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Evaluation of the Effect of Biochemistry
Parameters on the Clinical Course in COVID-19
Patients Who Received Tocilizumab Treatment
Faysal Duksal, MD, Cengiz Burnik, MD, Mehmet Mermer, MD, and Serkan Yavuz, MD
Objectives: Patients who develop cytokine storm while they have coro-
navirus disease 2019 (COVID-19) experience more severe symptoms.
This article aims to evaluate the effect of biochemical parameters on
the clinical course of the disease in patients treated with tocilizumab
(TCZ) due to cytokine storm.

Methods:Medical documents of patients with COVID-19 were searched
retrospectively. Patients who entered cytokine storm were classified as
group 1 and divided into two subgroups as patients who were followed
up in the ward and in the intensive care unit (ICU). Less severe
COVID-19 patients who did not enter cytokine storm were included
in the control group as group 2.

Results:A total of 522 patientswith COVID-19 infection were included
in the study. The mean agewas 62.0 ± 15.6 years, and the majority were
male (64.4%). Hypertension and diabetes mellitus were the two most
common diseases, seen in 50.8% and 29.9%, respectively. There were
392 patients with TCZ application (group 1) and 130 patients without TCZ
(group 2). Significantly higher serum glucose, magnesium, and sodium
and lower calcium levels were present in group 1 than in group 2 (<0.001).
Hypocalcemia, hypernatremia, hypermagnesemia, and hyperkalemia were
more frequently detected in the ICU compared with the patients treated in
the wards (P = 0.001, P < 0.001, P = 0.039, and P < 0.001, respectively).

Conclusions: Following up closely electrolyte disturbances may sup-
port patient survival and decrease the probability of ICU necessity. This
approach should be taken before the development of important disor-
ders to be effective in the treatment process of the main disease.
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Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) is an important problem that is mainly asymptomatic

or characterized by mild findings and affects in particular the re-
spiratory system.1 Patients with coronavirus disease 2019
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(COVID-19) may develop severe respiratory distress resulting
from cytokine release. Patients who develop cytokine storm
may experience more severe symptoms as a result of the overpro-
duction of inflammatory cytokines, including interleukin-6.2 Toci-
lizumab (TCZ) is an interleukin-6 receptor antagonist that may be
useful for severe COVID-19 when cytokine storm is suspected.2

Many factors such as demographic characteristics, comorbid dis-
eases, and/or laboratory values affect the prognosis of the disease.3

Electrolyte imbalance has been reported as a potential biomarker to
predict disease severity and mortality in COVID-19.4,5 In the stud-
ies performed, biochemistry parameters such as sodium, potassium,
magnesium, calcium, and fasting blood sugar were measured
during the COVID-19 disease process.6–8 The progress of the
disease may be highly dependent on the abnormality of the pa-
rameters listed above.

The aim of this study was to evaluate the effect of biochem-
ical parameters on the clinical course of the disease in patients
treated with TCZ for cytokine storm. These parameter values
are important to better understand the impact of COVID-19 on
patients. As such, the results of these parameters and monitoring
patients are important.

Methods

Study Participants and Ethics Approval

The medical documents of patients who tested positive for
COVID-19 by polymerase chain reaction test were searched ret-
rospectively. The demographic characteristics of the participants
such as age, sex, and comorbid diseases (congestive heart failure,
Key Points
• Significantly higher serum glucose, magnesium, and sodium
and lower calcium levels were present in coronavirus disease
2019 patients than in the control group.

• Hypocalcemia, hypernatremia, hypermagnesemia and, hyperkalemia
were more frequently detected in patients treated in the intensive care
unit compared with the patients treated in the wards.

• Following up closely the electrolyte disturbances may support
patient survival and decrease the probability of intensive care
unit necessity.
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coronary artery disease, diabetes mellitus [DM], hypertension
[HTN], asthma, chronic obstructive pulmonary disease, cancer,
and pulmonary thromboemboli) of the participants were re-
corded. A total of 522 patients with COVID-19 infection were
included in the study. Data regarding demographics and labo-
ratory test results were documented and analyzed.

