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Introduction

Coronavirus disease 2019 (COVID-19) is an implacable
emerging pandemic caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Since its emergence,
millions of cases have been detected with unrelenting death
tolls.l! COVID-19 is associated with different complications

ABSTRACT

Objectives: On March 2020, the WHO declared coronavirus disease 2019 (COVID-19)
pandemic. COVID-19 is associated with various clinical syndromes, with electrolytes
imbalances involved. This review aims to quantify the prevalence and outcomes
of hyponatremia among COVID-19 patients, as well as to review the underlying
pathophysiological mechanisms of hyponatremia among these patients.

Methods: Using Preferred Reporting Items for Systematic Reviews and Meta
Analyses guidelines, we conducted a systematic literature search using the electronic
databases of Google Scholar, MEDLINE (PubMed), WHO Virtual Health Library,
and ScienceDirect, without limitations regarding gender, geographical area, race
or publication date, up until December 13, 2021. Primary outcomes measured were
mortality, intensive care unit (ICU) admission, assisted ventilation need, and length of
hospital stay (LOS). Secondary outcome was the mechanism underlying hyponatremia
among COVID-19 patients.

Results: From a total of 52 included studies, 23 underwent quantitative analysis. For
the primary outcomes; proportions, odds ratios (OR), and standardized mean difference
(SMD) were calculated using random effects model. The prevalence of hyponatremia
was found to be 25.8%. Hyponatremia was found to be significantly associated with
increased odds for mortality (OR = 1.97[95% CI, 1.50-2.59]), ICU admission (OR
=191 [95% CI, 1.56-2.35]), assisted ventilation need (OR = 2.04 [95% CI, 1.73—
2.38]), and with increased LOS (SMD of 5.74 h [95% CI, 0.092—-0.385]). Regarding
the mechanisms underlying hyponatremia, syndrome of inappropriate anti-diuretic
hormone secretion (STADH) was most commonly reported, followed by adrenal
insufficiency, and finally hypovolemic hyponatremia due to gastrointestinal losses.

Conclusion: Hyponatremia among COVID-19 patients is generally associated with
poor outcomes, with SIADH being the most common underlying mechanism.

Keywords: Adverse outcomes, COVID-19, hyponatremia, prevalence

Hyponatremia is considered the most important and most
common electrolyte disturbance that presents in clinical
practice, with an increased risk of death.!'*?) The most prevalent
cause of hyponatremia is the syndrome of inappropriate anti-
diuretic hormone secretion (SIADH) contributing to nearly
50% of cases,!"!! with an increase in this percentage in specific
conditions such as brain and lung pathologies.*

during and after the infection including acute respiratory

distress syndrome, arterial/venous thrombosis, and multiorgan
failure, with electrolytes disturbances being one of them.*”!
In the majority of cases, the electrolyte disorder is caused
by multiple factors.®! Such electrolytes disturbances have
important implications not only for patient management
but also for a better understanding of the pathophysiologic

mechanisms underlying COVID-19.

Several studies have demonstrated the prevalence of
hyponatremia among COVID-19 patients.['*') However; in
this review, we aimed to demonstrate the pooling prevalence
of hyponatremia among patients with COVID-19 infection,
with a focus on reflecting the impact of hyponatremia on the
severity and outcome of the disease. A recent meta-analysis
has found that hyponatremia is associated with poor outcomes
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in patients with COVID-19.I'J However, this review did not
account for each outcome separately, which is what we also
targeted in this review. This would give a reflection of each
outcome associated with hyponatremia and hence aid in a
clear understanding of the disease. In addition, we aimed to
provide a narrative review of the different presentations and
mechanisms involved in hyponatremia reported in patients
with COVID-19 infection, which would help shed light on
the unexpected clinical presentation of the disease, and hence
allow for better detection and prompt management.

Methods

Design of the study

The methodology of this study was generated from the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses statement.!'! A pre-published protocol is unavailable
for this review.

Search strategy and inclusion criteria

We conducted a systematic literature search using the
electronic databases of Google Scholar, MEDLINE (PubMed),
WHO Virtual Health Library, and ScienceDirect without
limitations regarding gender, geographical area, race, or
publication date up until December 13, 2021. The search
terms used were “COVID-19,” “COVID 19,” “2019-
nCoV,” “2019 nCoV,” “COVID-19,” “ COVID-19,”
“2019 Novel Coronavirus,” “COVID-19,” “ COVID-19,”
“SARS Coronavirus* 2,” “SARS-CoV-2,” “SARS CoV 2,”
“2019 Novel Coronavirus*,” “Novel Coronavirus, 2019,”
“Wuhan Seafood Market Pneumonia Virus,” “SARS-CoV-2
Virus*,” “SARS CoV 2 Virus*,” “2019-nCoV,” “Virus,
COVID-19,” “Wuhan Coronavirus*,” “Coronavirus*, Wuhan,”
“SARS Coronavirus* 2,” “Coronavirus* 2, SARS,” “SARS-
CoV-2,” “ Hyponatremia*,” “low sodium,” “decrease sodium,”
“low Na,” “decrease Na,” “reduce sodium,” and “reduce Na’
and Dysnatremia.” The retrieved results were transferred
into Rayyan software for references management, where
initial titles/abstracts screening was done and duplicates were
removed.!"! The target population was the COVID-19 patients
with hyponatremia and the criteria for articles to be
included were cross-sectional, cohort, and case—control
studies that assessed the prevalence of hyponatremia and/or
association between hyponatremia and any poor outcome in
COVID-19 patients in comparison to normonatremic patients,
and case report that discussed the causes of hyponatremia
in COVID-19 patients. We excluded editorials, conference
abstracts, reviews, non-English papers, and studies with
insufficient data. The titles and abstracts of the retrieved articles
were screened, after which the full-text of studies classed as
relevant were reviewed for potential inclusion. All steps were
executed by at least two independent reviewers, and any
conflict between the reviewers was further brought for group
discussion to resolve it.
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Quality assessment

