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Abstract

Background: COVID-19 infection presents a spectrum of clinical manifestations, from
asymptomatic cases to severe respiratory complications such as viral pneumonia, respiratory
failure, and systemic inflammatory responses leading to multiorgan failure and death. Prognostic
factors influencing disease outcomes include demographic characteristics and clinical features,
alongside laboratory parameters monitored during the course of illness. Hypokalemia has
emerged as a significant marker in COVID-19 pneumonia, often associated with adverse clinical
outcomes. It has been independently linked to the need for invasive mechanical ventilation.
Moreover, it can precipitate cardiac dysrhythmias and exacerbate clinical severity. This study
aims to contribute to the existing literature by exploring potential etiologies of hypokalemia and
its implications for mortality rates among patients hospitalized with COVID-19 pneumonia.
Methods: A cohort of 300 patients aged>18 diagnosed with COVID-19 pneumonia were
included in this study. Demographic data, symptoms, comorbidities, medications, duration
of hospitalization, and blood potassium levels were recorded, and hypokalemia was defined
as having at least three potassium values below 3.5 mmol/L within the first five days of
hospitalization. The study investigated whether hypokalemia serves as a risk factor for mortality
in COVID-19 patients.

Results: Among the 300 patients, 57 (19%) were identified with hypokalemia. Patients
with hypokalemia were older compared to those without this disturbance (P=0.012). No
significant correlation was found between hypokalemia and the presence of diabetes mellitus
(P=0.999), hypertension (P=0.193), or cardiovascular disease (P=0.781). However, patients
with hypokalemia had a higher usage rate of diuretics (P=0.035). The use of corticosteroids,
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, insulin, beta-2
agonists, beta-blockers, antipsychotic drugs, and digoxin was similar between patients with
and without hypokalemia (P>0.05). Hypokalemia was associated with a 4.79-fold increase in
mortality (P=0.003), and each additional day of hospitalization increased mortality by 1.14
times (P<0.001).

Conclusion: Advanced age and diuretic usage could elevate the risk of hypokalemia in COVID-19
patients. Prolonged hospital stays and higher mortality rates among patients with hypokalemia
suggest a need for the careful management of electrolyte imbalances.
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Introduction outcomes, serves as an indicator of increased activity in

COVID-19 infection presents a spectrum of clinical
manifestations, ranging from asymptomatic cases to severe
pneumonia, respiratory distress, multiorgan dysfunction,
sepsis, and even death (1,2). The prognosis of COVID-19
is influenced by various demographic and clinical factors,
with laboratory parameters also playing a crucial role (3).

Hypokalemia, often associated with unfavorable

the renin-angiotensin-aldosterone system among patients
with COVID-19 pneumonia. In addition to reflecting
disease progression, hypokalemia may independently
elevate the risk of requiring invasive mechanical
ventilation (4). Potassium, a vital intracellular electrolyte,
holds pivotal roles in cardiovascular, musculoskeletal,
gastrointestinal, respiratory, and neurological functions
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(5,6). Hypokalemia can lead to dysrhythmias and
precipitate serious clinical complications (7). Numerous
studies indicate that hypokalemia alters the disease
trajectory in COVID-19 patients (8). This study seeks to
contribute to the existing literature by exploring potential
causes of hypokalemia and its impact on mortality rates
among individuals with COVID-19 pneumonia.

Subjects and Methods

The study enrolled 300 patients aged 18 years and older,
with a glomerular filtration rate of 60% or higher, who
were admitted to Istanbul Medeniyet University Hospital
with a diagnosis of COVID-19 pneumonia from March
2020 to September 2021.

All patients were provided with detailed information
about the study and signed informed consent forms. The
collected data wererelated to patients’ age, gender, presence
of comorbidities (e.g., diabetes mellitus, hypertension, and
cardiovascular disease), and medications (i.e., diuretics,
corticosteroids, insulin, beta 2 agonists, and angiotensin-
converting enzyme [ACE] inhibitors/angiotensin receptor
blockers [ARBs], beta-blockers, digoxin, and antipsychotic
drugs). The other data included the presence of vomiting/
diarrhea, hypomagnesemia, and hypokalemia, length of
hospital stay, and discharge/death outcomes.

Patients’ chronic diseases were documented by
reviewing hospital records, while their regular medication
usage was determined by examining hospital information
management system records and Ministry of Health
doctor’s data bank records.

Hypomagnesemia was diagnosed if at least one of the
measured magnesium values between the first and fifth
days of hospitalization was below 1.6 mmol/L. Similarly,
hypokalemia was defined as occurring if at least three out
of five measured potassium values between the first and
fifth days of hospitalization were below 3.5 mmol/L.

