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Introduction

Since the emergence of severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2), the associated disease 
(Coronavirus Disease 2019 [COVID-19]) has claimed over 
4 million lives.1 Predominantly resulting in pulmonary 
symptoms, COVID-19 is often accompanied by significant 
extra-pulmonary manifestations2 and laboratory abnormali-
ties. In addition to the well-recognized derangements of 
inflammatory and coagulation pathway biomarkers, elec-
trolyte disorders have also been frequently described.

Abnormal serum sodium (SNa) levels are particularly 
common in hospitalized patients with COVID-19, with 
observational studies reporting 20% to 30% prevalence of 
hyponatremia (<136 mmol/L)3,4 and 4% to 7% hypernatre-
mia (>145 mmol/L)5 on admission. Hyponatremia and 
hypernatremia are important prognostic markers and have 
been associated with higher risk of sepsis, respiratory 

failure, length of hospital stay, and all-cause mortality in 
patients with COVID-19.4-6

While symptoms associated with COVID-19 may reflect 
involvement of the underlying organ system, they can also be 
non-specific.2 Detailed evaluation of patient symptoms is chal-
lenging among hospitalized patients with COVID-19, given 
the need for isolation and infectious disease precautions. This 
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may inadvertently limit provider ascertainment of the true 
symptom burden and highlights the need for simple risk strati-
fication tools. Given the prognostic associations of dysnatre-
mia with adverse clinical outcomes, we wished to investigate 
the association of admission serum sodium with patient symp-
toms within the context of COVID-19. We hypothesized that 
extremes of admission serum sodium concentration would be 
associated with higher symptom burden, as well as with length 
of stay, ICU admission, and in-hospital mortality.

Methods

Study Population

The Brigham and Women’s Hospital (BWH) COVID-19 
Registry is a prospective cohort study of consecutively 
admitted adult patients with confirmed SARS-CoV-2 infec-
tion. Patients were included if they: (1) tested positive for 
SARS-COV-2 on nasopharyngeal polymerase chain reac-
tion testing; and (2) were admitted and received treatment 
inpatient for COVID-19 at BWH from March to November, 
2020. Follow up data were accrued through March 31, 
2021. The Massachusetts General Brigham (MGB) institu-
tional review board approved this study and allowed a 
waiver of informed consent.

Data Collection

Data for this study were collected using the EPIC (Epic 
Systems, Verona, WI, USA) electronic medical health 
record by way of data retrieval from the MGB Research 
Patient Data Registry and confirmatory physician chart 
review. Information obtained included patient demo-
graphic and clinical features, laboratory values, and hospi-
tal outcomes (length of stay, ICU admission, in-hospital 
mortality).

Exposures and Outcomes

The primary exposure of interest was serum sodium con-
centration on admission, examined continuously (per 
mmol/L change) and in tertiles (with the middle tertile as 
the reference, in order to assess for non-linear associations). 
In sensitivity analyses, clinical categories were examined as 
the exposure of interest (hyponatremia if SNa < 135 mmol/L; 
eunatremia if SNa 135-144 mmol/L; and hypernatremia if 
SNa ≥ 145). The primary outcomes of interest were the 
presence of individual patient symptoms, which included: 
cough, fever, shortness of breath, sore throat, rhinitis, myal-
gia/malaise, chest tightness, gastrointestinal symptoms, 
confusion, headache, anosmia/ageusia. In additional analy-
ses, the associations of admission SNa with length of stay 
(until hospital discharge or death), ICU admission, and in-
hospital mortality were examined.

Statistical Methods

Continuous variables were described as means ± standard 
deviation (SD) or median [25th-75th percentile]; categori-
cal variables were described as proportions (percentages). 
Baseline characteristics, according to categories of admis-
sion SNa, were compared with tests for trend based on lin-
ear regression, χ2 trend test, and the Cuzick nonparametric 
trend tests.

The association of admission SNa with (1) individual 
patient symptoms, (2) ICU admission, and (3) in-hospital 
mortality was assessed using unadjusted and adjusted logis-
tic regression models. Multivariable models included 
adjustment for age, Hispanic ethnicity, body mass index, 
systolic blood pressure, hemoglobin, history of heart fail-
ure, diabetes mellitus, chronic kidney disease, and lung dis-
ease. The association of admission SNa with length of stay 
was examined with the use of negative binomial regression 
models. Evidence for effect modification of the association 
of admission SNa with outcomes of interest according to 
month of admission were assessed by the inclusion of cross-
product terms.

