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Endocrine, metabolic, and hepatic Gl

dysfunction in patients with COVID-19
pneumonia with severe and critically ill status
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Abstract

Background: Management of endocrine and hepatic disorders is very important for better management of patient
with COVID-19 infections. Hepatic and endocrine dysfunction needs clinical assessment, continued monitoring, and
specific treatment. It is important to understand clearly the potential mechanisms causing hepatic and endocrine
injury

Objectives: To assess the endocrine and hepatic dysfunctions in patient with COVID-19 pneumonia with severe and
critically ill status.

Methods: This retrospective analytical study was performed on 75 patients admitted to intensive care or high
dependency units (ICU/HDU) in Obaidullah Hospital, Ministry of Health, United Arab Emirates. All patients were sub-
jected to the following on admission: history taking, general and local examinations, routine laboratory studies (CBC,
liver function tests, and kidney function tests), and other laboratory tests: C-reactive protein (CRP), D-dimer, Chest
X-ray. Endocrine and hepatic function tests and other laboratory studies are repeated daily to show the progress of
endocrine and hepatic functions.

Results: The age range of the studied group was between 35 years and 107 years with mean age 59.98 + 12.88. The
sex distribution was (42 male, 56%) and (33 female, 44%). The associated comorbidities were 4 patients had bronchial
asthma (5.3%), 12 patients had chronic kidney disease (16%), 30 patients had diabetes mellitus (40%), 26 patients
had hypertension (34.7%), 2 patient had hypothyroidism (2.7%), 12 patient had ischemic heart disease (16%), and 21
patients did not have any comorbidities (28%). There was significant difference between glucose level, thyroid stimu-
lating hormone and free t4 before and after admission (P values are 0.001, 0.04, and 0.023 respectively). There was
significant difference between serum electrolytes before and after admission (P value = 0.001). There was significant
difference between liver function test before and after admission (P values are 0.004, 0.001, and 0.001)

Conclusions: Hepatic, pancreatic, thyroid functions, and electrolytes are affected by COVID-19 infection. These could
act as surrogate biomarkers for better management of hepatic, pancreatic, thyroid functions and electrolytes distur-
bances in patients with COVID-19 infection.
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Introduction

Since December 2019, the new coronavirus (2019-

nCoV or COVID-19) was detected in Wuhan, China.
*Correspondence: asd198119@yahoo.com The COVID-19 has then rapidly spread worldwide [1].
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most effective modes to decelerate this pandemic spread.
For ensuring the same, governments all over the world
have imposed nation-wide lockdown. Because of these
prevailing events, managing the preexisting medical dis-
orders, including endocrine disorders, may appear on
the horizon. With about 10% of the general populations
are affected by diabetes mellitus [2], about 5% by thyroid
hypo-function, 0.2-1.3% by thyroid hyper-function [3],
managing of the endocrine dysfunctions is very impor-
tant in patients with COVID-19 infections.

Despite the earlier clinical trials, especially those per-
formed in the USA, China, and Italy, have marked the
main clinical manifestations including fever, cough,
fatigue and breath shortness, the subsequent studies
highlighted the extra-pulmonary disease manifestations.
These trials marked that after the adult respiratory dis-
tress syndrome corona-virus 2 (SARS-CoV-2), a pro-
gressive disease and even the infectious virus itself may
progress to involve many systems in the body and multi-
organ failure. The liver is the main organ for detoxifying
and metabolizing of toxic materials and drugs, and the
maintenance of hepatic functions is important for engag-
ing all available treatment modes in the management of
COVID-19. Hepatic dysfunction needs clinical assess-
ment, continued monitoring, and specific treatment. For
a better management of COVID-19, it is important to
understand clearly the potential mechanisms causing in
hepatic injury [4].