Statistical Analysis

The data were analyzed using IBM SPSS Statistics 18
software (Copyright: SPSS Inc., 1989, 2010). The normal
distribution of continuous variables was assessed using
the Kolmogorov-Smirnov test. Categorical variables
were presented as frequencies (n) and percentages (%),
while parametric continuous variables were expressed as
means + standard deviations (SD), and non-parametric
variables were represented by median (minimum and
maximum) values.

For the analysis of categorical variables, the Pearson chi-
square, Fisher’s exact, or Fisher-Freeman-Halton exact
test was employed, with Yates and post hoc Bonferroni
corrections applied where necessary. Considering that the
assumptions for parametric tests were not met, the Mann-
Whitney U test was utilized for comparing means between
the two groups.

Univariate and multivariate logistic regression analyses
were conducted to identify independent risk factors
associated with dependent variables. Variables with P
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values less than 0.2 in the univariate analyses were included
in the multivariate model. The results were reported as
odds ratios (OR) with 95% confidence intervals.

Survival probabilities were estimated using the Kaplan-
Meier method, and the log-rank test was performed
to assess differences in survival probabilities between
variable levels. A statistical significance level of 0.05 was
considered for all analyses.

Results

The study encompassed 300 patients, with a mean age of
59.54+15.70 years. Among them, 101 (33.7%) had diabetes
mellitus, 161 (53.7%) had hypertension, and 111 (37.0%)
had cardiovascular disease. Additionally, 50 patients
(16.7%) experienced vomiting/diarrhea, 51 (17.0%) had
hypomagnesemia, and 57 (19.0%) had hypokalemia.
Ultimately, 284 patients (94.7%) were discharged,
while 16 (5.3%) succumbed during hospitalization. The
mean hospital stay was 10.10£6.10 days, ranging from
5 to 43 days. The relationship between the presence of
hypokalemia and independent variables was investigated,

Table 1. The Relationship Between the Presence of Hypokalemia and
Independent Variables

Hypokalemia

No (n=243) Yes (n=57) P Value
Gender
Female 117 (48.1) 33 (57.9)

0.185

Male 126 (51.9) 24(42.1)
Age (y) 58 (20-96) 67 (20-101)  0.012
Comorbidities
DM 82 (33.7) 19(33.3) 0.999
HTN 126 (51.9) 35 (61.4) 0.193
CVD 89 (36.6) 22 (38.6) 0.781
Drugs
Diuretics 79 (32.5) 27 (47.4) 0.035
Corticosteroids 53 (21.8) 10(17.5) 0.595
Insulin 27 (11.1) 8 (14.0) 0.697
Beta-2 agonists 63 (25.9) 14 (24.6) 0.965
ACE-Is/ARBs 78 (32.1) 23 (40.4) 0.235
Beta-blockers 45 (18.5) 8 (14.0) 0.545
Digoxin 1(0.4) 0(0.0) 0.999
Antipsychotics 7(2.9) 2(3.5) 0.999
Clinical and laboratory findings
Vomiting/diarrhea 37 (15.2) 13 (22.8) 0.236
Hypomagnesemia 38 (15.6) 13 (22.8) 0.271
Patient Outcome
Discharged 235(96.7) 49 (86.0) 0.003
Death 8(3.3) 8 (14.0)
Day of hospitalization 8 (5-38) 11 (5-43) <0.001

Note. The results are expressed as the median (minimum-maximum) or n (%
column). Mann-Whitney U test, Pearson Chi-square test, and Fisher’s exact
test. CVD: Cardiovascular disease; DM: Diabetes; HTN: Hypertension; ACE-
Is: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin Il receptor
blocker.



as detailed in Table 1.

The incidence of hypokalemia did not significantly
differ between genders (P=0.185). Patients with
hypokalemia had a significantly higher median age
compared to those without this disturbance (67 vs. 58
years, P=0.012). Regarding comorbidities, no significant
associations were found between diabetes mellitus
(P=0.999), hypertension (P=0.193), cardiovascular
disease (P=0.781), and hypokalemia. However, the use
of diuretics was significantly associated with hypokalemia
(P=0.035). Other medication usage and clinical findings
did not exhibit significant differences between patients
with and without hypokalemia (P> 0.05).

Furthermore, there was no significant difference
in the incidence of vomiting/diarrhea (P=0.236) or
hypomagnesemia (P=0.271) between patients with and
withouthypokalemia. However, patients with hypokalemia
had a significantly higher mortality rate (14.0% vs. 3.3%,
P=0.003) and longer hospital stays (median 11 vs. 8 days,
P<0.001) compared to those without hypokalemia.