Group 1 (study group) consisted of the patients who entered
cytokine storm and received TCZ treatment. This group was
divided into two subgroups: the patients who were followed
up in the ward and the patients who were followed up in the
intensive care unit (ICU). Group 2 (control group) consisted of
the COVID-19 patients who did not enter cytokine storm (as less
severe COVID-19) and received COVID-19 treatment other than
TCZ. The day theywere admitted to the hospitalwas considered day
0. The patients were studied until they were discharged and/or died.

This study was retrospective and cross-sectional, conducted
by evaluating the medical documents of COVID-19 patients
studied in a Konya tertiary care hospital between May 2020
and January 2021. The Institutional Ethics Committee for Clin-
ical Research approved the study, which was in accordance with
the Helsinki Declaration and Good Clinical Practices Guideline.
All of the individuals gave written consent preparticipation.

Statistical Analysis

Descriptive statistics were given as means ± standard devi-
ations and medians with minimum-maximum values for contin-
uous variables, depending on their distribution. Numbers and
percentages were used for categorical variables. The normal distri-
bution of the numerical variables was analyzed by the Shapiro-
Wilk, Kolmogorov-Smirnov, and Anderson-Darling tests.
Table 1. Demographic and clinical characteristics of the patien

Overall (N = 522) Group

Age, y, mean ± SD 62.0 ± 15.6 65

Median (range) 65.0 (13.0–93.0) 67.0

Sex, n (%)

Male 336 (64.4) 278

Female 186 (35.6) 114

Comorbidity, n (%) 371 (71.1) 305

DM, n (%) 156 (29.9) 137

COPD, n (%) 52 (10.0) 46

HTN, n (%) 265 (50.8) 230

CAD, n (%) 102 (19.5) 85

Asthma, n(%) 56 (10.7) 42

CHF, n (%) 23 (4.4) 19

Cancer, n (%) 17 (3.3) 15

PTE, n (%) 4 (0.8) 4

Other, n (%) 43 (8.2) 34

CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstruc
nary thromboemboli; SD, standard deviation.
aMann-Whitney U test.
bPearson χ2 or Fisher exact test; P < 0.05: significant.
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The independent samples t test was used in comparing two
independent groups in which numerical variables had a normal
distribution. For variables without normal distribution, the
Mann-Whitney U test was applied. Pearson χ2 and Fisher exact
tests were used in 2 � 2 tables to compare the differences be-
tween categorical variables. For the comparison of differences
between categorical variables, the Fisher-Freeman-Halton test
was used in R � C tables.

For the statistical analysis, Jamovi project (2020), Jamovi
(version 1.8.4.0; https://www.jamovi.org), and JASP (version
0.14.1.0; https://jasp-stats.org) were used. The significance level
(P value) was set at 0.05 in all of the statistical analyses.

Results
A total of 522 patients with COVID-19 infection were included
in the study. The mean age was 62.0 ± 15.6 years, and the major-
ity were male (64.4%). In 371 patients (71.1%), there was at
least one type of comorbidity. HTN and DM were the two most
common diseases seen in 265 (50.8%) and 156 patients
(29.9%), respectively. There were 392 patients with TCZ ap-
plication (group 1, the study group) and 130 patients without
TCZ (group 2, the control group). The patients were signifi-
cantly older (65.2 vs 52.6 years, P < 0.001) and more frequently
were male (70.9% vs 44.6, P < 0.001) in group 1 as compared
with group 2 (Table 1). The rate of comorbidity was signif-
icantly higher in group 1 than in group 2 (77.8% vs 50.8%;
P < 0.001).

The median length of hospital stay was significantly higher
in group 1 than in group 2 (12 vs 7 days; P < 0.001). In group 1,
the necessity of treatment in the ICU and the overall mortality
ts

1 (n = 392) Group 2 (n = 130) P

.2 ± 13.1 52.6 ± 18.6 <0.001a

(20.0–93.0) 56.5 (13.0–93.0)

(70.9) 58 (44.6)
<0.001b

(29.1) 72 (55.4)