The aim of the study was to assess the endocrine and
hepatic dysfunctions in patient with COVID-19 pneumo-
nia with severe and critically ill status

Methods

This is a retrospective analytical study have been done
in Ibrahim Bin Hamad Obaidullah Hospital, Ministry of
Health, United Arab Emirates. This retrospective study
was performed on 75 patients who already have been
admitted to intensive care or high dependency units
(ICU/HDU) from January 2021 to May 2021. The data
were collected retrospectively from the hospital filing
system. All patients were subjected to the following on
admission: careful history taking, general and local exam-
inations, routine laboratory studies (CBC, liver function
tests, and kidney function tests), and other laboratory
tests: C-reactive protein (CRP), D-dimer, and chest X-ray.
Endocrine and hepatic function tests and other labora-
tory studies were repeated daily to show the progress of
endocrine and hepatic functions. All hepatotoxic medi-
cation stopped. The laboratory tests were done using rea-
gents from Siemens Company, Germany. The reagent for
electrolytes was Quiklyte. The reagents for liver function
tests were DBI, ALTI, ASTI, ALB, and TP. The reagents
for kidney function were UREA and CRE2. The device
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used for CBC was ADVIA 560, Hematology System,
Siemens Company, Germany. Clinical inclusion criteria:
adult in-patients diagnosed with severe and critically ill
COVID-19 infection. Severe disease: patients with res-
piratory rate > 30 breaths per minute, SpO2 < 94% on
room air (patients with chronic hypoxia, a decrease from
baseline of > 3%), ratio of arterial partial pressure of oxy-
gen to fraction of inspired oxygen (PaO2/FiO2) < 300
mmHg, or lung infiltrates > 50%. Critical disease: patients
with respiratory failure, septic shock, and/or multi-organ
failure. Clinical exclusion criteria: other adult/pediatrics
patients diagnosed with asymptomatic, mild, and moder-
ate COVID-19 infection.

Statistical analysis

Results were collected, tabulated, and statistically ana-
lyzed by IBM personal computer and statistical package
SPSS for windows version 21, EpiCalc and Microsoft
Excel. Two types of statistics were done: descriptive
statistics: e.g., percentage (%), mean (x), and standard
deviation (SD); and analytic statistics: e.g., Student’s ¢
test which is a test of significance used for comparison
between two groups having normally distributed quan-
titative variables and Mann-Whitney test which is a test
of significance used for comparison between two groups
having quantitative variables which are not normally dis-
tributed. P value < 0.05 was considered statistically sig-
nificant (S).

Results

This study showed that the age range of the studied
group was between 35 years and 107 years with mean
age 59.98 £ 12.88. The sex distribution of the studied
group was group (42 male, 56%) and (33 female, 44%).
The outcome of the studied group was 52 patients dete-
riorated (69.3%), 23 patients improved (30.6%).This
study showed that the associated comorbidities of the
group were 4 patients had bronchial asthma (5.3%), 12
patients had chronic kidney disease (CKD) (16%), 30
patients had diabetes mellitus (DM) (40%), 26 patients
had hypertension (HTN) (34.7%), 2 patient had hypo-
thyroidism (2.7%), 12 patient had ishemic heart dis-
ease (IHD) (16%), and 21 patients did not have any
comorbidities (28%). This study showed the progress
of patients’ symptoms where the shortness of breath
(SOB) deteriorated in 52 patients (69.3%), improved in
23 patients (30.6%).The cough symptom deteriorated
in 52 patients (69.3%), improved in 23 patients (30.6%).
The progress of patients’ radiology (chest X-ray) where
it is deteriorated in 52 patients (69.3%), improved in
23 patients (30.6%).The length of hospitalization was
more prolonged in patient with comorbidities than
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Table1 Age, sex distribution, outcome, comorbidities,

symptoms, and chest X-ray of the studied group

Age
Mean + SD 59.98 +12.88
Median 61.5
Range 35.00-107.00
Sex No %
Male 42 56
Female 33 44
Outcome No %
Deteriorated 52 69.3
Improved 23 306
Comorbidities No %
Asthma 4 53
Chronic kidney disease (CKD) 12 16
Diabetes mellitus (DM) 30 40
Hypertension (HTN) 26 347
Hypothyroidism 2 2.7
Ischemic heart disease (IHD) 12 16
None 21 28
Symptoms No %
SOB
Deteriorated 52 69.3
Improved 23 30.6
Cough
Deteriorated 52 69.3
Improved 23 30.6
Chest X-ray after admission No %
Deteriorated 52 69.3
Improved 23 30.6
Length of hospitalization
Patients with comorbidities 35.65 days
Patients without comorbidities 22.32 days