Univariate and multivariate logistic regression analyses
revealed that age (OR: 1.023, P=0.019), hospitalization
days (OR: 1.112, P<0.001), and diuretic usage (OR: 1.868,
P=0.036) were independent risk factors for hypokalemia.

Table 2. Factors Affecting the Presence of Hypokalemia

Hypokalemia and mortality in COVID-19 patients

Additionally, hypokalemia significantly increased
mortality (OR: 4.796, P=0.003), along with prolonged
hospitalization (OR: 1.147, P<0.001). Multivariate
analysis showed that hospitalization days were associated
with both hypokalemia (OR: 1.108, P<0.001) and
mortality (OR: 1.131, P<0.001), while the association
between hypokalemia and mortality was not statistically
significant (OR: 2.427, P=0.153, Tables 2 and 3).

Discussion

The findings of this study demonstrated that hypokalemia
is an independent risk factor associated with mortality and
length of hospital stay. The homogeneous distribution in
terms of gender, with the number of 150 female and 150
male patients, contributes to obtaining more objective
results.

Due to the mean age of 59.54+15.70 years, this study
has a younger population compared to other studies (8,9),
allowing us to independently evaluate the morbidity and
mortality risk that increases with advanced age.

The frequency of hypokalemia in this study (19.0%)
was similar to that of hypokalemia (15.8%) in the study
performed by Mallow et al (10). It has been shown that
hypokalemia is more common, especially in females aged

Univariate Multivariate

OR (95% GA) P Value OR (95% GA) P Value
Gender
Female Reference Reference -
Male 1.481 (0.827-2.652) 0.187 1.838 (0.952-3.546) 0.070
Age (y) 1.023 (1.004-1.043) 0.019 1.017 (0.994-1.040) 0.158
Comorbidities
DM 0.982 (0.533-1.810) 0.953
HTN 1.477 (0.819-2.664) 0.195 0.740 (0.297-1.844) 0.518
CVD 1.088 (0.601-1.969) 0.782
Drugs
Diuretics 1.868 (1.041-3.354) 0.036 1.742 (0.719-4.219) 0.219
Corticosteroids 0.763 (0.361-1.611) 0.478
Insulin 1.306 (0.560-3.049) 0.537
Beta-2 agonists 0.930 (0.477-1.814) 0.930
ACE-Is/ARBs 1.431 (0.790-2.591) 0.237
Beta-blockers 0.718 (0.318-1.622) 0.426
Digoxin -
Antipsychotics 1.226 (0.248-6.064) 0.803
Clinical and laboratory findings
Vomiting/diarrhea 1.645 (0.808-3.349) 0.170 2.296 (1.063-4.961) 0.034
Hypomagnesemia 1.594 (0.784-3.239) 0.197 1.022 (0.462-2.262) 0.957
Patient Outcome
Discharged Reference Reference -
Death 4.796 (1.717-13.396) 0.003 2.657 (0.790-8.943) 0.114
Day of hospitalization 1.112 (1.063-1.164) <0.001 1.108 (1.054-1.164) <0.001

Note. Variables with P<0.2 in univariate analysis were included in multivariate analysis (Nagelkerke R Square: 0.192. OR: Odds ratio; GA: CVD: Cardiovascular
disease; DM: Diabetes; HTN: Hypertension; ACE-I: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin Il receptor blocker; CI: Confidence Interval.
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Table 3. Factors Affecting Mortality

xx et al

Univariate Multivariate

OR (95% GA) P Value OR (95% GA) P Value
Gender
Female 2.295(0.777-6.774) 0.133 2.420(0.725-8.075) 0.151
Male Reference - Reference
Age (year) 1.035 (1.000-1.072) 0.052 1.024 (0.977-1.072) 0.322
Comorbidities
DM 0.890 (0.301-2.635) 0.834
HTN 2.718 (0.856-8.630) 0.090 0.740 (0.297-1.844) 0.518
CVD 1.757 (0.640-4.822) 0.274
Drugs
Diuretics 1.898 (0.691-5.211) 0.214
Corticosteroids 1.771(0.592-5.298) 0.307
Insulin 1.817 (0.491-6.723) 0.371
Beta-2 agonists 1.800 (0.632-5.129) 0.271
ACE-Is/ARBs 1.194 (0.421-3.383) 0.739
Beta-blockers 1.599 (0.495-5.165) 0.433
Digoxin -
Antipsychotics 2.300 (0.270-19.604) 0.446
Clinical and laboratory findings
Vomiting/diarrhea -
Hypomagnesemia 1.681 (0.520-5.438) 0.386
Hypokalemia 4.796 (1.717-13.396) 0.003 2.427 (0.719-8.198) 0.153
Day of hospitalization 1.147 (1.083-1.214) <0.001 1.131 (1.062-1.205) <0.001

Note. Variables with P<0.2 in univariate analysis were included in multivariat

e analysis (Nagelkerke R Square: 0.284). OR: Odds ratio; GA: ; CVD: Cardiovascular

disease; DM: Diabetes; HTN: Hypertension; ACE-I: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin Il receptor blocker.

