortality rate for normonatremic, hypona-
tremic, and hypernatremic patients was 50.0%, 57.7%, and 78.6%, respectively. These results indicated a statistically
significantly higher mortality rate in patients with baseline hypernatremia (p=0.05).

Conclusion: Among critically ill COVID-19 patients in the ICU, dysnatremia was common at admission and hypona-
tremia was more common than hypernatremia. Hypernatremia was related to mortality. Admission sodium levels can
be a predictor of mortality in COVID-19 patients who are critically ill.
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odium disorders are the most common electrolyte disor-

ders in hospitalized patients. Dysnatremias: hyponatremia
and hypernatremia (defined as the levels of serum sodium
<135 mmol/L and above 145 mmol/L, respectively) are com-
mon in hospitalized patients with pneumonia. It has been
shown in numerous studies that sodium abnormalities are in-
dependent risk factors for mortality, admission to medical in-
tensive care units (ICU), and prolonged length of hospital stay
[1]. The prevalence of hyponatremia in hospitalized patients

is 30%. Many studies have demonstrated that in patients with
bacterial pneumonia, hyponatremia is the most prevalent
electrolyte abnormality. The syndrome of inappropriate antid-
iuretic hormone secretion and hypovolemia is the most com-
mon causes of hyponatremia [2-4]. Due to infection, proin-
flammatory cytokines (like interleukin-1p and interleukin-6)
are secreted excessively, and as a result, non-osmotic release
of arginine vasopressin, which causes hyponatremia due
to SIAD, is induced [5, 6]. Therefore, hyponatremia is a good
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predictor of the severity of infections and the level of the in-
flammatory response [7]. The prevalence of hypernatremia is
reported at 5.8% and is not common in patients with pneu-
monia [8]. The causes of hypernatremia can be either exces-
sively high sodium intake or loss of free water or a combina-
tion of the two [9].

In March 2020, the World Health Organization announced
the COVID-19 infection, caused by severe acute respiratory
syndrome coronavirus 2, as a pandemic [10]. The disease
mainly affects the respiratory system and causes acute res-
piratory distress syndrome and respiratory failure. The vast
majority of COVID-19 patients are hospitalized with viral
pneumonia [11]. It has been described that electrolyte ab-
normalities are common at admission in patients hospital-
ized with COVID-19 [12].

Some important publications have emerged regarding the
prevalence and prognosticimpact of dysnatremia in COVID-19
patients [13, 14].

The aim of this study was to investigate the prevalence of dys-
natremia and the effect of dysnatremia on prognosis and mor-
tality in critically ill COVID-19 patients.

Materials and Methods

Study design

This retrospective study was performed between June 1,
2021, and July 30, 2021, in Ersin Arslan Training and Research
Hospital COVID-19 ICUs. The Ministry of Health of the Repub-
lic of Turkiye 2022-01-16T22_37_48 numbered and Gaziantep
University Medical Ethics Committee 2022/75 numbered ap-
provals have been received.

Patients

All patients who were admitted to Ersin Arslan Training and
Research Hospital COVID-19 ICUs from June 1, 2021, to July
30, 2021, were included (n=199). The following were the cri-
teria for exclusion: Negative reverse transcription-polymerase
chain reaction (PCR) (n=39), chronic renal failure, a history
of disease, and drug use that may affect electrolyte balance
(n=11). At last, 149 patients were enrolled in the study.

The samples of the patients were taken as venous blood
from the antecubital region in the horizontal position,
within 30 min at the most, after their admission to the
ICU for treatment, ignoring hunger or satiety. Tubes with
ethylenediaminetetraacetic acid (EDTA) were used for com-
plete blood count and non-anticoagulant tubes were used
to obtain serum determining other biochemical param-
eters. These samples were then sent to the laboratory for
testing as soon as possible.

Clinical data collection

Data were collected over a 2-month period (June 2021-
July 2021) using the ICU database; all patients who tested

positively for COVID-19 were evaluated. The collected data
included demographic data, comorbidities, severity of ill-
ness, the treatments given, and laboratory tests (serum C-
reactive protein [CRP], lymphocytes, ferritin, sodium, chlo-
ride, and potassium levels). The prognosis was evaluated in
terms of mortality, need for mechanical ventilation (MV),
and length of ICU stay.