SD = standard deviation

patients without comorbidities (35.65 days versus 22.32
days) (Table 1). There is statistical significant impair-
ment in glucose level, thyroid stimulating hormone
(TSH) and free t4 before and after admission (P values
are 0.001, 0.04, and 0.023, respectively). It also showed
that there is significant statistical impairment in serum
electrolytes (Na, K, Ca, Mg, and phosphorous) before
and after admission (P value = 0.001). Regarding liver
functions, there is statistical significant impairment
in liver function test (ALT, AST, albumin) before and
after admission (P values are 0.004, 0.001, and 0.001)
(Table 2). The study also showed that there is signifi-
cant statistical impairment in vital signs (temperature,
pulse, respiratory rate) (P value 0.001), laboratory data

Page 3 of 6

(WBCs, lymphocytes, CRP, D-dimer) (P value 0.001) on
and after admission (Table 3).

Discussion

This study showed that the age range of the studied group
was between 35 years and 107 years with mean age (59.98
+ 12.88). The sex distribution of the studied group was
(42 male, 56%) and (33 female, 44%).

The outcome of the studied group was 52 patients
deteriorated (69.3%) and 23 patients improved (30.6%)
respectively.

This in agreement with the study done by James Lok
et al. [5]. It stated that abnormal liver function is asso-
ciated with a negative outcome among those hospital-
ized with COVID-19. The cause for this association is
unclear, but correlation between abnormal liver function
and higher serum levels of acute phase proteins suggest
that dysregulation of the immune system in response to
SARS-CoV-2 may be contributory

The associated comorbidities of the studied groups
were 4 patients had bronchial asthma (5.3%), 12 patients
had chronic kidney disease (CKD) (16%), 30 patients had
diabetes mellitus (DM) (40%), 26 patients had hyperten-
sion (HTN) (34.7%), 2 patient had hypothyroidism (2.7%),
12 patient had ischemic heart disease (IHD) (16%), and
21 patients did not have any comorbidities (28%).

A large-scale trial of the Centers for Disease Control
and Prevention of the United States [6] demonstrated
that 78% of the patients with COVID-19 in ICUs had dia-
betes, cardio-vascular diseases including hypertension
or chronic pulmonary disease. A trial carried out by the
Chinese Centre for Disease Control and Prevention [7]
involving 72,314 patients (admitted to hospital and out-
patient) showed a global death rate of 2.3% (1023 deaths
in 44,672 positive COVID-19 subjects) and in patients
having diabetes it 7.3%. Another report from China [8]
involving 1590 in-patients analyzed admission to ICU,
invasive ventilation, or death, and after adjustment of
smoking status and age. It showed that diabetes increased
significantly the severity risk (hazard ratio 1.59, 95%
CI 1.03-2.45); in that study, 34.6% of cases with severe
disease had diabetes in contrast to 14.3% in non-severe
cases.

This study showed the progress of patients’ symp-
toms where the shortness of breath (SOB) deteriorated
in 52 patients (69.3%), improved in 23 patients (30.6%).
The cough symptom deteriorated in 52 patients (69.3%),
improved in 23 patients (30.6%). The progress of patients’
radiology (chest X-ray) where it is deteriorated in 52
patients (69.3%), improved in 23 patients (30.6%)

This result showed the effect of the already present
comorbidities and endocrine and hepatic dysfunction on
the progress of the patient symptoms and radiology. Most
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Table 2 Endocrine parameters, electrolytes, and liver functions before and after admission

On admission After admission Student’s t test Pvalue

Mean £+ SD Mean £+ SD
Glucose (mmol/L) 897 £2.15 13.27 £+ 3.81 —7.267 0.001°
TSH (ulU/mL) 1.97 £ 1.60 227 £1.56 — 2.06 0.04°
free t4 (pmol/L) 14.73 £ 298 1546 £2.24 —235 0.023°
NA (mmol/L) 143.89 £ 5.54 13852 +3.64 — 8192 0.001°
K (mmol/L) 476 £1.11 418 £0.26 — 447 0.001°
Ca (mg/dL) 231+0.16 191+£014 19.36 0.001°
Mg (mmol/L) 1.01 £0.07 0.85+£0.11 13.79 0.001°
Phosphorus (mmol/L) 1.06 £0.23 0.87+£0.17 12.24 0.001°
Albumin (g/L) 33.20£6.73 19.18 £5.07 15.732 0.001°

