Correspondence

Kidney Medicine

RESEARCH LETTER

COVID-19 and Incidence of Acute and ﬂ
Chronic Hyponatremia: A Matched Cohort iy
Study

To the Editor:

Hyponatremia has been reported at high frequency on
admission among patients hospitalized with coronavirus
disease (COVID)-19."® No studies have addressed the
issue of persistence of chronic hyponatremia following
infection with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). However, a single case report de-
scribes an syndrome of inappropriate antidiuretic hormone
secretion (SIADH)-like syndrome following infection with
SARS-CoV-2.” Additionally, COVID-19-associated hypo-
natremia has been linked to acute inflammation.”*'’

In this context, we performed a series of retrospective
cohort studies to address the question of whether COVID-
19 is associated with the development of hyponatremia in
the subacute (30-90 days) and chronic periods (>90 days)
and what relationship this may have to the inflammatory
markers C-reactive protein (CRP) and serum ferritin levels.

This study used the TriNetX federated health research
network, comprises electronic medical records of

approximately 93 million patient records. The data include
demographics, diagnoses, laboratory values, and proced-
ures searchable via standardized terminologies through
TriNetX’s online platform. Cohorts of patients at high risk
of hyponatremia were assembled, and results are presented
in this report. We also performed a sensitivity analysis in a
low-risk patient cohort. We investigated the sodium lab-
oratory test results at the following time points: 0-1, 2-7,
8-14, 15-30, 31-90, 91-180, 181-365, and 366-545 days
after the index event. Laboratory test results were analyzed
as raw values as well as classes of hyponatremia: mild
(130-134 mmol/L), moderate (125-129 mmol/L), and
severe (<124 mmol/L).

Differences in outcomes between the respective cases
and control cohorts were evaluated after propensity
score matching with t test for continuous variables (ie,
raw sodium result values) and % test for dichotomous
variables (eg, mild, moderate, or severe hyponatremia).
We report the risk difference and the difference in the
mean sodium result values between the cases and control
cohorts. A P value <0.05 was considered statistically
significant. All analyses were performed on the TriNetX
analytics platform. Detailed methods are provided in
Item SI.

Table 1. Clinical Characteristics of the COVID-19 and No COVID-19 Cohorts after Propensity Score Matching

COVID-19 No COVID-19

Nbetore match = 16,765 Nbefore maten = 698,530

Nmatchesa = 16,764 Natcheds = 16,764 P Value
Age at index, (y) Mean 66.6 Mean 66.7 0.56

SD 16.8 SD 16.5
Gender
Female 8,221 (49.1%) 8,285 (49.4%) 0.48
Race
Black or African American 2,901 (17.3%) 2,909 (17.3%) 0.93
White 11,194 (66.8%) 11,159 (66.6%)
Other 2,669 (15.9%) 2,696 (16.1%)
Ethnicity
Hispanic 752 (4.5%) 775 (4.6%) 0.97
Non-Hispanic 11,622 (69.3%) 11,625 (69.3%)
Diagnosis
COPD 2126 (12.7%) 2104 (12.6%) 0.72
Other pulmonary heart diseases 603 (3.6%) 529 (3.2%) 0.03
Heart failure 2230 (13.3%) 2155 (12.9%) 0.22
Viral hepatitis 532 (3.2%) 493 (2.9%) 0.22
Fibrosis and cirrhosis of liver 302 (1.8%) 272 (1.6%) 0.21
CKD 2234 (13.3%) 2113 (12.6%) 0.05
Stage 1 CKD 38 (0.2%) 37 (0.2%) 0.91
Stage 2 CKD 227 (1.4%) 190 (1.1%) 0.07
Stage 3 CKD 1278 (7.6%) 1216 (7.3%) 0.20
Stage 4 CKD 189 (1.1%) 166 (1%) 0.22
Medications
Diuretics 2,779 (16.6%) 2,648 (15.8%) 0.05
Antidepressants 2,457 (14.7%) 2,374 (14.2%) 0.20
Anticonvulsants 1,694 (10.1%) 1,584 (9.4%) 0.04