(77.8) 66 (50.8) <0.001b

(34.9) 19 (14.6) <0.001b

(11.7) 6 (4.6) 0.02b

(58.7) 35 (26.9) <0.001b

(21.7) 17 (13.1) 0.04b

(10.7) 14 (10.8) 0.99b

(4.9) 4 (3.1) 0.54b

(3.8) 2 (1.5) 0.26b

(1.0) 0 (0.0) 0.57b

(8.7) 9 (6.9) 0.65b

tive pulmonary disease; DM, diabetes mellitus; HTN, hypertension; PTE, pulmo-
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Table 2. Comparison of the laboratory values between groups 1 and 2

Group 1 (n = 392) Group 2 (n = 130) P

Glucose n = 359 n = 122 <0.001a

Median (range) 160.0 (12.0–655.0) 105.5 (76.0–414.0)

Hypoglycemia (<65 mg/dL), n (%) 4 (1.1) 0 (0.0) <0.001b

Normal (70–110 mg/dL), n (%) 52 (14.5) 79 (64.8)

Hyperglycemia (>115 mg/dL), n (%) 303 (84.4)b 43 (35.2)

Calcium, mg/dL n = 370 <0.001a

Median (range) 8.0 (5.5–9.6) 8.5 (6.9–10.2)

Hypocalcemia (<8.6), n (%) 320 (86.5)b 55 (50.9) <0.001b

Normal (8.6–10.3), n (%) 50 (13.5) 53 (49.1)

Magnesium, mg/dL n = 221 n = 104 <0.001a

Median (range) 2.3 (1.4–4.0) 2.1 (1.5–2.7)

Hypomagnesemia (1.26–1.7), n (%) 7 (3.2) 4 (3.8) <0.001b

Normal (1.8–2.2), n (%) 155 (70.1) 99 (95.2)

Hypermagnesemia (>2.6), n (%) 59 (26.7)b 1 (1.0)

Sodium, mEq/L n = 381 n = 130 <0.001a

Median (range) 139.0 (126.0–175.0) 137.0 (127.0–146.0)

Hyponatremia (121–134), n (%) 69 (18.1) 28 (21.5) <0.001b

Normal (135–145), n (%) 252 (66.1) 101 (77.7)

Hypernatremia (>146), n (%) 60 (15.7)** 1 (0.8)

Potassium, mEq/L n = 364 n = 130 0.13a

Median (range) 4.3 (2.7–6.9) 4.2 (3.2–5.9)

Severe hypokalemia (<3), n (%) 5 (1.3) 0 (0.0) 0.45b

Hypokalemia (3–3.4), n (%) 29 (7.7) 8 (6.2)

Normal (3.5–5), n (%) 330 (87.5) 120 (92.3)

Hyperkalemia (>5.5), n (%) 13 (3.4) 2 (1.5)

aMann-Whitney U test.
bPearson χ2 or Fisher-Freeman-Halton tests, P < 0.05: significant.

Original Article
rate was 58.2% and 51.0%, respectively. There was no ICU
follow-up or mortality in group 2.

A comparison of the laboratory values and the groupings
based on the laboratory ranges is given in Table 2. Those whose
laboratory values were not recorded in the file at the beginning
of hospitalization were not compared in this respect. Signifi-
cantly higher serum glucose levels, magnesium, and sodium
Table 3. Comparison of the outcomes of the patients in
group 1 treated in the wards and ICU

Wards
(n = 164)

ICU
(n = 228) P

Length of hospital stay, d,
median (range)

13.0 (1.0–60.0) 11.0 (1.0–47.0) <0.001*

Prognosis

Survival, n (%) 159 (97.0) 31 (13.6) <0.001**

Exitus, n (%) 3 (1.8) 197 (86.4)

ICU, intensive care unit.
aMann-Whitney U test.
bFisher exact test; P < 0.05: significant.
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and lower calcium levels were present in group 1 than in group
2 (P < 0.001 for all).

Table 3 presents the comparison of the outcomes of the patients
in the study group treated in the wards and in the ICU. In total,
58.2% of patients in the study group were treated in the ICU. The
median length of hospital staywas significantly longer in the patients
treated in the wards than in the ICU (13 vs 11 days; P < 0.001). A
total of 31 patients (13.6%) were discharged after the treatment in
the ICU. The mortality rate in the ICU was significantly higher than
that in the ward (86.4% vs 1.8%; P < 0.001).