Quality assessment of the included studies was done using the
Joanna Briggs Institute (JBI) critical appraisal checklists by
two independent reviewers to assess the methodological quality
of studies and the possibility of bias in study design, data
analysis, and conduct. The quality assessment tool consisted
of 11, eight, and 10 questions for cohort, cross-sectional, and
case—control studies, respectively. Using Yes, No, Unclear,
and Not applicable reply to each question, values are assigned
representing the extent to which they met the criteria. The
mean score of two authors was taken for final decision and
studies with a score yes, greater than or equal to six out of 11,
five out of eight, or six out of 10 were included in the study.*"

Exposure and outcomes

The exposure of our study was hyponatremia, defined as
sodium measurement lower than 136 mEqg/L (mmol/L).2!
The data of interest have been extracted by six independent
reviewers in data extraction sheets. Any conflict between
the reviewers was resolved by discussion and agreement.
The baseline characteristics were extracted from each
study in Excel sheets, which included: Authors, year of
study, study region, hyponatremia cutoff point, number of
COVID-19 patients diagnosed with reverse transcriptase-
polymerase chain reaction testing, number of normonatremic
and hyponatremic COVID-19 patients, age and gender of
both groups, the cause of hyponatremia if identified, and
comorbidities in hyponatremic and normonatremic groups.
Furthermore, poor outcomes data were extracted (number
of deaths, length of hospital stay [LOS], number of patients
that needed intensive care unit [ICU] admission, and
assisted ventilation; including, invasive and non-invasive
ventilation).

Statistical analysis

We calculated the prevalence of hyponatremia and the risk
of mortality, need for intensive care and assisted ventilation,
and LOS among hyponatremic COVID-19 patients through
DerSimonian-Laird random effect model estimates for meta-
analysis of proportion, odds ratios (OR), and standardized
mean difference (SMD).??) Heterogeneity among the studies
was assessed using the I? test, which describes the variability
of the effect size across the studies between the two groups.
Prediction intervals (PI) for the true effects were calculated.

Publication bias was assessed by the visual examination of
the funnel plot, Egger’s regression intercept, and Begg and
Mazumdar rank correlation.”” When asymmetry of funnel
plot was perceived, Duvall and Tweedie’s trim-and-fill
analysis was used to add the imputed studies, and the adjusted
value was calculated.? All analyses were carried out using
Comprehensive Meta-analysis version 3.3.070 (CMA 3)
software.>
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Results

Quantitative analysis

Studies characteristics and demographic data of the
included patients

Our search retrieved records for 721 published articles. We
also hand-searched the bibliography of included articles
and relevant reviews but included no additional studies.
The records screened after the removal of duplicates were
535 articles. We excluded 424 records in the title/abstracts
screening phase after applying the exclusion criteria.
Then, full texts of 111 studies were assessed for eligibility
and quality. Overall, 52 studies conducted from 2020 to
2021 were included in the review, with a total of 23 of the
studies!®!1416:26441 including 38,753 patients that met the
eligibility criteria were included in the quantitative analysis.
The majority of studies included carried low-moderate risk
of bias according to JBI critical appraisal checklists. The
studies selection process and the baseline characteristics of
the included studies are summarized in Figure 1 and Table 1.

Data for the age of the participants were obtainable from 11
studies(6:141628.29.3441-441 g d the mean age of the hyponatremic
and normonatremic groups was 63.50+1.9 years and
61.20£1.11, respectively. The SMD between the two groups
was 0.113 years (P = 0.076).

Data for the sex of participants were obtainable from 11
studies,[6:14-16:28.29.3437.41-441 and males constituted 67.85% and
55.60% of the hyponatremic and normonatremic groups,
respectively. From the total population of the aforementioned
11 studies, 13,300 of the patients (59.90%) were male.

Quality assessment result

The quality score of the included articles ranges from 63% to
100% as per JBI critical appraisal checklists.