Mean % SD Mean =+ SD Mann-Whitney test P value
ALT(IU/L) 61.49 £ 5891 111.37 £ 100.69 —3.015 0.004°
AST(U/L) 40.53 £17.89 79.82 £73.39 — 3.768 0.001°

TSH = thyroid stimulating hormone, t4 = tetra iodothyronin, NA = serum sodium, K = serum potassium, Ca = serum calcium, Mg = serum magnesium, ALT = alanine

aminotransferase, AST = aspartate aminotransferase, SD = standard deviation
2 Significant difference

Table 3 Vital signs and laboratory studies of the studied group

Paired samples statistics On admission After admission Students’t test P value
Mean £+ SD Mean £+ SD
Temp (°C) 37633 £0.855 38.008 £ 0.886 — 4504 0.001°
Pulse (beat/min) 73.168 £12419 78714 £16.573 —3.739 0.001°
RR (breath/min) 21.050 £ 6421 24.196 4+ 7.881 — 4287 0.001°
WBCs/uL 6249.546 £ 2440.329 5626.818 £ 2343.335 4104 0.001°
Lymphocytes/uL 2.083 +£0.801 1.829 + 0.740 3.709 0.001°
CRP (mg/L) 43.255 + 56.209 52.885 4+ 47.854 — 2621 0.009°
D-dimer (ug/mL) 2.956 + 4.097 1.880+1.611 3.750 0.001°

SD = standard deviation, WBCs = white blood cells, CRP = C-reactive protein
2 Significant

patients deteriorate after admission due to the effect of
these factors.

The length of hospitalization was more prolonged in
patient with comorbidities than patients without comor-
bidities (35.65 days versus 22.32 days).

The study showed that there was statistical significant
difference between glucose level, thyroid stimulating hor-
mone (TSH), and free t4 before and after admission.

Huang et al. [9] showed low normal T3, T4, and TSH
in COVID-19 without clinically apparent hypothyroid-
ism. The study of Wan G W et al. [10] showed low T3
and TSH in COVID-19 patients in contrast to controls.
Brancatella A et al. [11] reported post-COVID-19 suba-
cute thyroiditis from Italy. Ippolito S et al. [12] described
thyrotoxicosis in a patient during the in-hospital stay. A
recent study by Muller I et al. [13] has highlighted the
prevalence of atypical subacute thyroiditis in COVID-19
patients receiving high-intensity care. Of 8 patients who

were followed, 2 developed hypothyroidism and 6 had
suppressed TSH suggesting long-term effects of COVID-
19 on thyroid functions. They were negative for thyroid
antibodies. A cell-mediated immune mechanism was
suggested by the scientists to explain these findings.

Wang et al. [14] showed pancreatic injury in 17% of 52
COVID-19 patients with elevated serum amylase and
lipase levels and two third had abnormal blood glucose
levels. Baltar et al [15] reported isolated elevated lipase
in COVID-19. Hadi et al. [16] found 2 cases with severe
acute pancreatitis in three family members with COVID-
19 infection. Further, drugs being used in COVID-19 can
result in acute pancreatitis.

A study by Li et al [17] showed that 6.4% of 658 patients
presented with ketoacidosis without clear cause. A large-
scale database, CoviDIAB Project, by Rubino F et al. [18]
has been established for collecting information from
patients with COVID-19 and high blood sugar. The
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inflammatory milieu and elevated levels of cytokines in
diabetes may cause severe disease and ARDS. The bidi-
rectional relationship between diabetes and COVID-19
needs further investigations. Bello-Chavolla OY et al. [19]
reported that diabetes remains a leading risk factor in
severe COVID-19 disease and a predictor for morbidity
and mortality. Lacobellis et al. [20] found that admission
hyperglycemia was the best predictor of SARS CoV-2
radiological findings.

The study showed that there was significant statistical
difference between serum electrolytes (Na, K, Ca, Mg,
and phosphorous) before and after admission.