65 and over (11). In this study, no significant difference
was found between gender and the development of
hypokalemia. This situation can be explained by the fact
that our patients were predominantly in the young age
range.

It is known that the use of diuretics is a risk factor
for the development of hypokalemia by causing renal
potassium loss (12). Rodenburg et al reported that the
risk of hypokalemia increased 11 times in patients using
diuretics, especially the thiazide group (13). In this study,
following the literature, the use of diuretics in patients
with COVID-19 has been observed to be associated with
hypokalemia. Potassium loss through the gastrointestinal
tract is one of the causes of hypokalemia (12), and as a
result, the presence of vomiting/diarrhea was found to be
a risk factor for the development of hypokalemia. Studies
have also demonstrated that hypokalemia may develop
with vomiting/diarrhea due to drug-induced (lopinavir/
ritonavir) or cytopathic effects of the virus (8-14).

Although the effect of beta-blockers on increasing
potassium levels is known (15), no correlation was detected
between hypokalemia and beta-blocker use in our study.
Likewise, no significant correlation was observed between
the development of hypokalemia in COVID-19 patients
with and without using ACE-Is/ARBs. In their study,
Alfano et al reported no correlation between the use of

ACE-Is/ARBs and hypokalemia (8). Although we expected
hypokalemia to be found less frequently in these patients,
we could not reach this result; this can be attributed to
the fact that the drugs used in the treatment of COVID-19
(corticosteroids, beta-2 agonists, or lopinavir/ritonavir)
mostly have a potassium level-lowering effect.

While the mortality rate was 3.3% in patients without
hypokalemia, this rate was 14.0% in patients with
hypokalemia, and a significant correlation was observed
between the number of deaths and the presence of
hypokalemia. In addition, it was determined that mortality
increased 4.79 times in the presence of hypokalemia.
Hospitalization periods were longer in patients with
hypokalemia than in patients without hypokalemia. In
another study, it was revealed that patients with hypokalemia
have a higher sequential organ failure assessment score and
have a longer hospitalization period (8).

This study had some limitations. It is known that
potassium plays an important role in blood pressure
regulation. Nonetheless, retrospective blood pressure
values followed during the hospitalization period of the
patients could not be reached in this study.

The arrhythmia effect of hypokalemia could
not be evaluated in patients because retrospective
electrocardiogram records could not be accessed. There
were no data regarding the body mass index, smoking,
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or blood lipid values, which could be used for evaluating
the morbidity and mortality status of the patients more
clearly.

Conclusion

Advanced age and the use of diuretics emerged as risk
factors for hypokalemia in COVID-19 patients. The
presence of hypokalemia was correlated with longer
hospital stays and a higher mortality rate, underscoring the
importance of vigilance regarding electrolyte imbalances
in patient management.

Acknowledgments
The authors wish to thank all study participants.

Authors’ Contribution

Conceptualization: Aytekin Oguz.

Data curation: Mehmet Sargin.

Formal analysis: Elif Sultan Ozturk.
Investigation: Elif Sultan Ozturk.

Methodology: Aytekin Oguz.

Project administration: Mehmet Sargin.
Resources: Elif Sultan Ozturk.

Software: Elif Sultan Ozturk.

Supervision: Aytekin Oguz.

Validation: Mirac Vural Keskinler.

Visualization: Mirac Vural Keskinler.
Writing—original draft: Maher Ali Hussein Al-Janabi.
Writing-review & editing: Mirac Vural Keskinler.

Ethical Approval

The study received approval from the local ethics committee on
September 8, 2021, with decision number 2021/0454. The study
adhered to the principles outlined in the Declaration of Helsinki. All
patients were informed about the study, and their participation was
voluntary, with each patient providing written informed consent
prior to their inclusion in the study.

Funding
None.

References

1. GuanW]J, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, etal. Clinical
characteristics of coronavirus disease 2019 in China. N Engl
Med. 2020;382(18):1708-20. doi: 10.1056/NEJM0a2002032.