Prevalence of hyponatremia, mortality, and need for
intensive care

Based on the 23 included studies,[®14-162044 the overall
prevalence of hyponatremia among COVID-19 patients was

Records identified through
database searching
) (n=721)
= MEDLINE (PubMed) = 271
.g ScienceDirect = 135 Additional records identified
S Google Scholar‘= 199 through other sources
= WHO Virtual Health Library = 116 (n =0)
t
]
=
— y A 4
P Records after duplicates removed
(n=535)
0o
£
=
o v
5
& Records screened . Records excluded
(n=535) il (n=424)
—
A4
Full-text articles assessed Full-text articles
F for eligibility excluded, with reasons
= (n=111) (n=59)
»
= e Insufficient data (n = 24)
3 e Full-text not available (n
) Studies included in =9)
qualitative synthesis e Conference abstracts (n
) - =11)
(n=52) ,
e Hyponatremia cut off
point not met or not
g ! available (n = 6)
'g e Non-English articles (n =
S Studies included in a)
£ quantitative synthesis o Review articles (n = 2)
(meta-analysis) e Wrong target population
(n=23) (n=3)
—
Figure 1: Flowchart for the study selection process
o International Journal of Health Sciences

Vol. 16, Issue 5 (September - October 2022)



Khidir, et al.: Hyponatremia in COVID-19 patients

Table 1: The baseline characteristics of the included studies in quantitative analysis

Study author

Study year Country Quality

assessment

Khan et al.*%) 2020 Pakistan 5outof 8

Stony Brook 2020 USA 7 outof 11
COVID-19 Research

Consortium®7”)

Frontera et al.'¥ 2020 USA 11 out of 11
Atila et al.' 2020 Switzerland 9 outof 11
Ruiz-Sanchez et al.*%) 2020 Multi-national 7 out of 11
Hirsch et al.'® 2020 USA 7 out of 8

Berni et al.®”! 2020 Italy 7 out of 8

Malieckal et al.*>”) 2020 USA Soutof 8

De Carvalho et al.®" 2020 France 8 out of 10
Tezcan et al.®? 2020 Turkey 8 out of 8

Aggarwal et al > 2020 us 5outof 8

Hu et al.?Y 2020 China Soutof 8

Tzoulis et al.®! 2020 UK 9 out of 11
Sarvazad et al % 2020 Iran 5Soutof 8

Wang et al.B” 2020 China 7 out of 8

Wu et al.B¥ 2020 China 7 out of 8

Voets et al.l*” 2020 Netherlands Soutof8

Serrano 2020 Spain 7 out of 8

Fernandez et al.*"!

Sadeghi et al.¥) 2020 Iran 6 out of 8

Emektar et al.*!! 2020 Turkey 7 out of 8

Ayus et al.* 2020 Argentina 9 outof 11
Martino et al.**! 2020 Italy 7 out of 11
De Carvalho et al.* 2020 France 8 out of 11

Number of Hyponatremia Number of Outcomes
COVID-19 cutoff point hyponatremic  measured
patients (mmol/L) patients
90 <120 38 Mortality
1310 <135 411 NA®
4,645 <135 1373 Mortality, intensive
care need, LOS®
172 <135 50 Mortality, intensive
care need, LOS®
4,664 <135 957 Mortality, intensive
care need, LOS®
9,946 <136 4436 Mortality, LOS®
380 <136 87 Mortality, intensive
care need, LOS®
10,385 <136 3886 NA®
594 <135 121 NA®
408 <135 146 Mortality
16 <136 8 NA®
1254 <135 124 Mortality, intensive
care need
488 <135 120 Mortality, intensive
care need
58 <135 22 Intensive care need
169 <135 51 NA®
125 <136 22 NA®
193 <135 65 NA®
1561 <130 20 Intensive care need
323 <135 46 Mortality, intensive
care need, assisted
ventilation
760 <130 195 Mortality, intensive
care need, assisted
ventilation, LOS®
799 <136 366 Mortality, intensive
care need, assisted
ventilation, LOS®
117 <135 31 Mortality, intensive
care need, assisted
ventilation, LOS®
296 <135 92 Mortality, intensive

care need, assisted
ventilation

“Not available; *length of hospital stay

25.8%1[95% CI, 21.8-30.2%]. Begg’s and Egger’s test P values
were 0.31 and 0.01, respectively.

The prevalence of mortality among hyponatremic
COVID-19 patients was estimated using meta-
analysis of proportions from data available from 14
studies.[6:14-16.26.28.29.3234.35.41-44] Among 9626 hyponatremic
patients, the prevalence of death was 23.7% [95% CI,
20-28.1%]. The proportion of hyponatremic patients who
needed intensive care and/or assisted ventilation from 13

International Journal of Health Sciences

studies!6:14:15.26.28.29.32.34-36.41-44] yya5 41.4% [95% CI, 33.9-
49.3%], with 22.8% [95% CI, 17.3-29.4%] needed assisted
ventilation,[6:141529.32.343541-441 and 29.59% [95% CI, 22.7-37.3%|
were admitted to ICU.[6:15:29.32.36.40-44]

Risk of mortality among hyponatremic

COVID-19 patients

Based on the 23 included studies,!®!41626-441 the overall
prevalence of hyponatremia among COVID-19 patients was
25.8% [95% CI, 21.8-30.2%] [Figure 2]. The funnel plot for