In exploratory analyses, an assessment of the frequency 
of laboratory measurements used in determining the etiol-
ogy of hyponatremia on admission was performed (serum 
osmolality [SOsm], urine osmolality [UOsm], and urine 
sodium [UNa]).

All analyses were conducted using the statistical soft-
ware package Stata MP, version 16 (Stata Corp., College 
Station, Texas). A 2-sided P < .05 was considered statisti-
cally significant. No adjustment for multiple testing was 
made and only index admissions were considered.

Results

Patient Information

A total of 809 individuals with symptom data were avail-
able for analyses. Mean age was 60.3 ± 18.2 years, 26% 
were Hispanic, 29% were Black, and 47.5% were male. 
Those in higher tertiles of admission SNa were more likely 
have a history of lung disease, have higher SOsm, but less 
likely to be Hispanic, compared with those in lower tertiles 
(Table 1). Baseline characteristics according to clinical cat-
egories of admission SNa are presented in Supplemental 
Table 1.

Serum Sodium and Patient Symptoms

The mean admission SNa in the overall cohort was 
138 ± 5.0 mmol/L. Patient symptoms are displayed by 
serum sodium tertile in Table 2, with confusion, GI symp-
toms, and ageusia/anosmia showing significant trends 
across tertiles.
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In unadjusted analyses each mmol/L higher SNa was 
associated with an 8% higher odds of confusion (OR 1.08; 
95% CI, 1.04-1.13) and lower odds of cough (OR 0.97; 
95% CI 0.94-1.00) and GI symptoms (OR 0.96; 95% CI 
0.93-0.99) (Table 3). In the adjusted model, the association 
of higher SNa with lower odds of GI symptoms (OR 0.96; 
95% CI 0.92-0.99) and higher odds of confusion (OR 1.08; 
95% CI 1.04-1.13) remained apparent.

In unadjusted categorical analyses, compared with the 
middle tertile, the highest tertile of admission SNa was 
associated with a 4-fold higher odds of confusion (OR 4.17; 
95% CI 2.45-7.12) and a lower odds of GI symptoms (OR 
0.53; 95% CI 0.34-0.83) and anosmia/ageusia (OR 0.27; 
95% CI 0.11-0.64). These patterns of association persisted 
after multivariable adjustment, with a higher odds of confu-
sion (OR 3.77; 95% CI 2.10-6.75), and lower odds of GI 
symptoms (OR 0.51; 95% CI 0.32-0.81) and anosmia/ageu-
sia (OR 0.30; 95% CI 0.12-0.74).

In sensitivity analyses, the relationship between clinical 
classifications of SNa and patient symptoms was examined. 
In this cohort, 20.4% of patients had hyponatremia 
(<135 mmol/L), 74.2% had eunatremia (135-144 mmol/L), 
and 5.4% had hypernatremia (≥145). Overall, broadly sim-
ilar patterns of associations were noted (Supplemental 
Table 3).

Serum Sodium, ICU Admission, and In-Hospital 
Mortality

Higher SNa was strongly associated with admission to ICU 
and in-hospital mortality in unadjusted and adjusted analy-
ses (Table 3). Each mmol/L increase of SNa was associated 
with a 9% higher adjusted odds of ICU admission (OR 1.09; 
95% CI 1.05-1.13) and a 6% higher adjusted odds of in-
hospital death (OR 1.06; 95% CI 1.02-1.11). Similarly, 
patients in the highest tertile of sodium had higher odds of 

Table 1.  Characteristics of Patients With COVID-19 by Tertile of Admission Serum Sodium.