Laboratory measurements

Nasopharyngeal swab samples of the patients were tested in
accordance with the protocol, real-time PCR test, DS Coronex
COVID-19 Multiplex Real Time-gPCR Test Kit (DS Nano and
Biotechnology Product Tracing and Tracking Co., Turkiye), and
Roche Lightcycler 480 and Qiagen Rotor-Gene Q instruments,
in line with the manufacturer’s recommendations.

The blood samples taken from the patients in the EDTA tube
and the lymphocyte cells obtained from the blood count pa-
rameters determined by the Cell Dyn 4000 device (Abbott Di-
agnostics, Santa Clara, California, USA) were evaluated.

Sodium, potassium, and chloride parameters were mea-
sured on a Beckman Coulter AU5800 auto-analyzer (Beck-
man Coulter Inc.,, California, USA). There are peak ether
membrane electrodes for sodium and potassium and a
chloride-specific PVC membrane on the ISE module in the
device. An electric potential according to the Nernst Equa-
tion for the ions in question, when compared to an exist-
ing reference, the voltage created by this electric potential
shows the ion concentration. Serum ferritin levels were
measured by a spectrophotometric method in AU5800
(Beckman Coulter Inc., Brea, California, USA). CRP levels
were also analyzed by the nephelometric method in BN I
System (Siemens, Erlangen, Germany) device.

Statistical analysis

The results were presented as the mean plus standard devi-
ation. The distribution of parameters within the group was
homogeneous. Analysis was performed by determining de-
pendent and/or independent variables from age, gender, co-
morbidity, need for MV, mortality, length of ICU stay, sodium,
potassium, chloride, lymphocytes, ferritin, and CRP parame-
ters. MV requirement, mortality, and length of ICU stay were
determined as dependent variables; sodium, potassium,
chloride, lymphocytes, ferritin, and CRP parameters were de-
termined as independent variables. A p=0.05 with a 95% con-
fidence interval was considered statistically significant. For
analysis, a Chi-square test was performed.

Results

This study included 149 patients, 83 males (55.7%) and 66
females (44.3%), with a mean age of 64.0 years (Table 1).
While 110 (73.8%) of the patients had comorbid diseases,
39 (26.2%) of them did not have any comorbid diseases.
Comorbid diseases were as follows: Hypertension in 51
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Table 1. The descriptive statistics, outcome measures, and laboratory parameters of the study population

Parameters n % Mean SD %95 CI
Ages 64.0 (30-94) 13.57 +2.20
Gender
Male 83 55.7 0.49 +0.08
Female 66 443
Comorbidity
Yes 110 73.8 0.44 +0.07
No 39 26.2
APACHE I 24.2 (6-80) 9.83 +3.36
LOS in ICU (days) 9.51 (1-37) 7.28 +1.17
LOS in hospital (days) 14.89(1-58) +7.52
Need for MV 95 63.7 0.48 +0.08
Mortality 81 543 0.49 +0.08
Treatment
Steroid therapy 120 80.58 6.45 +2.98
Antibiotic therapy 132 88.59 7.32 +1.97
Antiviral therapy 83 55.70 5.30 +0.09
Vasopressor therapy 75 50.33 4.64 +0.75
Laboratory results
Sodium (mEq/L) 138.5 (125-184) 6.40 +1.00
Potasium (mEq/L) 3.89(2.8-7.2) 1.45 +2.36
Chloride (mEq/L) 103.1 (86-123) 5.60 +0.90
Lymphocyte (103/pl) 0.75 (0.08-8.86) 0.08 +1.34
Ferritin (ng/ml) 384 (41.7-1650) 328 +5.32
C-reactive protein (mg/L) 118.8 (3.4-322.4) 95.2 +1.54

SD: Standard deviation; Cl: Confidence interval; APACHE II: Acute Physiology and Chronic Health Evaluation II; LOS: Length of stay; ICU: Intensive care unit; MV: Mechanically ventilation.