Vol. 16, Issue 5 (September - October 2022)
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit Z-Value p-Value
FarmarzKhan et al. 0422 0325 0526 -1470 0.142 —i-
Stony Brook COVID-19 Research Consortium 0.314 0.289 0.339 -13.145 0.000 | ]
Frontera et al. 0.296 0.283 0.309 -27.007 0.000 | |
C Atila, Clara O Sailer and others 0291 0228 0363 -5312 0.000 R md
Ruiz-Sanchez et al 0205 0.194 0.217 -37.348 0.000 [ |
J.S. Hirsch et al. 0446 0436 0456 -10.748 0.000 |
A.Bernietal. 0229 0.189 0274 -9.945 0.000 E 3
Malieckal et al. 0374 0.365 0.384 -25361 0.000 | |
De Carvalho et al. 0204 0.173 0.238 -13.382 0.000 | |
Tezcan et al. 0358 0.313 0406 -5662 0.000 E 3
Aggarwal et al. 0500 0.273 0727 0.000 1.000 —a
Huetal. 0.099 0.084 0.117 -23.358 0.000
Tzoulis et al. 0246 0210 0.286 -10.660 0.000 -
Sarvazad etal. 0379 0264 0509 -1.820 0.069 —i—
Wang et al. 0302 0.237 0375 -5006 0.000 Hll—
Wu etal. 0.176 0.119 0253 -6.573 0.000
Philip JGM Votes et al. 0337 0274 0406 -4449 0.000 -
leyre Serrano Fernandes et al. 0.013 0.008 0.020 -19.304 0.000 | ]
Sadeghi S etal. 0.142 0.108 0.185 -11.276 0.000
Emektar et al. 0257 0.227 0.289 -12.809 0.000
Ayus etal. 0458 0424 0493 -2368 0.018 B
M Martino et al 0265 0.193 0352 -4871 0.000
De Carvalho et al. 2021 0.311 0.261 0.366 -6.341 0.000 -

0258 0218 0302 -9.365 0.000

-0.50 -0.25 0.00 0.25 0.50

Figure 2: Pooled prevalence of hyponatremia among COVID-19 patients
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Figure 3: Funnel plot of the studies included in the meta-analysis

the included studies was asymmetrical on visual examination,
with trim-and-fill analysis imputing seven virtual studies to the
left [Figure 3]. Begg’s and Egger’s test P values were 0.31
and 0.01, respectively. A total of 14 studies!®4-16-26.28.29.32.34.35.41-44]
with a sum of 24,342 patients had sufficient data for estimating
the risk of death among hyponatremic COVID-19 patients
compared to normonatremic COVID-19 patients. The
hyponatremic group had a higher risk of mortality, with a
pooled OR of 1.97 (95% CI, 1.50-2.59) [Figure 4]. The 2
was 88.20% and the PI of the true effect size was 2.15 (95%
CI, 0.75-5.15). The funnel plot was asymmetrical, and Duval
and Tweedie’s trim-and-fill analysis indicated one virtual
study [Figure 5], resulting in an adjusted OR 1.86 (95% CI,
1.42-2.44). However, Egger’s test (P = 0.06) and Begg’s test (P
=0.22) indicated no publication bias. Meta-analysis of adjusted
OR for mortality among hyponatremic COVID-19 patients
was done. Seven studies!'* Iprovided sufficient data,
with estimated adjusted OR of 1.67 (95% CI, 1.24-2.09, P =
0.000, 1> =27.43).

The need for intensive care among hyponatremic
COVID-19 patients

The pooled OR for the need for intensive care among
hyponatremic COVID-19 patients was found to be 1.91 (95%
CI, 1.56-2.35) [Figure 6]. The 1> was 38.75% and the PI
1.91 (95% CI, 1.16-3.15). A total of 7977 patients were
included from 10 studies.[®!5:28:2932.3641-44 Vjgyal examination
of the funnel plot showed asymmetry. Trim-and-fill analysis
imputed one virtual study [Figure 7], with an adjusted OR of
1.96 (95% CI, 1.59-2.41). However, the results of Begg’s test
(P=0.36) and Egger’s test (P =0.29) indicated no publication
bias.

Two studies!'*3! provided the adjusted OR for the need of ICU
admission. Pooled OR using random effects model was found
to be 2.80 (95% CI, 1,82—4.30, P = 0.000, I> =0).

The need for assisted ventilation among hyponatremic
COVID-19 patients

The pooled OR for the need for assisted ventilation among
hyponatremic COVID-19 patients was found to be 2.04 (95%
CI, 1.73-2.38) [Figure 8]. The 1> was 18.14% and the PI
2.04 (95% CI, 1,83-3.01). A total of 9642 patients were
included from 11 studies.[6:1415:2932.34.3541-44] Vjgual examination
of the funnel plot showed symmetrical distribution of the
studies around the mean effect [Figure 9]. This was supported
by the results of trim-and-fill analysis, Begg’s test (P = 0.43)
and Egger’s test (P = 0.43), indicating no publication bias.