Table 4 summarizes the comparison of the laboratory investi-
gations of the patients in the study group treated in thewards and in
the ICU. Those whose laboratory values were not recorded in the
file at the beginning of hospitalization were not compared in this
respect. Hypocalcemia, hypernatremia, hypermagnesemia, and
hyperkalemia were more frequently detected in patients in the
ICU compared with the patients treated in the wards (P = 0.001,
P < 0.001, P = 0.039, and P < 0.001, respectively).

Discussion
High frequencies of severe cases were observed in older adult pa-
tients, especially with comorbid diseases.9,10 Also in the present
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Table 4. Comparison of the laboratory investigations of the patients in group 1 treated in the wards and ICU

Wards (n = 164) ICU (n = 228) P

Glucose, mg/dL n = 147 n = 208 0.63a

Median (range) 155.5 (69.0–655.0) 163.0 (12.0–496.0)

Hypoglycemia (<65), n (%) 0 (0.0) 4 (1.9)

Normal (70–110), n (%) 21 (14.3) 31 (14.6) 0.31b

Hyperglycemia (>115), n (%) 126 (85.7) 177 (83.5)

Calcium (mg/dL) Median (range) n = 150 n = 220 0.001a

Median (range) 8.1 (5.6–9.6) 7.9 (5.5–9.3)

Hypocalcemia <8.6 mg/dl) n(%) 126 (84.0)** 194 (88.2) 0.31b

Normal 8.6 – 10.3 mg/dl) n(%) 24 (16.0) 26 (11.8)

Magnesium, mg/dL n = 82 n = 139 0.23a

Median (range) 2.3 (1.4–3.1) 2.3 (1.6–4.0)

Hypomagnesemia (1.26–1.7), n (%) 5 (6.1) 2 (1.4)

Normal (1.8–2.2), n (%) 61 (74.4) 94 (67.6) 0.04b

Hypermagnesemia (>2.6), n (%) 16 (19.5) 43 (30.9)**

Sodium, mEq/L Median (range) n = 156 n = 225 <0.001a

Median (range) 138.0 (128.0–154.0) 140.0 (126.0–175.0)

Hyponatremia (121–134), n (%) 37 (23.7) 32 (14.2)

Normal (135–145), n (%) 110 (70.5) 142 (63.1) <0.001b

Hypernatremia (>146), n (%) 9 (5.8) 51 (22.7)**

Potassium, mEq/L Median (range) n = 151 n = 221 0.22c

Median (range) 4.2 ± 0.6 4.3 ± 0.7

Severe hypokalemia (<3), n (%) 3 (1.9) 2 (0.9) 0.04b

Hypokalemia (3–3.4), n (%) 10 (6.5) 19 (8.5)

Normal (3.5–5), n (%) 138 (89.6) 192 (86.1)

Hyperkalemia (>5.5), n (%) 3 (1.9) 10 (4.5)c

ICU, intensive care unit.
aMann-Whitney U test.
bPearson χ2 or Fisher-Freeman-Halton tests.
cIndependent samples t test; P < 0.05: significant.
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study the patients were older; the incidences of HTN, DM, chronic
obstructive pulmonary disease, and coronary artery diseases were
the most common comorbid diseases; there was a male predomi-
nance in patients with cytokine storm.

We found that hyperglycemia, hypocalcemia, hypermagnesemia,
and hypernatremia were significantly higher in patients with cytokine
storm (group 1) than in group 2.

In the studies conducted during the 2003 SARS epidemic,
hyperglycemiawas reported in patientswithout a previous diagnosis
of DM. When pancreatic tissue was stained by immunohistochem-
ical staining, angiotensin-converting enzyme 2 (ACE2) receptors
were seen in pancreatic tissue. It was believed that throughACE2 re-
ceptors, the coronavirus damages islet cells by entering these cells,
leading to DM.11–13 Meanwhile, in the acute phase of COVID-19
infection, thevirus captures CD4+TandCD8+T lymphocytes, lead-
ing to cell apoptosis.14 In addition, an increase in blood sugar
increases SARS-CoV-2 replication in monocytes, which leads
to a decrease in T cell response.15 It has been reported that a history
of DMor impaired glucosemetabolism complicates and negatively
affects the treatment of COVID-19 disease.16,17
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In the present study, 34.9% of patients had DM, but the inci-
dence of hyperglycemia was detected more often (84.4% of group
1). As such, hyperglycemiamay be part of the disease or an increase
in blood sugar can be expected because of stress factors.18–20