(34.23%) patients, diabetes mellitus in 43 (28.86%) patients,
cardiac diseases in 33 (22.15%) patients, malignancy in 11
(7.38%) patients, neurological disorders in 8 (5.37%) pa-
tients, respiratory system disease in 8 (5.37%) patients, and
other diseases in 7 (4.70%) patients. 95 (63.7%) patients
needed MV, the mean of the length of ICU stay was 9.5, and
hospital stay was 14.89 days. Death occurred in 81 (54.3%)
patients. At ICU admission, 102 (68.4%) patients had nor-
mal sodium levels, hyponatremia was present in 33 (22.1%)
patients, whereas hypernatremia was detected in 14 (9.5%)
patients. The descriptive statistics, treatment modalities,
outcome measures, and biochemical indexes of the study
population are stated in Table 1.

Table 2 illustrates the demographics, treatment modalities,
outcome measures, and biochemical indices of the patients
according to their serum sodium status. In terms of age, gen-
der, comorbidities, treatment modalities, biochemical param-
eters, the requirement for MV, and length of ICU and hospital
stay, there was no statistically important difference between
the groups. Stratified by sodium status at admission, the
mortality rate for normonatremic, hyponatremic, and hyper-
natremic patients was 50.0%, 57.7%, and 78.6%, respectively.
These results indicated a statistically significantly higher mor-
tality rate in patients with baseline hypernatremia (p=0.05).

Discussion

The COVID-19 pandemic has become a new and unexpected
health problem all over the world. For this reason, the man-
agement of clinical and pharmacological treatments of pa-
tients was empirical in the beginning. The ongoing pandemic
process has encouraged researchers to monitor clinical signs
and laboratory parameters, explore optimal intervention
strategies, and explore disease severity predictors that can
identify possible early markers of patient outcomes. In our
study investigating the prevalence of dysnatremia and the
effect of dysnatremia on prognosis and mortality in critically
ill COVID-19 patients, we showed that patients with hyperna-
tremia at admission have a higher mortality rate.

Martino et al. and Ruiz-Sanchez et al., [13, 14] in their study
of patients hospitalized with the diagnosis of COVID-19,
showed that hyponatremia was common in patients at the
time of admission. In their study of patients with COVID-19,
using patients without COVID-19 but with similar symptoms
as a control group, Atila et al. [15] showed that patients with
COVID-19 experienced a significantly higher rate of hypona-
tremia compared to controls. Consistent with the literature, in
our study at admission, hyponatremia was common among
patients with COVID-19; it occurred in 22.14% of patients.
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Table 2. The demographic characteristics, outcome measures, and laboratory parameters of the patients according to their serum

sodium status

Parameters Hyponatremia Hypernatremia Normonatremia
n % Mean£SD p n % Mean+SD p n % MeanzSD p
33 100 14 100 102 100

Ages 64.4+4.41 0.69 71.5£9.48 0.94 64.2+2.21  0.002
Gender

Male 15 18 098 9 11 039 59 71 0.028

Female 18 27 096 5 8 037 43 65 0.019
Comorbidity

Yes 24 22 0.77 10 9 065 76 69 0.009

No 9 23 079 4 10 069 26 67 0.048
APACHE Il 23.2+2.57 0.48 33.1£9.59 0.062 242+1.60  0.84
LOS in ICU (days) 10.2+3.43 0.76 6.06+1.78 0.88 9.57+1.18  0.27
LOS in hospital (days) 15.01£7.45  0.68 14.83+7.61 0.76 15.01£6.83  0.73
Need for MV 22 23 059 11 12 018 62 65 0.36
Mortality 19 23 048 11 14 0.047 51 63 0.009
Treatment

Steroid therapy 30 25 073 12 10 065 78 65 0.63

Antibiotic therapy 31 24 068 11 8 046 90 68.18 0.35

Antiviral therapy 20 24 058 8 10 034 55 66.26 0.49

Vasopressor therapy 17 23 0.51 8 11 0.64 50 66.67 0.73
Laboratory results

Potasium (mEq/L) 3.74+0.61 0.27 3.82+1.33  0.0001 3.89+2.38  0.002

Chloride (mEq/L) 98.8+1.74  0.003 110.1£4.1  0.0001 103.1£0.94 0.038

Lymphocyte (103/pl) 7.02+1.88 0.28 6.28+2.89 0.88 7.61+135 0.18

Ferritin (ml/ng) 378.7+1143 0.34 307.4+209.2 0.76 386.6+53.8 0.27

C-reactive protein (mg/L) 124.1£30.5 0.24 161.2 £5.47 0.29 114.1£155 0.09

SD: Standard deviation; APACHE II: Acute Physiology and Chronic Health Evaluation II; LOS: Length of stay; ICU: Intensive care unit; MV: Mechanically ventilation.