Two studies!'>*! provided the adjusted OR for the need of

assisted ventilation. Pooled OR using random effects model
was found to be 2.49 (95% CI, 1.68-3.68).
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Study name Statistics for each study 0Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Farmarz Khan et al. 1424 0382 5316 0526 0.599 —T—
Frontera et al. 2379 2030 2788 10.710 0.000 |
C Atila, Clara O Sailer and others 4.222 0969 18407 1.917 0.055 =
Ruiz-Sanchez et al 1980 1680 2333 8158 0.000 | |
J.S. Hirsch et al. 1.098 0.997 1209 1897 0.058 [ |
ABermiet al. 3049 1570 5924 3290 0.001 -
Tezcanetal 5400 2210 13.197 3.699 0.000 —
Hu et al. 2873 1679 4916 3852 0.000 -
Tzoulis et al. 1483 0922 2383 1626 0.104 il
Sadeghi S et al. 1426 0687 2960 0954 0.340 -l
Emektar et al. 2070 1.306 3.282 3.049 0.002 L 3
Ayus et al. 1901 1301 2778 3319 0.001 =
M Martino et al 0622 0.189 2048 -0.780 0435 ———
De Carvalho et al. 2021 2267 1108 4636 2242 0025 —i—

1973 1500 2595 4863 0.000 L 2
0.01 0.1 1 10 100

Figure 4: Pooled OR of mortality among hyponatremic COVID-19 patients
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Figure 5: Funnel plot showing no evidence for publication bias
among the studies included to calculate pooled OR of mortality among
hyponatremic COVID-19 patients

LOS in the two groups

The LOS was compared between hyponatremic and
normonatremic COVID-19 patients. Eight studies!!416.2829:41-43]
including 21,483 patients provided sufficient data for LOS.
Hyponatremic COVID-19 patients were found to have higher
LOS when compared to normonatremic COVID-19 patients,
with SMD of 0.239 days (5.74 h) (95% CI, 0.092-0.385,
P=0.001), as shown in Figure 10. I was found to be 93.60%.
PI was 0.235 (95% CI, —0.25-0.73). The funnel plot was
asymmetrical on visual examination and trim-and-fill analysis
indicated three missing studies to the right, with an adjusted
SMD 0f£0.428 (95% CI, 0.197-0.659) days [Figure 11]. Begg’s
and Egger’s tests P values were 0.26 and 0.28, respectively,
indicating no publication bias.

Qualitative results

Managing hyponatremia could be challenging, as the main
etiologies that lead to it have entirely distinct management
approaches, hence understanding the mechanisms involved in
COVID-19-related hyponatremia, are crucial for an appropriate
management. !

International Journal of Health Sciences

Among the case reports gathered from literature, 29 papers
have investigated the mechanism of hyponatremia. The
majority of case reports (n = 20) have reported that the
SIADH was the primary cause of hyponatremia in their
patients.*¢1 Adrenal insufficiency was reported in five
case reports.[7"1 While in three cases, hyponatremia was
attributed to gastrointestinal losses giving a picture of
hypovolemic hyponatremia.l’'-*! Whereas, Sever et al. have
reported that the cause of hyponatremia was merely related
to the use of angiotensin receptor blocker and thiazide
diuretics."

In addition, Frontera et al.'"¥ examined the mechanisms
of hyponatremia in the subgroup of patients with severe
hyponatremia (serum sodium <120 mmol/L) (n = 36). They
found that the most common mechanisms were SIADH
secretion (36%) and hypovolemia (36%), followed by tea and
toast syndrome (22%), then hypervolemia (6%).

The clinical presentation may also give clue to the etiology
of hyponatremia, which will aid in the initial management.
The presenting features of patients with COVID-19-related
hyponatremia ranged from common COVID-19 respiratory
and/or gastrointestinal symptoms, including nausea,
vomiting, and non-bloody diarrhea, to CNS symptoms of
confusion, headache, incoherent speech, tonic-clonic seizure,
and unconsciousness, mostly attributed to the low sodium
levels. Interestingly, in one case report by Kleybolte et al.,’**!
an 86-year-old gentleman had no presenting symptoms
suggestive of either COVID-19 or hyponatremia and was
found to have plasma sodium level of 129 mmol/l upon
admission. In another case by Fajri et a/.,[) an 88-year-
old man was asymptomatic on presentation, with mild
hyponatremia of 135 mmol/l, 5 days later, he developed
confusion, temporospatial disorientation, headache, and
generalized hypotonia, where his sodium levels have
dropped to 123 mmol/L. Baseline information extracted from
included case reports are summarized in Table 2.

Vol. 16, Issue 5 (September - October 2022)
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Study name Statistics for each study 0Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
C Atila, Clara O Sailer and others 2.139 0965 4740 1872 0.061 ——
Ruiz-Sanchez et al 1826 1538 2168 6884 0.000 |
Sarvazad et al. 0952 0309 2935 -0.085 0932 —_—
ABemietal. 1918 1.132 3251 2419 0.016 -
Tezcanetal. 3730 1930 7209 3915 0.000 ——
Sadeghi S et al. 1432 0752 2726 1.094 0274 -
Emektar et al. 1846 1.167 2921 2618 0.009 -
Ayus et al. 1394 1.001 1942 1965 0.049 -
M Martino et al 1983 0679 5795 1252 0.211 -
De Carvalho et al. 2021 3713 2065 6674 4384 0.000 —m—

1916 1561 2353 6213 0.000 ¢
0.01 0.1 1 10 100

Figure 6: Pooled OR for the need for intensive care among hyponatremic COVID-19 patients
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Figure 7: Funnel plot showing no evidence for publication bias among
the studies included to calculate pooled OR for the need for intensive
care among hyponatremic

Discussion

The pooled prevalence of hyponatremia among
COVID-19 patients from 23 studies included in this systematic
review and meta-analysis was found to be 25.8%. A recent
systematic review and meta-analysis found similar results,
with an incidence of 24%.['1 In comparison, the prevalence of
hyponatremia among SARS-CoV-1 pneumonia was estimated
at 60%.1* Several studies have also described the prevalence of
hyponatremia among community acquired pneumonia (CAP)
patients, with it ranging between 22% and 31.8%.1>7