The coronavirus infects cells by binding to ACE2 receptors,
which are found in the kidneys and gastrointestinal (GI) tract.21–23

As a result, virus-induced renal and GI tract impairment can be
seen in patients. This may cause acute renal failure and consider-
able disorders in the gut. COVID-19 in particular damages
podocyte and proximal tubule cells in the kidneys. Acute renal
failure is one of the important reasons that can increase the risk
of mortality in COVID-19 patients.22 Fluid and electrolyte distur-
bance are serious problemswhen the kidneys andGI tract are in-
volved in COVID-19. Among these disturbances, hyponatremia,
hypernatremia, hypocalcemia, hypercalcemia, hypochloremia,
hypovolemia and hypervolemia occur very frequently. Even mi-
nor changes in electrolyte balance can lead to major dysfunctions
in the body. The treatment of these disorders is of critical impor-
tance, and the risk of mortality increases as these impairments
continue and are not treated.21,23
© 2022 The Southern Medical Association
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Hypocalcemia has been shown to be associated with severe
illness and intensive care. It increases morbidity and mortality in
COVID-19, and studies have reported that hypocalcemia is espe-
cially high in critically ill patients.24–27 At the same time, in another
study conducted on mild and moderate COVID-19 patients, the
rate of hypocalcemia alsowas commonly found in these patients.28

The hypocalcemia seen in COVID-19 may be caused by the direct
effect of SARS-CoV-2, as well as by problems in parathyroid hor-
mone and 25-hydroxyvitamin D.29 The receptor for the SARS-
CoV-2, ACE2, is expressed in the proximal renal tubule, and renal
1α-hydroxylase enzyme is also expressed in the proximal tubules.
As such, defects in 1α-hydroxylase activity lead to decreased calci-
triol production, resulting in hypocalcemia.28 Similarly, in the present
study, hypocalcemia was highly prevalent in group 2 (50.9%), but it
was higher in group 1 (86.5%) as compared with group 2, and this
rate increased to 88.2% in critically ill patients treated in the ICU.

When the pathophysiology of SARS-CoV-2 is examined, it
is known that the virus binds to the ACE2 receptor and decreases
ACE2 protein expression. As a result, it can lead to hypokalemia
by increasing the excretion of potassium from the kidney.30

Overall, potassium disorders have been associated with poor
prognosis. Because it can be detected incidentally, it is more often
associated with underlying diseases.31,32 The prevalence of hypo-
kalemia was found to be high in COVID-19 patients, and the de-
gree of hypokalemia was shown to accelerate some COVID-19
symptoms.30 In a study of 306 patients with COVID-19 pneumo-
nia, hypokalemia was shown to be common, which may be an
indication of the need for mechanical ventilation, and it may
be an important parameter for the poor course of the disease.33

In this study, hypokalemia and severe hypokalemia were seen
in 5 (1.3%) and 29 (7.7%) patients, but this number was not sig-
nificantly different from group 2. Although there was no differ-
ence in the frequency of hypokalemia between the groups in our
study, hyperkalemiawasmore frequently detected in the patients
in the ICU compared with the patients treated in thewards (4.5%
vs 1.9%). In a previous study,31 hyperkalemia was found to be
extremely high in deceased patients as a result of COVID-19
(37%), but in another study,32 this rate was similar to our study
(4.15% vs 4.5%) in critically ill patients.