On the contrary, 9.59% of the patients had hypernatremia
at admission. These data are in line with previous reports of
dysnatremia and CAP, which found a higher prevalence of
hyponatremia than hypernatremia [3, 16, 17 ].

In previous studies on the effects of low sodium levels on
prognosis in COVID-19, it has been found that hyponatremia
increases the need for advanced ventilator support and is
associated with disease severity [18-20]. In their multicen-
ter retrospective study, Hu et al. [21] showed that patients
with hyponatremia requiring intensive oxygen support had
alonger hospital stay compared to patients with both hyper-
natremia and normonatremia.

Unlike previous studies, no significant correlation was found
between hyponatremia or the severity of the disease and
the need for advanced ventilator support. We think that this
may be due to the fact that our study population consists of
critically ill patients, the severity of the disease has increased
in this patient group, and most of the patients need oxygen
therapy and mechanical ventilator support. Again, according
to our study, there was no relationship between the length of
stay in the ICU and hyponatremia.

There have been many studies showing the relationship be-
tween CRP levels and mortality in COVID-19 [22-24]. Martino
et al. [13] showed in their study that sodium levels at the time
of admission were inversely proportional to biochemical pa-
rameters such as basal CRP. In our study, there was no corre-
lation between admission sodium levels and other laboratory
parameters. This may be because our study, unlike other stud-
ies, was conducted on critically ill patients.

Frontera et al,, [19] in their study examining the prevalence and
impact of hyponatremia in COVID-19 patients, showed that
hyponatremia is an independent predictor of in-hospital mor-
tality in COVID-19. Tezcan et al. [20] examined the prognosis of
baseline electrolyte anomalies in patients with COVID-19 and
showed that baseline electrolyte imbalances, especially hy-
ponatremia, are associated with poor prognosis in COVID-19.
In our study, similar to the results of Tzoulis et al's [18] study,
no association was found between hyponatremia and mortal-
ity in patients with COVID-19. Tzoulis et al. [18] in their study
examining the relationship between dysnatremia and mortality
and morbidity in COVID-19 patients admitted to the hospital,
also showed that hypernatremia was not associated with the
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need for advanced respiratory support and was associated with
death without an increase in the need for respiratory support.

Yen etal.[25] showed thatin their cohort of hospitalized patients
with COVID-19, hypernatremia was independently associated
with in-hospital mortality. In their study examining the preva-
lence and outcome of dysnatremia in patients with COVID-19
and comparing them with controls, Atila et al. [15] showed that
hypernatremia at presentation was associated with 30-day
mortality in both patients with and without COVID-19.

Hirsch et al. [17] investigated the prevalence and outcomes
of hyponatremia and hypernatremia in patients hospitalized
with COVID-19 and showed in their study that both hypona-
tremia and hypernatremia are associated with longer hospi-
tal stays and that patients with moderate to severe hyperna-
tremia have the highest risk of in-hospital death.

In our study, no relationship was found between hyperna-
tremia and the length of the ICU stay or the need for advanced
respiratory support. However, hypernatremia was significantly
associated with mortality.

This study has some limitations. First, the lack of information
about volume status and insufficient laboratory data did not
allow us to accurately determine the etiology of dysnatremia.
Second, as the study was retrospective and observational, we
only evaluated baseline electrolyte levels. The data did not
show the effect of electrolyte abnormalities developed during
hospitalization on outcomes.

The main strength of our study is that, while most of the re-
cent studies on this subject included all hospitalized patients,
we only conducted research on critically ill patients.

Conclusion

In conclusion, we found that, among the critically ill patients
with COVID-19 at the ICU, dysnatremia was commonly present
at admission, with hyponatremia being more prevalent than
hypernatremia. Hypernatremia was related to mortality in crit-
ically ill patients with COVID-19. In critically ill COVID-19 pa-
tients, admission sodium levels can be a predictor of mortality.
Further studies are needed in a larger patient population.
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