Over two-thirds of hyponatremic patients included in this
meta-analysis were male. This might be due to the fact that
nearly 60% of COVID-19 patients included were male, but
this result also supports the findings of Frontera et al. study,
indicating that the severity of hyponatremia increases with age,
male gender, and Asian race.l'" Another plausible reason for
this result is the relatively lower susceptibility of females to
viral infections including COVID-19, as investigated by some
studies, where differences in innate immune response, steroid
hormones, and the presence of two X chromosomes play a
role. There are regulatory genes involved in immune response
located on the X chromosome, leading to lower viral load levels
and less inflammation in women compared to men. Females

have also higher CD4+ T cells and produce higher levels of
antibodies. Interestingly, after a viral infection, interleukin-6
(IL-6) production has been observed to be lower in females
than in males. This inflammatory cytokine is known to play a
role in the development of COVID-19-related hyponatremia
as will be discussed further in this review.¥8! With regard to
steroid hormones, few studies have reported that lower levels
of testosterone found in men, due to old age, comorbidities, or
other factors, were found to be associated with severe SARS-
COV-2 infection necessitating ICU admission and leading to
higher rates of death.[%?#3

Among hyponatremic patients, the mortality rate in our study
was 23.7%. The risk of mortality among hyponatremic patients
is almost twice that of normonatremic patients (OR = 1.97).
A similar meta-analysis conducted by Abkar ef al. illustrated
the relation between hyponatremia and poor outcomes in
general among COVID-19 patients, however, no data on the
rate of mortality in hyponatremic COVID-19 patients were
deduced.['”

A study done by Chawla et al. stated that hyponatremia is the
most common electrolyte disturbance that can lead to more
mortality.® This association can be justified by the relationship
of hyponatremia with the different neurological complications
such as encephalopathy, brain edema, and convulsions all
of which can lead to severe outcomes including death.!'¥
Furthermore, hyponatremia may contribute to death indirectly
through the rapid correction of low sodium, which can lead
to central pontine myelinolysis.!"! In general, hyponatremia
is associated with an increased risk of death regardless of the
disease with which it is associated.®”!

Our study found that 29.5% of hyponatremic COVID-19 patients
were admitted to ICU, and 41.4% needed assisted ventilation.
Admission to the ICU and/or the need for mechanical
ventilation indicates severe disease.

In a meta-analysis by Lippi et al., the pooled analysis indicated
that COVID-19 severity is associated with lower serum
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Study name Statistics for each study 0Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit Z-Value p-Value
Frontera et al. 2086 1.808 2407 10.060 0.000 O
C Atila, Clara O Sailer and others 1.615 0649 4.021 1.030 0.303 ——
ABemietal. 2194 1310 3672 2988 0.003 —-—
Tezcan et al. 3200 1467 6978 2924 0003 —_—
Hu et al. 3289 1861 5814 4.097 0.000 ——
Tzoulis et al. 2178 1.355 3502 3212 0.001 -
Sadeghi S et al. 1812 0909 3611 1690 0.091 —-—
Emektar et al. 1.771 1.070 2933 2222 0.026 ——
Ayus et al. 1.363 0940 1978 1634 0.102 Hi-
M Martino et al 1293 0523 3192 0556 0578 —_——
De Carvalho et al. 2021 3579 1588 8.067 3.075 0.002 —_—

2035 1738 2383 8836 0.000 ¢
0.01 0.1 1 10 100

Figure 8: Pooled OR for the need for assisted ventilation among hyponatremic COVID-19 patients
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Figure 9: Funnel plot showing no evidence for publication bias among
the studies included to calculate pooled OR for the need for assisted
ventilation among hyponatremic COVID-19 patients

sodium.B®! Atila et al. found hyponatremia to be associated
with severity parameters measured by national early warning
score.!'! In another study by Berni ef al., a direct relationship
between hyponatremia and low PaO2/FiO2 ratio was drawn,
being an important index to assess respiratory performance,
with the presence of hypoxia usually necessitating ventilatory
support.['!

A HOPE-COVID-19 registry study found that hyponatremia
was associated with hypoxia and receiving intensive therapy,
and that the combination of hypoxia and hyponatremia did not
increase the risk of mortality compared to hypoxia alone.”"
This implies that hyponatremia might be influencing other
factors contributing to ICU admission, rather than oxygen
saturation. Interestingly, Martino et al. demonstrated that in-
hospital sodium level fluctuations were associated with 20 days
earlier need for ICU assistance in hyponatremic patients
compared to normonatremic ones.*

Our analysis of 10 studies found that hyponatremic
COVID-19 patients have 1.9-fold odds to be admitted to the [CU
when compared to non-hyponatremic patients, when adjusted
for confounding factors, the odds increased to nearly 3-fold.

International Journal of Health Sciences

Similar findings were shown by a large retrospective cohort
study in CAP, with an increased proportion of hyponatremic
patients requiring ICU admission and mechanical ventilation
compared to the normonatremic group.®”

Furthermore, serum sodium levels are well established to be
inversely related to IL-6 levels.l'"1 IL-6 is one of the major
cytokines that mediates cytokine storms and worsens the
prognosis of COVID-19.8% Thus, low serum sodium might
be an indicator of progression to severe disease.*”!