Hugo De Carvalho et al. [21] stated that hyponatremia
was prevalent in patient cases than in controls, as well
as hypokalemia and hypochloremia. According to the
findings of the multivariate study, hyponatremia, and
hypokalemia were associated with COVID-19 in patients
cases globally, with an adjusted odds ratio of 1.89 [95% CI
1.24-2.89] for hyponatremia and 1.76 [95% CI 1.20-2.60]
for hypokalemia. Hyponatremia and hypokalemia inde-
pendently occurred in association with COVID-19 infec-
tion in adult patients who visited the ER, and might act as
markers for the physician in the emergency departments
in suspected patients with COVID-19.

H. Sarvazad et al. [22] stated that, from all the involved
134 subjects, 49.1% hyperglycemia, 38% hyponatremia,
7.3% hypokalemia, and 32% hypomagnesemia were
noted. There was a significant statistical difference
between the outpatient and ICU groups regarding FBS,
Na™, and Mg?". Hyperglycemia and electrolyte distur-
bances in patients with COVID-19 are feasible; so, the
measurement and follow-up of these cases can be effi-
cient in the management and prevention of the severe
sequelae of the disease.

The study also showed that there was statistical sig-
nificant difference between liver function test (ALT, AST,
albumin) before and after admission

In the study of James Lok et al. [5] between 16th March
2020 and 30th April 2020, 343 cases were admitted to
the acute medical team at Kingston Hospital. Exclud-
ing subjects with a history of hepatic disease, 299 cases
had hepatic function tests done with abnormal functions
found in 44.8% of cases. Disturbance of hepatic function
coincided with more requirements for ventilation, admis-
sion to high dependency unit or intensive care and pro-
longed in hospital stay.

Zeng-hong Wu et al. [23] reported a significant relation
between hepatic malfunction and mortality of patients
with COVID-19 with a pooled OR of 1.98 (95% CI 1.39—
2.82). There was a significant difference between AST
and severity of COVID-19 with a pooled OR of 4.48 (95%
CI 3.24-7.21), and a pooled WMD of 3.35 (95% CI 2.07
to 4.64). In addition, there was a significant difference
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between TBIL and severity of COVID-19, with a pooled
OR of 1.91 (95% CI 1.40-2.60), and with a pooled WMD
of 1.18 (95% CI 0.78 to 1.58).

The study also showed that there is significant statis-
tical difference in vital signs (temperature, pulse, res-
piratory rate) (P value 0.001), laboratory data (WBCs,
lymphocytes, CRP, D-dimer) (P value 0.001) on and after
admission (Table 3).

The study showed that there is deterioration in vital
signs and laboratory data post admission mostly due to
the effect of associated comorbidities and endocrine and
hepatic dysfunction.

Conclusion
This retrospective study found that pancreatic, thyroid
functions and electrolytes are affected by COVID-19
infection. These could act as markers for better manage-
ment of pancreatic, thyroid functions, and electrolytes
disturbances in patients with COVID-19 infection.
Severity of COVID-19 patients was significantly asso-
ciated with liver malfunction. COVID-19 patients with
severe disease have elevated serum ALT, AST levels,
and decrease in serum albumin level. The findings of the
study put a basis for good management of the liver clini-
cally for COVID-19 patients.

Abbreviations

CBC: Complete blood count; SARS: Severe acute respiratory syndrome; DBI:
Direct bilirubin reagent for Siemens devices; ALTI: Alanine aminotransferase
reagent for Siemens devices; AST: Aspartate aminotransferase reagent for
Siemens devices; TP: Total protein reagent for Siemens devices; Na: Serum
sodium; K: Serum potassium; Ca: Serum calcium; Mg: Serum magnesium; ICU:
Intensive care unit; TSH: Thyroid stimulating hormones.

Acknowledgements
Not applicable

Author’s contributions

AE contributed to the concepts, design, definition of intellectual content,
literature search, clinical studies, experimental studies, data acquisition, data
analysis, statistical analysis, manuscript preparation, manuscript editing, and
manuscript review, AE is also a guarantor. The author read and approved the
final manuscript.

Funding
No funding

Availability of data and materials

The data that support the findings of this study are available from Ibrahim Bin
Hamad Hospital, UAE, but restrictions apply to the availability of these data,
which were used under license for the current study, and so are not publicly
available. Data are however available from the authors upon reasonable
request and with permission of Ibrahim Bin Hamad Hospital, UAE

Declarations

Ethics approval and consent to participate

Approval of the ethical committee of the hospital (Ibrahim Bin Hamad Hospi-
tal, UAE) and the ethical committee of Menoufia University had already been
taken



Elesdoudy The Egyptian Journal of Bronchology

(2022) 16:13

Consent for publication
Consents have been taken from the patients'first degree relatives for
publication.