Total

Tertiles of Sodium

P-value  Tertile 1 Tertile 2 Tertile 3

N 809 368 298 143  
Sodium range (mmol/L) 117-137 138-141 142-169  
Age (years) 60.3 ± 18.2 60.4 ± 8.4 58.6 ± 18.2 63.8 ± 17.3 .21
Male 384 (47.5%) 189 (51.4%) 128 (43.0%) 67 (46.9%) .15
Black 230 (29.4%) 101 (28.3%) 89 (31.0%) 40 (29.2%) .69
Hispanic 203 (26.2%) 105 (30.1%) 70 (24.2%) 28 (20.6%) .02
Height (cm) 167.7 ± 10.7 168.1 ± 11.0 167.3 ± 11.1 167.5 ± 9.2 .42
Weight (kg) 83.5 ± 23.0 83.3 ± 22.6 83.8 ± 22.6 83.4 ± 24.9 .90
BMI 29.6 ± 7.3 29.4 ± 7.1 29.8 ± 7.0 29.6 ± 8.2 .58
BMI categories .47
  BMI 18.5 to <25 223 (27.7%) 100 (27.2%) 77 (26.0%) 46 (32.2%)  
  BMI 25 to <30 256 (31.8%) 125 (34.1%) 91 (30.7%) 40 (28.0%)  
  BMI ≥30 327 (40.6%) 142 (38.7%) 128 (43.2%) 57 (39.9%)  
SBP (mmHg) 130.1 ± 23.8 130.7 ± 22.9 130.9 ± 25.0 126.9 ± 23.9 .19
Hemoglobin (g/dL) 12.4 ± 2.1 12.5 ± 2.1 12.4 ± 2.1 12.1 ± 2.1 .13
Past medical history
  Hypertension 523 (65.0%) 242 (65.9%) 181 (61.1%) 100 (70.9%) .62
  Coronary artery disease 114 (14.2%) 49 (13.4%) 40 (13.5%) 25 (17.7%) .27
  Congestive heart failure 128 (15.9%) 51 (13.9%) 49 (16.6%) 28 (19.9%) .09
  Diabetes mellitus 282 (35.1%) 136 (37.1%) 91 (30.7%) 55 (39.0%) .86
  Atrial fibrillation 112 (13.9%) 54 (14.7%) 40 (13.5%) 18 (12.8%) .54
  Lung disease 253 (31.7%) 100 (27.6%) 99 (33.6%) 54 (38.3%) .01
  Chronic kidney disease 124 (15.4%) 51 (13.9%) 50 (16.9%) 23 (16.3%) .37
Laboratory testing
  SNa (mmol/L) 138.0 [135.0-140.0] 135.0 [133.0-136.0] 139.0 [138.0-140.0] 143.0 [142.0-145.0] <.001
  SOsm (mOsm/L) 282.5 [265.0-304.0) 275.0 [258.0-293.0) 301.0 [299.0-342.0) 319.0 [317.0-362.0] <.001
  UOsm (mOsm/L) 428.5 [299.5-558.5] 375.5 [233.0-577.5] 414.0 [389.0-515.0] 459.0 [382.0-545.0] .35
  UNa (mmol/L) 45.0 [24.0, 74.0] 45.0 [26.0-83.0] 48.0 [24.0-72.0] 36.5 [20.0-90.5] .54

Abbreviations: Body Mass Index, BMI; SNa, serum sodium; SOsm, serum osmolality; Una, urine sodium; UOsm, urine osmolality.
Continuous variables are presented as mean ± standard deviation or median [25%-75% percentiles]; categorical variables are presented as count (%). 
P-values represent a test for trend.
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ICU admission (OR 2.26; 95% CI 1.32-3.89) and in-hospi-
tal mortality (OR 3.86; 95% CI 2.39-6.24). There was no 
association of admission SNa, modeled continuously or in 
tertiles, with length of stay.

In sensitivity analyses examining clinical categories of 
SNa, there was no association between hyponatremia and 
risk of ICU admission, length of stay, or in-hospital mortal-
ity. In adjusted analyses, hypernatremia was associated with 
a 10-fold higher odds of ICU admission (OR 10.5; 95% CI 
4.7-23.4) and greater than fourfold higher odds of in-hospi-
tal mortality (OR 4.6; 95% CI 2.2-9.8). In our adjusted 
negative binomial regression model, hypernatremia was 
associated with longer length of stay (IRR 1.35; 95% CI 
1.01-1.80) when compared to eunatremia (Supplemental 
Table 3).

Admission Hyponatremia Workup

Among 809 patients, 165 (20%) had hyponatremia with 
SNa < 135 mmol/L on the day of admission. Among these 
patients SOsm, UOsm, and UNa were ordered on the same 
day in 9%, 5.4% and 8.4% of cases, respectively (Table 4).