The proximity in results of the prevalence of hyponatremia
and the need for intensive care/assisted ventilation between
the hyponatremic patients of COVID-19 infection and
hyponatremic patients of CAP of other infectious agents
might be explained by the similarities of the underlying
pathophysiology of hyponatremia in these two groups of
patients, with SIADH playing a major role, as well as the
release of IL-6 and other mediators, among other factors.[**"

Several studies have demonstrated the relationship of
multiple factors in COVID-19 patients and the risk of
prolonged hospital stay, one of these independent factors is
electrolyte disturbance, including hyponatremia. In our study,
we have found that hyponatremic COVID-19 patients had a
longer duration of hospital stay compared to normonatremic
(5.08 h). This is possibly because patients with electrolyte
disturbances require more time to correct the abnormalities,
that is, why an important component in the management of
COVID-19 patients is close monitoring of electrolytes and
proper correction of their disturbances.*” In addition to
that, hyponatremic patients may also have other problems
and complications that make them stay more in the hospital
for appropriate management. Moreover, after adjustment
for confounders including age and comorbidities, Atila
et al. found that dysnatremia was associated with longer
hospitalization, with an odds ratio of 2.7, 95% CI: 2.59-2.93,
P < 0.001."3) However, one study done by Tzoulis et al.
did not find any association between hyponatremia and an

Vol. 16, Issue 5 (September - October 2022)
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Statistics for each study

Lower Upper
limit

Study name

Std diff
in means

Standard

error Variance

-0.015
1473
0.019
0.230
0.073
0.347
0.166
0.097
0.239

0.032
0.187
0.036
0.021
0.123
0.084
0.071
0.212
0.075

0.001
0.035
0.001
0.000
0.015
0.007
0.005
0.045
0.006

-0.079
1.106
-0.053
0.189
-0.168
0.183
0.027
-0.320
0.092

0.048
1.840
0.090
0.271
0315
0.511
0.306
0513
0.385

Frontera et al

C Atila, Clara O Sailer and others
Ruiz-Sanchez et al

J.S. Hirsch et al

A.Bemi et al

Emektar et al

Ayus et al

M Martino et al

limit Z\Value p-Value

11.006

Std diff in means and 95% CI

-0.466
7.868
0.514

0.641
0.000
0.608
0.000
0.551 i

0.000 —
0.020
0.650 L
0.001 I

0.596
4.156
2336
0.454
3191

-0.50 0.25 0.00 0.50

Figure 10: Pooled SMD for the Length of hospital stay among hyponatremic COVID-19 patients
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Figure 11: Funnel plot showing no evidence for publication bias
among the studies included to calculate pooled SMD for the length
of hospital stay among hyponatremic COVID-19 patients

increase in the LOS, this might be due to the small number
of moderate-severe hyponatremic patients in this study.

Habib et al. suggested that hyponatremia on admission could be
used as an indicator of COVID-19 infection.[*! However, this
might not be accurate, as mentioned previously hyponatremia
is not specific to COVID-19 pneumonia alone, and it appears
to be of similar prevalence in patients with pneumonia due to
other causes.

Our findings are consistent with a recent meta-analysis, which
indicated increased odds of severe disease and poor outcome
among COVID-19 patients with hyponatremia.l'”’ However,
as for mortality, this association does not necessarily mean
causality, since participants in different studies were enrolled
with distinct baseline COVID-19 severities, and some might
have been admitted directly into ICU due to severe systemic
involvement of the disease, with electrolyte imbalance being
merely a marker and a manifestation of the physiologic
derangement caused by the underlying disease. Although,
Frontera et al. in their study found that the severity of low
sodium was related to an increase in the odds of mortality by
43%, that remained significant after adjustment for potential
confounding factors.'” Ruiz-Sanchez et al. also concluded
that hyponatremia was an independent risk factor that can
lead to more deaths (OR 1.5, 95% CI 1.08-2.09; P=0.016).1¢
The same meta-analysis!'”! found that hyponatremia has high
specificity in predicting poor outcomes in hyponatremic

COVID-19 patients, however, with a low sensitivity and
poor area under the curve in predicting poor outcomes when
measured alone.

In light of this, hyponatremia can be used alone, or more
preferably with other factors such IL-6 and C-reactive protein
(CRP) in predicting the prognosis in this group of patients. It
can also be used as a tool in triaging and allocating patients to
critical beds and ventilators, especially in resource-constrained
settings. Moreover, serum sodium might be used alone in rural
areas where testing for other markers such as IL-6 and CRP
is not feasible. Berni ef al. hypothesized that IL-6 and serum
sodium levels, rather than the PaO,/FiO, ratio, are more reliable
in predicting in-hospital mortality.*"!