Competing interests
The author declares no competing interests.

Received: 19 October 2021 Accepted: 1 March 2022
Published online: 10 March 2022

References

1.

Song F, ShiN, Shan F (2020) Emerging coronavirus 2019-nCoV pneumo-
nia. Radiology. 295:210-217. https://doi.org/10.1148/radiol.2020200274
PMID: 32027573

Saeedi P, Petersohn |, Salpea P (2019) Global and regional diabetes preva-
lence estimates for 2019 and projections for 2030 and 2045: results from
the international diabetes federation diabetes atlas, ninth ed. Diabetes
Res Clin Pract. 157:1-10. https://doi.org/10.1016/j.diabres.2019.107843
PMID: 31518657

Taylor PN, Albrecht D, Scholz A (2018) Global epidemiology of hyperthy-
roidism and hypothyroidism. Nat Rev Endocrinol. 14:301-316. https://doi.
0rg/10.1038/nrendo.2018.18 PMID: 29569622

Saleh A (2020) Algahtani and J6rn M Schattenberg. Liver injury in
COVID-19: the current evidence. United Eur Gastroenterol J. 8(5):509-519.
https://doi.org/10.1177/2050640620924157 PMID: 32450787

Lok J, Gess M (2020) Liver dysfunction in COVID-19: a useful prognostic
marker of severe disease? Front Gastroenterol 0:1-6. https://doi.org/10.
1136/flgastro-2020-101689

Center for Disease Control and Prevention. Interim Clinical Guidance for
Management of Patients with Confirmed Coronavirus Disease (COVID-
19). 2020;69(13):382-6. https://www.cdc.gov/coronavirus/2019-ncov/
hcp/clinical-guidance-management-patients.html.

Wu Z, McGoogan JM (2020) Characteristics of and important lessons
from the coronavirus disease 2019 (COVID-19) outbreak in China: sum-
mary of a report of 72 314 cases from the Chinese Center for Disease
Control and Prevention. JAMA 323:1239-1242. https://doi.org/10.1001/
jama.2020.2648 PMID: 32091533

Guan W, Liang W, Zhao Y (2020) Comorbidity and its impact on 1590
patients with COVID-19 in China: a nationwide analysis. Eur Respir J.
55:1-14. https://doi.org/10.1183/13993003.00547-2020 PMID: 32217650
Huang C,WangY, Li X (2020) Clinical features of patients infected with
2019 novel coronavirus in Wuhan. China. Lancet 395:497-506. https://doi.
org/10.1016/50140-6736(20)30183-5

Wang W, Su X, Ding Y (2021) Thyroid function abnormalities in COVID-19
patients. Front Endocrinol (Lausanne). 11:1-7. https://doi.org/10.1101/
2020.06.15.20130807 PMID: 33679608

. Brancatella A, Ricci D (2020) Viola NI. Subacute thyroiditis after Sars-COV-2

infection. J Clin Endocrinol Metab, july 105(7):1-4. https://doi.org/10.
1210/clinem/dgaa276 PMID: 32436948

Ippolito S, Dentali F, Tanda ML (2020) SARS-CoV-2: a potential trigger

for subacute thyroiditis? Insights from a case report. J Endocrinol Invest
48:1171-1172. https://doi.org/10.1007/540618-020-01312-7 PMID:
32488726

Muller I, Cannavaro D, Dazzi D (2020) SARS-CoV-2-related atypical thy-
roiditis. Lancet Diabetes Endocrinol 8:739-741. https://doi.org/10.1016/
$2213-8587(20)30266-7 PMID: 32738929

Wang F, Wang H, Fan J (2020) Pancreatic injury patterns in patients with
COVID-19 pneumonia. Gastroenterology 159:367-370. https://doi.org/10.
1053/j.9astro.2020.03.055 PMID: 32247022

McNabb-Baltar J, Jin DX, Grover AS (2020) Lipase elevation in patients
with COVID-19. Am J Gastroenterol 115:1286-1288. https://doi.org/10.
14309/ajg.0000000000000732 PMID: 32496339

Hadi A, Werge M, Kristiansen KT (2020) Coronavirus Disease-19 (COVID-
19) associated with severe acute pancreatitis: case report on three family
members. Pancreatology 20:665-667. https://doi.org/10.1016/j.pan.2020.
04.021 PMID: 32387082

Li J,Wang X, Chen J (2020) COVID-19 infection may cause ketosis and
ketoacidosis. Diabetes Obes Metab. 22(10):1935-1941. https://doi.org/10.
1111/dom.14057 PMID: 32314455

20.