Note: The cohorts were used to assess sodium laboratory values 0-1 days after the index event.
Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.
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A. Hyponatremia rates
Subgrou Risk Difference [95%CI Risk Difference [95%CI]
Mild Hyponatremia
0-1 days 0.12[0.11,0.13] t
2.7 days 0.06 [0.05, 0.07] +
8-14 days 0.07 [0.06, 0.09] t
15-30 days 0.06 [0.04, 0.07] +
31-90 days 0.01 [-0.00, 0.02] t
91-180 days -0.01 [-0.02, -0.00] L
181-365 days 0.00 [-0.00, 0.01]
366-545 days -0.01 [-0.01, 0.00] 1
Moderate Hyponatremia
0-1 days 0.03[0.03, 0.04] 1
2-7 days 0.02[0.02, 0.02] 1
8-14 days 0.01[0.01,0.02] 1
15-30 days 0.01[0.01, 0.02] t
31-90 days 0.00 [-0.00, 0.01]
91-180 days 0.00 [-0.00, 0.01]
181-365 days -0.00 [-0.00, 0.00]
366-545 days 0.00 [-0.00, 0.00]
Severe Hyponatremia
0-1 days 0.01[0.01, 0.01] 1
2-7 days 0.00 [0.00, 0.01]
8-14 days 0.00 [0.00, 0.01]
15-30 days 0.00 [0.00, 0.01]
31-90 days 0.00 [-0.00, 0.00]
91-180 days 0.00 [-0.00, 0.00]
181-365 days -0.00 [-0.00, 0.00]
366-545 days 0.00 [-0.00, 0.00]

PR P
0201 0 01 02

b ia Risk t ia Risk

Higher in Controls Higher in COVID -19

B. Serum sodium

Time points Mean Difference [95%CI] Mean Difference [95%CI]
0-1 days -0.98 [-1.06, -0.90] +
2-7 days -0.24 [-0.35, -0.14] -+
8-14 days -0.18 [-0.34, -0.02] —i
15-30 days -0.38 [-0.55, -0.20] —i=
31-90 days 0.14 [0.01, 0.26] =
91-180 days 0.13 [0.01, 0.26] =
181-365 days 0.06 [-0.01, 0.13] i
366-545 days 0.12[0.02, 0.21] ) ) L ) )
4 05 0 05 1
Sodium higher Sodium higher
in Controls in COVID-19
C. Serum C-reactive protein
__Time points Mean Difference [95%CI] Mean Diff [95%Cl]
0-1 days 25.39 [20.39, 30.39] 1=
2-7 days 6.16 [-1.31, 13.64] Tt
8-14 days 10.78 [2.32, 19.25] —h—
15-30 days 16.72 [5.00, 28.44] —
31-90 days 2.33[-5.18, 9.84] ——
91-180 days 3.01[-6.18, 12.20] -t
181-365 days -2.01[-6.88, 2.86] —t
366-545 days -1.67[:843,5.09] ) —h— ) )
50 25 0 25 50
CRP higher CRP higher
D. Serum ferritin In Controls in COVID-19
Time points Mean Difference [95%CI] Mean Difference [95%Cl]
0-1 days 447.00 [376.40, 517.60] =&
2-7 days 593.07 [497.81, 688.33] —i
8-14 days 571.87 [401.82, 741.93] —t
15-30 days 347.82[115.75, 579.88] —
31-90 days 74.98 [-34.87, 184.83]
91-180 days 4.98 [-103.48, 113.44]
181-365 days -11.68 [-91.68, 68.31]
366-545 days 47.95[-14.79, 110.69] ) ) )
21000 -500 0 500 1000
Ferritin higher Ferritin higher
in Controls in COVID-19

Figure 1. Mean differences and risk difference of listed outcome in cases (COVID-19 cohorts) and controls (nho COVID-19 cohorts).
Negative values indicate that the mean value of cases is lower than the mean value of controls. Zero values indicate no difference,
and positive values indicate that the mean value of controls is lower than the mean value of cases.