Hyponatremia can also be used as a biomarker for pulmonary
involvement in COVID-19 patients. Martino et al. followed up
the trends of sodium level during 21 days of observation. At the
end of the observation period, the prevalence of hyponatremia
declined to 6%, and the ascending trend of serum sodium levels
throughout the hospitalization period reflected the recovery of
the patients from pneumonia.*

The underlying mechanism that leads to hyponatremia in
patients with COVID-19 is multifactorial and varies according
to presentation.”! COVID-19 virus requires ACE-2 receptor
to gain access to the cell and inflict harm.”?! These receptors
are expressed not only in the lungs but also in the intestine,
kidneys, adrenal glands, and heart, resulting in the variation
in clinical presentation.”***) Our review demonstrated that the
most common mechanisms of hyponatremia reported among
SARS-COV-2 patients are SIADH, followed by adrenal causes,
then hypovolemia. When exploring these mechanisms, they
are found to be interrelated. Gastrointestinal losses such as
diarrhea can result directly in sodium loss in stool, in addition
to a state of hypovolemia that triggers a baroreceptor response.
This response, in turn, activates the renin-angiotensin system,
resulting in a non-osmotic ADH secretion, that is further
augmented by the inflammatory state during the infection
through inflammatory cytokines, such as IL-6.Y Similarly, other
factors such as stress and pain can stimulate the hypothalamus
to produce ADH, which is used as a biomarker of stress along
with cortisol and other hormones.>! In addition, pneumonia,
being one of the clinical manifestations of COVID-19, has a
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major role as well. Although the exact mechanism by which
pneumonia is associated with SIADH-induced hyponatremia
is still unclear, one way to explain this is by the resultant
compensatory hypoxic pulmonary vasoconstriction, which
occurs due to ventilation perfusion mismatch. This, in turn,
allows stretch receptors in the left atrium to signal the reduced
blood volume, resulting in an increased ADH release.™”!

Hashim et al. reported a case of COVID-19-related
hyponatremia that was not plausible to be explained by the
episodes of vomiting and dehydration, and rather adrenal
causes where put first.l®® COVID-19 virus has been reported
in literature to affect adrenal glands in direct and indirect
ways, where a direct cytopathic effect is presumed to occur
when the virus infects these cells, resulting in alteration
in cortisol dynamics. Similar to influenza virus, one of the
immunoinvasive strategies used by COVID-19 is to suppress
the host’s cortisol stress response, as well as express certain
amino acids that resemble the host’s ACTH. On that account,
the body responds with antibody production that not only
attaches to viral amino acids but also to host’s ACTH.
Moreover, COVID-19 may affect the hypothalamic-pituitary-
adrenal axis, resulting in hyponatremia through, central
hypocortisolism, and less often hypothyroidism.*!

In a case report by De La Flor et al., the severe hyponatremia
was unlikely to be due to the presentation of vomiting or use
of hydrochlorothiazide. Despite the fact that all the criteria for
SIADH were met, the presence of hormonal abnormalities in
thyroid, adrenal, and pituitary function alerted to the occurrence
of a hypothalamic-pituitary disorder. After a thorough workup,
a pituitary macroadenoma was incidentally found on imaging,
and the diagnosis of secondary adrenal insufficiency was
given.[ Whereas, Sever ef al. reported a case of COVID-19-
related hyponatremia presenting with pneumonia, attributing
the cause to the use of certain medications, including thiazide
diuretic and angiotensin-typel-receptor blocker, that are
well established to cause hyponatremia.™ The diagnosis of
COVID-19-related hyponatremia requires meticulous work up,
to formulate few differential diagnoses of the most probable
contributing causes, while bearing in mind the effect of other
factors including medication use.

To the best of our knowledge, this is the first systematic review
and meta-analysis to include this large number of papers in
COVID-19-related hyponatremia. We have also systematically
reviewed case reports and other studies that discussed the
pathophysiology of hyponatremia in COVID-19 patients, and
to the best of our knowledge, there is no published systematic
review covering this subject.

The strength of our study also comes from the stratification
of the poor outcome measures into separate strata, namely:
Mortality, need for intensive care, ventilatory support, and
LOS, rather than pooling the outcomes together into one mean
effect. This gives comprehensive information regarding the

prognosis and helps more in dealing with real-life situations
where not all the patients have the same prognosis.

Finally, our meta-analysis did not include papers with high
risk of bias, adding to the strength and reliability of the study.

Limitations

First, we were not able to undergo subgroup analysis to explore
the heterogeneity. It might be explained by the variability in
the responses of different healthcare systems around the globe
to the pandemic, the different management plans that might
impact the prognosis, as well as the resources availability in
each country.

Second, meta-regression analysis to explore the impact of other
factors — such as chronic illness or use of antihypertensive —on
the prognosis was not possible to conduct, due to scarcity of
data available in the included studies.

In addition, causality could not be ascertained as some patients
might have been admitted with very poor health initially, which
introduces bias. Moreover, it was not possible to determine
the state of electrolyte level in the included patients before
diagnosis and admission, which introduces another source of
bias. Finally, patients were admitted with variable background
characteristics, such as using diuretics or having established
chronic kidney disease, which might affect serum sodium
levels.

Conclusion

Hyponatremia is found in a significant proportion of
COVID-19 patients, carrying around twice the risk for
mortality, ICU admission, and assisted ventilation, with
longer duration of hospitalization than normonatremic
COVID-19 patients. SIADH is found to be the most common
mechanism involved in COVID-19 hyponatremia. Health-
care providers need to be aware of the clinically important
association between hyponatremia and adverse clinical
outcomes to ensure prompt and effective management.
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