Discussion

In this cohort of 809 hospitalized patients with COVID-19, 
we found that higher serum sodium on admission (whether 
analyzed by mmol/L change, tertile or clinical category) 
was associated with specific patient symptoms, particularly 
a higher odds of confusion, in addition to a higher risk of 
ICU admission and death.

Patient symptoms and abnormal serum sodium can be 
consequences of one another. This interplay becomes espe-
cially important in the context of COVID-19, as SARS-
CoV-2 infection can cause gastrointestinal (nausea, 
vomiting, diarrhea) symptoms, increased insensible losses 
due to fevers, and anorexia, which can lead to hypernatre-
mia from dehydration or, in certain conditions, to hypovole-
mic hyponatremia.7,8 Further, non-osmotic release of ADH 
can be triggered by nausea,9 stress, and pain, which are 
common features of COVID-19 and may lead to a syn-
drome of inappropriate antidiuretic hormone secretion 
(SIADH), with resultant hyponatremia,10 Conversely, there 
are also multiple symptoms that arise as a result of dysna-
tremia. For example, hyponatremia itself is associated with 
nausea, vomiting, headache, and confusion, while hyperna-
tremia can cause somnolence and confusion.11,12

In our study, admission serum sodium was inversely 
associated with risk of GI symptoms. These findings are 
consistent with the report from Ruiz-Sánchez et al,4 where 
hypernatremia was associated with a lower risk of diarrhea 
in COVID-19 patients. One potential reason for this rela-
tionship may relate to hypovolemia from gastrointestinal 
losses with subsequent hypovolemic hyponatremia in the 
setting of a relative excess in free water replacement.

Our study found significant associations between higher 
SNa and increased risk of confusion. Confusion is both an 
etiology and side effect of hypernatremia, as impaired men-
tation may cause a patient to restrict free water intake. 
Consideration of mental status with the interpretation of 
serum sodium is especially important in the COVID-19 
context, as up to 9% of these patient suffer from impaired 

Table 2.  Patient Symptoms by Tertiles of Sodium on Admission.

Overall Tertile 1 Tertile 2 Tertile 3 P-value

N 809 368 298 143  
Cough 519 (64.2%) 240 (65.4%) 193 (64.8%) 86 (60.1%) .32
Fever 483 (59.8%) 228 (62.1%) 178 (59.7%) 77 (53.8%) .10
SOB 456 (56.4) 203 (55.2) 170 (57.0) 83 (58.0) .52
Sore Throat 107 (13.3%) 49 (13.4%) 42 (14.1%) 16 (11.2%) .62
Rhinitis 90 (11.1%) 35 (9.5%) 40 (13.4%) 15 (10.5%) .46
Malaise or Myalgia 446 (55.1%) 207 (56.3%) 164 (55.0%) 75 (52.4%) .45
Chest Tightness 130 (16.1%) 52 (14.2%) 57 (19.2%) 21 (14.7%) .52
GI Symptoms 301 (37.2%) 146 (39.7%) 118 (39.6%) 37 (25.9%) .013
Confusion 104 (12.9%) 35 (9.5%) 27 (9.1%) 42 (29.4%) <.001
Headache 103 (12.9%) 44 (12.1%) 46 (15.6%) 13 (9.2%) .76
Anosmia or Ageusia 93 (11.5%) 45 (12.2%) 42 (14.1%) 6 (4.2%) .05
In-hospital mortality 144 (17.8%) 53 (14.4%) 46 (15.4%) 45 (31.5%) <.001
Length of stay(days) 7 (4-14) 7 (4-13) 6 (4-14) 8 (4-19) .37
ICU admission 210 (26.0%) 82 (22.3%) 60 (20.1%) 68 (47.6%) <.001

Abbreviations: GI, gastrointestinal; ICU, intensive care unit; SOB, shortness of breath.
Continuous variables are presented as mean ± standard deviation or median (25%-75% percentiles); categorical variables are presented as count (%). 
P-values represent a test for trend.
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consciousness.2 Our study suggests that the presence of 
hypernatremia may identify a subset of particularly high-
risk patients in this regard. These non-respiratory symptoms 
of COVID-19 are generally not incorporated into the mod-
erate or severe categories of current disease severity scales, 
but may have important prognostic associations that war-
rant further evaluation for future risk stratification.