Table 1 shows the demographic and diagnostic char-
acteristics of the cases and controls cohorts after propensity
score matching used to assess sodium laboratory values 0-1
days after the index event. The characteristics of the
remaining matched cohorts assessing all other time points
are included in Item S1. There were no statistically sig-
nificant differences in the demographic or diagnostic
characteristics of the cohorts.

Fig 1 summarizes the risk differences for development
of hyponatremia (Fig 1A) and mean differences in sodium
values (Fig 1B), CRP (Fig 1C) and ferritin values (Fig 1D)
between cases and controls during follow-up. Cases had
statistically significant higher risk of mild or moderate
hyponatremia up to 30 days following COVID-19 than the
controls and severe hyponatremia up to 90 days after
COVID-19 (Fig 1A). Cases had statistically significant
lower sodium values 0-1, 2-7, 8-14, and 15-30 days after
COVID-19 than controls (Fig 1B). Cases had statistically
significant higher CRP (Fig 1C) and ferritin (Fig 1D) values
at 0-1, 2-7, 8-14 and 15-30 days after COVID-19 than
controls. A sensitivity analysis was performed in a popu-
lation at low risk of hyponatremia, and no significant
difference in the results was found (Item S1).

Our findings demonstrate that COVID-19 is associated
with hyponatremia that is acute to subacute in duration,
but not with longer term (>90 days) durations of hypo-
natremia (Fig 1). The rates of hyponatremia were highest

initially and then approached the control group at
approximately 3 months. This time dependent variation
very much mirrored elevations in the markers of inflam-
mation, which also returned to baseline by approximately
3 months. These results are consistent with previous re-
ports and support the concept that as inflammation re-
solves, rates of hyponatremia among COVID-19 survivors’
returns to premorbid levels.” '

The strengths of our study include the use of a large
health network that allowed the creation of large cohorts
of COVID-19-infected individuals and propensity score-
matched cohorts of noninfected individuals representa-
tive of the national population. Limitations include the
retrospective and observational nature of the study.
Therefore, this study does not address whether hypona-
tremia is a marker of disease severity or whether distur-
bances in water balance play a pathogenic role in COVID-
19. Additionally, because of limited access to individual
patient data, the use of advanced modeling techniques,
such as mixed models or transformations, was not feasible.
This may have resulted in overestimation or underesti-
mation of the estimates. Nevertheless, the results provide
an opportunity to confirm or refute the findings in a
prospective cohort study.

We have shown that COVID-19 is associated with
hyponatremia that persists for up to 90 days following the
onset of COVID-19. The duration of hyponatremia we
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report closely mirrors the time course of elevation of
serum ferritin and CRP levels, suggesting that inflamma-
tion plays a role in the persistence of hyponatremia
following acute COVID-19. We find no association be-
tween COVID-19 and chronic hyponatremia.

Steven G. Achinger, MD, Ambuj Kumar, MD, MPH,
and Athanasios Tsalatsanis, PhD

SUPPLEMENTARY MATERIAL

Supplementary File (PDF)
Item S1: Detailed methods and additional results.

ARTICLE INFORMATION

Authors’ Affiliations: Department of Nephrology and Hypertension,
Morsani College of Medicine, University of South Florida Health,
Tampa, FL, (SGA); Department of Nephrology, Watson Clinic, LLP,
Lakeland, FL, (SGA); and the Research Methodology and
Biostatistics Core, Office of Research, Department of Internal
Medicine, Morsani College of Medicine, University of South Florida
Health, Tampa, FL, (AK, AT).