2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus
in Wuhan, China. Lancet. 2020;395(10223):497-506. doi:

Hypokalemia and mortality in COVID-19 patients

10.1016/50140-6736(20)30183-5.

3. Gallo Marin B, Aghagoli G, Lavine K, Yang L, Siff EJ, Chiang
SS, et al. Predictors of COVID-19 severity: a literature review.
Rev Med Virol. 2021;31(1):1-10. doi: 10.1002/rmv.2146.

4. Beyerstedt S, Casaro EB, Rangel EB. COVID-19: angiotensin-
converting enzyme 2 (ACE2) expression and tissue
susceptibility to SARS-CoV-2 infection. Eur ] Clin Microbiol
Infect Dis. 2021;40(5):905-19. doi: 10.1007/s10096-020-
04138-6.

5. Nomura N, Shoda W, Uchida S. Clinical importance of
potassium intake and molecular mechanism of potassium
regulation. Clin Exp Nephrol. 2019;23(10):1175-80. doi:
10.1007/510157-019-01766-x.

6. Weaver CM. Potassium and health. Adv
2013;4(3):368S-77S. doi: 10.3945/an.112.003533.

7. Unwin RJ, Luft FC, Shirley DG. Pathophysiology and
management of hypokalemia: a clinical perspective. Nat Rev
Nephrol. 2011;7(2):75-84. doi: 10.1038/nrneph.2010.175.

8. Alfano G, Ferrari A, Fontana F, Perrone R, Mori G, Ascione
E, et al. Hypokalemia in patients with COVID-19. Clin Exp
Nephrol. 2021;25(4):401-9. doi: 10.1007/s10157-020-01996-
4.

9. Islam MK, Hasan P, Hossain MM, Hossain FS, Khan TD, Ratul
RH, et al. Prevalence of hypokalemia in COVID-19 and its
association with clinical and common laboratory parameters.
) Dhaka Med Coll. 2020;29(2):131-7. doi: 10.3329/jdmc.
v29i2.51187.

10. Mallow PJ, Belk KW, Topmiller M, Hooker EA. Outcomes of
hospitalized COVID-19 patients by risk factors: results from a
United States hospital claims database. ] Health Econ Outcomes
Res. 2020;7(2):165-74. doi: 10.36469/jheor.2020.17331.

11. Kleinfeld M, Borra S, Gavani S, Corcoran A. Hypokalemia:
are elderly females more vulnerable? J Natl Med Assoc.
1993;85(11):861-4.

12. Kardalas E, Paschou SA, Anagnostis P, Muscogiuri G, Siasos
G, Vryonidou A. Hypokalemia: a clinical update. Endocr
Connect. 2018;7(4):R135-46. doi: 10.1530/ec-18-0109.

13. Rodenburg EM, Visser LE, Hoorn EJ, Ruiter R, Lous JJ, Hofman
A, et al. Thiazides and the risk of hypokalemia in the general
population. J Hypertens. 2014;32(10):2092-7. doi: 10.1097/
hjh.0000000000000299.

14. Chen D, Li X, Song Q, Hu C, Su F, Dai J, et al. Assessment
of hypokalemia and clinical characteristics in patients
with  coronavirus disease 2019 in Wenzhou, China.
JAMA Netw Open. 2020;3(6):e2011122. doi: 10.1001/
jamanetworkopen.2020.11122.

15. Ben Salem C, Badreddine A, Fathallah N, Slim R, Hmouda
H. Drug-induced hyperkalemia. Drug Saf. 2014;37(9):677-92.
doi: 10.1007/s40264-014-0196-1.

Nutr.

Avicenna ] Clin Microbiol Infect, 2024, Volume 11, Issue 1 | 37


https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1002/rmv.2146
https://doi.org/10.1007/s10096-020-04138-6
https://doi.org/10.1007/s10096-020-04138-6
https://doi.org/10.1007/s10157-019-01766-x
https://doi.org/10.3945/an.112.003533
https://doi.org/10.1038/nrneph.2010.175
https://doi.org/10.1007/s10157-020-01996-4
https://doi.org/10.1007/s10157-020-01996-4
https://doi.org/10.3329/jdmc.v29i2.51187
https://doi.org/10.3329/jdmc.v29i2.51187
https://doi.org/10.36469/jheor.2020.17331
https://doi.org/10.1530/ec-18-0109
https://doi.org/10.1097/hjh.0000000000000299
https://doi.org/10.1097/hjh.0000000000000299
https://doi.org/10.1001/jamanetworkopen.2020.11122
https://doi.org/10.1001/jamanetworkopen.2020.11122
https://doi.org/10.1007/s40264-014-0196-1