Although we did not find an association between hypo-
natremia and patient symptoms in our analysis, future stud-
ies that stratify hyponatremia by etiology may be useful.6 
We did not know the precise etiology of each patient’s dys-
natremia in our cohort, which in turn restricted our ability to 
speculate on the underlying pathophysiology that might 
connect a symptom with an abnormal admission SNa. A 
large part of this constraint can be attributed to the low fre-
quency of simultaneous measurements of SOsm, UNa, and 

UOsm, which are crucial tests for determining the etiology 
of a hyponatremia. This issue was present in several other 
studies examining dysnatremia in COVID-19. Frontera 
et  al3 reported serum osmolality measured for <15% of 
their cohort while Hirsch et al5 had serum osmolality and 
urine chemistry data for only approximately 10% of their 
cohort.

Several large studies in COVID-19 patients have 
reported a U-shaped association of extremes of serum 
sodium with both mortality and intensive care admis-
sion.4,6,13 In our study, we found similar risk associations 
with hypernatremia, but not with hyponatremia. This may 
be due to fewer cases of severe hyponatremia in our cohort 
as compared to other study groups. Only 4.2% of our 
patients having an SNa < 130 mmol/L on admission com-
pared to 8% (<131 mmol/L) and 9.1% (<130 mmol/L) in 

Table 3.  Univariate and Multivariate Analysis of Patient Symptoms and Serum Sodium.

Variable sNa (mmol/L) sNa Tertiles

P-valueSymptoms (N = 809) P-value

Tertile 1

P-value

Tertile 2 Tertile 3

  (N = 368) (N = 298) (N = 143)

Cough Unadjusted 0.97 (0.94-1.00) .03 1.03 (0.75-1.42) .87 REF 0.82 (0.54-1.24) .35
Adjusted 0.98 (0.95-1.01) .11 0.95 (0.68-1.33) .78 REF 0.90 (0.58-1.40 .65

Fever Unadjusted 0.98 (0.96-1.01) .22 1.11 (0.81-1.51) .53 REF 0.79 (0.53-1.18) .24
Adjusted 0.99 (0.96-1.02) .34 1.06 (0.75-1.49) .73 REF 0.84 (0.54-1.29) .42

SOB Unadjusted 1.0 (0.98 -1.03) .8 0.93 (0.68-1.26) .63 REF 1.04 (0.70-1.56) .84
Adjusted 1.01 (0.98-1.04) .63 0.88 (0.63-1.21) .42 REF 1.06 (0.69-1.62) .80

Sore throat Unadjusted 1.0 (0.96-1.04) .87 0.95 (0.61-1.47) .80 REF 0.77 (0.42-1.42) .40
Adjusted 1.0 (0.95-1.05) .94 0.99 (0.62-1.58) .97 REF 0.88 (0.46-1.66) .69

Rhinitis Unadjusted 1.01 (0.97-1.06) .49 0.68 (0.42-1.10) .12 REF 0.76 (0.40-1.42) .38
Adjusted 1.01 (0.96-1.06) .78 0.79 (0.48-1.3) .37 REF 0.85 (0.44-1.65) .62

Malaise or 
myalgia

Unadjusted 0.99 (0.96-1.02) .43 1.05 (0.77-1.43) .75 REF 0.90 (0.60-1.34) .61
Adjusted 0.99 (0.96-1.02) .61 1.02 (0.74-1.41) .90 REF 0.93 (0.61-1.42) .73

Chest 
tightness

Unadjusted 1.0 (0.97-1.05) .7 0.70 (0.46-1.05) .09 REF 0.72 (0.42-1.25) .25
Adjusted 1.02 (0.97-1.06) .45 0.64 (0.41-1.47) .05 REF 0.82 (0.46-1.47) .51

GI symptoms Unadjusted 0.96 (0.93-0.99) .01 1.00 (0.73-1.37) .98 REF 0.53 (0.34-0.83) .01
Adjusted 0.96 (0.92-0.99) .01 0.95 (0.68-1.32) .76 REF 0.51 (0.32-0.81) <.001