Address for Correspondence: Steven G. Achinger, MD,

Department of Nephrology, Watson Clinic, LLP, 1600 Lakeland
Hills Blvd, Lakeland, FL 33805. Email: achingers@usf.edu

Authors’ Contributions: Research idea: SA; study design: SA, AT,
AK; data acquisition: AT; data analysis/interpretation: SA, AT, AK;
statistical analysis: AT, AK. Each author contributed important
intellectual content during manuscript drafting or revision and
accepts accountability for the overall work by ensuring that
questions pertaining to the accuracy or integrity of any portion of
the work are appropriately investigated and resolved.

Support: None.

Financial Disclosure: The authors declare that they have no
relevant financial interests.

Peer Review: Received July 7, 2023. Evaluated by 3 external peer
reviewers, with direct editorial input from the Statistical Editor and
the Editor-in-Chief. Accepted in revised form September 3, 2023.

Kidney Med Vol 6 | Iss 1 | January 2024 | 100750

Kidney Medicine

Publication Information: © 2023 The Authors. Published by
Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is
an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).  Published  online
November 27, 2023 with doi 10.1016/j.xkme.2023.100750

REFERENCES

1. Frontera JA, Valdes E, Huang J, et al. Prevalence and impact of
hyponatremia in patients with coronavirus disease 2019 in New
York City. Crit Care Med. 2020;48(12):e1211-e1217.

2. Ruiz-Sanchez JG, Nunez-Gil lJ, Cuesta M, et al. Prognostic
impact of hyponatremia and hypernatremia in COVID-19
pneumonia. A HOPE-COVID-19 (health outcome predictive
evaluation for COVID-19) registry analysis. Front Endocrinol
(Lausanne). 2020;11:599255.

3. Tezcan ME, Dogan Gokce G, Sen N, Zorlutuna Kaymak N,
Ozer RS. Baseline electrolyte abnormalities would be related to
poor prognosis in hospitalized coronavirus disease 2019 pa-
tients. New Microbes New Infect. 2020;37:100753.

4, Atila C, Sailer CO, Bassetti S, et al. Prevalence and outcome of
dysnatremia in patients with COVID-19 compared to controls.
Eur J Endocrinol. 2021;184(3):409-418.

5. Ayus JC, Negri AL, Moritz ML, et al. Hyponatremia, inflammation at
admission, and mortality in hospitalized COVID-19 patients: a
prospective cohort study. Front Med (Lausanne). 2021;8:748364.

6. Berni A, Malandrino D, Corona G, et al. Serum sodium alter-
ations in SARS CoV-2 (COVID-19) infection: impact on patient
outcome. Eur J Endocrinol. 2021:185(1):137-144.

7. De Carvalho H, Letellier T, Karakachoff M, et al. Hyponatremia
is associated with poor outcome in COVID-19. J Nephrol.
2021;34(4):991-998.

8. Tzoulis P, Waung JA, Bagkeris E, et al. Dysnatremia is a predictor
for morbidity and mortality in hospitalized patients with COVID-
19. J Clin Endocrinol Metab. 2021;106(6):1637-1648.

9. Kleybolte J, Storek B, Hegner B. SARS-CoV-2-induced
SIADH: a novel cause of hyponatremia. Z Gerontol Geriatr.
2021;54(3):301-304.

10. Atila C, Monnerat S, Bingisser R, et al. Inverse relationship
between IL-6 and sodium levels in patients with COVID-19 and
other respiratory tract infections: data from the COVIVA study.
Endocr Connect. 2022:11(10).


https://doi.org/10.1016/j.xkme.2023.100750
mailto:achingers@usf.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xkme.2023.100750
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref1
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref1
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref1
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref2
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref2
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref2
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref2
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref2
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref3
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref3
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref3
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref3
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref4
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref4
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref4
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref5
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref5
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref5
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref6
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref6
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref6
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref7
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref7
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref7
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref8
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref8
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref8
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref9
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref9
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref9
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref10
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref10
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref10
http://refhub.elsevier.com/S2590-0595(23)00168-1/sref10

	COVID-19 and Incidence of Acute and Chronic Hyponatremia: A Matched Cohort Study
	References