21

22.

23.

Page 6 of 6

Rubino F, Amiel SA, Zimmet P (2020) New-onset diabetes in Covid-19. N
EnglJ Med 383:789-790. https://doi.org/10.1056/NEJMc2018688 PMID:
32530585

Bello-Chavolla OY, Bahena-Lépez JP, Antonio-Villa NE (2020) Predicting
mortality due to SARS-CoV-2: a mechanistic score relating obesity and
diabetes to COVID-19 outcomes in Mexico. J Clin Endocrinol Metab
105:346-350. https://doi.org/10.1210/clinem/dgaa346 PMID: 32474598
lacobellis G, Penaherrera CA, Bermudez LE (2020) Admission hyperglyce-
mia and radiological findings of SARS-CoV2 in patients with and without
diabetes. Diabetes Res Clin Pract 164:1-3. https://doi.org/10.1016/j.diabr
€5.2020.108185 PMID: 32360710

De Carvalho H, Richard MC, Chouihed T (2021) Electrolyte imbalance in
COVID-19 patients admitted to the Emergency Department: a case—con-
trol study. Intern Emerg Med 23:1-6. https://doi.org/10.1007/s11739-021-
02632-z PMID: 33484453

Sarvazad H, Cahngaripour SH, Eskandari Roozbahani N (2020) Evaluation
of electrolyte status of sodium, potassium and magnesium, and fasting
blood sugar at the initial admission of individuals with COVID-19 without
underlying disease in Golestan Hospital, Kermanshah. New Microbes
New Infect. 38:1-6. https://doi.org/10.1016/j.nmni.2020.100807 PMID:
33294198

Zeng-hong W, Yang D-I (2020) A meta-analysis of the impact of COVID-19
on liver dysfunction. Eur J Med Res. 25(1):54-65. https://doi.org/10.1186/
s40001-020-00454-x PMID: 33148326

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1148/radiol.2020200274
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1038/nrendo.2018.18
https://doi.org/10.1038/nrendo.2018.18
https://doi.org/10.1177/2050640620924157
https://doi.org/10.1136/flgastro-2020-101689
https://doi.org/10.1136/flgastro-2020-101689
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1101/2020.06.15.20130807
https://doi.org/10.1101/2020.06.15.20130807
https://doi.org/10.1210/clinem/dgaa276
https://doi.org/10.1210/clinem/dgaa276
https://doi.org/10.1007/s40618-020-01312-7
https://doi.org/10.1016/S2213-8587(20)30266-7
https://doi.org/10.1016/S2213-8587(20)30266-7
https://doi.org/10.1053/j.gastro.2020.03.055
https://doi.org/10.1053/j.gastro.2020.03.055
https://doi.org/10.14309/ajg.0000000000000732
https://doi.org/10.14309/ajg.0000000000000732
https://doi.org/10.1016/j.pan.2020.04.021
https://doi.org/10.1016/j.pan.2020.04.021
https://doi.org/10.1111/dom.14057
https://doi.org/10.1111/dom.14057
https://doi.org/10.1056/NEJMc2018688
https://doi.org/10.1210/clinem/dgaa346
https://doi.org/10.1016/j.diabres.2020.108185
https://doi.org/10.1016/j.diabres.2020.108185
https://doi.org/10.1007/s11739-021-02632-z
https://doi.org/10.1007/s11739-021-02632-z
https://doi.org/10.1016/j.nmni.2020.100807
https://doi.org/10.1186/s40001-020-00454-x
https://doi.org/10.1186/s40001-020-00454-x

	Endocrine, metabolic, and hepatic dysfunction in patients with COVID-19 pneumonia with severe and critically ill status
	Abstract 
	Background: 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