ACE2 receptor expression occurs in the proximal tubule in
the kidneys. Hyponatremia is believed to be caused by the increased
expression of this receptor.34 In these studies, the correlation between
sodium level and the severity of COVID-19 was taken into
account.35,36 It was shown that hyponatremia was more com-
mon in outpatients than in severely ill patients, but all cases of
hypernatremia were observed in patients with severe disease.36

In this study, hyponatremia was observed in 18.1% and 21.5%
in group 1 and group 2, respectively, but the difference was
not meaningful between the groups. Conversely, similar to the
previous study,36 in this study, there also was a meaningful
amount of hypernatremia (22.7%) in patients observed in the
ICU. When sodium imbalance is corrected quickly, it can lead
to serious brain damage.21 As such, it is necessary to be cautious
when treating electrolyte imbalance.
Southern Medical Journal • Volume 115, Number 7, July 2022
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Magnesium is a critically important substance in the immune
system and in the protection of vascular and pulmonary tissue. In
the presence of hypomagnesemia, there is an increase in airway
hyperreactivity, susceptibility to upper respiratory tract infections
and the risk of developing fibrosis in the lung tissue.37 As such,
magnesium-related disorders may affect sensitivity and response
to SARS-CoV-2. The reduction inmagnesium is believed to exac-
erbate virus-induced inflammation and cause a cytokine storm.38

In a study, the risk of mortality in COVID-19 was found increas-
ing in the presence of hypomagnesemia.39 In another study, it was
found that in moderate COVID-19 patients, the magnesium level
was low, and hypomagnesemia was more common in patients
with more severe disease.39,40 It was observed that the frequency
of hypermagnesemia was higher in patients in the ICU, how-
ever.40 In these previous studies, patients generally had comorbid
disease; therefore, they already were prone to COVID-19 disease
and have a higher risk of experiencing changes in magnesium
levels. For this purpose, the magnesium levels were investigated
in those among the COVID-19 patients who did not have a co-
morbid disease.36 It also was noted that both hypomagnesemia
and hypermagnesemia were reported in different periods, mean-
ing changes in magnesium levels occur frequently, especially in
patients in the ICU. In the present study, the rate of hypomagnese-
mia was low in both group 1 (3.2%) and group 2 (3.8%). Con-
versely, hypermagnesemiawas found to be higher than hypomag-
nesemia. The rate of hypermagnesemia was found as 26.7% in
group 1 while it was higher (30.9%) in patients treated in the
ICU. This high rate is similar to the previous study.36

Hyperglycemia, hypocalcemia, hypermagnesemia, and
hypernatremia were higher in all of the patients with cytokine storm
in group 1. At the same time, all of the parameters except hyperglyce-
mia also were found to be significantly higher, especially in critically
ill patients treated in the ICU. The overall mortality rate of group 1
was 51.0%, whereas this rate increased to 86.4% among the patients
treated in the ICU. There were many factors affecting mortality;
however, electrolyte imbalance should be considered one of the
most important factors because of its influence on morbidity and
mortality. As such, this situation should be taken into account to
improve the response to the main treatment of the disease.

Our study has limitations. Because of the rapid develop-
ment of the COVID-19 pandemic and many unknown factors
related to the disease, the research was conducted retrospec-
tively. The relation between comorbid diseases and biochem-
istry parameters was not examined. The initial laboratory
values of the patients were compared between each group.
The study is based on the initial measurement of parameters
and it is missing later measurements for comparison. To better
understand the effectiveness of the treatment, a comparison
should be performed prospectively with a larger study that includes
multiple results spread across a time during the disease.

Conclusions
The COVID-19 pandemic continues to affect our lives in differ-
ent aspects, but especially our health. To address this situation, it
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is critical to initiate treatment in the early stages of the disease.21,37

In general, hyperglycemia or other electrolyte disturbances occurred
comorbidly, especially in severe cases. Electrolyte imbalance is com-
mon and increases the risk of mortality, especially among patients
hospitalized in the ICU. These patients should receivemore attention
and be studied carefully. Furthermore, when these disorders are ob-
served, exact and urgent treatment should be initiated immediately.
Early correction of the disorder or prevention of its development
may support patient survival and decrease the probability of ad-
mittance to the ICU. This approach should be undertaken before
the development of important disorders, so that it can be effective
in the treatment process of the main disease and severe complica-
tions of the disease can be prevented. Because our study was a
comprehensive study, we believe that the results will be meaning-
ful and therefore can help guide the literature.
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