Confusion Unadjusted 1.08 (1.04 -1.13) <.001 1.05 (0.62-1.79) .84 REF 4.17 (2.45-7.12) <.001
Adjusted 1.08 (1.04-1.13) <.001 0.91 (0.51-1.63) .76 REF 3.77 (2.10-6.75) <.001

Headache Unadjusted 0.98 (0.94-1.02) .26 0.74 (0.47-1.15) .18 REF 0.55 (0.29-1.05) .07
Adjusted 0.97 (0.92-1.02) .2 0.74 (0.46-1.20) .23 REF 0.57 (0.29-1.14) .11

Anosmia or 
ageusia

Unadjusted 0.97 (0.93-1.01) .14 0.85 (0.54-1.33) .48 REF 0.27 (0.11-0.64) <.001
Adjusted 0.95 (0.90-1.00) .06 0.91 (0.54-1.46) .69 REF 0.30 (0.12-0.74) .01

In-hospital 
mortality

Unadjusted 1.06 (1.02-1.10) .00 0.92 (0.60-1.41) .71 REF 2.52 (1.57-4.04) <.001
Adjusted 1.06 (1.02-1.11) .00 0.82 (0.50-1.34) .43 REF 2.26 (1.32-3.89) .00

Length of stay 
(days)*

Unadjusted 1.00 (0.99-1.02) .45 1.04 (0.90-1.19) .61 REF 1.12 (0.94-1.35) .21
Adjusted 1.01 (1.00-1.02) 11 0.96 (0.83-1.11) .58 REF 1.09 (0.91-1.31) .35

ICU  
admission

Unadjusted 1.08 (1.05-1.12) .00 1.14 (0.78-1.65) .50 REF 3.60 (2.33-5.55) <.001
Adjusted 1.09 (1.05-1.13) .00 1.05 (0.69-1.58) .83 REF 3.86 (2.39-6.24) <.001

Abbreviations: GI, gastrointestinal; ICU, intensive care unit; SOB, shortness of breath.
Tertiles-1 and Tertile-3 were analyzed using Tertile-2 as the reference.
*Reported as incident rate ratio.
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published studies from Frontera et  al3 and Hirsch et  al5 
Further, the etiology of hyponatremia appears to be an 
important consideration in interpreting risk. A longitudinal 
cohort study of 488 patients with COVID-19 failed to find 
an association between undifferentiated hyponatremia and 
in-hospital mortality, however the subgroup of hypovole-
mic hyponatremia was associated with greater risk.6 
Similarly, in our study, only hypernatremia (opposed to 
hyponatremia) was associated with longer length of stay, 
further highlighting the prognostic significance of this phe-
nomenon in our study. Although dysnatremia has been 
shown to be a risk factor for increased length of stay in mul-
tiple settings, these findings have not been entirely consis-
tent across studies in the setting of COVID-19.5,6,14,15

Our study offers a unique examination into association 
between serum sodium levels and multiple clinical symp-
tom manifestations in the COVID population. Other 
strengths of our study include the prospective cohort design, 
detailed data collection, and diverse patient population. 
However, there are several limitations to our study. The 
observational nature of this study prevents us from estab-
lishing a causal link between admission sodium and symp-
toms. Despite adjustment for several potential confounders, 
the possibility of residual confounding remains. In addition, 
the results from this single-center teaching hospital may not 
be broadly generalizable.

Although COVID-19 severity is frequently categorized 
according to degree of respiratory dysfunction, non-respira-
tory patient symptoms occur throughout the spectrum of the 
disease and deserve careful consideration.16 Patient satis-
faction is a vital part of delivering quality holistic care but 
is frequently diminished in the COVID-19 setting due to the 
special challenges the pandemic places on healthcare sys-
tems and providers.17 When hospitalized, patients with 
COVID-19 are typically kept in isolated rooms and are at 
risk of receiving less individual attention from their medical 
teams.18-22 We hope that highlighting potential risk factors 

for adverse symptoms may allow healthcare teams to 
address these issues and improve the patient experience.

Conclusion

In this cohort of hospitalized patients with COVID-19, hyper-
natremia was independently associated with higher odds of 
confusion and in-hospital mortality. Recognition of this rela-
tionship may help to identify high-risk individuals, prompt 
providers to elicit and address adverse symptoms, and thereby 
promote a more patient-centered approach to care.
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